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Preface

This publication contains the Proceedings of the 37th ICAR Session that was held in Riga, Latvia.

Around 400 participants join the meeting whose main topics were the last developments in animal

recording, the evaluation of animals and their traits and the last advancement in recent technologies

related with the different steps of the milk production chain

These points were debated during the four days Session either by means of technical approaches or

as a introductory elements for a wider discussion occurred among the participating experts.

This publication tracks the new tools at the service of the various phases of domestic animal

recording at the light of the most recent technologies available to breeders, in order to get an optimal

management of herds and increasing the productivity or characteristics closely associated with it.

New strategies for identification and recording were debated during the Session and the most

updated technologies are consequently presented to the readers, interconnecting as well the national

practices where such technologies have been implemented.

The 37th Session hosted satellite meetings, whose papers are collected in this publication. In

particular, the manuscripts from the meeting "ICAR Reference Laboratory Network" arranged by

the Sub Committee for Milk Analysis. This section presents the reference systems, the principles

and the practices for calibration systems for routine milk testing.

A specific section of the publication presents some of the manuscripts presented during the

"Manufacturers' showcase", a specific part of the ICAR Session where some of the most relevant

world manufacturers expose their approaches and solutions to cow milking.

Experiences in various countries were presented and examples of potential uses of genomic tools for

parentage testing, individual identification, and traceability were discussed. Future challenges and

opportunities in this field and the definition of the future developments in the sector were also

debated.

The last section of this publication shows the national statistics of the "Yearly enquiry on the

situation of cow and sheep milk recording in member countries" for the years 2008 and 2009. A

total of 47 useful pages describes the methodologies used at national level for milk recording, the

national data for milk production, the costs of recording and the productivity and numbers of

recorded cattle and sheep at national level (divided by species and by herdbook).
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Evaluating the suitability of milk for cheese making by on-line 
sensing 

G. Leitner1, N. Silanikove2 & U. Merin2 

1Kimron Veterinary Institute, P.O. Box 12, Bet Dagan 50250, Israel 
2Agricultural Research Organization, The Volcani Center, P.O. Box 6, Bet Dagan 50250, Israel 

Abstract 

In modern dairy farms, cows are milked at different stages of lactation, while a relatively large number of 
their glands is infected with a variety of bacteria. Thus, bulk milk quality depends on the mixture of the 
milked q uarters. Eve n t hough ma ny d airy a nimals wit h s ubclinical c hronic in fections a re n ot n oted 
because th ere are no recogni zable symptoms and the mil k ap pearance i s normal , subcli nical mastitis 
affects milk quality.  

In small ruminant's dairy systems, the quality and suitability of milk for cheese making is analyzed by 
laboratory milk testing. In this research, sheep at mid lactation (90-130 days in milk) and at the end of 
the la ctation (~70 days before next parturition) were s tudied. O f t hose, 36 g lands we re in fected wi th 
Staphylococcus epidermidis and Staphylococcus chromogenes and 43 gl ands were uni nfected. Milk yield 
of uninfected glands was higher than i n uninfected ones (2.83 vs. 1.75 L d-1) while somatic cel l counts 
was lower (154×103 vs. 2,150×103; P<0.001). Percent fat was lower and protein was higher in the milk 
from t he in fected glands in  c omparison t o u ninfected ones,  whil e percent casein of total  protei n was  
significantly higher in  mi lk fr om t he uninfected gl ands (7 8.3±0.5 and 67.3±0.6; P<0.001). Lactos e 
concentration was lower in the infected gl ands than in the uninfected ones (41.1±0.2 g L -1 vs. 48.1±0.3 
g L -1; P < 0. 001). Cheese-maki ng parameters were meas ured by the Opti graph. Cl otting time was  
significantly longer a nd c urd fir mness wa s s ignificantly lower in  m ilk fr om t he in fected g lands in  
comparison to uninfected glands. 

Signals obtained by the o n-line milk testing device (AfiLab® S.A.E. Afikim, Israel) for cows s ignificantly 
correlated with measures of milk quality on the animal udder level obtained by the Optigraph i.e., clotting 
time and curd firmness. Thus, this achievement will allow small ruminant's milk producers to qualify on-
line their milk for its potential for cheese production.  

Keywords: small ruminants, subclinical mastitis, milk recording, cheese-making. 

1. Introduction  
Mammalian species produce milk fo r their offspring, therefore the quantity and composition depend on 
the newborn needs and change over time during the l actation. However, the vari ations in milk quantity 
and c omposition a re n ot o nly a mong s pecies bu t a lso wit hin-species o wing t o d iverse ge notypes, 
management, stage of the l actation and thei r interactions. Addi tionally, g lands i nfected wi th 
microorganisms, mai nly bacteria, have negati ve effects on m ilk yi eld and qual ity. These effect s are 
primarily l ocalized in the i nfected glands due to indu ction of milk-born negative regulatory signals that 
lead to changes in the secretory pathways of lactose, lipids, proteins and other components (Silanikove et 
al., 2006; 2010).  

In modern dairy farms, animals are milked at different stages of lactation, with a relatively large number 
of g lands in fected wit h a  va riety o f ba cteria. T hus b ulk mi lk q uality is  t he mixt ure o f a ll t he milke d 
quarters. In traditional farming, surplus milk is used for dairy products with an effort to match between 
milk quality and optimal products yield. Therefore, milk from infected animals is carefully monitored and 
diverted from entering the bulk milk tank.  

Many of the animals with subclinical chronic infection are not detected because there are no recogni zable 
symptoms and the mi lk appearance is normal . Routine milk testing such as CMT on the ani mal s ide or  
more advanced techni ques li ke the so phisticated cel l counters all ow the identification o f subcli nically 
infected animals close to the occurre nce of the i nfection. However, these methods are laborious and/or 
require sp ecial equi pment to p erform and i n many ca ses i dentify the i nfected ani mals long after the 
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infections o ccurred. O n-line c omputerized mi lking systems ar e de signed i n part to o vercome the se 
obstacles and to apply genuine real-time data acquisition on individual animals, including milk yield and 
conductivity.  

Recently, new information collected on-line in the milking parlour facilitated achieving a good correlation 
between milk q uality and its suitability for cheese making. This achievement is of major interest to the 
small ruminant industry because most of that milk is used for cheese production.  

2. Materials and Methods 

2.1. Animals 

Assaf dairy sheep in mid-lactation (ML) and at the end of lactation (EL), ~70 days before next parturition 
entered the study. Prior to the study, sheep were tested for bacterial infection and SCC. Of the ML sheep, 
47 glands were free of bacteria (ML-F) and 56 glands were subclinically infected (ML-I) with CNS, mainly 
Staphylococcus epidermidis and Staphylococcus chromogenes. In the EL,  only the mil k of 30 gl ands free 
of bacteria was collected for the study. The sheep were kept in 4 m2 closed sheds with extra 4 m2 of open 
yard for each animal. Food was offered in mangers located in free-stall barns. 

2.2. Milk sampling 

Foremilk milk (5 mL ) w as sampl ed for testi ng a fter cl eaning and disinfecting the gl ands duri ng t he 
morning milking. Bacteriological analysis was performed according to accepted microbiological procedures 
described by the US National Mastitis Council (Oliver et al., 2004). On the test days, an additional sample 
(100-300 m L of the whol e mi lk) was taken from each  gl and for anal ysis as foll ows: S CC by the 
Fossomatic 360 and gross milk composition, i.e., protein, fat and lactose with the Milkoscan FT6000 (Foss 
Electric, Hillerod, Denmark) at the Israel  Cattl e Br eeders Associ ation La boratory (Caesarea, Isra el). 
Casein content was determined according to standard methods ( Marshall, 1992). Curd firmness (CF) and 
clotting t ime ( RCT) we re d etermined b y t he O ptigraph ( Ysebaert, F repillon, F rance) as  d escribed by 
Leitner et al. (2006).  

2.3. Statistical analysis 

All statistical analyses were carried out with JMP software (SAS Institute, 2000).  

3. Results  
End-lactation sheep were on the avera ge 204 days in milk (DIM) whi le the ML- F and ML-I were on the 
average 99 and 119 DIM, respectively (Table 1). Daily milk yields were ~2.3 L day-1 in ML-F, significantly 
higher than ML-I (1.57 L d-1), whereas both were significantly higher from the EL,  which produced 0.99 L 
d-1. SCC was significantly higher (P<0.001) for ML-I than ML-F and EL, wi th no significance between the 
latter (7211, 129, 403 × 103 cells mL-1, respectively). Fat was higher in the EL than  ML-F and ML-I but 
significantly ( P<0.05) onl y from the ML-I. No si gnificant diffe rences were found among the groups  i n 
percent protein and casein. However, percent casein of total protein was significantly lower (P<0.001) in 
ML-I. Lactose was significantly lower (P<0.001) in ML-I than ML-F; the lowest lactose concentration was 
recorded in EL. RCT was significantly longer (P<0.001) in both ML-I and EL than in ML-F. CF at 40 min 
after enzyme addi tion ( CF-40) was significantly lower ( P<0.001) in  ML -I a nd EL  t han in  M L-F in 
comparison to ML-F (8.22, 14.54 and 18.27, respectively).  

The correl ation between protein, casei n and Protei n + fat and CF was not si gnificant. The correl ation 
between casein or  % casei n of total protein and CF was posi tively s ignificant, whereas the correl ation 
between l actose and  CF was negati ve, and hi ghest (r =  0. 591). S CC and l og S CC al so correl ated 
negatively, but with lower r. 
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Evaluating the suitability of milk for cheese making by on-line sensing 

 
Table 1. Mean and SE of days in milk, milk yield, milk composition: fat, protein, casein, % casein, lactose 
and RCT and CF according to groups of sheep designated: Mid–lactation, bacteria free (ML-F), Mid–
lactation-infected (ML-I) and End-lactation, bacteria free (EL). 
 

 ML-F ML-I EL R2 P [F] 
No. of quarters 41 56 39   
DIM 99±9.2 b 119±8.5 b 204±4.9 a 0.452 P<0.001 
Milk (L d-1) 1 2.28±0.16 a 1.57±0.18 b 0.99±0.18 c 0.333 P<0.001 
SCC (×103) 129±48 b 7211±1197 a 403±94 b 0.299 P<0.001 
Fat (g L-1) 72.7±0.32 ab 68.7±0.32 b 76.1±0.34 a 0.062 P<0.001 
Protein (g L-1) 47.74±0.17  50.1±0.17 51.8±0.18 0059 NS 
Casein (g L-1)  35.8±0.11  34.1±0.11 36.3±0.16 0.051 NS 
% Casein2 76.39±1.43 a 67.94±1.44 b 74.57±0.5 a 0.294 P<0.001 
Lactose (g L-1) 47.9±0.12 a 40.5±0.1 c 43.8±0.13 b 0.205 P<0.001 
RCT (sec) 547±22 c 1820±205 a 802±37 b 0.255 P<0.001 
CF-40 (V) 18.27±1.10 a 8.22±0.98 c 14.54±1.27 b 0.301 P<0.001 

1Sheep milk  
2% Casein = Casein/protein × 100 
a-bParameter within row with no common superscript differ significantly (P< 0.05) 

 
Table 2. Correlations and P[r] of protein, casein, protein + fat, percent casein, lactose, SCC and log SCC 
with CF of milk from all the sheep in the study.  
 

Parameter R P[r] 
Protein (g L-1) -0.074 NS 
Casein (g L-1) 0.352 0.002 
% Casein 1 0.222 0.01 
Protein + fat 01.41 NS 
Lactose 0.591 <0.0001 
SCC (×103) -0.510 <0.0001 
SCC (log) -0.232 <0.0001 

1% Casein = Casein/protein × 100 

4. Discussion 
No correl ation was found  between fa t, protei n a nd casei n concentrati ons and CF, while a positi ve 
correlation was found between lactose and CF and a negative correlation between % casein and SCC and 
CF, consistent with previous findings (Leitner et al., 2007; 2008). The study highlighted the effectiveness 
of measuring lactose content in predicting milk quality, since the correlation between lactose and CF was 
higher than between % casein and SCC and CF. 

Subclinical in fection of glands wi th CNS at m id-lactation s imultaneously affected mi lk yi eld and milk 
quality measures, clotting time and curd firmness. Milk yield was least and insignificantly affected, since 
in sheep it was found that glands infected with CNS compensate their milk yield by the uninfected gland. 
Consequently, loss of milk yield on the whole animal level is attenuated in sheep (Leitner et al., 2004, 
2008). Neve rtheless, i t shoul d al so be not ed that de terioration i n mil k quality is almost certai nly 
associated with loss of cu rd yield. Moreover, when milk is used for curdl ing and che ese production, the 
negative effect of CNS infection, when only one gland is infected, on l osses due to reduced curd yi eld is 
greater than the contribution of milk yield loss (Leitner et al., 2008).  

End of lactation negatively affected mi lk yield and milk quality. The inflammatory response at the end of 
lactation may be interpreted as a pre-adaptive response to the forthcoming involution stage, because the 
acute i nflammatory response associ ated wi th this ad aptation wi ll a id in  c learing e xisting b acterial 
infection; thus, preventing the transfer of infection from current lactation to the next.  

Changes in lactose as an indication of infection and deterioration in mi lk quality are well-known during 
clinical (Werner-Misof et al., 2007) and subcl inical mastitis (Leitner et al., 2004, 2007). The reduction of 
lactose concentration in subclinically infected animals in which the tight junction integrity is maintained, 
indicates t hat t he r eduction is  r elated t o r educed s ecretion o f la ctose b y the ma mmary g land c ells. 
Indeed, it  is  t he mi lk-borne r egulatory e lement ( i.e., β-CN f(1–28)),  whi ch bl ocks api cally located K +-
channel and affects the secreti on of l actose into the mil k (Silanikove et al., 2000; 2009). Interestingly, 
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reduction of lactose to around 4% signifies milk that will not coagulate and thus is of no value for cheese 
production (Fig. 1), which is also associated with casein degradation and liberation of casein-degradation 
products that reach a level that would completely impede curdling. 

The r esult o f t his r esearch p rovides s mall d airies t hat p rocess t heir o wn milk t o c heese wit h a  n ew 
technology that will enable them to separate the m ilk that will not coagulate. This milk can still meet the 
criteria for being used f or dri nking; thus,  all owing the farmers to expl oit the mi lk produced m ore 
economically. T he e ffectiveness o f la ctose, %  cas ein a nd SCC in  p redicting milk q uality fo r c heese 
production is lost on the dairy tank level because of its dilution with good quality milk. Nevertheless, the 
effect o f s ubclinical ma stitis o n mi lk quality r emained s ignificant ( Leitner et al., 2007 ). Thus,  futur e 
developments of new techniques for on-line measures of milk quality, particularly the level of lactose, will 
allow the producers to meet the top dairy price-quality standards by separating milk according to its best 
properties, cheese production and drinking, thus maximizing their profit from milk selling.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 1. Lactose concentration in milk and its relation to curd firmness as measured by the Optigraph.  
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Abstract 

One hundred eleven artificial insemination rams with a high genetic impact on the Sarda breed selected 
population were chosen to be analysed with the OvineSNP50 BeadChip produced by Illumina. They had 
on average 165 lactating daughters in 75 flocks. The average relationship and inbreeding coefficients 
were 0.065 ± 0.102 and 0.017 ± 0.040 respectively. After editing 41,446 out of 54,241 available SNPs 
were retained. Reasons of exclusion were: number of no calls over 0 (2,783), unknown chromosome 
(364), X chromosome (1,341), significant deviation (P<0.05) from the Hardy-Weinberg equilibrium 
(4,950), minimum allelic frequency (MAF) lower than 2,5 % (3,357). The total length of the explored 
genome was 2,644,101 Kb (≈ 2,644 cM). The average distance between markers was 63.796 Kb 
(≈ 0.064 cM). The average MAF was 28%. The expected heterozygosity was on average 0.37±0.13. The 
average number of heterozygous SNPs per ram was 15,583. The LD on 1,000 Kb measured as the 
squared correlation (r2) between pairs of loci was on average 0.07. Moreover, the LASSO-LARS procedure 
on the de-regressed EBVs for milk yield was performed. Forty five SNPs explaining 72% of the total 
variance were detected. The average SNP effect was 0.055 standard deviation units ranging from 0.002 
to 0.183. 

Keywords: SNP, Sarda dairy sheep, OvineSNP50 Beadchip. 

1.0 Introduction 
The recent availability of the OvineSNP50 Beadchip (Illumina) opens promising perspectives on using 
molecular information in the management of breeding schemes of dairy sheep populations. The large 
amount of information provided by this tool may have a strong impact on studies aimed at verifying the 
feasibility of Marker (or Gene) Assisted Selection or Genome-Wide Selection programs. The OvineSNP50 
Beadchip has been recently used by the International Sheep Genomics Consortium (ISGC; 
www.sheephapmap.org) to genotype samples from 64 different sheep breeds. The Sarda dairy sheep 
breed population may have great advantages by introducing molecular information in the selection 
scheme. Indeed the possibility to predict breeding values by genomic data might lead to reduce costs of 
phenotype recording and increase the number of selection objectives. In the present work we analysed a 
sample of rams with a high genetic impact on the Sarda selected population with the OvineSNP50 
Beadchip. Moreover, an association analysis aimed at detecting a set of SNPs affecting milk yield was 
performed. 

2.0 Materials and methods 
A sample of 111 Sarda rams born form 1985 to 1999 and with a high genetic impact on the selected 
population was chosen among those involved in the artificial insemination program of the Sarda breed. 
The lactating daughters per sire were on average 165 ranging from 49 to 938, distributed on average in 
75 flocks. The rams were genotyped with the OvineSNP50 BeadChip produced by Illumina. Genotypes 
were edited to exclude SNPs not suitable for further analyses. The minimum allele frequency (MAF); the 
expected and observed heterozigosities and the extent of linkage disequilibrium (LD), measured by the 
squared correlation between pairs of loci (r2; Hill and Robertson, 1968) were calculated. Moreover an 
association analysis between SNPs and de-regressed estimated breeding values (EBV) for milk yield was 
performed. In order to select a limited-size subset of SNPs the least absolute shrinkage and selection 
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operator (LASSO; Tibshirani, 1996) using the least angle regression (LARS; Efron et al., 2004) algorithm, 
with cross-validations (Usai et al.,2009) was performed. At each cross-validation replicate the rams’ 
population was randomly split into a training (T) and validation (V) sample. The T and V sizes were 75% 
and 25% respectively. The best constraint per cross–validation replicate was the sum of absolute effects 
corresponding to the LASSO-LARS step where the correlation between Genomic-EBV (calculated from the 
effects estimated in T) and phenotypes of V was maximized. One thousand cross-validation replicates 
were performed. Then the LASSO-LARS procedure was carried out on the whole population until the sum 
of absolute effects was equal to the mean of the best constraints over all cross-validations. Furthermore 
the frequency of occurrence was calculated as the number of replicates where a given SNP showed non 
zero effect. 

3.0 Results 
The average relationship coefficient between pairs of rams was 0.065 ± 0.102 and the average 
inbreeding coefficient was 0.017 ± 0.040. The average EBV was 20.9 ± 11.8. All rams were successfully 
genotyped. After editing 41,446 SNPs out of the original 54,241 were retained. In particular, reasons for 
SNP exclusion were: number of no calls higher than 0 (2,783); unknown location (364); chromosome X 
location (1,341), significant deviation (P<0.05) from the Hardy-Weinberg equilibrium (4,950); MAF lower 
than 2.5 % (3,357). The number of markers per chromosome ranged from 4,677 for OAR1 to 560 for 
OAR24.  
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Figure 1. Minimum Allele Frequency (MAF) distribution. 
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Figure 2. Linkage Disequilibrium (r2) profile. 

 

The total length of the explored genome segment was 2,644,101 Kb (≈ 2,644 cM). The average distance 
between flanking SNPs was 63.796 Kb (≈ 0.064 cM) with a maximum of 3,571 Kb (≈ 3.571 cM) on 
OAR10. The expected heterozygosity was 0.37 ± 0.13 on average and slightly lower than the observed 
one (0.38 ± 0.13). The average number of heterozygous SNPs per ram was 15,583. Figure 1 shows the 
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distribution of MAF. The mean and the mode (12%) were 0.28 and  0.45 respectively. Figure 2 shows the 
profile of the average r2 according to the distance between SNPs. The maximum distance considered was 
1000 kb (≈1 cM). The average value of r2 over 1000 kb was 0.072. For a value of ≈64 Kb (average 
distance between retained SNPs) r2 was moderate 0.133 

As far as the association analysis is concerned, the overall best constraint estimated by 1000 cross-
validations was 28.74 which corresponded according to  LASSO-LARS procedure on the whole population, 
to 45 SNP with non zero effect. These SNPs explained 72% of the total phenotypic variance. Figure 3 
shows the effects and the frequency of occurrence of detected SNPs and their location along the genome. 
The average SNP effect was 0.055 standard deviation units ranging from 0.002 to 0.183. The frequency 
of occurrence of the selected SNPs was on average 27% and ranged from 6.6% to 70%. 
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Figure 3. Effects and frequency of occurrence for the SNPs selected by LASSO-LARS procedure 

4.0 Discussion and conclusion 
Our results showed that the OvineSNP50 BeadChip can be successively used on the Sarda sheep breed. 
Indeed 76% of the original markers resulted suitable for genetic analyses. Furthermore, the MAF 
distribution and the observed heterozigosity showed a high information content of most markers. The r2 
profile was similar to those observed in other dairy sheep breeds as Churra and Lacaune (Raadsma et 
al.,2010). In Holstein dairy cattle for distances lower than 100 Kb,  r2  were higher than those estimated 
here (de Roos, 2008). This difference could be explained by lower selection pressures and larger effective 
population sizes in dairy sheep breeds. Concerning the association analysis results, even if they are based 
on a small sample of artificial insemination rams, the amount of explained variance and the frequencies 
of occurrence of the selected SNPs seem promising for future analysis based on larger samples. 

This work was funded by the research program “APQ per la ricerca scientifica e l'innovazione tecnologica, 
progetto P5a – Attivazione del Centro di biodiversità animale per la valorizzazione del patrimonio animale 
con riferimento alla produzione e alla ricerca al servizio dell’allevamento” of the regional government of 
Sardinia. 
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Abstract 

The selection of the 5  French dai ry sheep breeds i s presently based on  the usual quanti tative genetics 
approach, both for mi lk production and udder functional traits, using pedigree and recorded phenotypes 
in nucl eus f locks. Moreover si nce 2002 a gene-assisted sel ection (GAS) has al so been  implemented to 
select for scrapi e resi stance agai nst classi cal scrapie and BSE strai n, based on a l arge scal e PrP gen e 
genotypings. This national scrapie plan was i ncluded in the exi sting breeding schemes :  between 2002 
and 2009, a total  of 160, 000 PrP genotypings have b een funded and d esigned, mai nly in the nuc leus 
flocks, in the aim to be efficient at the whole population level. As a result in 2009, 95 % of the rams used 
in the nucl eus flocks were homozygous ARR si res, i llustrating the efficiency of PrP GAS in French dairy 
sheep p opulations. N ow a  h igh-density SN P a rray ( the I llumina O vine SN P50 Be adChip) a vailable in  
sheep since January 200 9 makes feasi ble in the future ei ther marker-assi sted selection (MAS)/GAS, or 
genomic selection (GS), at l east in the Lacaune and Manech red faced breeds, thanks to  the si ze of the 
nucleus of the 5 French d airy sheep breeds usi ng extensively AI and to the storage of the DNA/bl ood of 
the AI rams since the middle of the 90’s. Therefore we present an overview of different genomic on-going 
projects involving the French dairy sheep breeds. 

Keywords: dairy sheep, genomics, selection, SNP, breeding schemes. 

1.0 Introduction 
The selection of the 5 French dairy sheep breeds is presently based on  the usual quantitative approach, 
both for mil k production and udder functi onal traits, using pedigree and recorded phenotypes in nucleus 
flocks. This selection has given sound resul ts, with differences from one bree d to another,  according to 
the size of the selected population in nucleus flocks, the starting year of each breeding program, and the 
more or less extensive use of animal insemination (AI). 

Since 2002 a gene-assi sted selection (GAS) has al so been i mplemented to sel ect for scrapi e resistance 
against cl assical scrapi e and BSE strai n, based on a l arge scal e PrP gene  genotypi ngs. Thi s nat ional 
scrapie plan was included in the existing breeding schemes and has allowed a successfully increase of the 
frequency of the ARR allele, firstly in the nucleus flocks, then in the commercial flocks. Such a GAS has 
been made possible through the d evelopment of both strategies and tools, which would be useful to any 
other gene selection. 

The Il lumina Ovine SNP50 BeadChip, available in sheep since January 2009, opens the door to a more  
systematic u tilization of genomic tool s in the  fu ture, ei ther by appl ying marker-assisted sel ection 
(MAS)/GAS, or genomic selection (GS) in the French dairy sheep breeds. 

In this paper, we first intend to present the breeding programs of the French dairy sheep breeds, in order 
to bring to l ight the assets of these pr ograms for a possible use of genomic tools. We describe the main 
features of the GA S implemented for ovine PrP gene,  underlining the organ ization and t ools that ha ve 
been set up to succeed in spreadi ng the favorabl e ARR a llele as a genomi c wa y to increase scra pie 
resistance. Finall y, we present the different on-goi ng genomi cs projects i n French dai ry sheep breeds, 
whose common applied purpose is to test MAS/GAS, or GS. 
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2.0 The dairy sheep breeding programs in France 
Dairy sheep breeding in France is  mainly located in 3 mountainous areas of Southern France, in which 
one or more  l ocal breeds  are mi lked to produc e h igh adde d-value cheese :  the Lac aune bree d i n the  
Roquefort ar ea (Roqu efort cheese),  th e Manech (r ed-faced and bl ack-faced) and the Ba sco-Béarnaise 
breed i n the Western  Py renean hi lls and mountai ns (Ossau-Ir aty cheese ), the Corsi can bree d i n the  
Corsica Island (various kinds of cheese, brucciu cheese). 

Since the early seventies, breeding programs have been implemented for each breed, based on extensive 
milk recording, heat synchronization and animal insemination (AI), progeny-test and assortative matings. 
They are al so l eant on  a  pyrami dal o rganization o f the popul ation with, at  the top, breeders of the 
nucleus flocks, where breeding programs are carried out, and from where the geneti c gain is transferred 
afterwards to  t he c ommercial f locks by u sing n atural ma ting o r AI  r ams b orn in  t he n ucleus f locks 
(Barillet, 1997).  The  tabl e 1 hi ghlights main features of the se breeding programs, showing di fferences 
between breeds. 

 

Table 1.Size of the selection programs in the French dairy sheep breeds (year 2009) 
 

Breed 
Total 

population 
Population recorded 
in nucleus flocks (%) 

Number of AI (AI rate 
within the nucleus flocks) 

Progeny-tested 
AI rams 

Lacaune 900,000 173,568 (19%) 395,800 (85%) 445 
Red-faced Manech 270,000 70,712 (26%) 56,800 (50%) 151 
Black-faced 
Manech 

100,000 14,509 (15%) 7,900 (45%) 36 

Basco-Béarnaise 80,000 21,984 (27%) 14,100 (50%) 52 
Corsican 95,000 21,050 (23%) 6,300 (30%) 31 
 

For each breed, the s election cri teria and the efficiency of the breeding schemes depend on the  size of 
the entire population and the par t of population included i n nucleus fl ocks (submitted to official AC m ilk 
recording), the impact of AI, the number of AI rams progeny-tested, the history and age of each breeding 
scheme, acc ording to the organi zation of the breed ers an d i ndustry i nterest. The tabl e 2 summari zes 
selection c riteria a s we ll as in dicators il lustrating t he e fficiency o f t he breeding p rograms. Amo ng the 
main features: 

  The pro gram of the Laca une bree d h as i ncluded functi onal trai ts at a 50 % l evel si nce 200 5 
(Barillet et al., 2006; Bari llet, 2007). The program of the Pyren ean breeds has i ncluded fat an d 
protein, steadily s ince 2001,  up to a 2009 new cri terion whose objecti ve i s to i ncrease fat an d 
protein yields and contents. 

  The rel ationship between the impact o f A I and pr ogeny-test and the effi ciency of the s election 
program is high, as shown when looking at tables 1 and 2. 

 

Table 2. Selection criteria and efficiency of the breeding schemes in the French dairy sheep breeds. 
 

Breed Selection criteria1

Annual Genetic gain in 
MY for rams 

(1995-2  (liters) 007)

Average lactation in 
2009 in liters (length 

in days) 
Lacaune 1/2 FY+PY+F%+P%) + 1/2 

(SCC+U) 
6.4 272 (164) 

Red-faced Manech 
ch 

FY+PY+F%+P% 3.8 180 (155) 
Black-faced Mane

rnaise FY+PY+F%+
FY+PY+F%+P% 

P% 
1.2 134 (139) 

Basco-Béa 2.9 164 (146) 
133 (182) Corsican MY 0.7 

MY = milk yield, FY = fat yield, PY = protein yield, F% = fat content, P% = protein content,  
SCC = somatic cell count,U = udder morphology. 
1Economic values for each trait included in the subindex for milk production (MY, or FY, PY, F%, P%) and in the 
subindex for functional traits (SCC, U) are not described in the selection criteria of the table 2. 
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3.0 A large scale gene assisted selection: selecting for scrapie 
resistance 
In addition to the phenotypic selection on quantitative traits, the BSE crisis context has been the s tarting 
point, from 2000, of the i mplementation of a GA S for scrapie resistance, based on Pr P gene genotyping. 
The objective of the program was to er adicate the unfavorable VRQ al lele and to sel ect for the favorable 
ARR a llele ( Leymarie et al.,2009). S ince the breedi ng pro grams were effi cient and the di ffusion AI-
oriented, the efforts of genotypings focused first in the nucleus flocks, in the aim to combine selection on 
the PrP  gene and sel ection on product ion and functi onal trai ts, while mai ntaining geneti c vari ability o f 
each b reed. R egarding in itial a llelic frequencies, t he s ituation was h eterogeneous fr om o ne b reed to 
another, from only 17% of favorable ARR allele in the Red-Faced Manech to 55% in the Lacaune breed.  

To tackl e th e i ssue, from 200 0 to 2009, 1 60,000 geno typings have b een carri ed out.  The genotyping 
strategies were different from one breed to another, depending on the initial ARR allelic frequency of the 
PrP gene and on the relative part of AI. In the Lacaune breed, the genotypings concerned the young rams 
candidates t o enter the breeding centers,  whereas i n the other breed s, bo th candi date rams and el ite 
dams were genotyped, to  take i nto account a mor e unfavorable initial ARR frequency as well  as a  less 
extensive use of AI i n the nucl eus flocks. The organi zation of the genotypi ngs were ma de to  al low the 
young rams be PrP genotyped very early, before enteri ng the b reeding center at 1 mont h-old. To face  
this constraint a blood sampling is taken at about 10 days-old, sent to an agreed lab, which sends back 
the resul t as  qui ckly as possi ble to al low the program manager  to s elect young rams for  the breeding 
center. 

A nati onal molecular information system has been set up to m anage and v alorize PrP genotypes. Th e 
molecular database, when  exchanging with the dai ry sheep genetic information system (n amed SIEOL), 
enables passing on of checked genotypes for selection purposes and computation of genotype predictions 
on relatives (Astruc et al., 2008 ; Morin et al., 2008). 
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Figure 1. Evolution of the PrP allelic frequencies in the Lacaune and Red-Faced Manech (RFM) breeds 
between 2001 and 2009. 

 

The increasing number of genotypes and predictions, combined with the use of AI and diffusion of natural 
mating rams, has allowed a dramatic change in the allelic frequencies. The figure 1 illustrates the results 
of the PrP b reeding plan, wi thin the bree ding pro gram (nucl eus fl ocks) and i n the w hole popul ation 
(commercial flocks) for the Lacaune and Red-Faced Manech breeds. 
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4.0 Genomics in the French dairy sheep breeds : on-going projects and 
strategies for using genomic data 
Using the op portunity of the PrP scra pie pl an as well as research progra ms for QTL detec tion in the 
French dairy sheep breeds, a DNA-bank was consti tuted, from the mi ddle of the ni neties. Blood samples 
of all  the A I rams prog eny-tested in the 5 French dairy sheep breeds were systematically collected and 
sent to the molecular laboratory Labogéna in Jouy-en-Josas. In 2009, the collection of DNA-samplings of 
AI progeny-tested rams reached 9,100 rams, as shown in the table 3. 

Since January 2009, a high-density SNP array (the Illumina Ovine SNP50 BeadChip) has been available in 
sheep, op ening the door in the future  to an ei ther marker-assi sted s election (MA S)/GAS, or genomi c 
selection (GS). 

 

Table 3. DNA-collection on the French dairy sheep breeds (year 2009). 
 

Breeds 
Number of AI progeny-tested rams with 

storage of DNA 
Year of beginning of the DNA-

storage 
Lacaune 5961 1995 
Red-Faced Manech 1940 1995 
Black-Faced Manech 436 1995 
Basco-Béarnaise 544 1995 
Corse 219 2003 
 

Furthermore, t he re cent developments o n ge nomic s election a nd t heir g rowing a pplications in  b ovine 
have s timulated t he b reeding o rganisations involved in  d airy s heep in  F rance, a longside wit h t he 
organisations of research and devel opment (INR A and Institut de l ’Elevage) to set up a strategy  of 
utilization of the genomi c tool s. In  thi s purpose, different proj ects have been bui lt and are on-g oing. 
Thus, several programs have been launched, which are complementary and serve the adopted strategy. 

According to the size of the selection programs, which is different from one breed to another (Table 1), 
the propos ed strategy c onsists i n st udying and te sting the utilization of genomi cs based ei ther on 
MAS/GAS, o r g enomic se lection (G S) with the  idea to test different methods or pro cedures to r un 
genomic evaluations (Aguilar et al., 2010). Indeed, the i mplementation of GS seems fea sible at l east in 
the Lacaune and Red-Faced Manech breeds, whose potential training populations, higher than a minimum 
of 1, 000 ani mals (tabl e 3), coul d allow genomi c esti mated b reeding val ue (GEBV ) predi ctions to be  
accurate enough for furth er uti lization to com pute GEBVs for young rams at bi rth. In th e other  breeds 
with smaller training populations, an across-breed genomic selection approach will be tested, particularly 
for the Manech breeds, whose racial and envi ronmental proximity to the Latxa breeds from Spain might 
allow to mix all the progeny-tested ra ms with true proofs i n a single training population, which could be 
sufficient to esti mate accurate enough genomic equations. We wi ll check i f this across-breed approach, 
using Illumina ovine SNP50 BeadChip, is relevant.  

The strat egy l ays on the foll owing programs,  mai nly based o n genotypi ngs but  al so on engi neering 
inputs: 

  The SheepSNPQTL project (2009-2011) (Moreno et al, 2009), partially founded by re search and 
breeder organizations, besides fine detection of QTL, aims at determining a first set of procedures 
to calculate genomic breeding value estimates (GEBV) for sel ected trai ts in the Lacaune breed,  
using a thousand of well-known progeny-tested rams. 

  The European 3SR project (2009-2011) is devoted to major gene and QTL det ection in sheep and 
goats. Th e f inal ai ms are,  on the  o ne hand,  to  provi de en hanced i nsight i nto mec hanisms 
controlling resistance to mastitis, resistance to gas trointestinal parasites and ovulation rate, and, 
on the other hand, to provi de li sts of SNP associ ated to those trai ts and that can be u sed for  
selection. 

 

chosen cl assically on EBV ancestor sel ection, and one-thi rd of each batch being chosen wi th a 

 One of the goal of the Roquefort’in project (2010-2013) is to test a genomic selection approach in 
the dairy Lacaune breed with the following tasks :  increasing the accuracy of the GS procedures  
previously estimated i n the S heepSNPQTL project, usi ng 2, 000 rams more  in order to r each a  
training pop ulation of 3, 000 rams; experimenting GS , by co mputing GEBV  for a par t of two  
batches of y oung rams t o be progeny-tested i n 2011 an d 2012, two-thi rd of each bat ch being 
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GEBV selection pressure, in the aim to compare EBV or GEBV efficiency with official proofs got in 
2013. On the whole, 4,000 rams will be SNP genotyped. 

  The across-border project Genomia (2010-2012) involves the French Manech  and S panish Latxa 
breeds. Regarding genomic selection, the purpose is to test GS in Manech red faced breed alone 
(training population of 1,000 rams); then to test  an across-breed GEBV approach, by genotyping 
2,600 AI rams, corresponding to the mi xing of Red-Faced and Black-Faced Manech, Blond-Faced 
and Black-Faced Latxa training populations. 

  The on-going project PhenoFinLait (2008-2013) (Faucon et al., 2009) (www.phenofinlait.fr), also 
partially founded  by r esearch and breeder organizations, concerns cattl e, goats and sheep and 
aims mainly at searching QTL for milk fatty acid profiles and milk proteins, but will be also useful 
for f ine QTL detection on a ll the selected t raits recorded in  the nucleus f locks. In dairy sheep, 
2,000 SNP genotypings will  be p erformed in this project, corresponding to a dau ghter design in 
Lacaune and Manech red faced breeds. 

  The Genovicap project (2010-2012), jointly led by INRA and Institut de l ’Elevage associated in a 
partnership unit named UMT GENEpR i s devoted to the en gineering i ssues: how to handl e 
genomic data, how to run the bre eding schemes using genomic breeding values, how to adap t 

d will be a major concern for the bree ding 
organizations and those who manage the breeding programs: 

  

enetic r elevance/efficiency h as a lways b een a  ke y 

  
notype selection regardi ng 

  

ts (as milking ability or disease resistance, such as mastitis, nematodes or scrapie 

all relevant and wi ll probably mix to an expect ed improvement of the s election 

me, the breedi ng orga nizations wi ll have to thi nk and face evol utions of the breedi ng 
sch e

pulation , with official animal recording ? 

  

  How to take i nto account genomi c data i n the i nformation system, as i t has been successfully 
completed for the integration of PrP gene ? 

them, how to organise the genotypings (founding, chip purchase, genotypings).  

The chal lenge and hopes  in GS for  dai ry sheep i n France, associ ated or not wi th fine QTL detection or 
knowledge of causal mutations, would be to increase the selection efficiency, by speeding up selection on 
routinely recorded trai ts, and/or by i mplementing selection of new traits expensive or difficult to record. 
Thus the fi rst step wi ll be to test the accuracy of GE BV prediction for selected milk and functional traits. 
Assuming that accuracies of GEBV will  be suffi cient to select elite si res very earl y, the way(s) towards 
which the increasing efficiency will have to be used and oriente

Reducing costs (removing the progeny test of AI rams and reducing the total number of AI rams). 
The selection tools are expensive in sheep regarding the gross margin per animal (milk recording, 
AI). Cu tting c osts wh ile ma intaining t he g
concern in dairy sheep programs in France. 

Increasing genetic gain on actual selected traits. This is of most importance since all breeds have 
a l ong generati on interval for the s ire pathways i n present phe
progeny-test of AI rams; this could be dramatically reduced by GS.  

Adding new trai ts in the sel ection criteria of dairy sheep breeds (Baril let, 2007). The dem and of 
both industry, breeders and consumers is sti ll growing regarding healthy and functional animals 
and foods; thus encouragei ng the br eed organi zations to introduce new trai ts in the breeding 
goals : production traits (milk fatty acid profiles, milk persistency and once a day milking ability), 
functional trai
resistance) … 

These different ways are 
efficiency.  

At the same ti
em s:  

  What new management of the AI livestock without progeny-testing ? 

  Which size of the open nucleus po

How to re-organize engineering ? 

5.0 Conclusion 
The breeding pro grams of the Fr ench dai ry shee p breeds ar e known to  be  effi cient on a cl assical 
phenotypic selection basis. The management of the PrP gene to reinforce scrapie resistance of the entire 
population, which is the first application of using genomics data on a la rge scale, was a success story. 
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Regarding the avail ability of the Ill umina Ovi ne SNP50 Bead Chip s ince January 2009  and the rec ent 
developments on genomi c sel ection, the French dairy sheep breeding schemes are i n a favourabl e 
situation to s uccessfully introduce genomic data i n their programs: the Lacau ne and Re d-Faced Manech 
programs ar e based on a hi gh number of progen y-tested rams due to an extensive use of A I in thei r 
nucleus flocks. Furthermore, the storage of DNA has been implemented for more than a decade. Thus the 
breeders of the French dairy sheep breeds have decided to test and implement a genomic selection or a 
marker/gene-assisted selection (both are not anta gonistic). Therefore, several genomic projects are  on-
going and wi ll output results and answers in the next years, basically on the accuraci es of GEBV for the 
selected traits and then on the cost-effectiveness of such a selection, compared to the actual phenotypic 
selection. The structuri ng power of th ese on-going projects on the breeders, research and devel opment, 
and the co-operation between a ll these organizations involved in provide a favourable s ituation to face 
this e xciting c hallenge in  d airy s heep. N evertheless unexpec ted i ssues a rise, among them the l egal 
aspects around the status of the GEBV: shall  an indi vidual breeder  be authorized to use  genomic too ls 
and consequently GEBV f rom i ts own within-flock rams, gi ven that the computati on of s uch GEBV has 
required a huge collective investment? This kind of questions is far from being clearly answered. 
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Abstract 

In Sarda breed it is difficult to extend the use of AI to the whole selected population due to specific 
features of the breeding system. The current rate of AI (8 to 10% of replacement ewes) is not sufficient 
by itself to assure the genetic connectedness between all selected flocks. However, the breeding scheme 
is characterized by a large use of the controlled natural mating with an important exchange of rams 
which may counterbalance the low spread of AI. The aim of this study was to assess the accuracy of the 
genetic ranking of AI and natural mating rams obtained by BLUP methods. The connectedness correlation 
(rij) was used to cluster sires of the last generation in connected subpopulations. The iterative process 
joins at each step the two sires (or clusters) with the highest rij in a new cluster. The process stops when 
the highest rij equals a given threshold. At 0.005 threshold, a large subpopulation including 1,236 sires 
was detected. For higher thresholds, two large sub-populations were identified: the largest including most 
of AI rams and the smallest rams belonging to few elite farms or flocks where farmers were used to buy 
males from the elite farms. This study showed that the current breeding management allows to reach a 
sufficient level of reliability of the genetic ranking of animals for most flocks. 

Keywords: Connectedness correlation, artificial insemination, dairy sheep. 

1.0 Introduction 
The main feature of the Sarda breeding program is the large application of the controlled natural mating 
(CNM) combined with low rates of AI. It is difficult to extend the use of AI to the whole selected 
population due to specific features of the breeding system. The current rate of AI (8 to 10% of 
replacement ewes) is not sufficient by itself to assure the genetic connectedness between all selected 
flocks. However, the large use of CNM with an important exchange of males, mainly sons of AI rams, 
may counterbalance the low spread of AI. In a previous work, Salaris et al. (2008) showed that, although 
limited by organisational constraints, the combining of CNM with AI allowed to reach a high number of 
direct genetic links between rams (i.e. direct comparisons through lactating daughters in the same 
management unit). Moreover, the number of completely disconnected flocks have had a strong decrease 
in the last 20 years. However, the authors concluded that a more precise evaluation of the genetic 
connectedness of the registered Sarda breed population was needed to assess the accuracy of the genetic 
ranking of animals. Lewis et al. (1999) proposed the correlation of breeding value prediction errors (rij) 
as a measure of the connectedness between pairs of sires. Khuen et al. (2009) used the average rij to 
cluster flocks in different subsets. Salaris et al. (2010) proposed to use rij as a criterion to assign rams to 
different genetic subpopulation and the square of the correlation between estimated and true differences 
between breeding values (CD; Laloe et al., 1993) as a measure of the accuracy of the contrast between 
EBV. The aim of this study was to assess the accuracy of the genetic ranking of AI and CNM rams 
obtained by BLUP method in the selected population of the Sarda dairy sheep breed by using objective 
measures of connectedness. 

2.0 Material and methods 
A dataset including 308,503 first lactation records of yearlings born from known sires (9,330) between 
1995 to 2007 was extracted from the 2008 genetic evaluation database managed by the Italian 
Association of Sheep Breeders (ASSONAPA). The ewes yielded in 10,034 management units (flock-year of 
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production combinations). Data were analyzed with a mixed model including the management unit as 
fixed effect and the random sire effect. 
The connectedness correlation (rij) and the coefficient of determination (CD) of the contrast for all 
possible pairs of 1,404 sires of 21,331 ewes born in 2007 were calculated as: 
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where PEV is the prediction error variance and PEC is the prediction error covariance of the EBV (ûi and 
ûj) of the ith and jth sires. PEV and PEC were calculated multiplying the residual variance ( 2

e) by the 
diagonal and the off diagonal elements of C, the inverse of the fixed effect absorption matrix, [Z’Z– 
Z’X(X’X)-X’Z+ A-1]-1, respectively, and x is the vector of coefficients defining the contrast. X and Z are 
the incidence matrices of the management unit fixed factor and the sire random factor respectively, A is 
the numerator relationship matrix,   was calculated as the ratio of  2

e and the sire variance ( 2
s).  2

s and 
 2

e were imposed equal to 80 L2 and 1,040 L2. 
A clustering iterative process was used to group sires into connected subpopulations using rij as a 
measure of distance between sires. The process begins setting each sire in a cluster by itself. Then the 
iterative procedure joins the 2 sires (or clusters) with the highest rij in a new cluster. When a cluster 
includes more than one sire, the average rij of the included sires with the sires of other clusters was 
calculated. The procedure stops when the highest rij equals a given threshold. Accordingly to Khuen et al. 
(2009), two thresholds were chosen: 0.010 (“superior” level of connectedness) and 0.005 (“good” level 
of connectedness). A further intermediate threshold of 0.007 was introduced. At each threshold, the 
number and the size of identified clusters were calculated. The following parameters were averaged for 
relevant (more than 50 sires) clusters: rij, CD, the total number of daughters per sire (NF); the total 
number of effective daughters per sire (NFW); the total number of CG in which a sire had daughters 
(NCG); the total number of directly compared sires per sire (NP); the inbreeding coefficient (IC); the 
average relationship of a sire within a given CG (PW) calculated as the average relationship coefficient 
with the other sires in the CG weighted for the effective number of daughters. NF, NFW, NCG and NP 
affect the accuracy of EBV (Tosh and Wilton, 1994) whereas increasing PW and IC reduce CD of contrast 
(Kennedy and Trus, 1993). 

3.0 Results and Discussion 
About 61% of the 2008 recorded yearlings were born from known sires. The average PEV of sires’ EBV 
was 40.8 ± 15.0 L2. The PEC mean was 0.3 ± 0.4 L2. Average additive relationship between sires was 
0.038 ± 0.055 and ranged between 0 and 0.898. The average rij of all possible comparisons (984,906) 
between sires were 0.010 ± 0.011 and ranged between 0 and 0.641. Only 3.5% of all possible pairs of 
sires showed null rij. 
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Figure 1. Diagram of clustering procedure results at successively decreasing connectedness correlation 
(rij) thresholds (from 0.010 to 0 with a step of 0.001). Horizontal axis represents the number of rams 
grouped in each cluster at 0.010 rij threshold level (clusters highlighted with asterisk included more than 
50 sires). Vertical axis represents rij threshold levels. The number of rams grouped in a cluster are 
reported within the diagram. 
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The percentage of sires included in the largest cluster increased from 16.2% at 0.010 rij threshold, to 
47.3% at 0.007, and 88.0% at 0.005 (Figure 1). At the 0.010 threshold, 83 different subpopulations 
including on average 17 ± 31 sires (from 2 to 228 sires) were detected. At 0.005 threshold a large 
cluster including 1,236 sires and other 26 clusters including more than 2 sires were formed. At 0.007 two 
large separate subpopulations of rams with 664 and 410 rams respectively were identified. The first 
included mainly AI sires whereas the second included many rams born in few flocks, located in the 
central-west part of Sardinia, which represents the historical region where selection of the Sarda breed 
started. Breeders of these regions usually raise own homebred rams and are the main rams sellers to the 
registered flocks. 
The largest cluster at each threshold included always the largest rate of AI rams and it always showed 
the higher average CD of contrasts (Table 3). The difference of CD means between the two largest  
subpopulations at 0.007 threshold was 0.024. The CD mean within the largest cluster at 0.005 threshold 
was 0.524. This level of connectedness can be ascribed to the strategy of combining a low rate of AI with 
an important exchange of CNM sires. Actually, Salaris et al. (2008) showed that the average number of 
natural mating groups per flock was 1.9, with 52% of flocks with only 1 sire, 38% with 2 or 3 sires and 
10% with more than 3 sires. Over the last twenty years the percentage of CNM sires born by AI 
increased from 2% to 32%, connecting 19% of flocks not directly involved in the AI program. As far as 
the genetic links created by CNM rams are concerned, the average annual percentage of sires born in one 
flock and used in another one was 62% and the average annual percentage of CNM sires with daughters 
in more than one flock was 23%. Significant higher value of NFW, NCG, and NP and smaller values of PW 
and IC means were found in clusters with high rate of AI sires. These differences are in the direction of a 
better accuracy of EBV as confirmed by a significant lower PEV mean. 
This study showed that the current breeding management of the Sarda dairy sheep breed allows to reach 
a sufficient level of accuracy of the genetic ranking of rams involved in the breeding program, including 
CNM rams which still play a crucial role in the selection program. 
 
Table 1. Number of sires (NS) and AI sires (NAIS) grouped in clusters with more than 50 rams at 0.010, 
0.007 and 0.005 rij threshold levels (TL) and means1 per cluster of: connectedness correlation (rij), 
coefficient of determination o f the contrast (CD), prediction error variance of EBV (PEV), number of 
daughters (NF) and number of effective daughters (NFw) per sire, number of management units in which 
the sire has daughters (NCG), number of other sires directly compared to the considered sire (NP), 
average additive relationship coefficient within CG (Pw), inbreeding coefficient (IC) per sire. 
 

TL NS NAIS rij CD PEV NF NFw NCG NP Pw IC 
0.010 51 0 0.028a 0.540a 40.3a 42 17 3b 9b 0.063c 0.158b

 56 1 0.040b 0.502b 39.7a 33 18 3b 9b 0.060bc 0.071a

 66 5 0.021c 0.564c 35.3ab 38 22 5b 24b 0.046bc 0.064 a

 78 0 0.024d 0.500b 41.9a 35 15b 2b 5b 0.058c 0.162b

 146 1 0.023c 0.518d 39.3a 38 20 2b 9b 0.106a 0.180b

 228 74 0.016e 0.586e 33.2b 42 25a 11a 64a 0.036b 0.044 a

0.007 410 1 0.014a 0.519a 41.1a 39 18b 2b 7b 0.076b 0.166b

 664 119 0.012b 0.543b 37.4 37 21a 7a 39a 0.038a 0.052a

0.005 1236 128 0.010 0.524 39.3 37 19 5 24 0.052 0.089 
1Means with different upper case letters are significantly different with a p<0.05. Test for multiple comparisons are 
adjusted with Bonferroni test. 

This work was funded by the research program “APQ per la ricerca scientifica e l'innovazione tecnologica, 
progetto P5a – Attivazione del Centro di biodiversità animale per la valorizzazione del patrimonio animale 
con riferimento alla produzione e alla ricerca al servizio dell’allevamento” of the regional government of 
Sardinia. 
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in Dairy Cattle Breeding in Ukraine 
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Abstract 

Institute o f Animal Science o f N ational Ac ademy of A grarian S ciences of Ukrai ne i mplements i ts 
developments i n dai ry cattl e bree ding i n Ukrai ne. Breedi ng centre of the  Insti tute de veloped som e 
National standards of Ukraine on genetic evaluation of dairy bulls using BLUP and system of organization 
of s election i n o rder t o ha rmonize Uk rainian le gislation wit h European and in ternational r equirements. 
Breeding centre has devel oped and implemented on-farm computer program s for dai ry cattle recording 
as well as breeding programs for main dairy breeds in Eastern region of Ukraine. Laboratory of ecological 
monitoring of the Institute provides testing of milk, meat, food and others samples from the farms of the 
region using equipment of Bentley Instruments for wide range of traits. 

Keywords: Institute of Animal Science, breeding centre, Ukraine, evaluation, cattle, prediction, ecological. 

1.0 Introduction 
Institute o f An imal Science o f National Ac ademy of Ag rarian Sciences o f Ukraine (NAASU) is b reeding 
centre for cattle, pigs, sheep, horses and rabbits. The Insti tute conducts studies on adaptation of animal 
breeding to European sta ndards. We have developed new methods of evaluati on of breedi ng values of 
sires and dams. 

1.1 Methods 

We have analyzed the status of recording, evaluation, selection and mating in Ukraine. On the basis of 
comparing c urrent status  wi th requi rements of IC AR and IN TERBULL we  h ave dev eloped me asures to  
improve system of recording and genetic evaluation in dairy cattle breeding. 

1.2 Results 

There are about two and hal f million cows in Ukraine. Average milk yield of cows is about four thousand 
kilograms of milk per lactation. We have seven ba sic dairy breeds. We used a crossing with Holstein and 
other foreign breeds for obtain Ukrainian breeds. 

Genetic trends of milk yield of Ukrainian breeds have increased, but not rather fast. 

Institute o f An imal Science h as d eveloped a nd implemented “Compl ex program of d evelopment of  
agrarian sector i n Khar kov regi on”. Thi s program i ncludes a set of breeding, technol ogical and 
management approaches to modernize animal production.  

Among others our breedi ng centre for cattle has developed breeding programs for S immental, Ukrainian 
Black-and-White and Red-and-White breeds in the farms of Eastern region of Ukraine. We develop mating 
plans for farms. 

Breeding centre implements the syste m of computer recording on the farms for cattl e. On the basi s of  
the data of recording in these farms the central database of breeding animal was created. 

Breeding centre of the Insti tute developed some National standards of Ukraine on geneti c evaluation of 
dairy bulls using BLUP and system of organization of selection in order to harmonize Ukrainian legislation 
with European and international requirements.  
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We have fixed the Multitrait Animal Model fo r p rocedure o f Genetic evaluation model o f dairy cattle in 
National standards of Ukraine . 

Breeding values of 247 sires were evaluated by progeny testing. 

Dairy breeding centre of the Institute has developed the methods of early prediction of milk yield, milk 
fat, milk protei n, fat yi eld, protein yield, reproductive efficiency, calving interval, live weight and other 
economic-useful traits of cows on the basis of indirect traits of heifers.  

We use i ndices of body measuremen ts, skin hi stology, se lection, blood, reaction on the stress and l ive 
weight of heifers as indirect traits for the prediction.  

We use pro cedures of multiple regressi on, di scriminant ana lysis, general  linear model  and neural  
networks for creating of prediction model.  

The best models for earl y prediction of mil k yield have hi gh e ffectiveness for 15%  cul ling at earl y age 
according to the predicted milk yield of heifers. The difference between aver age milk yields of breedi ng 
and culled groups was significant and was about 1000 kg. 

Laboratory o f ecol ogical monitoring o f our Inst itute provi des testi ng of m ilk, meat, fo od and others 
samples from the farms of the region for wide range of traits.  

The laboratory has International and Ukrainian certificates of conformity to requirements. 

Laboratory o f ecol ogical monitoring of the Insti tute provi des testing of mil k, meat, food and others 
samples from the farms of the region using equipment of Bentley Instruments for wide range of traits.  

The Institute of Animal Science comprises 157 sci entific workers including 20 doctors and 60 candi dates 
of sciences. 

The institute consists of 20 laboratories  

The institute is the scientific center on technologies of animal product manufacture of Ukraine.  

The in stitute c ollaborates wit h t he s cientific e stablishments o f Ukr aine, R ussia, Belorussia, P oland, 
Slovenia, France and the USA. 

The in stitute t rains h igh-qualified p ersonnel a t t he post-gra duate and doct orate course s on the seve n 
professions with the subsequent attestation.  

Specialists of the bre eding centre  tak e part i n work of attesta tion commi ssion of Mi nistry of agrari an 
policy of Ukraine to consider materials of subjects of animal breeding. 

Institute of Ani mal Sc ience of NA ASU permanentl y conducts workshops, trai ning for speci alists, 
competitions etc.  

In 2009 there were two workshops: “Basic principles of dai ry cattle breeding” and “ Testing milk quality 
using modern instrumental methods”, competi tion of repro duction technicians, training for regi onal and 
district specialists on problems of implementing advanced methods of sel ection. The Insti tute takes part 
in international and European scientific grants in animal production, agrarian and ecological areas. 

Institute of Animal Science of Nati onal Academy of Agrari an Sciences of Ukrai ne propose a co-operati on 
to a ll o rganizations in t he a reas o f r esearches in  b reeding, t echnology, h ousing, fe eding, p hysiology, 
ecological monitoring for a stock-raising. 

We woul d li ke to take pa rt i n implementation of t he i nternational programs and grants  i n the an imal 
science. 

2.0 Conclusions 
The Institute of animal S cience of NAASU d evelops and imp lements modern me thods of milk te sting, 
recording, genetic evaluation of dairy cattle and early prediction of performance. This allowed to increase 
milk production of dairy cattle in Eastern region of Ukraine. 
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Abstract 

Populations of buffal oes wi th one mil k record for each buf falo were g enerated usi ng Mont e C arlo 
simulation with assumed mean (0) and variance (1). Four different of population sizes (z): 10000, 25000, 
50000 and 1 00000 animals were obtained.  Four ge nerations of progeny were obtai ned by sel ection of  
sires and dams of the next generati ons. Mating ratio (mal e: females) were desi gned to di ffer from 1:25 
to 1:100 i n natural mating (NM) and  from 1:1000 to 1: 5000 in artificial insemination (AI). Genetic gain 
per generation and annual genetic gain were calculated. 

Genetic gain increased significantly (P<0.05) with increase in generation number (G) being 282, 389, 457 
and 488 kg milk per generati on for G1, G2, G3 and G4, respecti vely. The annual geneti c gai n ranged 
from 64 kg/yr for z=10000 to 73 kg/ yr for z=100000.  Increasi ng nucl eus si ze (p) from 0. 05 to 0. 10 
increased ge netic gai n s ignificantly (P<0. 05) from 390 to 4 18 kg mil k. Non-si gnificant differences in  
genetic gain among different proportions of males born used as sires (a) were observed. 

Annual genetic gain ranged from 50 to 66 kg mil k/yr in NM and from 80 to 82 kg milk/yr in AI. Applying 
open nucl eus breedi ng sc heme (ONBS) for many generati ons of sel ection could accel erate the rat e of 
genetic gain of milk production in Egyptian buffalo and increased the average milk yield from 15% in G1 
to 26% in G4. 

Keywords: Open nucleus breeding scheme, genetic gain, simulation, Egyptian buffalo. 

1.0 Introduction 
According to FA OSTAT (2009 ) the E gyptian buffal o contri butes about 2.7% and 8.4% to the w orld 
buffalo's milk and meat,  respec tively. The propor tion of Egypti an buffa loes to the worl d buffal o’s mil k 
production decreases year after year. The increase of total milk production of Egyptian buffaloes was due 
only to increasing buffalo population size. Lack of effective sustainable breeding programs for local breeds 
in developing countries is a reason tha t such bre eds lose their competitive advantage, especially where 
production systems or external conditions are subjected to change (Hiemstra et al., 2007).  

Livestock production in developing regions i s generally characteri zed by sma ll herd-si ze (parti cularly in 
mixed crop/l ivestock syst ems), communall y shared grazing, uncontroll ed mati ng, and the abs ence of 
pedigree and performance recordi ng. These charac teristics limit the impl ementation of e ffective genetic 
improvement programs. To overcome these probl ems, nucleus breeding schemes have been suggested,  
in which genetic improvement is centrally organized in a population maintained in research institutes or 
government farms (Gal al, 198 6; T errill, 1986 and Solomon et al., 2009).  T he open nuc leus breedi ng 
scheme offer s a si mpler procedure for produci ng and di sseminating breed ing stock of known val ue 
(Cunningham, 1979 and 198 7; Hi nks, 1978 a nd Jasi orowski, 1991). Bondoc and Smi th (1993 ) 
recommended the est ablishment of two-ti er open nucl eus bree ding system to maxi mize geneti c 
improvement, reduce i nbreeding rate  and reduc e th e total  cost of recor ding i n sma llholder syste m. 
Several s tudies in dicated t he s ignificance o f u sing o pen n ucleus b reeding s cheme to  imp rove milk 
production of buffal o and increase the rate of genetic gain (Dixit and Sadana, 1999, Abdel-Salam et al., 
2004 and Nigm et al., 2005). 

The purpo se of thi s paper was to use the si mulation techni que to study the expect ed genetic gai n by 
changing mi gration r ates a nd ma le se lection in tensity in  fo ur g enerations o f a pplying t wo-tier o pen 
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nucleus breeding scheme to improve milk production of Egyptian buffaloes using different nucleus and 
population sizes. 

2.0 Material and methods 

2.1 Basic parameters 

Simulation technique was used to generate population of buffaloes with one milk record for each buffalo. 
A total number of 3526 lactation records of 2179 buffaloes recorded by Cattle Information Systems/Egypt 
(CISE, 2007) of the Faculty of Agriculture, Cairo University during the period from 1990 to 2006 were 
used to estimate various parameters (Table 1) which were used to generate simulated populations. 

 

Table 1. The estimates used in generating the simulated populations. 
 

Parameter Estimate Reference 
Average total milk yield (TMY) 1884, kg CISE, 2007 
Phenotypic variance for TMY 191845, kg2 CISE, 2007 
Phenotypic standard deviation 
for TMY 

438, kg CISE, 2007 

Average generation interval 5.78, yr Mourad, 1990 
Heritability estimate 0.17 CISE, 2007 

CISE: Cattle Information Systems/Egypt 

2.2 Generation of the simulated population of buffaloes 

Populations were generated using stochastic Monte Carlo simulation procedure of SAS (2004) with 
assumed mean (0) and variance (1). Simulation was replicated four times to generate four different sizes 
of populations: 10000, 25000, 50000 and 100000 animals. Four generations were generated by selection 
of progenies with the highest breeding values for milk production to be sires and dams of the next 
generation. Selected bulls and heifers were mated at random. Figure (1) shows the structure of designed 
open nucleus breeding scheme and gene migration from nucleus to base and vice versa.  

Genetic gain per generation was estimated as the average genetic selection differentials of animals used 
in nucleus and base (James, 1977). The rate of progress as response to selection is modified by 
migration of genes between parts of the population with different mean breeding values, i.e. from the 
nucleus to the base and vice versa. The best selected males are kept for breeding in the nucleus while 
other selected males are given to the base herds for breeding. The best selected females are maintained 
in the nucleus while females disseminated to the base herds are surplus to the nucleus replacement. By 
this means, improvements are quickly spread throughout the population. The nucleus remains open to 
animals from the base herds, the best selected females in the base transfer to the nucleus. Thus, the 
ultimate genetic gain was estimated by a weighted average of the genetic selection differentials in the 
nucleus and base, the weights being the gene migration rates from each part of the population to the 
other. Both additive genetic and residual effects were assumed to be distributed normally. This procedure 
was carried out for four generations. It was assumed that all buffalo females were mated naturally or 
artificially to bulls coming from the nucleus or base (Figure 1). Mating ratio (male: females) were 1:25, 
1:50 and 1:100 in natural mating (NM), and 1:1000, 1:2500 and 1:5000 in artificial insemination (AI). 
The objective of using different mating ratios was to compare between different selection intensities in 
males. 

The genotypes of animals were simulated by the following formula (1) according to (Meuwissen, 1991): 

 

225.02
1

2
1 pidsi haggg σ++=

       
 (1) 

Where gi, gs, and gd are the additive genetic values of individual i, its sire (s) and its dam (d), 
respectively, h2 is the heritability in population (h2 = 0.17), σ2

p is the phenotypic variance, ai is the 

random number from the distribution N(0,1) and 
225.0 ph σ

 is the Mendellian sampling term.  
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Figure 1. Structure of breeding scheme and gene migration. 
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The record of buffalo i was simulated by the following formula (2) according to (Meuwissen, 1991): 

Yi = μ + gi + Ei         (2) 

Where Yi is the lactation of the ith buffalo, μ is the mean total milk yield, gi is the additive genetic value of 
individual i, Ei is the environmental effect of the ith buffalo and assumed to equal σe ai, σe is the square 
root of the error variance and ai is the random number from the distribution N(0,1). 

2.3 Estimation of breeding values 

Breeding values were estimated using the Derivative – Free Restricted Maximum Likelihood (DF-REML) 
procedure (Meyer, 1998). 

The linear animal model (3) used for analyzing simulated records was as follows:  

Y = Xβ + Za a + e       (3) 

Where Y is the vector of observations, X is the incidence matrix for assumed fixed effect required by 
software to run distributed to the data at random, β is vector of an overall mean and fixed effect (2 
levels) distributed to the data at random, Z is the incidence matrix for random effects, a is the vector of 
direct genetic effects of buffalo and e is vector of random errors normally and independently distributed 
with zero mean and variance Iσ2

e. 

2.4 Calculation of the expected genetic gain in milk yield 

Seven schematic variables, namely, number of generations (G), population size (z), nucleus size (p), 
mating ratio (male: females) (MR), proportion of males born used as sires (a), fraction of base sires born 
in nucleus (w) and fraction of base dams born in nucleus (y) were studied.  

The parameters assumed for estimating the genetic gain of the simulated open nucleus breeding scheme 
and levels of variables are shown in table 2. Genetic gain per generation and annual genetic gain were 
calculated according to James (1977). 

 

Table 2. Input variables for calculating genetic gain. 
 

Item Description Symbol Value 
Heritability estimate h2 0.17 
Replacement rate r 0.20 
Fraction of total population in nucleus p 0.05, 0.10 
Fraction of nucleus dams born in base x 0.50 
Fraction of base dams born in nucleus y 0.08, 0.14, 0.17 
Fraction of nucleus sires born in base v 0.00 
Fraction of base sires born in nucleus w 0.10, 0.20, 0.30, 0.60, 1.00 
Proportion of all males born used as sires a 0.05, 0.10, 0.20 
Proportion of all females born used as dams b 0.80 
Simulated population size (number of breedable females) z 10000, 25000, 50000, 100000 
Generations G 1, 2, 3, 4 

 

The effects of the different variables on genetic gain were analyzed according to the following model (4): 

 GGijklmnop=µ+Gi+zj+pk+al+MRm+wn+yo+eijklmnop     (4) 

where GG is the genetic gain, µ is the average genetic gain, Gi is the number of generation (4 level), zj is 
the population size (4 level), pk is the fraction of total population in nucleus (2 levels), al is the proportion 
of all males born used as sires (3 levels), MRm is the mating ratio (6 levels), wn is the fraction of base 
sires born in nucleus (5 levels), yo is the fraction of base dams born in nucleus (3 levels) and eijklmnop is 
the residual term. 

Significance of differences among means of genetic gain resulting from applying different input variables 
was tested using Duncan Test procedure (SAS, 2004). 
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3.0 Results and discussion 

3.1 Number of generations (G) 

Genetic gain increased significantly (P<0.05) by increasing generation number as shown i n figure 2. The 
genetic gains by generation were 282, 389, 457 and 488 kg of milk for G1, G2, G3 and G4, respectively. 
The average annual genetic gain ranged from 48 kg for G1 to 83 kg for G4. 

The rate  of i ncrease of genetic gai ns decrea sed by i ncreasing the gen eration number ( Figure 2). The 
highest rate of increasing genetic gain (38%) was observed between G1 and G2 and the lowest (7%) was 
observed be tween G3 and G4.  The reason for decrea sing rate of geneti c gai n by increasing the 
generation number was due to reducing genetic lag between nucleus and base, by advancing generation, 
which means  that the ge netic sel ection di fferential between nu cleus and base decr eased by i ncreasing 
generation of selection.  

a,b,c,dMeans with different letters differ significantly (P<0.05). 

Figure 2. Change of genetic gain means by generation number. 

 

This r esult i s in  a greement wit h t he fin dings o f Mueller and James (1 983). They repo rted that  th e 
cumulated gai n after 10  generati ons of sel ection, in a  likel y sheep or  cattl e syst em, wou ld be  
overestimated by about 20%. This may be important in economic evaluations of nucleus schemes. 

3.2 Population size (z) 

Genetic gai n i ncreased s ignificantly ( P<0.05) by i ncreasing popul ation size ( z) (Fi gure 3) due t o 
increasing mi gration rate s i n the l arge popul ations. Increasi ng z from 100 00 to 2 5000 resul ted i n an 
increase of 6% in genetic gain. The rate of i ncrease in the genetic gain increased to 27% and 34% when 
the population size increased from 25000 to 50000 and from 50000 to 100000, respectively. There were 
significant differences (P<0.05) among all means. The average annual genetic gain ranged from 64 kg for 
z=10000 to 73 kg for z=100000. These results are comparable with the results observed by Abdel-Salam 
et al. (2004) and Nigm et al. (2005). 

 

 

 

 

 

a 

b 

c d 



Abdel-Salam et al. 

Page 30 

a,b,c,dMeans with different letters differ significantly (P<0.05). 

Figure 3. Change of genetic gain means by changing population size (z). 

 

The la rge p opulation n eeds la rge n umbers o f animals in  t he n ucleus a nd t his s ituation is  d ifficult in  
practical application. For avoiding this obstacle it  is suggested that the required nucleus s ize is divided 
into more th an one nucl eus (sub-nucl eus) worki ng as bi g nucleus and that  depen ds on  the prevai ling 
production systems and population structure.  

3.3 Nucleus size (p) 

Table 3  shows the chan ge in geneti c gain by cha nging the fra ction of total popul ation in nucl eus from 
0.05 to 0. 10. Increasing p from 0. 05 to 0.10 increased genetic gain significantly (4.5%, P<0.05) from 
397 to 415 kg milk per generation.  

Abdel-Salam et al. ( 2004), however,  showed th at i ncreasing p from 0. 05 to 0.10 r esulted i n a n 
insignificant increase o f o nly 0 .3% in t he g enetic g ain o f m ilk y ield in  b uffalo fo r o ne g eneration o f 
selection. 

The increase of genetic gain by increasing p was due to increasing migration (fraction of base dams born 
in nucleus, y, and fracti on of base  sires born in nucleus, w) rates from nucl eus to base in large nucleus 
size and that  led to accel eration genetic change by  genetic improvement at  both levels of nucleus and 
base.  

 

Table 3. Least squares mean and standard errors (SE) of genetic gain of milk yield (kg) in simulated 
buffalo populations of different nucleus sizes (p). 
 

P Mean SE 
0.05 397a 7 
0.10 415b 6 

a,bMeans with different letters differ significantly (P<0.05). 

 

Phillips (2001) reported that the most  important decision in establishing a nucleus breeding operation is 
to determine its size. There are several tradeoffs. With increasing nucleus size, greater selection pressure 
can be applied to potential breeding stock resulting in more rapid genetic gains. However, increasing the 
nucleus size also increases the cost of maintaining it. If replacement females for the nucleus are selected 
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from the nuc leus and the commerci al herd, l arger nucleus herds are l ess el ite when com pared to th e 
commercial herd. 

3.4 Proportion of all males born used as sires (a) 

Figure (4) sh ows change of genetic gain by chan ging proportions of mal es born used as  sires (a). Non-
significant differences in genetic gain means among different proportions of all  males born used as si res 
were observed. The expected annual  geneti c gain i ncreased 1.5 % by i ncreasing a from 0. 05 to 0.10.  
Further increase of annul genetic gain (1.5%) by increasing a from 0.10 to 0.20. The reason of increasing 
the genetic gain with increasing a is mainly due to increasing fraction of base sires born in nucleus (w) 
with increasing a. However, by increasing a all replacement sires in the base came from t he nucleus (w). 
It was clear that, the genetic improvement of the designed ONBS in the pre sent study depended mainly 
on migration rate of sires from nucleus to base. 

This result is contrary to the result found by Abdel-Salam et al. (2004) applying open nucl eus breeding 
scheme for one gen eration and usi ng di fferent n ucleus si ze (0. 01, 0. 05 and 0. 20), w ho report ed a 
significant decrease in genetic gain with increasing proportion of sel ected males (a). Decreasing a from 
0.20 to 0.10 resulted in an increase of 1.6% in genetic gain. The increase was enlarged to 3.3% when a 
decreased from 0.10 to 0.05. 

Often the ba se is managed for comm ercial production and the nucleus to breed su perior sires. Hopkins 
(1978) emp hasized that usi ng more effi cient selecti on strategi es and short generati on l engths i n th e 
nucleus would increase rates of gain. 

 

aMeans with same letters do not differ significantly (P>0.05). 

Figure 4. Change of genetic gain means by changing proportion of all males born used as sires (a). 

3.5 Fraction of base sires born in nucleus (w) 

The genetic gain ranged from 278 to 4 35 kg of mil k (Figure 5) and the annual  genetic gain ranged from 
49 to 74 kg of milk at different levels of w. Genetic gain increased non-significantly by increasing w from 
0.1 to 0.20 and from 0.20 to 0.30. Differences between w levels were significant (P<0.05) when w=o.60 
and all sires used in base (w=1) came from the sires born in nucleus. 

The resul ts of thi s study i ndicate tha t the mai n vari ables affe cting the fracti on of base si res born  i n 
nucleus were z, p and a. The direct relationship was observed between z, p and a on one hand and w on 
the other hand. However, this relationship is not absolute but depends on the different combinations of 
population size, nucleus size, and selection intensity in males.  

The i ncrease of w led to decreasi ng genetic l ag between nuc leus and base.  For appl ying ONBS , it i s 
recommended that all sires used in the base are introduced from sires born in nucleus. 
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This r esult is n ot in  line with t he r esult s howed b y Abdel-Salam et al. (20 04) who obs erved that t he 
genetic gai n decreas ed s ignificantly b y i ncreasing w from 0. 05 to 0. 10 or  0. 20 and di fferences we re 
significant between 0. 05 on one hand and 0.10 and 0.02 on th e other hand  which was appl ying for one 
generation and di fferent nucleus size. James (1977) reported that i t is, however, of interest to note tha t 
the value of w depends on the nucleus size (p) as w increases with any increase in p. Also, w depends on 
the proportion of males born and used as sires (a). 

 

 

250

300

350

400

450

500

0.1 0.2 0.3 0.6 1.0

Fraction of base sires born in nucleus (w)

M
ea

n 
of

 G
en

et
ic

 G
ai

n,
 k

g

c

d

 
a,b,c,dMeans with different letters differ significantly (P<0.05). 

Figure 5. Change of genetic gain means by changing fraction of base sires born in nucleus (w). 

3.6 Mating ratios, MR, (male: females) 

Figure (6) shows the change of ge netic gai n with mating rati os in n atural mat ing and arti ficial 
insemination. S ignificant di fferences ( P<0.05) wer e observ ed between MR within natural mating (NM),  
and between MR in natural mating and arti ficial insemination (AI). No significant differences were shown 
between mating ratios within AI. 

Using NM, 14% increase of geneti c gain was observed by increasing MR from (1:25) to (1:50) and 16% 
by i ncreasing MR from (1:50) to (1 :100). Increa sing MR from (1:100) t o (1:100 0) by usi ng A I was 
accompanied with an increase in genetic gain of 22%. Further increase in genetic gain was shown (0.2%) 
with i ncreasing MR from (1:10 00) to (1:25 00) and by 1. 7% wi th increasing MR from (1:25 00) to (1 : 
5000). 

It was concl uded that i ncreasing genetic gain by i ncreasing MR is mainly due to increasing the selection 
intensity in males used as si res and that was cl ear when compari son between NM and AI. Us ing small  
number of mal es led to r eduction i n the proporti ons of ma les born used as  si res (a) and i ncrease the  
fraction of base sires born in nucleus (w). 
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a,b,c,dMeans with different letters differ significantly (P<0.05). 

Figure 6. Change of genetic gain means by changing different mating ratios (MR). 

 

The results agree wi th those of Ni gm et al. (2005) who concl uded that the o bserved increase in genetic 
gain is mainly due to the higher selection intensity of males used as sires in AI. Also, AI will enable higher 
selection intensity even in small nucleus size of small populations. From the practical point of view, large 
number of b reedable females could be i nseminated by a smal ler number o f bull s wi th higher breeding 
values. I n addition, it is r ecommended t o c oncern about i ncreasing rate of i nbreeding and decreas ing 
genetic variation in the population. 

3.7 Fraction of base dams born in nucleus (y) 

Genetic gain of milk yield change by changing fraction of base dams born in nucleus (y) is shown in figure 
(7). Significant differences (P<0.05) are shown by increasing y from 0.08 to 0.14 and from 0.14 to 0.17. 
However, no n-significant di fferences (P <0.05) were observ ed by i ncreasing y from 0. 08 to 0.17. 
Increasing y from 0.08 to 0.14 increased the genetic gain by 8%. Slight increase of y from 0.14 to 0.17 
resulted in a significant (P<0.05) decrease of 6.7% in genetic gain. 

The resul ts present ed i n thi s study indi cated tha t, i ncreasing the mi gration rate of femal es born i n 
nucleus (y) to the base led to lower selection intensity of females selected in nucleus to transfer to the 
base. This result agreed with the result reported by Abdel-Salam et al. (2004) for applying ONBS for one 
generation to improve milk production in buffalo. James (1977) reported that the low value of y is caused 
by the fact that onl y a small  propor tion of need ed ba se-breeding femal es can be supplied from the 
nucleus. In sheep and cattle then, only a light culling of nucleus-born females would be recommended. 
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Figure 7. Change of genetic gain means by changing fraction of base dams born in nucleus (y). 

4.0 Conclusion 
The open nucleus breeding scheme offers a sui table practical procedure for producing and disseminating 
buffalo bulls of known breeding values. Applying ONBS for many generations of selection could accelerate 
the rate of genetic gain of milk production in buffalo and increase the average milk yield by 15% in G1 to 
26% i n G4. It is recommended to take into account mating ratios when applying ONBS with the 
combinations of z and p which affect a and w.  
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Abstract 

As most countries where genetic selection for milk production has been conducted, France has been faced 
a continuous degradation of reproductive performances in dairy cattle especially in the Holstein breed. A 
research and development programme conducted by UNCEIA and its partners has been proposed to face 
the decrease in reproductive performances observed in high producing dairy cows. Since 2002 several 
tools related either to genetics and environmental/management effects on fertility were developed in an 
attempt to stop this decrease or even improve female fertility.  

New genetic tools associated with Marker Assisted Selection (MAS) progressed very rapidly those last 
years. MAS is based today on sets of thousands of genetic markers. This will result in a more rapid 
genetic progress, particularly regarding traits with low heritability or reliability, such as fertility. In 
parallel with those technological evolutions, attempts are made in different countries to strengthen the 
value of the genomic information by including more and more animals in the evaluation and selection 
process, as illustrated in 2009 by the creation of Eurogenomics which gathers the main breeding 
companies in Europe. The consequence of this is the calculation of more reliable estimates for the desired 
traits together with the preservation and or optimisation of the exploitation of genetic variability.  

A second part of this programme was dedicated to farming practices. New field references on heat 
detection and insemination practices, body condition scoring were obtained from epidemiological trials. 
Moreover, herd follow-up methods were implemented to investigate reproductive herd management. The 
current use and impact of these different tools, which were developed with the participation of the local 
AI centres will be presented.  

The first results originating from last years genetic and phenotypic evaluation tend to show positive 
trends for fertility. The combined use of new genetic evaluation and herd management tools, which were 
developed with the participation of the local AI centres should contribute to optimize reproductive 
performances in dairy herds. 

Keywords: Fertility, genetics, breeding management, consultancy on farm, post partum. 

1.0 Introduction 
In France, as in many other countries fertility has decreased in the Holstein breed since twenty years. 
More recently, the data from the national data basis showed a decrease in reproductive performances in 
the two other main dairy breeds (Montbéliarde and Normande) between 1995 and 2005. Such a decrease 
was also reported too from heifer data (Barbat et al. 2005).  

Conception and early pregnancy failures are linked to several management characteristics: feeding 
(assessed by body condition score), milk production, genetic potential, health state and season of 
reproduction (Humblot 2001; Grimard et al. 2006). Moreover, the sensitivity of the oestrus detection may 
be estimated to be around 50 % (Grimard et al. 2004). Evolutions of farm structures, social demand and 
perception of farming practices by the breeder may also influence the performances of reproduction. 
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Since 2002, the management issues have been approached through 3 main axes together with AI centres 
and “Institut de l'Elevage" (technical support organisation). The first aim is to actualise some references 
and advises given to farmers to manage reproduction. A second part of this work is dedicated to the 
methods of herd follow-up and diagnosis of reproductive problems. The aim is to characterise different 
types of herds with different problems of reproduction and to adapt the advice and the strategy/means to 
conduct further investigations to those types of herds / situations. This program is elaborated together 
with the National Veterinary School of Nantes (UMT Santé des Troupeaux bovins). The last part of the 
management issues is to communicate about reproduction, with documents and forms dedicated to AI 
centres. A manual describing the quality procedures in AI has been elaborated in 2003 and a guideline for 
AI technicians and farmers about reproduction and insemination management has been prepared. 

These different tools have to be used simultaneously to touch a large number of farmers and technicians 
and to act in a synergic way to optimize reproduction results in dairy cows. 

2.0 Genetic tools to improve fertility 
Genetic selection in dairy cattle has been evolving considerably within the last years. As an example, the 
genetic evaluation for the Holstein breed is made in France since 2008 by using several hundreds of 
markers/character instead of 30 QTL/character in the previous MAS evaluation (Fritz 2010). Recent 
genomic tools give the possibility to breeding companies to implement Marker Assisted Selection (MAS), 
which allows to evaluate very young candidates with a good precision: sets of thousands of genetic 
markers are today available to select animals (Ducrocq 2010, Fritz 2010). The evolution of sequencing 
techniques as well as the manufacturing of very powerful chips (already used for human research) will 
probably make available the use of the complete genome information for selection purposes in a few 
years. Due to those technical evolutions, application to different small breeds should be the next step 
(Ducrocq 2010). For those breeds, one important point will be to establish a reference basis and to collect 
appropriate phenotypic characteristics, as they have not been so much intensively studied when 
compared to Holsteins (Humblot et al., 2010). 

Accuracy of genomic indexation has been calculated in comparison to classical selection: estimated 
breeding values with MAS information in very young animals (few days) are higher than those obtained 
at birth without MAS and after first lactation (using progeny testing). For some traits, such as fertility the 
precision associated to genomic indexes is much better than with classical selection (FGE, 2009; Table 1). 
This enough precision of MAS indexes combined with the high costs of progeny testing should contribute 
to reduce progressively progeny testing or even to suppress it.  

 
Table 1. Accuracy of Estimated Breeding Value (EBV) of animals at birth, after first lactation and after 
usual progeny test without MAS, and of animals at birth with MAS information (FGE, 2009). 
 
Animal age  Birth 4-5 years 3-4 years Few days 

Trait  
Sex EBV (without 

MAS) 
EBV after 

progeny testing 
EBV after first 

lactation 
EBV with MAS 
information 

Male 0.32 0.70  0.60 
Milk 

Female 0.32  0.47 0.60 

Male 0.30 0.70  0.50 
Morphology 

Female 0.30  0.45 0.50 

Male 0.22 0.45 (non 
official) 

 0.50 

Female fertility 

Female 0.22  0.25 (unpublished) 0.50 

 

In parallel with those technological evolutions consortiums are created in different countries to 
strengthen the value of the genomic information by including more and more animals in the evaluation 
and selection process (Ducrocq 2010). In autumn 2009, the EuroGenomics partners VikingGenetics 
(Denmark/Sweden/Finland), UNCEIA (France), DHV and vit (Germany) and CRV (Netherlands/Belgium) 
agreed on the exchange of genomic SNP marker data (Illumina Bovine SNP50 BeadChip). Each partner 
contributed the data of 4,000 proven bulls to further improve the reliability of genomic breeding values. 
Starting March 2010 all partners will extend their reference population to a total of 16,000 bulls. This is 
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one of the largest reference populations in the world, but more important is its unique quality. 
Conventional daughter breeding values of the EuroGenomics bulls all result from sophisticated data 
collection systems and herdbook registration including comprehensive fertility data. Thus, data recording 
includes not only milk production traits (i.e. 19 million cows as daughters of the EuroGenomics bulls) but 
also functional traits. The new approach results in reliabilities that exceed current reliabilities of genomic 
proofs by about 10 %. To optimize use of genomic tools in breeding programs, recent simulations on real 
data tried to maximize the genetic progress, by running different scenarios of breeding schemes: 
generating a higher number of candidates (2400 young male calves evaluated by MAS, leading to 80 in 
use, instead of 800 calves leading to 130 progeny tested and 15 in use under classical selection) seems 
to maximize genetic progress together with a lower consanguinity (-23 % when compared to the classical 
evaluation; Colleau, 2010). Moreover, obtaining high number of candidates implicates to adapt the way 
of using biotechnologies in the breeding programs in order to optimize the genetic variability, to control 
the interval between generations and to lower the costs (Humblot et al., 2010). 

These changes highlight the possibility to select animals for new traits, even with a low heritability. This 
strengthens the importance of the phenotypic information that must be recorded in a common way from 
large number of animals and the necessity to ensure the quality of the collected data. 

3.0 Field to assess environmental and management factors associated 
with reproductive results 
Field studies are very useful to investigate environmental and management factors under farm 
conditions. Preliminary results retrospectively issued from 309 farm audits indicated that the main 
sources of low fertility results are related to high energy deficit after calving and to problems around time 
of breeding (particularly heat detection or expression; table 2).  

 
Table 2. Principal risk factors retrospectively identified in 309 farms audited for reproductive problems by 
AI and technicians from the milk control association (Ponsart et al., 2005). 
 
Risk Factors Number of farms % 
High energy deficit after calving 191 61.8 % 
Heat detection or management of breeding 190 61.5 % 
No principal factor and / or mineral deficit 111 35.9 % 
Management of heifers of dried cows 105 34.0 % 
Low hygiene at calving 77 24.9 % 

 

Following this, a set of field trials were initiated in 2004 in the Holstein breed aiming to study all the 
factors that may influence AI results (heat detection, restraining of cows…..), during the 3 first months of 
lactation (regularity of cyclicity in relation to body condition score) and to study management feeding 
practices before and after calving. The largest trial called FERTILIA was realized in 135 Holstein dairy 
herds to describe at both individual and herd levels management practices for heat detection, restraining 
of cows and nutrition. As heat detection practices have been identified as a key point in herd 
management, the results will be focused on practices related to heat detection and insemination. 
Morever, the recent development of new automated tools may change the way of detecting estruses or 
spotting unhealthy animals and therefore managing reproduction within a herd. Thus, the use of 
automated heat detection devices has been evaluated under different field conditions.  

3.1 FERTILIA: insemination practices 

Individual first artificial insemination (AI) conditions were recorded from 135 herds and 4667 1st AI’s by 
AI technicians (Fréret et al., 2006). Progesterone was measured in milk (ELISA) on the day of AI and 21 
days later to determine the incidence of non-fertilization or early embryonic death (NF-EED), as described 
by Humblot (2001). Pregnancy was checked by ultrasonography between 45 and 75 days following first 
AI, in order to estimate the incidence of late embryonic death (LED) and conception rates following first 
AI. The effects of individual practices related to heat detection, calving and AI conditions were 
simultaneously tested with a multivariate mixed logistic model. Cows with a short calving to 1rst AI 
interval (< 60 d), with 3 lactations at least, with difficult calving conditions, without sexual behavioral 
signs or mounting activity during estrus presented lower conception rates than the other females. On the 
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contrary, when AI was performed within 18 hours following heat detection and occurred from September 
to February, higher conception rates were observed (Table 3; Freret et al., 2008). 

The frequency of NF-EED was significantly increased when other signs of oestrus than standing heat or 
mounting activity (alone or in association) were used to call the AI technician. Time of AI (relative to heat 
detection) as well as restraint quality was associated to NF-EED. Both early (up to 6 hours) and late 
insemination (later than 24 hours) increased the incidence of NF-EED, but also of LED (Figure 1). 
 
Table 3. Individual factors associated with conception rates (CR) in a multivariate mixed logistic model 
(Freret et al., 2008). 
 
Variable 

Class (n) Estimated CR (%) Odds ratio 
Calving to 1rst AI interval (p=0.04) 

<60 d (n=539) 37.4 * 0.79 
[60-80[ d (n=1079) 43.1 1 
[80-100[ d (n=672) 42.2 0.96 
[100-180[ d (n=477) 46.6 1.15 

Rank of lactations (p=0.002) 
1rst (n=1126) 47.9 1 
2nd (n=760) 43.8 0.85 
3rd (n=425) 39.4 * 0.71 
≥ 4th (n=456) 38.2 * 0.67 

Calving Conditions (p<0.0001) 
Without assistance (n=1820) 50.0 1 
With easy assistance (n=739) 44.8 * 0.81 
With difficult assistance, caesarian section (n=208) 32.6 * 0.48 

Heat Sign(s) leading to call the AI technician (p=0.01) 
Standing heat (n=1095) 42.7 0.88 

Mounting (n=539) 44.4 0.95 
Sniffing/Licking the vagina of other cows (n=73) 52.8 1.32 
Mucus vulvar discharge/ Restlessness/Drop in 
production/Mooing/Looking to calendar (n=278) 

32.3 * 0.56 

Several signs including standing heat (n=501) 45.8 1 
Several signs including mounting (n=166) 41.9 0.85 
Several signs including Sniffing/Licking the vagina (n=43) 44.0 0.93 
Other signs (n=72) 35.4 0.65 

Interval from the heat detection (sign leading to call the AI technician) and AI (hour) (p=0.01) 
[0-6[ h (n=498) 43.2 * 1.37 
[6-12[ h (n=586) 47.4 * 1.62 
[12-18[ h (n=767) 44.0 * 1.41 
[18-24[ h (n=526) 41.3 1.27 
≥24 h (n=390) 35.7 1 

Season of AI (p =0.002) 
Sept-Oct 2004 (start of the AI period) (n=553) 45.3 * 1.54 
Nov-Dec 2004 (n=1074) 45.1 * 1.53 
Jan-Feb 2005 (n=652) 44.0 * 1.47 
March-April-May-June 2005 (n=488) 34.9 1 

 

Page 40 



A wide range of tools to improve reproduction in dairy cattle 

 

  

Figure 1. Effects of time interval from heat detection (sign associated with the call of AI technician and 
first detected sign) to insemination and embryonic mortality  
(Early = EEM, Late = EEM; * significantly different from the reference. 
From“FERTILIA”, UNCEIA, Humblot et al., 2009). 

3.2 FERTILIA: Restraining practices 

Places and means of restraint were grouped together according to their effect on NF-EED rate and 
classified as UFR= unfavourable, IR= intermediate and FR= favourable type of restraint. Unfavourable 
restraint comprised box with corridor or cubicle without cow being tied-up or cow inseminated in the 
milking parlour. Intermediate conditions were those in which AI was performed in loose housing 
conditions or in a box, with head-locking restrainer, or box with a barrier. Favourable restraining 
conditions were identified as box with head-locking restrainer or corridor with restraining bar or tie stall 
barn or cubicle with cow being tied-up by the farmer or cow tied-up with a rope or a halter. Lack of 
fertilization and NF-EED rate was globally 36.8%, and was influenced by the type of restraint: UFR, 
40.7% (n=398), IR, 37.1% (n=2961) and FR, 32.2% (n=488), (Figure 2) and by the quality of the 
restraining method as judged by the technician at time of AI: good, 34.8% (n=2188), nearly good, 
38.9% (n=1675), bad/nearly bad, 37.2% (n=277) (Freret et al., 2007). 
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Figure 2. Percentages of cows with a good quality of restraint as judged by the AI technician and effect of 
the restraining conditions on the frequency of lack of fertilization and early embryonic mortality (NF-EED) 
(from “FERTILIA”: Freret et al., 2007, Ponsart et al., 2007). 

 
Not so much data exists in the literature on the effects of those factors related to AI conditions. It may be 
speculated that when conditions are unfavorable (i.e. in case of lack of clear signs of estrus, bad 
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restraining conditions, and bad timing of AI) these different factors may induce a lack of fertilization or 
fertilization at a time which is not optimum for oocyte quality and subsequent embryo development.  
The time of detecting estrus during the day influenced LED. Incidence of LED was increased when 
detection occurred during feeding compared to a period of inactivity (48 vs 34%, p<0.05). The incidence 
of LED was increased also when AI was made on induced estrus when compared to natural heat (44 vs 
35.5%, p<0.05) (from “FERTILIA”, UNCEIA, unpublished data). Despite negative progesterone 
concentrations at time of AI were measured in those cows, a possible confusion with bad timing of AI and 
cyclic irregularities may exists for those sources of variation of LED.  

4.0 Practical tools dedicated to farmers and technicians for 
reproductive follow up 
A first part of this work aimed to develop methods for herd follow-up to diagnose reproductive problems. 
The strategy consists to characterise different types of herds with different reproductive problems and to 
give specific advises to modify management and eventually to propose additional investigations in some 
herds. This program is conducted in partnership with the Livestock Institute (Institut de l’Elevage, Paris) 
and National Veterinary School of Nantes. The last part of the management issues is to communicate 
about reproduction, with documents and forms dedicated to the AI centres and/or to farmers. 

4.1 Practical tools in breeding management: needs and demands 

The attitudes and expectations of farmers in terms of technical support or services are ranging from 
«self-working» farmers “picking” some information on reproduction to farmers expecting assistance from 
experts or farmers working regularly with AI technicians to follow-up reproductive results (Frappat et al. 
2005; Magne 2005). Moreover, a large variability has been observed between farmers when considering 
the concept of « eproductive problems». This is partly explained by their different production and herd 
management objectives, by differences in the follow-up of reproductive performances and the conditions 
under which they can compensate low reproductive results (such as culling).  

Several factors are combined to interpret the performances of reproduction at a herd level, which may 
lead to discrepancies between the needs formulated by farmers and those sensed by technicians or 
veterinarians. Nevertheless, AI cooperatives, technicians or veterinarians should propose a wide range of 
tools ranging from individual assistance to booklets explaining advantages related to the use of different 
practices, in order adapt their services to the different profiles of farmers and to repeat the important 
messages through different communication channels. 

Two qualitative surveys were realized in 2004 and 2005 to investigate the needs and expectations of 
farmers in terms of reproductive follow-up and learning sessions. About 100 farmers, as well as 
technicians and veterinarians were individually interviewed for 2 hours with the help of a questionnaire 
about their needs in terms of reproductive management and the modalities of reproductive follow-up 
used in their herd. From this study it was shown that most often several sources of information were 
available for farmers in the field of reproduction, and in that case the different persons involved seemed 
to fail convincing farmers to change their farming practices. 

According to Tancerel (Tancerel 2004), 46 à 91 % of 71 interviewed dairy breeders may use some risk 
practices in heifer management, calving intervention, heat detection and restraining cows before AI. The 
use of risk practices seems to be more related to an individual perception of farmers than to a general 
lack of knowledge in terms of “physiological” processes. This leads to promote tools based on convincing 
methods, with a personalized approach including psychological barriers and motivations (Dockès et al., 
2005). Two different tools seem to correspond to this approach: an individual follow-up (with regular 
visits, documents and discussion) or a small training group with debates, exchanges between participants 
(Kling-Eveillard 1996). 

As recently described by Mee (2009), technicians and veterinarians cannot simply wait for the farmer to 
call for this specialized service, it must be promoted. The primary route to this goal remains through 
opportunities created by the clinical reproductive problems encountered by clients, so-called ‘contact 
moments’. Rather than continuing to focus on problems of the indicator cow, the veterinarian or 
technician needs to focus on what this cow tells us about the herd, become more ‘data-literate’ and 
realize that by repeatedly observing individuals alone they cannot influence the herd performance. 
Presented with these opportunities, particularly with a receptive client, it is up to the technician to 
attempt to lever existing relationships to get higher levels of interaction with herd owners. Receptive 
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clients have been defined as those with larger herds, fertility problems, higher education levels, members 
of agricultural organizations and farm managers (Mee, 2009). 

4.2 REPRO Action: Evaluation of an individual retrospective approach 

As the AI cooperatives decided in 2002 to develop new tools to optimize reproductive results in dairy 
cows, a preliminary study was performed to evaluate some previously existing methods and tools 
designed to help farmers in the field of reproduction: some positive and negative aspects were pointed 
out by farmers, technicians and veterinarians during interviews. Three different kind of existing services 
have been identified: individual approach, small training groups and large plans of communication 
(Table 4). 

When considering the individual approach, the most critical points were related to the implication of 
different partners (to coordinate the delivered messages), the use of a standardised method (which 
facilitates audit realization) and the absolute necessity to continue the assistance after a first visit 
(Table 4). In response to those observations, a standardised method aiming to diagnose reproductive 
problems “REPRO Action” was developed with a more structured approach (estimation of performances in 
different groups of cows, herd visit, research of potential sources of reproductive problems, plan of action 
discussed with farmer, reports) including a precise guideline for technicians and a computer analysis to 
estimate the existing and future reproductive performances. This approach is in agreement with other 
methods reported by Mee (2009), describing 3 successive stages of implementing veterinary herd fertility 
management: 1/establishing current herd fertility performance, 2/ investigating the factors associated 
with it and 3/ designing a program to improve it.  

Table 4. Main tools proposed by the AI cooperatives and the UNCEIA team to help farmers and 
technicians to better manage reproduction. 
 

Type Tools existing before 2002 * New tools developed 
Individual 
approach 

16 methods (4 evaluated from 88 individual 
interviews*)  

  Important role of partners (technicians, 
veterinarians) to coordinate the technical 
messages. 

  One appreciated method: from a 
quantitative estimation of reproduction 
criteria, identification of groups of cows or 
particular periods related to the 
reproductive problem. 

  Use of a standardized method, with a real 

  
effectuation of 

With a computer analysis. 

herd visit and precise documents. 

Necessity to implement a follow-up after 
the first visit to verify the 
the plan and the results. 

REPRO Action for dairy (2005) and 
beef herds (2006)  

  Standardized method in 6 
steps, leading to a plan of 
action and an evaluation of 
results. 

  Dedicated to herds with «low» 
reproductive results. 

  

Small 
groups 

teaching session or information via 
meetin

cal 

«S r» (2007) 

  
n 

15 actions (
gs) 

Farmers a  re not motivated by theoreti
meeting. 

  Practical and concrete approach is 
needed. 

ucceed AI togethe

Two days of 
debates/exchanges o
reproduction and AI 
managements. 

  Dedicated to all farmers. 
Large 
plans of
communi

 
-

cation 

ind to 

detecti

  No exhaustive guide including all aspects 

“RE R

  

rd 

parameters, 

technicians, 

3 kinds of worksheets, 4 guides or books in the 
field of: heifers management, calving, calv
breeding interval, semen production, heat 

on, AI and restraining 

P O Guide” (2005-2006) 

Referential on reproduction, 
including 37 worksheets 
(physiology, female and he
management, analysis of 
reproduction 

  Dedicated to farmers and 

* Data from 25 AI cooperatives and 88 individual interviews in 4 AI cooperatives (31 AI technicians, 26 partners and 
31 farmers; (Ponsart et al., 2008). 
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A first technical evaluation has been realized in 2007, indicating that 255 herds took benefit from a first 
visit in 2006. From 132 herds visited between September 2005 and October 2006, the proposed actions 
have been retrospectively evaluated from a phone survey (with 105 farmers) and associated with their 
real application. A large part of the farmers (83 %) were satisfied by this individual approach and 73 % 
of them considered that the follow-up proposed by the AI technician was sufficient and improved 
reproductive performances in their herd. A majority of actions were dedicated to dairy cows (61 %). 
About 60 % of the planed actions have been applied in a rapid and complete manner. It is interesting to 
note that the most frequent recommendation that aimed to improve heat detection was not adopted in 
most of the cases (Ponsart et al., 2008). 

4.3 REPRO Pilote: Monitoring reproduction according to preset goals 

Watson (2009) has emphasized the need for this to be a continuous in-going cycle rather than a straight 
ne audit (Figure 3; reported by Mee, 2009). In order to complete the investigative audit, a scheduled 
onitoring of reproduction may be proposed to farmers. Therefore, REPRO Pilote has been designed as a 
reventive approach, aiming to monitor reproductive events according to preset goals (Table 5). 

 

igure 5. The bovine fertility management cycle (Watson, 2009 reported by Mee, 2009). 

T dividual appr
 

n of problems  of reproduction 

li
m
p

 

 

F

 
 

able 5. Description of 2 different in oaches of herd fertility management. 

Retrospective investigatio Scheduled monitoring
Aim: identify source of problems Set goals and assist farmers in reproduction management 

 strategy) (according to the management
Retrospective approach Preventive approach 
Decreased performances of reproduction 
Complete visit + evaluation of plan 
(standardized method) (standardized method) 
Plan of «corrective actions» Adapted tools to facilitate the monitoring of reproductive 

All farmers 
scheduled and frequent visits 

events: Pregnancy checks, lists of females… 
 

When using REPRO Pilote, the ultimate goals should be set by the farmer and the role of the technician is 
to assist the farmer in measuring and achieving these goals. Goals should be SMART (specific, 
measurable, attainable, relevant and time-limited; Mee, 2009). Four different herd situations have been 
defined in order to help technicians to focus the monitoring on the more relevant reproductive 

Entry

Contracting

Implementation

Monitoring 

Investigative and 
Analysis audit

Evaluation 

Interpreting and 
Action planning 

Exit Enrolment of 

new herds

Data Collection 
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performances according to the following “production strategies”: high milk productivity, low cost of milk 
and work organization.  

After having set personalized goals, the technician may propose the most relevant tools to facilitate the 
herd follow-up such as pregnancy checks, list of females or body condition scoring. Finally, a plan of 
actions is proposed with intermediate visits, which are scheduled according to the herd situation 
(production strategy, seasonality of calving). This approach is actually tested in 40 farms, from 5 
different AI centres, with standardized documents and a previous training course. This may help AI 
centres to standardize and implement herd fertility management programs which may be compared a 
hazards analysis critical control point (HACCP) approach (Lean et al., 2003). 

4.5 REPRO Guide: a referential widely diffused to AI technicians and farmers 

All summarized messages from the literature and from previous field experiments were gathered in a 
guide “REPRO Guide” that contains 37 illustrated worksheets on bovine reproduction. This referential 
describes the basics in reproductive physiology, AI management and semen production, herd 
management and the analysis of reproduction criteria. A total of 2090 guides have been diffused to all 
French AI technicians and engineers involved in reproduction. About 3300 supplementary books have 
been distributed to farmers, agricultural schools and other partners involved in development activities. 
Actually, several sets of slides have been prepared to facilitate the utilisation of the REPRO Guide during 
teaching sessions. 

5.0 Conclusion 
Several sources of information are available to quantify and qualify reproductive performances at a 
national level (genetic indexes, detection of genetic markers) and at the herd level (analysis of 

tion (such as automatic 

ies may be developed especially in 
the herds were the use of above described tools were not efficient enough to improve reproductive 
performance despite a good application of recommended measures.  

reproductive performances). The combined use of genetic and practical tools may improve reproductive 
results in the next years. 

At the herd level, it is necessary to convince breeders to modify some of their practices to decrease the 
impact of detrimental environmental factors such as bad restraining, and bad management of the peri-
partum period. When based on precise estimation of the reproductive performances, field trials help to 
actualize and precise the practices to be recommended under field conditions. Such trials also facilitate 
the appropriation of the results by breeders and this contributes to increase the application rate. 
However, some domains remain problematic. Most particularly, heat detection and expression remain one 
of the most important problems in dairy herds, mainly because in case of bad results, it is difficult to 
separate properly the detection and expression characteristics within a herd and also because, when 
formulated, the recommendations are not often applied. New methods of detec
methods) and/or new management strategies (in relation with milk production), which could involve 
economical criteria should be developed to improve heat detection. 

Finally, sanitary aspects and the way pathogens interact with reproductive events should be probably 
more precisely investigated. Additional tools and alternative strateg
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Abstract 

Electronic identification (EID ) of cattle i n D enmark i s by regul ation mandatory as of 1.  Jul y 2010.  
Denmark is the fi rst EU member state to i ntroduce mandatory EID of cattle,  but for sheep an d goats in 
EU i t has b een mandat ory as of 1.  January 2010.  Thi s p aper di scusses the ba ckground and the 
considerations before this decision was made and describes how it will be implemented.  

Keywords: identification, cattle, EID. 

1.0 History 

1.1 Identification in general 

Denmark was the fi rst country wi th regular mil k recording sc hemes starti ng i n 1895.  Here of cours e 
individual identification of cows is necessary and it was done by ear notching. 

This system was used unt il 1982 when Danish Cattle Federation (DCF) introduced the current numbering 
system with premises numbers and nationally unique l ifetime numbers and lifetime ear tags for animals 
in mil k and beef recor ding schemes (herdbook a nimals). At t hat ti me the  average herd si ze in m ilk 
recording was 40 cows. The change was coordinated with introduction of a cattle database in 1984. 

 Until 1991 metal ear tags were used. These provided very poor readability. The farmer had to catch the 
animal and often to cl ean the metal  tag to be able to read the n umber. As of 1991 plastic ear tags wi th 
good readability are used. 

In 1995 DCF  asked for a  nati onal legislation to m ake i dentification and regi stration of al l cattl e in a  
central national database mandatory. This was in order to enable control of a ll movements of cattle in 
order to help eradication of infectious diseases such as IBR (Infectious Bovine Rhinotracheitis). However, 
no nati onal legislation was made until  EU-l egislation was  publ ished in June 1997.  A t that time the 
numbering system built by DCF was adopted by Danish authorities. The national database already had 70 
% of al l cattle regi stered and the rem aining 30 % were registered before March 1998. At that ti me the 
average herd size in milk recording was 65 cows. 

1.2 Electronic identification 

In 2001 Dan ish Meat Boa rd representing sl aughterhouses and DCF made a  study on fe asibility of EID 
followed by a test i n eight herds 2001 – 2003. The test covered aspects from daily farm management to 
automatic identification when entering the slaughterhouse. 

DCF has acti vely fol lowed ex perience gath ered i n A ustralia, Canada and other countries al ready 
implementing mandatory EID in cattle. 

In 2007 DCF asked for national legislation mandating EID of cattle. 

In 2008 D CF, Veterinary Services of Denmark, and the D epartment of EU Control made a joi nt test of 
transponders and transcei vers. The test covered aspects from readi ng di stance to practi cal use of 
handheld readers and panel readers. In 2009 D CF finalized a report on tech nical and economi c aspects 
regarding EID. At the same ti me the Mi nistry for Food, Agriculture and Fi sheries publ ished a re port on 
possible ease of administrative burdens for farmers. Now the average herd size in milk recording was 135 

Page 47 



Hansen 

cows and still i ncreasing. In Decem ber 2 009 fi nally the regul ation on mandatory EID f or al l cattl e in  
Denmark was published. 

2.0 Technical aspects 

2.1 Selection of devices 

When EID is a voluntary solution used only for automating identification of animals for daily management 
purposes quality issues may be l eft to the market place. If the user i s not sati sfied with the product he 
has to di scuss it with the manufacturer or he mi ght choose products from another manufacturer. Thi s is 
how manufacturers improved the quality of products over time simply to stay in the market. 

When EID becomes mandatory by law the si tuation is di fferent. The competent authori ty must approv e 
products for  the offi cial identification scheme and they must check that the products satisfy rel evant 
quality criteria. Products with bad performance cannot be approved but still there may be opti ons for the 
farmers to choose among a list of approved products.  

Also the competent authority must ensure that  the identity of ani mals moved can be read where the 
animals arrive. Thus EID products approved must be conforming to general standards for the country and 
possible even internationally.  

ICAR i s the  Regi stration Authori ty o f ISO and has for al most 15 years been acti ve in testi ng a nd 
approving conforming devices to ISO 11784/11785. In animal identification these standards are the basic 
standards. P revious ICAR test protoco ls have no w been transformed i nto the IS O 24631 standard b ut 
ICAR still is the Registration Authority. You can find all ICAR approved devices on the ICAR website. 

2.1 ISO conformance and performance 

2.1.1 Transponders 

Transponders approved for offi cial identification of cattle in Denmark have to be ICAR approved for ISO  
11784 and ISO 11785 conformance, which means they have to pass the ISO 24631-1 test. In addi tion 
they have to be performance tested according to ISO 24631-3. 

The tes t made by DCF i n 2008 wi th si x types of tags  al l tested agai nst fi ve types of readers provided 
useful information about reading distances, which could later be related to the ISO 24631-3 test when i t 
started in late 2008. 

The trans ponders chos en for cattl e i n Denmark all have a mi nimum ac tivation fi eld strength un der 
0,6 A/m (115,6 dBµA/m) and a mo dulation amplitude higher than the EU r equirement for transpond ers 
for sheep an d goats. Transponders for sheep and goats in EU must have a ctivation field strength at or 
under 1, 2 A /m (121, 6 dBµA /m) and a modul ation amplitude at or above 10  mV  at a field 
strength1,2 A/m.  

In compari son to al l other trans ponders currentl y test ed by I CAR the cat tle transpon ders chosen i n 
Denmark are in the upper 33% when we talk about expected read range. 

2.1.2 Transceivers (readers) 

The read distance for a transponder depends on several fa ctors in cluding the t ransponder ( see above 
section) and the trans ceiver. The transcei ver must del iver suffi cient fi eld stren gth t o acti vate t he 
transponder. When acti vated the transponder must respond with a si gnal strong enough  to b e received 
by the tran sceiver. In addi tion the transmi ssion may be hampered b y el ectronic noi se from the  
environment. Laboratory  testi ng of  read di stances must be done un der contr olled and i dentical 
conditions, which means actual  read distances in practice might be different. These are the reasons why 
it is not possible to guarantee exact read distances. 

In D enmark there are no offi cial requirements on transcei vers. The use of transcei vers on farms i s 
voluntary so the performance re quirements ar e to be a greed between user and  su pplier. D CF very 
strongly advocates the farmers buy “ISO readers” which are readers capa ble of reading HDX and FDX-B 
transponders at al most s ame performance l evel. Th is goes fo r handhel d r eaders and panel reader s, 
bought separately or as built in readers in barn equipment. 
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2.1.3 HDX and FDX-B 

Transponders with the same performance test resu lts from ISO 24631-3 test will to  the best of ou r 
knowledge perform equal ly independent on HDX or FDX-B technology. The reason for di scussions about 
HDX and FDX-B performance might be a bigger variation in performance among products coming from a 
big number of manufacturers of FD X-B products c ompared to a lower number of manufacturers of HDX 
products.  

Transponder performance should never be compar ed wi thout an IS O 24631-3 test.  When you compare  
tractors from different co mpanies you  would a lways ask how much power each tractor provides. The 
parallel situation when discussing transponders is to ask for the performance test results on transponders 
from different technologies and manufacturers. 

As for tractors the performance needed from transpon ders depends on the task to be do ne. Previously I 
discussed performance cr iteria for sheep and goa t ap plications c ompared to c attle app lications. T he 
performance test can onl y provide performance i nformation. Performance cri teria need to be defi ned for 
different applications.  

2.0 Economic aspects 

1.1 Where EID is useful 

The overall goals by introducing mandatory EID are easier everyday herd management,  improved data 
quality in registration, improved food safety, and improved farm economy.  

EID is able to ease identification in milking equipment, feed stations, weighing animals, separation gates, 
surveillance, and moving animals etc. The rapid growth in herd size means that EID solutions are feasible 
for ever more herds. We have seen already that the number of herds voluntaril y us ing EID i s has tily 
growing.  

EID will also be able to ease i dentification when outside personnel apply services such as mil k recording, 
AI-service, veteri nary treatment, hoof tri mming, tr ansporting, sl aughtering, and renderi ng. Not onl y is 
the identification of animals quicker, i t is  a lso more rel iable and el ectronic t ransfer of th e identity read 
takes out mi stakes from mi sreading and mi swriting of data. In  order to har vest the adv antages at f ull 
scale it is important that all animals are electronically tagged as soon as possible. When harvesting the 
benefits at full scale EID is also economically feasible for smaller herds. 

1.2 Estimated cost benefit 

The following benefits are based on estimated time saving at normal events in herds after EID tagging of 
all animals, and the economy is estimated as saved working hours at a normal salary for those events: 

1. Better and more effective  herd management and implementation of new technique 
13 € per cow and year :                                                                           Total 6.7 million € 
 

2. Easier identification and registration in AI-service 
0,25 € per first service:                                                                            Total      173,000 € 
 

3. Easier identification and registration in veterinary service 
1.33 € per visit:                                                                                       Total     800,000 € 
 

4. Easier identification and registration in milk recording 
40 € per visit:                                                                                         Total   2.0 million € 
 

5. Easier identification and registration in hoof trimming 
0,40 € per trimming:                                                                               Total       240,000 € 
 

6. Easier identification and registration in transporting 
0,40 € per moved animal:                                                                        Total       350,000 € 
 

7. Easier identification and registration in slaughterhouse 
1,33 € per slaughtered animal:                                                                 Total       650,000 € 
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8. Easier identification and registration in rendering plant 
0,40 € per rendered animal:                                                                     Total         40,000 € 

9. Easier identification and registration in markets, shows, etc. 
0,80 € per animal:                                                                                   Total      80,000 € 
 

10. Easier identification at authority on farm inspections 
One working hour per inspection:                                                              Total      67,000 € 

Annual savings:                         11.1 million € 

 

Estimated extra cost for EID tags:                              1.0 million € 

Readers etc. for service providers:                            670,000 € 

Annual costs                1.67 million € 

 

The desire to use automat ed identification for on fa rm daily herd management is decided by the farme r 
himself and so the cos ts for on farm reader s a re not consi dered a part of costs fr om i ntroducing 
mandatory EID. 

Benefits a rise fr om t ime s avings i n registration of a nimal identities a nd in h andling f ewer e rrors in 
registries. Some of the time savings are harvested directly by the farmer and  have no impact on invoice 
able costs. Benefits harvested by s ervice provi ders should ev entually come back  to th e farmer wh en 
service providers invoice their services. 

Benefits for the competent authority cannot alone cover the cost of implementing mandatory EID. 

Off farm benefits cannot alone cover the cost of implementing mandatory EID. 

Benefits for service providers are more than double of the extra costs. This means that even farmers not 
utilising e lectronic r eading t hemselves wil l b enefit fr om t he in troduction o f ma ndatory e lectronic 
identification. 

More than 50 percent of possible benefits are directly on farm. 

The benefits will not be fully harvested until all animals have been electronically tagged. This is expected 
by 2015. For the fi rst couple of years after i mplementing the regul ation the investments will  be hi gher 
than the benefits. 

3.0 Administrative aspects 
The above estimated cost benefit is valid only when al l cattle is el ectronically identified. The i nterest of 
service providers to i nvest i n portabl e transce ivers and auto mated da ta capture depends on th e 
proportion of animals with EID. 

Introduction of EID could be done by three different regimes: 

1. Voluntary use of EID 
10–15 percent of tags  so ld i n recent years were  e lectronic tags,  so the  sys tem al ready exists. 
Only farmer s seei ng per sonal benefi ts will  start usi ng EID. Risk that transponder s used i n 
voluntary on farm applications do not follow internationally agreed standards and do not have ID-
codes unique outside the specific farm where applied. 
Voluntary use means it will take long time before service providers and authority inspection body 
want to invest in reader equipment and automatic data capture.  
 

2. Use of EID in all animals tagged after fixed date 
The system provi des gradual implementation so that servi ce providers etc. can incorporate the  
benefits after a few years. 
Farmers and service providers will gradually learn the benefits related to EID, whi ch will improve 
the interest of voluntary EID tagging of animals born before the start date. 
The cost of EID tagging will from the start be at the same level as normal future operating cost. 
15 – 18 months after the start date heifers for AI-service, and the AI service might be interested. 
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At the same time bulls for slaughter will wear EID, and the slaughterhouses might be interested. 
27 months after the start  date fi rst cal vers in dairy herds will wear EID a nd the veteri narians 
might be interested. 
Three years after the start date approx.  15 percent of the Danish cattle population would still not 
be EID  tag ged. A fter four years i t woul d be ap prox. 10 per cent. A t such ti me the authori ties 
might decide mandatory EID tagging of all animals not yet wearing EID. 
 

3. Retagging of the whole population within a short period 
After a very short while (months) everybody (farmer, service provider, authority etc.) will be able 
to implement all benefits from EID. 
However, it would be necessary to retag the full existing cattle population incurring a lot of extra 
work and extra cost at a time when the benefits of EID have not been evident in practice. 

 

Variations of the three m ain regimes have been discussed and also questions regarding funding of EID . 
One variation was to exempt smaller herds from mandatory EID. Another variation was that bigger herds 
paid a small levy for EID tags. The levies could then have funded the extra cost of EID in smaller herds 
even if the EID tagging would still be mandatory for all. 

By December 2009 o ption 2 was chose n and a regu lation was issued making the use of EID  mandatory 
for all cattle to be tagged after 30. May 2010.  

Information letters we re s ent b y Dan ish Ve terinary Se rvices t o a ll ke epers o f c attle in  De nmark in  
December 2009. DCF has sent further i nformation in its news letter earl y March 2010 a nd by a spec ial 
letter again reaching all keepers of cattle in Denmark by the end of April 2010. 
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Abstract 

Animal identification a nd r ecording h ave a  c ritical r ole t o p lay in  e nhancing fo od s ecurity a nd r ural 
development, parti cularly i n the poor countri es of the worl d. A survey wa s conducte d to assess t he 
current statu s of ani mal identification and recordi ng (AI&R) systems i n 2 3 devel oping countri es a nd 
10 countries wi th economi es in transi tion. The surv ey showed wi de vari ation of A I&R s ystems among  
countries, withi n and across regi ons. Different AI&R systems, addressing vari ous needs, exi st i n these  
countries. Most of the  countries (87%) i ndicated that they have animal identification systems i n place, 
which, for the large majority (76%), serve as a means to control animal diseases. Other uses of AI&R are 
traceability (65.5%) and performance recording (51.7%). The majority of AI&R systems (53.1%) cater 
for cattle/buffaloes only. In 15. 6% of t he countries, all livestock are i dentified and recorded. Most AI&R 
systems devel oped for disease control and trac eability are full y funded by government, general ly with  
donor suppor t. Government and farmers share the  costs of most performan ce recording systems; al so 
with donor subsidies. Pedigree recording systems are financed by government and breed societies. Most 
AI&R systems (61.4%) are administered by government; private organisations, research institutions and 
universities run 20.5%, 9.1% and 6.8 %, respectively. 

Keywords: Identification, registration, performance recording, traceability. 

1.0 Introduction 
The soci o-economic importance of li vestock in the poor co untries of t he worl d ca nnot be over -
emphasised. Gl obally, th e l ivestock sector contri butes 4 0% of agri cultural domesti c product ( GDP), 
employs 1.3 billion people and creates livelihoods for 1 billion (70%) of the world’s poor (Steinfeld et al., 
2006). A s a result of pop ulation growth,  urbani zation and changing food preferences, the d emand fo r 
livestock products is increasing rapidly and this trend is expected to continue into the foreseeable future. 
Whereas only marginal increases in consumption of meat and milk are expected in the developed world, 
increases of 114 % and  133 % res pectively are  projecte d until the year 202 0 for meat and milk 
consumption in the devel oping world (Delgado et al., 1999). Furthermore, there i s a gr eat chal lenge to 
alleviate poverty in  developing countries by producing more and safe food, especially o f animal origin, 
against a shrinking animal genetic diversity and increased global trade (Philipsson and Okeyo, 2006). 

There is therefore a press ing need for increased output of food of animal or igin in the poor countries of 
the world. In some dev eloping regions, e.g. Sub-Saharan Africa, higher output from li vestock production 
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has been achieved by i ncreases i n ani mal numbers  than by i mproved producti vity. However, the 
increasing t rend t owards in tensification a nd in dustrialisation of l ivestock p roduction o ccurring in  most 
developing regi ons (S teinfeld et al., 2006) i s placi ng unprecedent ed pre ssure on existi ng resources;  
hence future emphasi s will have to concentrate on  greater efficiency in terms of output per animal and 
per uni t of  land. An imal performance recordi ng, monitoring and eval uation are key to  better herd and 
flock management and, thus, to increased efficiency.  

Efficient ut ilisation of animal  geneti c resources i n devel oping countries i s also key to  meeting futur e 
demands for food to improve the livelihood of poor people. About 70% of the world’s livestock breeds are 
found in the tropical developing world (Philipsson and Okeyo, 2006). It i s essential to characterize these 
breeds so as to develop an awareness of their roles and values, followed by programmes to improve and 
conserve them. Animal identification and recording systems are vital to the achievement of all this.  

Animal identification a nd r ecording po tentially h ave a  b ig r ole t o p lay in  p reserving t he r ich a nimal 
genetic reso urces i n devel oping coun tries through di sease control . A soun d AI&R system, parti cularly 
when li nked wi th a traceabi lity system, hel ps countries to put i n pl ace measures such as survei llance, 
early detection and notification of outbreaks, rapid response, control of animal movements, and zoning or 
compartmentalisation. Furthermore, past food scares such  a s those  cau sed by bovine spon giform 
encephalopathy (BSE), an d foot and mouth di sease (FMD) outbreaks, in addi tion to emergi ng di seases 
caused by cl imate change have hei ghtened conc erns about f ood safety a nd the need to trace far m 
products from “farm to fork". Traceabi lity systems used to i dentify an imals, mon itor their movements, 
and trace ani mal products have evol ved consi derably, largely due to the requi rement by l arge tradi ng 
blocks (the EU i n parti cular) to have al l an imals tracea ble. Devel oping countri es and countri es wi th 
economies i n transi tion that are ex porting or wi sh to export ani mal products  to the EU, USA or Japan  
have no choice but to fulfil these “world market” standards.  

In many devel oping cou ntries, the need to con trol stock theft has al so gi ven moti vation to t he 
implementation of A I&R schemes.  In s ome countri es i n southern A frica, the probl em i s getti ng so b ad 
that farmers are no longer willing to take the risk of keeping animals at all. 

This paper presents preliminary resul ts of work ca rried out by the ICAR task force for devel oping 
countries to assess the c urrent stat e of AI&R pro grammes i n developing c ountries and countri es wi th 
economies i n t ransition. Su ch information w ill allow t he e stablishment o f a  d atabase o f c urrent 
programmes and moni tor them on re gular basi s, not onl y to document an d l earn from successe s a nd 
failures but also to report on those at risk so that action could be timely taken. This forms part of an 
ongoing broad effort by ICA R and FAO to promote the establ ishment of s ustainable A I&R systems i n 
these countries. 

2. Methodology 
A survey was conduct ed, through a questionnaire, in 23 deve loping countri es and 10  countries wi th 
economies in transition in Africa, Asia, Central and Eastern Europe and Latin America (see Table 1). The 
questionnaire was i n the form of an excel  sp readsheet, i n order to  faci litate subsequ ent data 
management and anal ysis. Col umns in the sprea dsheet were  fill ed out for each programme i n the  
country. Qu estions gathered i nformation such as type of  programm e, status ( running, being 
implemented/tested or pl anned), purpose(s), speci es recorded, participation options, administration and 
funding mechanisms. P ersons in volved in  AI&R in  t he va rious c ountries were r equested t o fi ll o ut the 
questionnaires. Responses were received between September and November 2009. 

Data were first summarised by using categorical variables (1, 2….) to denote di fferent responses. Counts 
and percent ages of the  response v ariables wer e subsequently derived and are pre sented her ein 
graphically.  

 

Table 1. Regions and countries covered by survey. 
 
Region Countries 

Latin America 
Paraguay, Chile, Peru, Ecuador, Panama, Mexico, Colombia, Uruguay, 
Argentina, Costa Rica 

Africa 
Namibia, South Africa, Zimbabwe, Botswana, Kenya, Tanzania, Malawi, 
Zambia, Lesotho, Angola, Tunisia 

East and Central Europe 
Hungary, Serbia, Croatia, Macedonia, Moldova, Ukraine, Belarus, Russia, 
Armenia, Georgia 

Asia India, Malaysia 
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3. Results and discussion 

Figure 1 shows t he number of  countri es wi th iden tification, performance record ing or  
traceabilty systems, a s a perc entage of the total numb er of countries surveyed. These are 
systems that are currently  running, are bein g implemented/tested or have concrete plans for 
implementation. A large major ity of countrie s (87%) have identification systems. T hese 
systems range from simple group/owner identifi cation (e.g. bran ding) to st ate-of-the art 
electronic systems. A sign ificantly large n umber of  these countries (57.6%) have t raceability 
systems while 45.5% have performance recording systems. There is, ther efore, a substantia l 
number of AI&R systems (running, being implemented or planned) in most of these countries. 

The pu rposes f or which an imal iden tification sy stems are put into are de picted in Figure  2.  
Some ident ification systems se rve mu ltiple pu rposes. M ost of  th e iden tification sy stems 
(75.9%) are utilised for the control of animal diseases. Traceability and performance recording 
utilize a relatively smaller proportion of the existing identification systems (65.5% and 51.7% 
respectively). 
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Figure 1. Percentages of countries with Identification, Traceability and Performance Recording Systems. 
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Figure 2. Purposes of Animal Identification Systems. 
 

Subsequent analysis of the data was carried ou t to get  an i ndication of sys tems that ar e 
currently running, compared to those that are planned and those being implemented. None of 
the co untries surveye d has performance record ing or traceability sy stems that are being  
implemented. A significant prop ortion of trac eability systems (42.1 %) have h owever been 
planned. On the other  hand , onl y 16.7% of performance recording systems a re planned for 
implementation. Thi s shows tha t there i s, presently, much more  i nterest i n setti ng up 
traceability systems compared to performanc e recording systems. The no n existence of  
systems in being implemented may, however, be an indication that many systems get planned 
but do not get to the impl ementation stage. Th ere is a n eed to mon itor the p lanned systems 
over time to see if they ever get implemented. 
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Figure 3. Status of Performance Recording Systems. 
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Fifty-eight per cent of A I&R systems in the countries surveyed are mandatory; the rest a re voluntary. In 
general, systems developed for traceability or disease control are mandatory while performance recording 
systems are voluntary. Some countries (e.g. Namibia, Argentina, and Uruguay) have mandatory national 
identification and tracea bility systems. Other countri es (e.g. Zimbabwe) ha ve vol untary pri vately-run 
traceability systems primarily designed to enable market access. 

The majori ty of A I&R sys tems (53. 1%) cater for  cattl e/buffaloes onl y. All li vestock are i dentified and  
recorded under 15.6% of the systems.  Dairy cattle AI&R programmes are by far the most  popular ones, 
particularly where i mprovement of ani mal perfor mance i s the pri mary goal. There are,  however,  
examples of A I&R programmes aimed at i mproving the performance of be ef cattle (Armenia, Argentina, 
Botswana, South Africa, Namibia and Uruguay), sheep (Bel arus, Croatia, Georgia, Namibia, South Africa, 
Perú and Ur uguay), horses (Argenti na, Namibia, Perú and Ur uguay), pigs (Argentina, South Afr ica, and 
Zimbabwe), buffaloes (India) and camelids (Perú).  
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Figure 4. Status of Traceability Systems. 
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Figure 6. Participation in I&R system. 
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Figure 6. Species participating in I&R systems. 
 

A primary objective of the study was t o look at the way the vari ous AI&R systems are administered and 
funded. These are highly important factors influencing programme sustainability. An understanding of the 
relationship between these factors and system sustai nability may help to develop models for sustainable 
AI&R systems in developing countries. Government contributes in funding nearly 70% of the systems; it 
fully pays for 37. 1% of these.  The latter mainly comprise systems of nati onal importance, such as those  
developed for traceability and disease control. System users (farmers) pay the full costs in 25.7% of the 
programmes and these are mai nly p erformance and pe digree recordi ng systems. The contri bution of 
donors is  m arginal a nd they ma inly provide s upplementary fu nding. M ost I &R s ystems ( 61.4%) a re 
administered by govern ment; pri vate organi sations, research  i nstitutions and uni versities run 20.5%,  
9.1% and 6.8 %, respectively. 

Further surveys wil l be conducted that will  seek to co llect information on so me sustainability indicators. 
Analysis and monitoring of these indicators vis a vis the different funding and administration methods will 
help in the development of guidelines for sustainable AI&R systems in developing countries. 
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Figure 7. Funding of systems. 
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Figure 8. Implementing organisations. 

4. Conclusions 
The study pr ovides a qui ck picture of t he current situati on of AI&R systems in devel oping countries and 
countries i n transition. There are vari ous AI&R systems i n the di fferent regi ons and countri es, serving 
different purposes and funded and administered in different ways. Government, however, pl ays a central 
role in the running of most of these systems, particularly those of national importance. There is a growing 
interest i n setti ng up new AI&R syst ems as i ndicated by the hi gh number of systems that have been  
planned but not yet implemented. Consistent monitoring of existing systems will provide practical lessons 
on how to implement sustainable AI&R systems in the developing world. 
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Abstract 

From 1998, individual identification and traceability became essential for major cattle breeding countries. 

In France st arting i n the  70’s,  al l the premi ses and the cattl e were i dentified as earl y as 1978.  The 
national system is managed by the Ministry of Agriculture with the responsibilities of the regional farmers’ 
organisations. There are 8 mil lions of bi rths per year, 25 milli ons of movements and 6 mill ions of 
slaughters for 280 000 bovine farmers. 

In the slaughterhouses, an own traceability system is applied, based on an order number of slaughter for 
each ani mal, carcass quarters and mai n cuts of meat. An accurate l abelling of each piece of carc ass 
gathers all the information, transferred electronically by the national identification system. 

At first the development of software on PDA hel ped the record and controls of data on the fi eld and now 
the RFID ear tags on the animals can still improve the quality of data at all levels of the production line : 
on the farm, on the market, in the slaughterhouse. 

The succ ess of such a  s ystem de pends on t echnological aspe cts but  al so on the  organi sation of the 
national system to ensure reliability and efficiency. 

Keywords: Identification, traceability, cattle, RFID. 

1.0 Cattle individual identification 
The traceability of beef meat beg an with the i ndividual identification in many bi g breeding countries. It 
has been compulsory in all the European Union since 1998, in Australia and New Zealand one year after , 
then in Canada, and after Japan, Brazil, Uruguay, Mexico, Argentina, and Chile. 

Traceability is a necessity for the reasons developed under. 

1.1 To eradicate some animal diseases and to manage sanitary crisis 

For eradi cation or mana gement pl ans rel ative to designed di seases, cont rol veterinarians from th e 
Ministry o f A griculture h ave t o c heck that a ll c attle g et co mpulsory va ccinations a nd r egularly r ealize 
blood tests. 

These tests may give a posi tive result. In such cases, the veter inarian responsible for the  test nee ds to 
find very quickl y all animal s which could have been in contact with the si ck one. Indeed, depending on 
the disease (BSE for example), all these animals will have to be destroyed. 

1.2 For herd management 

The same of ficial i ndividual identification has to be used by t he farmer a nd techni cians who manage  
animals of the herd. 

Page 61 



Marguin 

1.3 For cattle trade 

When some live cattle or carcass are to be sold abroad, importer asks for identification number and data 
about the animal, to guaranty on the sanitary quali ty and to get techni cal data about an imal as breed,  
birth place and even parentage. 

2.0 The French system of traceability 
The t raceability o f beef means t hat all c attle get a  unique o fficial individual identification number ju st 
after the birth, and then all the movements of cattle are recorded, so that trace back is possible to find all 
the animals in contact anytime. And this is anywhere till the slaughterhouse or the natural death. 

2.1 The French history of identification 

In France the fi rst law on breeding was i n 1966. It defi ned rules of a permanent i ndividual identification 
for volunteers’ breeders who needed it for techni cal reasons: to sel ect mothers and fathers for geneti c 
improvement, private working number is no more sufficient. 

After thi s genetic purpose, the sani tary cri sis pushed  the offi cial identification compl ete i tself after 12 
years. In 1978,  thi s permanent offi cial identification was wi despread and became com pulsory for all 
breeders and all animals, this time on the official purpose of traceability of cattle. At this date, all farms 
were recorded wi th a un ique number of premises, all  births were noti fied very soon after born wi th an 
individual unique number and all movements between premises were also notified and recorded. 

This compul sory identification was widespread to the whol e European Uni on by the regul ation of 1998  
which makes compulsory the traceability of the beef meat  till the pieces of meat with a system of l abels 
for the consumers and specifies the necessity of a national database for alive cattle data. 

2.2 General French organization 

From the be ginning o f th e nati onal system, French Mi nistry of Agriculture del egates the  dai ly work of 
identification to local breeders’ organizations, named “EDE” which are responsible of defined geographical 
zones. There are around 70 EDE to manage with 280 000 cattle herds and 20 millions of cattle. 

A nati onal techni cal organization, named Insti tut de l ’Elevage, supports the Mi nistry to coordi nate t he 
implementation of the identification:  

  To define methods which have to be the same everywhere. 

  To help for the implementation at the level of farmers, EDE and national level. 

  To help for the implementation of electronic identification and its different using cases. 
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2.3 Identification from the birth till the slaughtering 

2.3.1 Identification of the calves  

At the beginning a technician from the EDE, applied only one ear tag to the calves, when he passed once 
each three months on the farm. 

In 1998, the European Commission decided that the calves have to be identified before 21 days of age, 
so the farmers were char ged to put the two ear ta gs themselves. On top the French res ponsible decided 
to identify in the 7 days after birth. 

The farmer orders to the EDE only the number of ear tags he ne eds for the calving year: the uniqueness 
of the numbers granted is the responsibility of the EDE (and the S tate behind). When some ear tags  are 
not used or damaged, the farmer has to give back to the EDE. 

To trace the  data of any system (geneti c, herd  management, tradi ng…) the same uni que of ficial 
identification number has to be used by anybody for the animal. 

 

 
Figure 1. An official French conventional ear tag 
 

Some el ectronic (Radi o Frequency I D) offi cial e ar tags can be use d si nce 20 08 i n France,  wi th the 
previous identification system just adapted to th e new electronic number: the advantag e of RFID  is an 
automatic reading with a receiver of the identification number of the animal, which is encoded in the chip 
of the ear tag. 

This avoids involuntary human mistakes (on reading, on writing and on recording) on the identification of 
the animal concerned, so improve the reliability of the data recorded 

2.3.2 The notification of all events on the farm 

The farmer has to declare all events in the herd: 

  The birth with a new identification number, birth date, sex… 

  The entries on the farm, individual identification number of new animals. 

  The exits from the farm with the date of departure to slaughterhouse, other farms or death. 

2.3.3 Record of data and controls  

The record of all information sent by the farmer is done by the EDE or directly by the farmer with specific 
software and sent by an electronic net, after some controls on the data in the local database. 
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2.3.4 The French cattle passport  

After recording a birth, the data are sent to the national database to check them at this level, and errors 
or OK are coming down to the EDE before to print the passport. The passport has to follow the animal all 
his life, till the slaughterhouse and after they are recovered to be destroyed. 

2.3.5 Controls before slaughtering the animal  

Before the a nimal is sl aughtered, the i dentification number be tween hi s passport and h is ear tags a re 
checked: if there is not the right passport, the animal is not slaughtered. 

If the pa ssport corres ponds to th e a nimal at the entry of th e sl aughterhouse, a uni que sl aughtering 
number is associated to the identification number: a number with slaughtering date and an order number 
on the chain. 

This short number is easier to use for the work on the chain, but one ear tag stays on the carcass till the 
cold chamber, in case of any doubt on the identification number.  

2.3.6 Controls on the carcasses and pieces of meat  

A label is printed and al so barcodes t o sti ck on e ach pi ece of carcass.  On the l abel you fi nd wi th the  
official identification number, al l the data from the pa ssport (birth farm, birth date, breed, sex, type of 
animal) and the slaughtering data (slaughter date, place, and weight). 

The European regulations and French specifications ask for 3 types of checking: 

  Controls from the slaughter. 

  Controls from private firms agreed for that (EN 45011). 

  Controls from veterinaries of the Ministry of Agriculture. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The label on the carcass. 

2.4 The roles of the Ministry of Agriculture 

All the technical work is supported by the Institut de l’Elevage and validated by the Ministry. 

That means the Ministry has the res ponsibility of the EDE and agrees them, the ED E have to hel p and 
check the operati ons of the farmers and other stakehol ders. The Mi nistry agrees the offi cial ear tags on  
the results of laboratory and field tests and the official documents for them. 

Page 64 



The French bovine identification and traceability system, updated with the technology of RFID 

The Ministry validates the procedures on the pro posal of the Insti tute, for the data exchanges between 
agreed computer centers. 

The Ministry manages the national database of identification himself. 

Identification and genetic data are managed in the same information system. 

2.5 Adaptation to the electronic identification 

The actual system described over has to adapt to the RFID and his different using cases. 

2.5.1 Use of RFID on farm  

From private use to official use of the RFID tag 

For the far mers, who al ready use d herd man agement software and automatic scal es or feedi ng 
equipments, the specific interests to use RFID are proportional with the number of animals in the herd. 

  RFID ear ta gs are not a new way (from more than 10 yea rs i n some experimental geneti c 
stations) to benefit of th e advantages of the auto matic recording of data c ollected on the farm, 
like the weights or milk recording. 

  RFID support was adapted to each situation (neck lace for feeding automate, pastern tag for milk 
goats, ear tag for head lockers…). 

  The cost of RFID was not so hi gh, because the sa me RFID part of the ear tags can be used on 
more than o ne animal, changing the corresponding wi th the nati onal an imal i dentification each 
year. 

  Herd software assures th e correspon ding betwee n a pri vate RFID numbe r and the n ational 
identification of the animal: identity, parents, treatments… 

  When RFID becomes an official way for identification, it must respect some new characteristics. 

  The type of support is not compl etely free for the European countries: only ear ta gs, bolus and 
pastern tag for goats are possible (no injected glasses for cattle and small ruminants). 

  To be rea d by anybody with a reader, some tech nical RFID specifications as t ransfer protocol, 
defined frequency and data structure have to be taken in account from two ISO standards 11784 
and 11785. 

  The RFID tag must be applied only once on O NE animal (no recovery after  the death to apply 
again). 

  These constraints may result in cost increase (even then the necklace with active chip for cows is 
much more expensive than ear tag transponder) but give new opportunities even on the farm. 

The RFID number is unique (in France, the national number is directly coded in the transponder), so that  
no more correspondence is necessary to link official data to electronic data. 

The breeders can chan ge the brand o f equi pments (rea ders an d automat e with readers ) or softwar e, 
which are able to read all the same RFID official tags. 

For the performances’ recording 

From very long ti me some pri vate RFID systems ha ve brought the pos sibility of au tomatisation of 
performances recording, in the selection premises or expert farmers. 

The easiest automatic recordings are for body wei ghing, milk recording and indi vidual feeders for cal ves 
or cows. 

So there is also a transition from private systems to the official RFID system. 

  To benefit from official RFID interests, farmers need at least minimal of equipment. 
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What about farmers wi thout any reader and unabl e to use such equi pment surely and we ll. What about 
farms without any corridor or handling pen to maintain small groups of animals 

  Farms with private systems must be adapted. 

Animal tags must be replaced by official ones. 

Readers must be i n compliance with ISO standards 11784 – 11785: you c an see th e results of test s of 
devices on the website www.icar.org  

Technicians’ and farmers’ software ha ve to be adap ted to National RFID number automatically recorded, 
instead of system with private number, herd number and control 

The type of the transponders has to be adapted to the operation concerned: in the milking parlor the best 
is to read the i dentification number from down and no t at the head wi th an ear tag. But the pastern ta gs 
used on goats for a l ong time (without RFID) are not adapted for cows and not allowed by the European  
regulation. 

For the feeding automates, the ear tags on the head are well adapted. 

2.5.2 RFID for sanitary security 

The aim of the traceability is to trace back contagious animals and all the animals in contact: 

Individual traceability allows reducing the number of animals killed in case of problem on one premises, 
in comparison of group traceability. The system of individual traceability was also possible without RFID 
for cattle, because of nu mber of mov ements of an imals to foll ow (it is not t he same wi th other speci es 
like ovine). 

Obviously, it must be an official RFID  

RFID allows general individual identification, but for  trade and traceab ility, 100 % of anim als have to b e 
identified and it is a strong constraint to benefit from RFID interest: 

  To automate entries and exits recording with RFID 100% animals must be identified by RFID. 

  Reading ratio, will never be 100 %. 

If the cat tle is weighed while RFID tag is read, like usually, the door of th e pen doesn’t open before the 
official identification number and weight are recorded. 

2.5.3 RFID for trade 

For trade, RFID official numbers will be used by di fferent operato rs (sel ler, market, buyer,  
slaughterhouse…), so i t h as to r espect common c haracteristics to be r ead by every r eader wi th fi xed 
antenna or handheld. 

The main interests are the better liability of animal numbers recorded and increase of speed of trading 
operations, only in the case where all animals are RFID tagged. 

RFID reading of the tags i n a bi g group of ani mals is rapid and l iable: the main interest of this way to 
read all of one group i s to col lect and record common data for  all the animals of who le group. The best  
example is  fo r a nimals r eady t o be s old t ogether ( or a g roup o f a nimals wh ich r eceive a  s ame 
treatment...). 

No RFID reading is possible in a group of animals without a handling pen or a corridor. 

2.5.4 RFID in slaughterhouse 

Individual official identification is already compulsory for the slaughterhouses. The interest of RFID is the 
automation of arrival recording, on live animals and after on carcasses: the constraint of 100% reading is 
also extremely strong at the arrival 

  No organisation was found to benefit from RFID wh en animals with and wi thout RFID arri ves at 
the entry. 
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  Presently, carcasses are i dentified wi th a spec ific number, di fferent from live ani mal number:  
software must be adapted to link RFID official identifier from arrival till the end of the 
slaughtering chain, and in some cases till the packed meat ready for the supermarkets. 

3.0 Conclusions 
An identification and traceability system like the French one needs many conditions to be reliable. 

The main question is to coll ect the real  data on th e field and record them under the ri ght identification 
number for every actor of the chain line from farmer to slaughterhouse. 

RFID on far m has exi sted for a l ong ti me wi th pri vate syst ems used by few farmers i nterested i n 
technology. Such private systems present no interest for other actors of animal industry. 

Only an official RFID presents a common interest and it supposes a wide use of the RFID by a big 
majority of farmers. 

The challenge is to he lp non technology farmers to use RFID and al so small herds to survi ve even they 
don’t get any direct benefit from this technology. 
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Abstract 

A project to establ ish an Austrian wide heal th moni toring system for cattl e started i n 2006.  Veterinary 
diagnostic data, wh ich h ave to be documented by l aw ( law o f an imal drug control ) ar e standardi sed, 
validated an d recor ded i nto a centra l cattl e database.  Thi s A ustrian wi de proj ect i s a col laboration 
between agricultural and veterinarian organizations as well as universities and is further supported by the 
ministries. Beside provision of reports for herd management an d preventive measures, breeding values 
for heal th tr aits and moni toring of the heal th status are pro ject objecti ves. The pr econdition for an 
efficient use of heal th records are val id data. The challenge hereby is to distinguish between farms with 
low frequencies of di seases as well as incomplete documentation and recordi ng. Presently 13, 150 farms 
with about 220,000 cows are parti cipating. Significant regional participation discrepancies are observed: 
from 80% participation in the eastern part of Austria to almost 0 in the very western part o f Austria. The 
project i s g oing to termi nate at the end of 2 010. Measur es are undert aken to est ablish a routi ne 
monitoring system for health traits. The Austrian experiences in setting up a system of health registration 
with its successes and difficulties are described. 

Keywords: registration, health traits, challenges. 

1.0 Introduction 
Improved a nimal h ealth is g aining in creasing imp ortance wo rldwide, b ecause o f it s e ffect o n fa rm 
economy and animal welfare but also as food security is of interest from the consumer perspective.  

In Scandi navian countr ies, animal  hea lth data hav e been routi nely co llected and uti lized for decades  
(Aamand, 2006, Philipsson and Linde, 2003, Nielsen, 2000). Experiences from these countri es show that 
health traits can be successfully improved (Østerås and Sølverød, 2005, Heringstad et al., 2007). The EU 
Animal Heal th poli cy: “P revention is better than  cure” (European Commissi on, 2007) stresses th e 
importance to register health data and use them for preventive measures.  

In Austria, recording of diagnostic data and treatments is obligatory by law since 2002. However, before 
the project “Heal th mon itoring in catt le” started i n Austr ia, tho se data were nei ther standardised, nor 
routinely collected and st ored in a common database an d could therefore not be used for breeding and 
management purposes.  

Within the project a h ealth moni toring system for cattl e i n Austr ia incl uding all ani mals un der 
performance recording has been esta blished. The data are pri marily used for managemen t und breeding 
purposes. Operating figures about the cattle health status are another project aim.  
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The paper describes the concept, measures and experiences gained through four years of implementation 
of the project.  

2.0 Aims 
The project aims are the i ncrease of animal heal th i n cattl e by bree ding and managem ent measure s 
resulting in an imp roved e conomic s ustainability. An  o verall aim is t he i ncrease in  fo od s ecurity. By  
working tog ether wi thin thi s project , the coll aboration between agri culture and veteri narians will  be 
strengthened. The projec t al so i s expecte d to h ave an i mpact on the positioning of the A ustrian 
Agriculture.  

Main project aims:  

  Development and implementation of a system to collect diagnostic data. 

  Health reports for farmers and veteri narians as wel l as th e centres of the Ani mal Heal th 
Organizations (TGD).  

  Genetic evaluation for health traits.  

3.0 Methods and measures 

3.1 Project organization 

Under the leadership of the Federation of Austrian Cattle Breeders (ZAR) a health monitoring system has 
been elaborated and i mplemented in c lose cooperation with the organizations involved in animal health 
issues. These are the Ministry of Agriculture, Forestry, Environment and Water Management, the Ministry 
of Health, the University of Veterinary Medicine Vienna, the Un iversity of Natural  Resources and Appl ied 
Life Sciences Vienna, the Animal Health Organizations, the Chamber of A griculture, and the Chamber  of 
Veterinarians. The Fe deration of A ustrian Cattle Breeders, also representing performance recording and 
breeding organizations is the project executing organization. 

The proj ect is managed by a steeri ng commi ttee. Temporary worki ng groups have b een set up to 
elaborate different project aspects (health reports, breeding values, training module,..). 

3.2 Project history 

The project officially started i n 2006. The set up of the projec t and preparation was carried out  in 2005 
and beginning of 2006. The different measures carried out within the project are listed in table 1. In 2010 
the main emphasis is put on the implementation into the routine.  
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Table 1. Timeframe of implementation of different measures within the project. 
 
 2005 2006 2007 2008 2009 2010 
Preparation             
Elaboration of the project design 
and financing x x x          

Legal basis for health data 
recording   x          

Technical aspects of recording 
implemented   x          

Project implementation              
Motivation and information    x x x x x x x x x 
Provision of health reports after 
each milk recording     x x x x x x x x 

Monitoring of recording and data 
validation    x x x x x x x x x x 

Promotional program for direct 
electronic transmission of 
diagnoses data by veterinarians 

    x x x x x x x x 

Web based annual health reports        x x x x x x 
Educational project based on 
health reports        x x   x 

Research project to elaborate a 
genetic evaluation     x x x x x x x x x 

Publication of first breeding values 
for Fleckvieh         x x x x 

Continuous improvement of health 
reports      x x x x x x x 

Key figures on animal health          x x x 
Implementation to routine             
TGD-programme health 
monitoring           x x 

Health traits part of the breeding 
programme             

  Tyrolean Grey      x       
  Fleckvieh           x  

3.3 Health data registration 

3.3.1 Legal framework 

Based on the law of drug control  2002/2005, diagnoses have to b e documented on the receipt for the 
documentation of drugs. Due to a by-law on residual control, enacted and realized treatments have to be 
indicated i n a spe cial book at the  fa rm. A ccording the  pu blication GZ 74 .200/0012 –  IV /D/8/2006 
published by the Mi nistry of Heal th in April 2006, diagnoses have to b e specified with a two-di git code. 
The standardized key of diagnoses was published by the Ministry of Health before the project started. 

3.3.2 Data type and standardization 

Diagnostic data are stan dardized by veterinarians using an el aborated key with 65 di agnoses subsumed 
to 10 g roups. This key only includes on-site f indings by ve terinarians o f major d iagnoses r elevant f or 
breeding purposes but currently no l aboratory results. To li nk more detai led keys of di agnoses used by 
veterinarians a list of synonyms was provided. The receipt for the documentation of drugs (law of animal 
drug control) has been ex tended by the two-di git code for the standardi zed diagnoses. From this receipt 
the number of the farm, the ID of th e animal, the date  of veteri nary treatment, and the code of first 
diagnoses only is recorded. The ID of the veterinarian is no mandatory fi eld. Information on drugs is not 
recorded.  
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Figure 1. Excerpt of the receipt for the documentation of drugs with the newly introduced field for the 
standardized diagnoses. 

3.3.3 Data collection and data storage 

Diagnostic data are registered into the cattle database, where all other data from performance recording 
are stored.  

Data may be transmi tted el ectronically by th e veteri narians or recorded by t he performa nce 
organizations. Supplementary i nformation (observati ons, hoof t rimming) can be r egistered by farm ers. 
This information is stored separately to distinguish observations from farmers and diagnoses of vets. 

3.3.4 Data security 

Health data are very se nsitive and therefore da ta securi ty for farmers and veteri narians has to b e 
warranted and given high priority. The farmers have to sign an agreement for recording of data explicitly 
stating the possi ble use of data.  For provi sion of th e heal th reports to  veteri narians an addi tional 
agreement has to be signed. It is important that the farmer has only access to the diagnosis registered at 
his own farm. For the veteri narian it is important that the veteri narian number i s onl y stored i n the 
database without a link to the person. Therefore it is not possible to trace back to the veterinarian.  

3.3.5 Data validation 

Precondition for the benefi t of health data i s a g ood data qual ity. Pl ausibility che cks concerni ng 
diagnoses, identification of animal and herd are carried out before the data are stored in the database. 

Only data from farms ful filling criteria concerning continuous and compl ete registration of di agnoses are 
included in genetic analyses (Egger-Danner et al., 2009, Koeck et al., 2010). Emphasis is put on defining 
the observation period. A minimum of 0.1 first diagnoses per cow and year is required. 

3.3.6 Promotional programme for electronic diagnostic data transmission 

To motivate the veteri narians to update thei r software for di rect transmission of the di agnostic data an  
amount of 200 € was provided once. Additionally 10 cent are paid per electronically transmitted diagnosis 
during the course of a disease.  

3.4 Health reports 

Optimized herd management is important for an economically successful farming. To recognize problems 
early a dditional h ealth information is valuable. Therefore d iagnostic d ata were in cluded t o t he a lready 
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existing reports provi ded to the farmer after each milk recording. As a cons equence of t he project the  
veterinarian can also get this information if the farmer agrees.  

Additionally annual reports were el aborated enabling the farmer to compare farm resul ts to the ones of 
the previous year as well as to the average on district and province level. 

Annual reports wi th comprehensi ve i nformation o n heal th aspects are pro vided i n a long and sho rt 
version. A graphical overview will soon be added. These annual reports are also used by the veterinarians 
for thei r eval uation of the herd heal th status of the supervi sed cattl e her ds wi thin the Animal Hea lth 
Organization. An internet based tool provides annual reports with daily updated information.  

The use of the heal th re ports by farmers and veteri narians is al so an  important contributi on to da ta 
quality as incorrect documentation and recording of diagnostic data may be recognized. 

3.5 Genetic evaluation 

One major p roject aim is the provi sion of bree ding values for heal th trai ts for si res. Before the project  
only indirect information as somatic cell count or indirect fertility traits has been used. Koeck et al. (2010 
a, b) show that heri tabilities for reproducti ve di seases and mastitis are comparable with those from  
analyses of health data by e.g. Heri ngstad et al. (2005) and Zwal d et al. (2004 a,b). S ince April 2009 
first b reeding va lues fo r fertility d isorders, c linical mastitis and mi lk fever a re p rovided t o t he fa rmers 
breeding Fleckvieh. Showing the existing genetic variation between bul ls assists in motivation to support 
the project. 

3.6 Motivation and information 

To encourag e farmers a nd veteri narians to adop t a new tec hnology, emphasi s needs  to be put on 
information and awareness about ben efits. At the beginning of the project,  when no project resul ts are 
available this is more difficult. Experiences from the Scandinavian countries are helpful. The employees of 
performance recording organizations were given the task of conv incing farmers to join the project and to 
collect signed agreements to join the project. The veterinarians were informed by their Chamber and the 
Animal Health Organization. Before starting the information campaign the employees of the performance 
recording or ganizations and repr esentatives from the other  partner or ganizations were trai ned as 
disseminators.  

Additionally more emphasis should have been put on convincing opinion leaders in advance to the project 
start and al so on including breedi ng organi zations i n the motivati on o f the  farmers mo re i ntensively. 
During the p roject progress reports w ere provided continuously. Further farmers and vet erinarians were 
asked to share their experience about the use of the project.  

3.6.1 Education project on health reports 

For the interpretation of the heal th reports a special training programme was set up. It was real ized that 
too much in formation was p rovided where many fa rmers were la cking the knowledge t o in terpret and 
work wi th thi s data.  In a  parti cipatory way each farmer el aborated hi s plan of acti on; 6,500 farme rs 
participated. 

3.7 Operating figures about health status 

The Ministries and the A nimal Heal th Organizations wi ll be pro vided wi th di fferent operation figures on 
the animal health status and on the development of single diagnosis on regional and national level.  

3.8 Implementation to the routine 

To ensure th at diagnoses are regi stered further o n and used i n management and breedi ng, information 
has to be adopted officially by the involved organizations in the routine. The following steps have already 
been achieved. 
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  Animal Health Programme (Ministry of Health, 2010): In March 2010 the Animal Health 
Organizations have decided that the Health monitoring programme is offcially recognised. 
Information based on performance recording and health monitoring will be part of the evaluation 
process in supervised herds. 

  Breeding programme: The Tyrolean Grey Association already decided in 2008 that monitoring of 
health traits is compulsory for its members. The Austrian Fleckvieh (Simmental) Federation 
adopted health traits to their breeding programme in April 2010. 

  Permanent working group within the Federation of the Austrian Cattle Breeders (ZAR) with 
representatives of the different partner organizations will be set up to ensure that the monitoring 
of diagnoses is continued and further on developed.  

4.0 Results and discussion 

4.1 Participation 

In most regi ons, the pro ject to establi sh an Austri an wi de hea lth moni toring system  st arted between 
September and December 2006.  Table 2 shows th e impact of impl ementation in different regi ons from 
2007 till 2010. In total, 13,150 farms with 220,000 cows are presently participating.  

Some regi ons achi eved a very hi gh parti cipation wi thin a f ew months wi th s low, b ut conti nuously 
increasing support by the veterinarians. Regions like Lower Austria and Styria have participation close to 
80%. Pr esently about 80 to 90% of these farms are provi ding veteri nary di agnoses, whi ch resul ts i n 
approximately 70% of heal th regi stered cows.  In the very western part of A ustria, the project di d not 
really start yet. The most essential prerequisite is the support of the opinion leaders in both, agricultural 
and veteri narian organiz ations. Surveys on farmers about th eir future breedi ng emph asis stress the  
desire to improve especially fertility and udder heal th. Nevertheless, continuous information is needed to 
strengthen confidence and to convince of the benefits.  

 
Table 2. Number of dairy farms within the Austrian Dairy Herd Recording System, development of 
percentage of farms participating in the Health Monitoring (HM) and farms with veterinary diagnoses data 
in the database (HMVDR). 
 
  Farms HM farms % HMVDR farms % 
Regions Feb.10 Feb.10 Feb.09 Feb.08 Feb.07 Feb.10 Feb.09 Feb.08 Feb.07 
Burgenland 136 23 17 13 12 55 54 36 21 
Carinthia 1,288 76 76 73 71 64 53 42 14 
L. Austria 3,925 78 77 77 76 90 80 64 21 
U. Austria 4,864 55 51 33 28 58 49 49 24 
Salzburg 2,194 44 44 42 41 65 59 42 11 
Styria 3,383 79 66 63 61 85 82 66 37 
Tyrol 6,009 36 23 20 7 20 13 3 0 
Vorarlberg 1,.479 1 1 0 0 58 50 0 0 
Austria 23,278 54 48 42 37 66 61 50 23 

4.2 Important project measures for success 

Participative approach:.For registration of veterinarian diagnoses the cooperation between farmers and 
veterinarians is  needed at  t he different levels ( farm, o rganizations on d ifferent levels). I t is  important 
that starting from the project desi gn to the i mplementation all partners i nvolved in cattle heal th issues 
are participating. In this way it can be achieved that the project aims and expectations of all the partners 
can be achieved. Synergies can be used and different aspects and knowledge can be contributed; e.g. the 
health reports were el aborated i n cooperati on of repres entatives from performance recordi ng 
organizations, feeding experts, veterinarians and research.  

Benefit for key players. Farmers a nd veteri narians are onl y ready to a dopt n ew technol ogies and 
approaches, i f they are convi nced by the benefi t and if the benefi t-cost-analysis is to t heir advantage.  
Different e xpectations ha ve t o be  fu lfilled. F armers a nd ve terinarians a re u sing t his in formation t o 
improve herd managem ent. Ministries and Ani mal Health Organi zations are interested i n moni toring of 
the health status. For con sumers, food safety i s of importance. For farmers and breeding organizations 
the use for breeding purposes is the main goal. For motivation, early and conti nuous information about 
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the results is  essential. To endure the jo int benefit and to reduce costs it  is important to l ink and use 
infrastructure jointly. 

Technical implementation with guaranteed data security. Before such a project  may start, th e 
technical str ucture has to be el aborated and questions espe cially concerni ng data securi ty can be 
answered i n detai l for farmers and veteri narians. A key o f di agnoses whi ch is ac cepted by t he 
veterinarians is additionally essential. For genetic evaluation, a less detai led key of di agnoses would be 
sufficient. For ferti lity traits Koeck et al. (2010) s howed that r ather hi gh geneti c correl ations between  
traits are observed.  D ue to l ow frequenci es the bree ding values can be esti mated more rel iably for 
combined trai ts. However, for veterinarians more detailed in formation a bout t he d iagnoses c an b e o f 
interest.  

Sustainable high quality data recording and validation. For opponents of health data recording the 
main arguments are i nsufficient data quali ty and da ta secu rity. The easi est and best way of data  
recording i s el ectronic transmi ssion of di agnoses directly by the veteri narians. Once the softwa re 
products hav e been a dopted, the dat a can be pr ovided di rectly to the da ta base wi thout bi g effort. 
Veterinarians using electronic devices are normally recording all the measures taken. Analyses show that 
incidence rates based on diagnoses which are electronically transmitted are slightly higher for traits like 
(cystic ovarian di sease) or metabol ic di sorders w here al so dr ugs wi thout wai ting peri ods are a pplied. 
Therefore the farmers were enabled to record additional information as observations themselves.  

The data validation for breeding value estimation is very important especially at the beginning of setting 
up such a s ystem. It cannot be tak en for granted that al l of the farms start recor ding di agnoses 
immediately a fter jo ining t he p rojects. T he distinction b etween fa rms wit h lo w f requencies and 
incomplete recording is a challenge. 

Continuous information and motivation. To achieve a high participation, which is especially important 
for breedi ng purposes d ue to the rather l ow heritabi lities of t he heal th tr aits, cont inuous i nformation, 
motivation and awarenes s are i mportant. Farmers  as well as veteri narians and es pecially thei r opinion 
leaders need to be convinced by the benefits and encouraged to participate. 

Financing and economic aspects. It i s i mportant, that the project  can be est ablished wi thout 
additional co sts for farm ers and vete rinarians. The ad ditional benefi t has t o be  bi gger than the effort 
involved. Basically the effort to recor d these diagnoses can be compared with recording of calving ease. 
On average about 0.7 fi rst diagnoses (per course of a disease) per cow and year need t o be r egistered. 
On the l ong term the addi tional effort has to be paid. An average calving interval of 398 days and  an  
average SCC of 209,000 (ZuchtData, 2009) show the pote ntial of cost saving. An economic study based 
on Austrian field data show that one month extended calving interval and an average SCC above 250,000 
costs 125 and 180 € per cow and year, respectively (Stocker, 2008).  

Legal framework: A continuous recording of health data based on broad participation is a big challenge. 
For the sust ainability these trai ts have to be used routinely by  the di fferent organi zations. Thus, l egal 
frameworks for documentati on and us e of di agnostic data are very valuable (law of drug control, law of 
animal breeding). The inclusion of such traits in breeding goals and the use for preventive measures by 
veterinarians and Ani mal Health Organizations is especially important. A level has to be r eached where 
health traits are recorded and used like other fitness traits.  

5.0 Conclusions 
The registration and utili zation of health data i s gaining importance. Measures to moni tor and i mprove 
animal h ealth a nd fo od s ecurity a re s ensible. T herefore t he fu ll s upport o f a ll involved p artner 
organizations is essential. Success depends on the cooperati on between farmer and veterinarian on farm 
level as well  as on the  collaboration of bre eding and performance recording organizations, veterinarians 
and researchers as well as on the support of the Ch ambers and Ministries. The cooperation is a challenge 
but al so the  chance to establish a joi nt system to share  be nefits and t o use syn ergies effi ciently. 
Performance recordi ng data as well as di agnostic data are avail able for breedi ng and manage ment 
purposes by  the farmers and bree ding organi zation, but t he i nformation can al so be used by 
veterinarians and Animal Health Organizations.  

For establishing a system of health monitoring beside a participative approach, an appropriate system of 
registration and data stor age with warranted data security and the provi sion of benefi ts for all  partners 
involved a re e ssential. T he mo tivation a nd in formation p rocess is  t o o ur e xperience a  mu ch b igger 
challenge t han setting up  o f t he t echnical r equirements. I t is e specially important t o convince opinion 
leaders already at an early stage. Continuous information to build up confidence and to communicate the 
benefits are key factors for success. 
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For the sustainability of continuous recording of health data these traits have to be used routinely by the 
different organi zations. Thus, l egal frameworks for documenta tion and use of di agnostic data are very 
valuable. 
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Abstract 

Emerging a nimal h ealth related is sues a nd imp roved a nimal health ma nagement r equire s ufficient 
comparable data. In the EADGENE a Health Data Comparison Project a pi lot study i ndicated that, both  
across Europe and between species, animal health data collection is fragmented and lacks harmonisation. 
The systems  were desi gned i n order to meet the needs of veteri narians authori ties. For cattl e t he 
requirements from farmers were hardly taken into account.  However there are structures and systems in 
place that contain very valuable information, if it were possible to access and consolidate these data on 
the European and/or species level. This would create a significant increase in the quantity and quality of 
the already collected and stored data. At two workshops the knowledge and technical input from experts 
of di fferent bodi es de aling wi th subjects of ani mal heal th da ta col lection on noti fiable di seases was 
brought tog ether. They made cl ear there i s add ed va lue fo r a ll s pecies t o b uild a nimal h ealth data 
systems but  wi th d ifferences betwe en speci es on  implementation and appl ication. Therefore sp ecies 
specific wo rking g roups we re s et-up t o d efine t he wa y fo rward. F or a ll sectors in volved t here is  a n 
interest in the development of better coordinated systems for animal health related data. This can only 
be obtained by good i nvolvement of st akeholders from the start wi th a bottom-up approa ch. Small pilot 
studies can show the benefi ts and can be expanded up to European wi de harmonisation of animal health 
related da ta – among the key factors of a cattl e pi lot project i s the i mplication of the most advanced  
systems in EU. 

Keywords: Data comparability, animal health, disease, standardisation, harmonisation, breeding, 
research,  European Animal Disease Genomics Network of Excellence. 

1.0 Introduction 
The international availability and comparability of animal health data is important for various reasons -
animal move ment and h ealth data are a key so urce of i nformation in th e effecti ve management  of  
disease prevention and outbreaks,  but also progress in animal breeding and management, and resear ch 
related to animal health will depend on the availability and comparability of data.  

The impact of epidemic livestock diseases can be devastating on farmers and the economy as a who le – 
in a speci fic country,  a continent or even gl obally. In 2007,  the European Commi ssion l aunched the 
Animal Heal th Strategy for the Europ ean Union (2007-2013) (European Commission, 2007) striving for  
increased col laboration between EU m ember states to increase the prevention of ani mal heal th related 
problems before they happen and to be ready to manage outbreaks and cri sis more effecti vely, but a lso 
to i mprove economi c growth, cohesion and com petitiveness assuri ng free ci rculation of goods and 
appropriate animal movements.  

For plans to gradually improve the availability and comparability of animal health data, studies into the 
feasibility of maki ng the  coll ection o f animal heal th data are therefore of great i nterest. Thi s paper 
describes the two pilot projects, that have been undertaken in the framework of the EADGENE Network of 
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Excellence (EADGENE, 2004-2010), and design the set up of the requi red / possi ble follow up phase.  In 
particular, the work of the cattl e worki ng group of  Phase 2, and the proposal s for the future are 
highlighted. Furthermore, this paper includes examples of similar work undertaken outsi de the European 
Union. 

2.0 Methodology 
The first pilot (Phase 1, 2007-2008) has provided an overview on the current status of animal health data 
collection an d recordi ng systems i n cattl e, pi gs and poul try in four EU c ountries, na mely: Denmark, 
France, Neth erlands, Uni ted Ki ngdom. The s econd pi lot (Phase 2,  2 009-2010) ha s i ncluded mai nly 
stakeholder consul tation in two works hops, the pr eparation of pl ans for the next phase (Phase 3), and 
mapping of animal health data recording in a few extra countri es (for cattle: Portugal, Italy, Spain (pilot: 
Basque Country).  

2.1 Phase 1 – Mapping Data Systems in Pilot Countries 

A proj ect team has desi gned a pl an for interviewing key pe rsons and mappi ng of ani mal heal th data 
recording systems on ca ttle, pi g and poul try i n four pi lot co untries: Denmark, France, Netherl ands, 
United K ingdom. T hey ha ve g athered in formation o n t he different a nimal h ealth d ata c ollection and 
recording s ystems wit hin e ach c ountry b y me ans o f informal interviewing p rocess. An  in itial b road 
overview of t he recording systems wi thin each cou ntry has been devel oped through li terature searches 
and preliminary interviews with a small sample of people. Further Interviewee’s have then been chosen 
with the aim of gaining more  d etailed knowledge of recording systems in areas that were identified as 
being important in  the in itial overview. D iscussions were held with a  large number o f people including 
representatives of Government depa rtments, Gove rnment agenci es, academi cs, animal  sc ientists, 
veterinarians and industry organisations. The process conducted concurrently in each country and species 
by different members of the project team and took place between January and September 2008. 

Due to the diverse range of different recording systems being considered, a fixed set of questi ons for all  
interviews could not be developed.  Instead, a list of important aspects to cover as part of each interview 
was developed in the preliminary stages of the project and then used as guide by each interviewer.   

Following the preliminary interviews, draft overviews of the recording structures within each country were 
developed. These draft  overvi ews al ong wi th the project summary were then  ci rculated to t he 
interviewee’s pri or to the i nterview bei ng conduct ed wi th the ai m of a iding the di scussion wi thin t he 
interview. A written repor t was put  together after each i nterview whi ch was  then s ent t o the r elevant 
interviewee for ve rification. Aft er c ompletion, information fr om a ll interviews we re co mplied in to 
individual country reports and fi nal diagrammatic overviews of the heal th recording structures for each  
species within each country, which provided the information content for the report. 

2.2 Phase 2 – Stakeholder Consultation and Species Specific Plans 

Based on the  recommendations of Pha se 1, i t was decided to base Phase 2 around two workshops wi th 
stakeholders. The project team prepar ed several documents which were used as input for Workshop 1 i n 
Brussels. A broad range  of stakeho lders was approached to  attract i nterest for thi s workshop. The 
Brussels workshop contributed essentially to the project design as it made clear that there is added value 
for all species to bui ld animal health data systems but with clear differences between s pecies regarding 
the way of implementation and of application. 

Based on thi s important resul t of the fi rst workshop, i t was deci ded to set up speci es specific working 
groups, gui ded by the proj ect team experts.  Th ese speci es worki ng groups had numerous tel ephone 
conferences where they were brai nstorming about possible ways forward.  It was al so important to get a  
general national overview for each spe cies. It was decided to propose the participants to voluntarily set 
up addi tional country mappi ng di agrams as i n Phase 1. T his in put p lus t he r esults o f q uestionnaires, 
which were el aborated a nd sent arou nd amongst participants of the fi rst workshop pl us stakehol ders, 
were used to  prepare Wo rkshop 2,  whi ch was held on 15 Oct ober 2009 in Pari s. At this workshop the  
working groups on cattl e, pig and poul try presented their outline proposal for the phase after EADGENE 
funding, Phase 3. This paper highlights the work of the cattle working group. 
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At the two workshops the knowledge and technical i nput from experts  of  di fferent bodies deal ing wi th 
subjects of animal health data collection on notifi able diseases was communicated in order to create t he 
best in formation a mongst p articipants o n e xisting s chemes, e specially o n n otifiable d iseases. 
Representatives from t he fol lowing organi sations contri buted by pr esentations: D G S anco, OIE,  
CopaCogeca, ISAH and ICAR.   

3.0 Results 
The fi rst proj ect has all owed to esta blish a general  framework whi ch could be used t o descri be the  
different national situations in the same way. It h as identified the major da ta providers and key players 
in the collection and recording of animal health data in the four pilot countries, and has distilled a general 
diagram that can be used across speci es and across countries, to enable comparison of the systems in a  
bird eye’s view. The r esults of two st akeholder workshops are being described, and the proposal of th e 
cattle working group. The interest fo r a nimal h ealth d ata is  not lim ited t o Eu rope. Fo r in stance, in 
Canada, was i mplemented a l arge system whi ch allow dairy farmers to reco rd health data for thei r own 
management and for other purposes. 

3.1 General Description of Data Collection and Recording 

The i ncreased ri sk of epidemi c sprea d of di seases caused by  the freedo m of livestock movement is  
acknowledged within the EU. This has lead to a number of legislations which have an important bearing 
on t he r ecording o f h ealth t raits in  animals a cross a ll me mber s tates wit hin t he EU:  le gislation on 
identification, traci ng of movements, food hygi ene and safety, the ani mal disease noti fication system,  
zoonoses control and disease eradication programmes.  

EU legislative requi rements often di ffer between s pecies and t his can acco unt for important di fferences 
between the  respecti ve nati onal recordi ng systems.  Movement documents, referred to as Passport s, 
which include details such as the animal identification number, owner and mothers i dentification details, 
are a lso r equired t o b e is sued wit h t he a im o f improving t raceability. F or p igs a nd p oultry individual 
identification and passports is currently not a legislative requirement.  

Given the need to meet  the l egislative requi rements, it is not surpri sing that i n pulling together the 
overviews i t became clear that ther e are a numb er of  similarities between the recording structures fo r 
different species and across the four different countries. A diagram showing the common elements of the 
different rec ording struct ures i s shown i n Fi gure 1. Speci fic di agrams for cattl e i n each of the fou r 
countries plus two extra countries mapped in Phase 2 can be found in Figures 2, 3, 4 and 5. 

An o verview o f t he ma jor d ata collection a nd r ecording p arties in  t he fou r p ilot c ountries a nd th eir 
particularities of Phase 1 is given in chapters 3.1.1., 3.1.2, 3.1.3 and 3.1.4. 
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Figure 1. Description of animal health data recording systems 

3.1.1 Data Collection and Recording Parties 

The major Data Collection and Recording Parties in the four pilot countries of Phase 1 are: 
  Farms and Abattoirs.  

 Data recording on Farms In all  i nstances, the mai n sources of data wer e farms and 
abattoirs. Other than a health and movement r egister, any addi tional r ecording by  
producers themselves is done on a voluntary basis and therefore the level differs between 
specific farms within a country.  

 Data transfer between farms and abattoirs The main transfer of animal health data from 
farms to abattoirs is done to meet EU requirements on Food chain Information (FCI).   

 Data recording in abattoirs Much of the health recording in abattoirs is done by outside 
organisations, primarily associated with government agencies.  

  Government A gencies –  D isease moni toring Within each of the four c ountries, government  
agencies pl ay an i mportant rol e i n meeting EU legislative re quirements wi th respect to foo d 
safety, disease monitoring and eradication for notifiable and other diseases of interest.  

  Laboratories Within each country there are two types of laboratory services; those mainly funded 
from public (government) sources, and others wh ich are mainly funded through the pro vision on 
services to private clients. 

  Private Veter inarians Private ve ts a re t hose t hat are ge nerally p rovide a  commercial service 
farmers or bree ding compani es. Ho wever on some occasi ons they can al so act a s offi cial 
veterinarians being licensed to conduct work on behalf of a government agency. 

  Recording for breeding and management  
  Other organisations Other organisations involved in recording animal health data are: renderers, 

inseminators and hoof trimmers, Gro upement de  Défense Sani taire (Franc e), Farm Assuranc e 
Schemes. 

3.1.2 Recording for breeding and management 

Animal b reeding is  c oncerned n ot o nly w ith p roduction char acteristics su ch as growth and number of  
offspring, but also in structure and conformation of animals and their health to adapt their gene make-up 
to production constraints and as i ndicators of l ongevity.  In  cattle somati c cells counts (an  indication of 
mastitis) and calving ease are also recorded. 

  Animal Movements and Registrations 
 Registration of animal holdings To meet EU re gulations, a ll keepers wi th stock above a 

certain number (e.g. wi th more than  50 birds for poultry in the UK) must  register their 
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holdings with the rel evant registration organisation. In al l four countries this function is 
performed either directly by a government department of by a government agency. 

 Animal Movement tracking Since 1999, to meet EU regulations, all EU member states are 
required to have a computerised tracking system for animal movements for cattle.   

3.1.3 The Role of Government Departments and Levi Boards  

Within each of the four pi lot countri es of Phase 1,  res ponsibilities for di fferent recordi ng acti vities 
ultimately fall either to government departments, levy boards or commercial organisations.  

Governments have adopt ed a vari ety of approac hes. In D enmark there are rel atively few A gencies, 
whereas i n t he UK ther e are a  numb er. In Th e N etherlands G D i s an exampl e of a private compa ny 
performing a number of rol es that i n other countri es are perf ormed by g overnment A gencies. Lev y 
Boards (ter med Produc t boards i n The Netherl ands) exist i n the UK and The Netherl ands, but not i n 
France and Denmark.  Thei r remi t i s statutory i n both countr ies, however the Pro duct Boards i n The  
Netherlands can also lay down binding regulations that apply to the sector concerned.  In both countri es 
the P roduct Bo ards a re in creasingly in volved in t he ma nagement o f a nimal h ealth data, zo onoses 
recording and reporting and Food Chain Information (FCI).   

3.1.4 Data Ownership 

Data ownership general ly lies with the provider, however often access to grouped,  averaged and tren d 
data to provide benchmarking is agreed to by the data provi der.  Animal health data is a relatively small 
subset of the total  data in the animal sector.  Acros s countries predominantly in the poultry sector there 
is data transfer between farm, abattoir and feed mill to opti mise economi c performance.  Thi s data i s 
generally not in the public domain.  

3.2 Testing the Waters - Stakeholder Input 

The study on the animal health data systems (Phase 1) indicated that, both across Europe and between 
species, animal  hea lth data col lection i s fragment ed and l acks harmoni sation. However  the study al so 
indicated that there are structures and systems in place that contain very valuable information, if it were 
possible to access and consolidate these data on t he European and/or species level. This would create a 
significant increase in the quantity and quality of the already collected and stored data. 
 
Based on th e recommen dations of Phase 1,  i t was deci ded t o base thi s Phase 2 mai nly around tw o 
workshops with stakeholders. At the t wo workshops the knowl edge and technical input from experts of 
different bo dies deal ing wi th subj ects of ani mal heal th data col lection on noti fiable di seases was 
communicated in  o rder to  c reate best in formation a mongst p articipants o n e xisting s chemes, e sp. on 
notifiable diseases. 

The workshops made clear that there is added value for all species to build animal health data systems 
but with clear differences between s pecies regarding the way of implementation and of application. This 
means that a common approach for all three species is not feasible. Therefore species specific working 
groups were set-up with members from several countries and institutes which defined the way forward. 

3.3 Cattle Working Group 

The vo luntary p articipants in  EA DGENE c attle w orking g roup h ad t o d efine, whether it  is worth 
constructing a European project of Health Data Management for the cattle industry. This work made clear 
that animal health issues, both notifiable as described in the corresponding legislation and non-notifiable, 
are important and could have real benefits for all stakeholders. 
In several EU member states, information systems dealing with notifiable and non-notifiable diseases in 
cattle do already exist (For examples see Figures 2, 3, 4 and 5).  
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Figure 2. Description of cattle animal health data recording systems for Denmark and France 
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Figure 3. Description of cattle animal health data recording systems for the Netherlands and the United 
Kingdom 
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Figure 4. Description of cattle animal health data recording systems for Italy and Portugal. 
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Figure 5. Description of cattle animal health data recording systems for Spain (pilot: Basque Country). 

3.3.1 Importance of Non-Notifiable Diseases 

The government implication is focused on the contagious diseases within animals or between animals and 
human beings. I t r esults in an obligation t o notify t hese d iseases t o t he public authority. Fortunately, 
these diseases which have a major economic impact are rare. Besides these notifiable diseases, there are 
many other non not ifiable di sease whi ch have real  impact for a ll sta keholders worki ng in ca ttle 
production: 

  On animal production profitability. 
  Technical-economical r esults o f fa rms a re li nked wit h animal health. I t c omplements t he o ther 

factors determining animal performance : genetics, feeding, husbandry system or management. 
  On the amount of work for breeders. 
  Sanitary problems on farms lead to increased time spent in animal care and vigilance. 
  On animal welfare, e.g. lameness. 
  Human health concerns: less disease result in less medicine, and mainly less antibiotics. 

There are real needs from the farmers’ point of view for: 
  Advice in health monitoring for a herd or for each animal, 
  Improvement of sanitary best practices, 
  Help in reproduction/mating strategy, in linkage with animal selection and genetics, 
  Alert before the outbreak of diseases. 

Non-notifiable di seases coul d a lso be a key factor for the d iscovery of ne w transmi ssible factors for  
genetic evaluation or genomics. 
From a veterinary perspective, it will also be possible to make epidemiologic studies in cattle populations. 
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3.3.2 Added Values for All Stakeholders 

All partners invol ved in animal management and h usbandry, genetics or animal  health can identify real 
benefits in cattle health data provision, management and analyses: 

  For farmers, it will contribute to the identifying of potentials for economic improvement, 
  For veteri narians, it will  be a tool  whi ch woul d devel op coordi nated acti ons i n prevention an d 

treatment of diseases, 
  For advisory services, breeding or recording organisations, it will be a ba sic requirement to have 

information about the heal th status of farm s and ani mals, to sh are knowl edge between 
stakeholders and to have a common vocabulary, 

For resear ch, there are applications in genomi cs to expl ore, esp ecially s ince there i s the exi sting 
EADGENE Network, working on links between animal health and genomics. 

3.4 Global Developments 

Agriculture and Ag ri-Food Canada (A AFC, http://www.agr.gc.ca/index_e.php) provides 
information, research  an d t echnology, and polic ies and programs to achieve security of the 
food system, health of the envi ronment a nd i nnovation for growth. They have undertaken a  
national an imal hea lth p roject to gather data on ei ght key di seases to i mprove the management an d 
economy a t fa rm le vel. T he p artners in  a nimal health i mprovement, among others  the arti ficial 
insemination centers, th e breed a ssociations, and the veteri narians, have ini tiated thi s project i n th e 
course of 2006 wi th the aim to improve the production of selection indexes. The diseases are milk fever, 
left d isplaced a bomasum, c ystic o varian d isease, clinical mastitis, r etained p lacenta, m etritis, ke tosis, 
lameness. 

AAFC has a history of gatheri ng public animal health data – i n poultry already since 1999 animal health 
data have been gathered on e.g. 32 di seases (www.agr.gc.ca/poultry/condmn_eng.htm#chicken). 
At the Economic and Market Information section, a Poultry Market Place section gives access to 
all the data that are being delivered in the excel file with data and graphs of Canadian poultry 
health and production data over ti me. They have al so been made avai lable to the European Food 
Safety Authority working groups that are looking into the deve lopments of broiler welfare and gene tics 
over time. They show considerable improvement in broiler health over time.  

4.0 Discussion  
The design o f animal hea lth data col lection, storage in a database and usa ge has often  been de signed 
with a s ingle purpose i n mind.  In many countries there are s eparate databases that requi re multi data 
entry of the  same or  si milar i nformation.  Usage by a  vari ety of audi ences has no t been taken i nto 
account in the design.  The connecti on or links between the various databases have historically not been 
a priority.  Part of thi s has been lack of foresight and lack of a di fferent perspective and that information 
has been considered proprietary. 

People, organisations, companies and government are realising the benefit of simple single data entry of 
information, of the benefit of connected data, the benefit of varied usage. 

The current techni cal sta tus of computi ng and of  the techni cal sk ills in c omputer use enabl e grea ter 
benefit than has been possible previously. 

The various stakeholders, throughout the food chains i n Europe, with their varied needs of animal health 
data are increasingly aware of the need for accurate, interoperational and accessible information. 

The diagrams in the Phase 1 project report indicate substantial variation, both between the countries and 
the species analysed. This variation can be expl ained historically to some e xtent, such a s differences in 
requirements between species and co untries and i n the structure of the a nimal producti on of each 
country. In addi tion di fferences i n consolidation between the s tructure for cattle, pi g and poul try have 
been equally important drivers. It can be expected that the species specific drivers wi ll grow further in 
dominance over the national drivers. 
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4.1 Cattle 

Once having defined al l the i nterests of a Europe an common project, i t seems important to discuss the 
key issues for success. 

One of the main factors used to d efine the scop e of the a ctivities i ncluded i n the pro ject i s ani mal 
diseases. As described in the previous paragraph, there are a l arge number of non-noti fiable diseases in 
cattle production. The question arises: which one to start with?  
The idea accepted by the group is to set up a general framework which can be used for any disease. It 
would allow pro-action when there i s a new di sease to deal with. There are systems al ready existing in 
human health. 
However, it seems imp ortant t o id entify p ertinent d iseases that coul d ser ve as exampl es to define a 
common structure of data. The following relevant diseases in cattle were identified: Mastitis / Lameness / 
Bovine hypodermosis (warble) / BHV1(IBR/IPB) / Paratuberculosis / Pneumonia / Diarrhoea in calves. 

The objective of the project would be to facilitate the implementation of: 

  Harmonised recording systems: 
The definition of a precise methodology of data collection, with common procedures to be used by 
each actor involved – such as farmers, veterinarians or slaughtering houses – has to be given; 

  Harmonised architecture of data systems: 
The aim is to define all the elements, which are necessary for a common structuring of data e.g. 
data dictionary; 

  Harmonised guides for best practices: 
To enhance commitment of farmers and veterinarians, it is necessary to build a system which is 
able to identify and share knowledge and best practices amongst the actors in order to improve 
cattle health at farm level. 

The major hurdle for such a project is early and strong involvement of stakeholders. 
A return of information to all the stakeholders has to be a priority for success in this project. They must 
have a clear interest and get practical results in the short as well as in the long term. 
A benchmarki ng tool i s envisioned. Pi lot farms with effect ive data col lection systems will  show the 
feasibility and continuity, the real interests of the animal health management system for cattle farmers. 
The vo luntary p articipants in  EA DGENE c attle w orking g roup h ad t o d efine, whether it  is worth 
constructing a European project of Health Data Management for the cattle industry.  

5.0 Conclusions and Recommendations  
The motivation for a spec ies specific discussion as given in the previous chapters does also apply to t he 
drawing of conclusions and the formulation of recommendations.  

However, this shoul d not be i nterpreted that tho se concepts described in  one o f t he fo llowing species 
specific paragraphs cannot be applied to other species. The initial drivers and objectives for this project 
as d escribed in  c hapter 3  o f t his r eport a re id entical for a ll, as ill ustrated by the simil arities of the 
country/species / disease dimensions of data collection in Figure 6. 

There is no doubt, that future successf ul implementation of inter-operability in the field of animal health 
data collection and analysis will be dependent on the stakeholders involved. This stakeholder-base should 
be as comprehensive as possible. Any groups not involved in the preparation of this report and interested 
in the topic are invited to join. 
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Figure 6. Illustration of the similarity of the country/species/disease dimensions of data 
collection. 

5.1 Cattle 

Phase 2 of the EA DGENE AHDC project allowed the preparation of a  concrete project whi ch will improve 
the analysis of cattle health data to create more added value for the stakehol ders. It was onl y possible 
with the i nput from other countri es, wi th new country mappi ng real ised and a real  commitment in the 
project. 

There are se veral projects that will  be launched or are about to be l aunched in the EU and elsewhere. 
There is a real interest at international level to deal with this issue. 

For cattl e, a  speci fic wor king group was set-up. The concl usion from th is was that th ere are seve ral 
opportunities exi sting for European cattle product ion to share ani mal health data  to i mprove farm ing 
practices. To  achi eve thi s, i t is necessary to ha rmonise both recordi ng s ystems and systems of data 
analysis. 

A general overview of the project could be based on an approach with an existing method schemati cally 
represented in Figure 7. 

 

 

Figure 7. Schematic presentation of a general overview of the project for cattle. 
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The project concept would be divided in three big steps: 

1. Analysis of current situation and opportunity. 
In this step, we have to define precisely the procedure : who and how to get the data. 

2. Development of standards and best practices. 
The aim is to deliver a guide of best practices to implement the standards. 

3. Provide recommendations and definition of further steps. 
The final work is to get all the elements that ensure the strong involvement of stakeholders. 

The real isation of the cattl e project coul d be achi eved in  t wo ye ars. L imited o bjectives, a  s pecific a  
funding, limited number of parti cipants and the impl ication of the most advanced countri es are the key 
issues for this kind of project. 

As a conclusion it may be stated, that a general lay out of a cattle project is progressing. It will require 
substantial involvement of European and i f possible global stakeholders to reach our o bjective of cattl e 
health data management  and exchange. Phase 2 of EADGENE Animal Health Data Com parison (AHDC) 
has al ready achieved an i mportant step : to fe derate a smal l but motivated group possessing relevant 
technical e lements and ready to proc eed. It i s time for the next step: pr eparation and fundi ng of the  
Phase 3 project – thi s coul d be the job for a stakeh older wi de dedi cated working group.  It woul d be 
preferable i f thi s wor king group co uld work u nder/with the remi t of the major cattl e recordi ng 
body/bodies. 
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Real-Time QPCR-based DNA Mastitis Analysis using the preserved 
DHIA sample 

J. High  

Lancaster Dairy Herd Improvement Association, 1592 Old Line Road, Manheim, PA 17545, USA  

Abstract  

Real-Time PCR has dramati cally improved the u sefulness of the common preserved DHIA bov ine mil k 
sample. It allows for a quicker turn around time while utilizing a high-end technological test. This helps to 
identify many of the common mastiti s caus ing bacteri a wi thout the need for a steri le samp le. It 
dramatically cuts down the wai t time from up to 7  days to down to 1 day. The need for better,  more 
accurate results is a welcome change for the dairymen.  

Keywords: preserved DHIA sample, Real-time PCR, mastitis, bacteria. 

1.0 Introduction  
For decades in the dai ry industry producers have s trived to suppl y higher quali ty milk. Lancaster DHIA 
has a ided in  t his n eed by t esting fo r in dividual s omatic c ell c ount t hrough t he DHI A sa mples. T oday 
producers want to perform further testing to identify the source o f infection that is contributing to a high 
SCC. Lancaster DHIA saw the need for thi s servi ce and opened  a cul ture lab to assi st the producer in 
achieving a higher quality product.  

Producers are increasingly aware of management practices, and have used new resources like the culture 
lab to decr ease thei r average SCC. The averag e LDHIA rol ling herd SCC for 200 8 was 306,000; i t has 
decreased in 2010 to  an average of 2 67,000 SCC for 3, 000 farms wi th 210,000 cows.  Producers have 
discovered that by lowering their SCC they have not only increased their milk quality bonus but have also 
increased milk production. For example, if current SCC were decreased by half, there would be a gai n of 
1.5 pounds (.68 kilogram) of mi lk per cow,  per day, on average. With an increase in milk production of 
this magnitude, the potential increased revenue is a welcome reward. In the current economic landscape, 
maximizing milk production and qual ity is of utmost importance for success. Lancaster DH IA has made it 
a pri ority to hel p our members,  and  the agri culture communi ty, prosper whil e promoti ng a safe an d 
abundant fo od suppl y. We starte d a  new servi ce, PathoProof Real -Time qPCR-bas ed Mastitis Assay, i n 
October 2009, which will provide more accurate test results and the ability to use DHIA preserved milk. 
This assay is provided by Finnzymes Diagnostics of Finland.  

1.1 Tests Provided  

The real-time qPCR-based mastitis assay identifies and quantifies the DNA of 12 mastitis-causing species 
or groups an d the ß-l actamase to the producer, as well as thei r veterinarian. This will show the speci fic 
bacterial specie(s) along with sem i-quantification. The semi-quantification will show -,+ ,++,+++ for al l 
13 targets. The 12 bact erial targets are Staphylococcus aureus, Staphylococcus sp. (including all  major 
coagulase-negative staphylococci), Streptococcus agalactiae, Streptococcus dysgalactiae, Streptococcus 
uberis, Escherichia coli, Enteroroccus sp.(including E. faecalis and E. faecium), Klebsiella sp.(including K. 
oxytoca and K. pneumoniae), Serratia marcescens, Corynebacterium bovis, Arcanobacter pyogenes and 
Peptoniphilus (Peptostreptococcus) indolicus and Mycoplasma bovis. Approximately 25-4 0% of 
conventional mi lk cultures result in no bacterial growth. The real-time qPCR-based mastitis assay does 
not rel y on bacterial growth,  and as a resul t has 100% sensitivity for bacteri al i dentification. Wi th the  
ability t o t est DHI A p reserved s amples a nd milk  fr om a nimals t reated wit h a ntimicrobials, s ample 
collection is easier and resul ts more r eliable. Also, producers c an choose to set up regul ar qPCR testi ng 
regimens that utilize DHIA preserved samples.  
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1.1.1 How it works  

The first step is taken during the DHIA test day. The producer and field technician fill out the DNA lab 
form based on the needs of the dairy producer. Producers may specify which cows to test based on 
somatic cell count and clinical or sub clinical mastitis. Bulk tank analysis is also available as a screening 
method for contagious and environmental bacteria. The producer can pool samples to screen select 
groups of cows. Based on the pooled results, producers can determine which cows should be used for 
individual testing. Using this method, producers will reduce testing costs when trying to detect the 
contagious bacteria. Then the information is emailed to the veterinarian and a copy sent to the dairy 
producer. This information is analyzed for proper treatment and potential extended therapy treatment 
based on individual findings.  

1.1.2 The results  

A dairy producer has the ability to utilize several reports such as  the report below showing the results of 
a sample pool for the Major-3 Contagious Analysis.  

 
 

Next is an example of the results of the individual cows from the pool  
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This is an example of the results from the Complete-12 Full Panel Analysis for their 10 highest SCC.  

 

1.1.3 Conclusion  

In conclusion, the real-time qPCR-based mastitis test is fast, reliable and accurate. This allows us to give 
the r esults t o o ur d airymen in  a  t imely ma nner. T his a llows t hem t o ma ke mo re e ffective t reatment 
decisions leading to improvements in milk quality and milk production.  

As shown in this example, the dairyman started using the qPCR mastitis at the end of 2009. This allowed 
him to identify the top cows and has even lowered his already low SCC to an impressive 3 month average 
of 39,000 for 73 cows.  
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Abstract 

NMR has pr ovided an on li ne appl ication for use by customers si nce 2005 c alled Herd Compani on- an  
information management system for customers benefi ting from NMR (Nati onal Mil k Re cords) and NML 
(National Milk Laboratori es) servi ces. It all ows farmers and th eir advi sors to view fert ility, heal th, milk 
quality and disease i nformation on line i mmediately after the herd re cords have be en process ed and 
updated. 

The policy of NMR is to encourage the use of the data within the website by not only the farmer but al so 
the vet and farm advisors. Information such as somatic cell counts, results of disease tests such as BVD, 
Leptosirosis, I BR, J ohnes, r esults o f b ulk a nd in dividual cow masti tis pathogen te sts, (usi ng PCR  
technology) and bacto breakdown analysis are all available on the website.  

The Herd Co mpanion system al lows c ustomers to  vi ew key parameters w hich show tr ends and ca n 
highlight where performance of the dai ry herd i s not meeting expectations. Example areas such as  cow 
health (somatic cell counts % over 20 0, herd aver ages), feed monitor (using proteins to look at energy 
levels in the cow diet) and key performance indicators (of which there are approximately 15, such as milk 
per cow per year which highlights the importance of fertility management), all help the customer manage 
their herds and, importantly for NMR, makes the farmer reliant upon his records. 

1.0 Introduction slide 1 
I woul d like to present a bri ef talk on the Herd compani on website offered by NMR (National M ilk 
Records) 

NMR is the largest milk recording organisation in GB with approx 5,000 regular milk recording customers. 
Average herd size 150 cows. Approx 11,000 dairy producers in GB. 

NMR grou p also own Na tional Mil k Laboratories (NML) who c onduct paym ent testi ng s ervices for circa 
95% of GB dairy farms in addition to offering disease and mastitis pathogen testing. 

1.1 Introduction NMR locations, slide 2 

NMR owns 3 milk testing laboratories. 
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One in Harrogate that tes ts the Dai ry Herd Improvement samples and two payment test ing labs under  
the NML banner at Glasgow and Wolverhampton 

The red pins in the map indicate the milk haulier transport sample collection points which out vans collect 
from daily, delivering payment samples to the labs in Glasgow and Wolverhampton. 

1.2 Introduction NMR website, slide 3 

This is a view of the NMR website 

 

1.3 Introduction NMR website Herd companion location, slide 4 

Herd Companion can be accessed through the NMR website by clicking on the Herd Companion button at 
the top right of the screen 
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2.0 Herd Companion main menu, slide 5 
Once logged in the user h as access to a number of areas to hel p him manage his cows. Areas such a s 
health, fertility, mil k quality and di sease information are al l available, using data that  has already been 
recorded either from milk recording, his milk payment sample or samples sent in for testing. 

 

2.1 Accessing the system, slide 6 

Access is free and users of on farm software can gain free access to further interrogate the data using the 
Herd Companion Pro functionality 

Farm advi sors such as  ve ts, consul tants or nutri tionists can acc ess the  da ta for any of t heir farms, as 
long as the farmer gives permission. 
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2.2 Milk quality monitor, slide 7 

Dairy fa rmers h aving t heir b ulk s amples t ested by N ML fo r p ayment p urposes ( 95% o f a ll G B d airy 
farmers) can use Herd companion to access their payment results on line.  

They do not need to be milk recording wi th NMR, it i s free and they can al so access thei r disease and 
micro test results. 

 

2.3 Groups of customers, slide 8 

A benefit of a vet, consultant or feed advisor having access to f arm records as a thi rd party i s that they 
can set up their own comparison tables to look at the performance of their herds. Indeed one of the main 
drivers for us to set up the Herd Compani on website was to encourage the use of the farm advi sors- not 
only he lping their customers to i mprove effi ciency using data that has al ready been rec orded, but t he 
more we can encourage use of the records, the less likely the customer is to leave milk recording. 
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3.0 Cell count summary, slide 9 
I am goi ng to tal k you th rough a small  number of the avai lable reports and functi onality to gi ve you a 
flavour of what sort of information is available. 

The cell count summary report lists results for each animal tested, with the animal with the highest cell 
count at the latest recording at the top of the list. With the latest 4 milk recording results also showing. 

One of the most popul ar fi gures is the % contri bution to the herd,  for exampl e here cow li ne number  
2875 produced 13% of the bulk somatic cells at the last recording. 

 

3.1 Cell count types, slide 10 

Within Herd companion we try to distinguish between 4 types of infection: 
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  Cows with a first infection over a set cell count limit within the current lactation (new) 

  Cows with a mastitis infection at their first recording of a lactation only (first) 

  Cows wi th a  cell  count o ver the threshol d on mo re than one occasi on in t he current l actation 
(repeat) 

  And cows with a high cell count at the current and previous recording (chronic) 

 

3.2 SCC status, slide 11 

So- the red section is the chronic cows. 

This graph on a live herd shows that r oughly 15% of hi s herd have a chronic masti tic infection and that 
the trend, if anything over the last 15 months shows chronic infections to be increasing. 

In addition- if we look at dry period performance for the same period….. 
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3.3 SCC dry period performance, slide 12 

Here we are looking at somatic cell counts before and after a cows dry period. 

 
This graph displays trends in the four categori es of dry period performance over time and the key at the 
top indicates the cows which fall into one of the four categories. For example, the cows in the red section 
ended one lactation and started the next with a high cell count. 

The data are limited to cows that cal ved in the 300 days up to the currentl y selected recording date and 
require at least one milk recording in both the new and previous lactation.  

On thi s farm, there i s no real  deteri oration of the cows getti ng new i nfections but equ ally there is no 
reduction in the cows finishing one lactation with a cell count above the threshold and starting a new one 
stil with a high cell count. He may be well advised to test some of the cows in the red high to high section 
using t he P CR ma stitis p athogen t esting o n o ffer t o t ry a nd id entify i f t here is  a  p articular infection 
affecting the herd. 

4.0 Feed monitor ,slide 13 
The bars on the chart represent the average kg mi lk production of all cows milked on the corresponding 
recording da te. The poi nts show a reference val ue referred t o as the “Prot ein 3.2% i ntercept”. Thi s i s 
derived from plotting yield against protein for all  individual cows milked on the recordi ng date. A best-fit 
straight li ne through these gi ves a n i ntercept at a referen ce val ue of 3. 2%. Thi s intercept broadly 
represents the average dai ly yi eld at that month above whi ch the protein % of the milk drops b elow 
3.2%. If s ignificant numbers of cows are yi elding gr eater than the intercept l evel, th is may indicate 
energy deficiency in the cows.  
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The knock on effect from energy deficiency may well be ketosis which is linked to poor fertility, and I will 
explain why it is important later. 

4.1 Protein vs production slide 14 

Each point on thi s chart repres ents the protein % against mi lk yield for a cow mil ked on the recor ding 
date. The col ours and shape of the i ndividual points describe the ferti lity status and sta ge of l actation 
respectively of the cow.  

 
The bl ue li ne i s a strai ght li ne f itted by li near re gression through al l the poi nts to s how the overall  
relationship between milk quantity and protein %. The red line highlights the 3.2% protein level.  

As yield increases the protein % normally declines. In cows with severe energy problems this decline is 
accentuated. Where the blue "best-fit" line crosses the red 3.2% protein line gives the yield value for the 
"Protein 3 .2% in tercept". I t in dicates t he le vel o f mi lk p roduction ( in kg  mi lk p er c ow) t hat c an be 
sustained by the diet, whilst maintaining 3.2% protein in the milk.  
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In thi s case, the i ntercept i s at aroun d 25l  so th e farmer i s o n average  g etting 25  l  p er cow on the 
present di et without protei n dropping bel ow the 3 .2% level. However, it  is  c lear that a  number o f the 
cows in negative balance are in the 0-50 days pos t partum- exactly the cows he should be trying to get  
back in calf. It is this graph that feed advisors find particularly useful. 

In the next slide you can see that milk yield has risen to 35l with fewer cows below the 3.2% level- knock 
on benefits of better fertility. 

4.2 Average protein % , slide 15 

Just to illustrate the point, the graph here is from a live herd averaging 8,500 kg in 305 days. 

 
The blue line is a rolling 3 month protein percentage and just at the ti me when the protein takes a dip in 
the autumn of last year,……. 

4.3 Conception rate, slide 16 

There is a corresponding dip in the conception rate and……. 
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4.4 Calving- conception, slide 17 

A rise in the calving to conception interval. 

 
This d rop in  p rotein levels indicating a  shortfall i n the energy requirement in the di et o f hi gh yi elding 
herds, with knock on effects to the fertility performance is becoming more common 

5.0 Herdwise, slide 18 
Herdwise is a service we offer to our milk recording customers where we send thei r samples for Johnes 
disease testing fol lowing every thi rd monthly milk recording. We are testing about  22,000 samples per  
month currently and obviousl y, the m ore we can do with the s amples we a lready have, the better. W e 
introduced mastitis pathogen testing on bulk samples earlier this year and are due to introduce individual 
cow PCR testing using the NMR samples we already have, later this year. 
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Results are available via Herd Companion allowing the farmer quick access to the latest results. 

5.1 Herdwise report , slide 19 

The results are grouped into bands, easily identified with a colour, based on their antibody profile. 

 
Green colours indicate they are non in fected and non in fectious and ye llow colours indicate the cow is  
controlling the infection but may be in the initial phase of not controlling the infection. 

5.2 Herdwise report , slide 20 

Red cows are no longer controlling the infection. 
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The very fact that advi sors such as vets can view the farm data means that they can see the resul ts and 
advise the farmer accordingly. 

6.0 KPIs, slide 21 
Key Performance Indicators are rol ling 12 month averages (  which remove any seasonal  effects) whi ch 
allow a farmer to see how his farm is performing compared to other similar sized farms.  

 
It also allows farm advi sors to compar e farms, for exampl e a vet practi ce could look at performance of 
the herds at  thei r vets practi ce, sub di viding thei r customers to groups s uch as herd si ze, organic, 
channel Island breeds etc. 
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6.1 SCC KPI, Slide 22 

Farmers can plot their performance on many differing parameters and compare their performance to 50 
similar sized other random herds held within the NMR database . T he farm performance is indicated in 
yellow and is pl otted agai nst the oth er farms so that the farmer can see easi ly how he i s performi ng 
against other similar farms. 

 
Here for example the herd average s omatic cell count was just under 200 compared to a range between 
370 and 90 for 50 other farmers with a similar sized herd picked at random 

6.2 All KPIs , slide 23 

Here is a selection of some of the parameters that can be used as Key Performance Indicators. 
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7.0 Lifetime Yield, slide 24 
Finally I would like to show you a section about lifetime yield per cow-  

 
This is the true commercial contribution of cows to  the total herd performance in terms of milk produced 
during the cows life. 

Here the farmer can see the differences in milk produced by cows in differing lactations over the last 2 
years, and also the number of cows in each lactation group- let me explain why this is important 

7.1 Lifetime daily yield, slide 25 

This slide is a little involved but the 3 sections indicate months along the bottom, and the lactation curves 
we all understand and how the reproductive cycle works in the middle. 

 
It is the bottom section that is the interesting bit, plotting the net profit of an animal from birth. You can 
see that a s soon as the animal is born, it  s tarts to cost t he fa rmer money, feeding it , housing it  and 
looking after it. He then h as to pay for  semen and wai t until she calves before she starts  contributing to 
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income. However, it is a gradual process for her production to pay for not onl y her continued upkeep but 
also the money the farmer has invested in her since birth, and if she is in calf by the time she is 15 or 16 
moths old it will take unt il well into her 2nd l actation before she is contributing to the farm profi tability. 
Up until this point, the animal has been a drain on profit. 

The effect of not getting her in calf until 21 months, with her calving down at 30 months means that she 
will be well into her 3rd lactation before she contributes to profit. 

7.2 Average NMR lactations before leaving the herd, slide 26 

In NMR, this is the average lactation number animals reach before leaving the herd- currently averaging 
almost 2.5 lactations. The graph shows the trend (if any) over the last 10 years. 

 
It will be interesting to see i f this figure rises now that we have started to point out the financial benefits 
of keeping fit, fertile and healthy cows for longer. 

For information, the average age at leaving the herd in 2010 was 4 years 8 months. 

7.3 Average age at 1st calving, slide 27 

We are starti ng to see a trend i n the average age of heifers at  fi rst calving comi ng down so it will  be 
interesting to see if this continues. 
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7.4 True performers, slide 28 

So- w ith t he in formation available it is easy t o s ee t hat whereas t he t raditional t hinking o f in creasing 
yields was the way to increase profitability, it is becoming clear that a longer lasting well managed cow 
that does not suffer from poor fertility as a result of an energy deficient diet adds more to farm profit. 

 
There appears certainly to be the case  for, dare I sa y i t some cross bree ding bringing hybrid vigour to 
milk producing cows, leading to a longer productive period, thus maki ng a greater contr ibution to far m 
profits 

8.0 Conclusion, slide 29 
In conclusion, in NMR we want to encourage the use of the Herd Companion system by farmers and their 
advisors in order to help them make the right management decisions. 
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The use of a new sensor (Behaviour tag) for improving heat 
detection, health and welfare monitoring in different rearing 
conditions 
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S.A.E. Afikim, Afikim, Israel 

Abstract 

The milk production increase of the individual cow and the growth in dairy cow herd size in the last 
decades are generating new challenges for health and reproduction performance in the modern dairy 
farms.  

Detection of oestrus and early diagnosis of sick cows are important keys in the management of dairy 
farms. Monitoring the welfare and comfort of the cows is essential for health, reproduction and production 
of dairy farms and for the profitability of the herd. 

A newly developed sensor, a Behaviour tag, which records rest and activity behaviour of cows, is already 
employed in research and commercial dairy farms. This paper review studies and observations performed 
in these farms, exploring the applications of the new recorded data.  

Our observations support the assumption that incorporating lying behaviour data could improve heat 
detection under limited conditions such as tie stall barn and heat stress environment. Furthermore, lying 
behaviour is showing promising possibilities for improving the treatment of health disorders, by both 
specifying the disorder and reducing time for detection.  

In a survey that was performed in 6 Israeli commercial dairy herds (1808 lactating cows), the dynamic of 
daily rest time versus daily milk production was explored. It was found that the correlation between those 
two parameters changes along the lactation with correlations of -0.846, 0.628, -0.706, -0.843 and -0.466 
for 5-25, 26-50, 51-100, 101-200 and 201-305 DIM, respectively. Under the hot Israeli summer dairy 
cows spent less time resting compared to winter season (8.7 vs. 10.2 hours/day), this probably due to 
the heat stress and the intensive cooling procedures during the summer. The changes in rest time routine 
were found to be a sensitive tool for cow comfort assessment.  

Our findings suggest that integrating automatically collected rest behaviour data to computerized herd 
management systems has high potential to monitor cow welfare and comfort and to improve of heat 
detection capabilities and early diagnosis of sick cows. 

Keywords: Lying behaviour, cow, welfare, comfort, health, oestrus detection, pedometer. 

1.0 Introduction 
Increase of individual cow milk production and the size of the dairy cow herds in the last decades, 
generate new challenges for health and reproduction performance in the modern dairy farms. Detection 
of oestrus and early diagnosis of sick cows play an important role in the management of dairy farms.  

Monitoring the well being of the cows is essential for health, reproduction and production of dairy farms 
and for the profitability of the herd.  

Poor welfare usually leads to greater susceptibility to disease due to effects on the immune system as a 
function of having to contend with difficult condition (Broom and Corke, 2002). The OIE, Guiding 
Principles for Animal Welfare (O.I.E, Terrestrial animal health code, 2006) states that there is a critical 
relationship between animal health and animal welfare. Improving farm animal welfare can often improve 
productivity and food safety, hence leading to economic benefits. 

Schefers et al (2008), have identified stressful condition such as stocking density of breeding or high 
group pens as a significant negative influence on the overall herd average conception rate (Cited by 
Cook, 2008). 
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Furthermore, animal welfare is of considerable and growing importance from the social, political, ethical 
and scientific viewpoint (Clamari and Bertoni, 2009). 

Some authors suggest that among various animals’ direct reactions - total lying time and lying synchrony 
are key factor of cow welfare (Fregonesi and Leaver, 2002). According to Jensen (2005), “dairy cows are 
highly motivated to lie for 12 -13 h/day”. Mostly, authors define the rest target for a dairy cow as 12 -14 
hours/day. Erroneous management, climatic factors and health problems often prevent achieving these 
goals. 

In the last years, high efforts were invested in developing systems for evaluating animal welfare. 
Nevertheless, the current research apparatuses that evaluate animal welfare are expensive and time 
consuming (Sørenson, 2003 as cited in Ekman and Sandgren, 2006). For evaluating welfare and comfort 
status in commercial farm the situation is even more challenging. Different indices were developed but 
they are all subjective and based on visual observations, which require time and skilled labour. Bartussek 
(1998), stated about the ANI system, which grades important factors in animal rearing, that either no or 
very few animal based measurements or management variables are used in the currently systems used. 
Experiences from users indicate good repeatability in measurements at different visits and between 
different evaluators, but this does not mean that farms with the best or worst welfare are classified in the 
right category, or in other words, the validity of the index is not satisfactory (Cited in Ekman and 
Sandgren, 2006). 

Tolkamp et al. (2010) suggest that information on (changes in) standing and lying behaviour of cows can 
be used for oestrus detection, early diagnosis of disorders and evaluation of welfare consequences due to 
change in housing and management. 

The usage of time-lapse video-photography to monitor cows’ behaviour is expensive, time consuming and 
inconvenient for commercial farms. 

Recently, sensors fitted to cow leg were developed for monitoring activity and lying behaviour of cattle –
The IceTag (Ice Robotics, Roslin, UK), ALT-Pedometer (Brehme et al., 2008), and Pedometer PlusTM 
(S.A.E. Afikim, Israel). The latter is incorporated in the existing Afimilk dairy management system and 
Afifarm software and serves as a “Behaviour Tag”. 

The present paper discusses the use of this new tag for improving cow welfare and comfort, fertility 
(oestrus detection) and health (health problem detection).  

This paper focuses mainly on the relevance of lying (rest) behaviour of cows as an indicator for cow 
welfare assessment. Despite the growing interest this area has for the milk industry (breeders, 
researcher and consumer), there is still lack of automatic objective tools for monitoring and evaluating 
the in farm status. The primary interest of the authors is to examine and evaluate the potential use of the 
Behaviour tag for improving management procedures and facilities at the herd level. 

2.0 Pedometer PlusTM system – Behaviour Tag 
The Pedometer PlusTM system (S.A.E. Afikim, Kibbutz Afikim, Israel) is a novel sensor that supplies three 
parameters: Activity (steps/hour), Lying Time (minutes) and Lying Bouts (changing position between 
standing and lying). The tag is fitted to the cow leg (front or rear), the data is accumulated and 
transmitted to management software (AfifarmTM) each time the cow is passing an antenna (which could 
be located in the milking parlour, walkways or in the barns).The recorded data is analyzed and the 
information presented for the user. Fertility – improving heat detection 

2.1. Current reproduction status in dairy cows  

Reproductive efficiency in dairy cows is decreasing worldwide. This decrease is contributed mostly to the 
increase of milk production, but other factors also contributing include; increase in herd size, global 
warming, diets and others (Lucy, 2001; Sheldon and Dobson 2003). Lucy (2001) reviewed the decline in 
reproductive performance in many aspects – decline in first conception rate (CR) from approximately 
65% in 1951 to 40% in 1996 in New York (U.S.A.) dairy cattle, and decrease of CR from 55% in early 
sixties to approximately 45% for insemination at spontaneous oestrus and 35% in timed AI in recent 
publication.  

In addition, there is an increase in other reproduction parameters such as service per conception, open 
days and days to first insemination. The enlarging herds size and the intensive management increase the 
risk for mammary and uterine infectious which are risk factors for infertility in dairy cows (reviewed by 
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Lucy, 2001; Lavon, personal communication). The global warming which exposes more cows to heat 
stress for longer durations also contribute to the decrease of reproduction efficiency (Lucy, 2001).  

Furthermore, oestrus behaviour, intensity and duration have reduced in the last decades (Mcdougl, 2006; 
Seldon et al., 2004). Lucy (2007) stated that anovulatory and behavioural anoestrus is one of the four 
primary mechanisms that depress fertility in lactating cows. Under limited conditions like heat stress, 
early period of lactation and tie stall barn oestrus behaviour is even more depressed, increasing the ratio 
of "silent oestrus".  

Nebel et al. (1997) (Cited in Hansen and Arechiga, 1999) and DeSilva et al. (1981) reported that dairy 
cows in oestrus during the summer had 4.5-4.7 mounts per oestrus vs. 8.6-11.2 for those in winter, 
while Thatcher and Collier (1986) reported that the percentage of undetected oestrus periods in 
commercial dairy farms in Florida were estimated at 76%-82% during the hot season compare to 44%-
65% in the cooler season (review by Hansen and Arechiga, 1999).  

Heat detection ratio depend on the number of ovulation post partum, with much lower rates in the first 
ovulation compare to second and third (Peter and Bosu, 1986, cited by Frick et al., 2002). Ranasinghe et 
al. (2010) reported that incidence of silent ovulation was 55.2%, 23.8%, 21.3%, and 10.5% at the first, 
second, third, and fourth ovulations postpartum, respectively. 

2.2. The importance of oestrus detection 

Effective oestrus detection is essential for reproduction improvement (Foote, 1974, Frick et al., 2002; 
Gwazdauskas et al., 1982). Nebel et al. (2000) indicate that for the majority of dairy herds where 
artificial insemination is practiced, the limiting factor toward obtaining efficient reproductive performance 
is the failure to detect oestrus in a timely and accurate manner. The positive impacts of increased oestrus 
detection rates are: improved insemination results, controlled calving interval and total pregnancy rate 
(Stumpenhausen, 2001 cited by Frick et al., 2002). Frick et al. (2002) reviewed studies calculating a cost 
of 0.59-1.17 Euro per day of prolonged calving intervals and a cost of 1.52 Euro per cow per year for 1% 
decrease in CR. Annual losses to the U.S.A. dairy industry, due to oestrus detection failure or oestrus 
misdiagnosis, was estimated in more than US$300 million (Senger, 1994 cited by Nebel et al., 2000). 

2.3. Oestrus detection in different rearing conditions 

Frick et al. (2002) cited in their review, studies reporting difference in increase of activity during oestrus 
between cows kept in free stall barn and tied stalls. These studies report 14%-20% activity increase 
during oestrus in tie stalls compared to 93% of this increase in free stall. Cow in comfort stall housing 
changed their activity less distinct at the time of oestrus compare to cows in free stall housing (Kiddy, 
1976). Studies using activity for oestrus detection in free stalls and loose stall barns were reported 
detection rate of 72% to 100%, with error rate of 17%-51% and specificity of 96%-98% (review by Frick 
et al., 2002), while in tie stall barns detection rates using activity behaviour were 59%-80% and high 
false positive alarms up to 1.2 false positive for every correctly identified oestrus reported (Kennedy and 
Ingalls, 1995; Redden et al., 1992). In a study conducted in Japan deferent methods (neck pedometer 
vs. leg pedometers and diverse algorithms for defined activity deviation) in different rearing conditions 
(pasture grazing, open paddock and tie stall barn) were tested to evaluate efficiency and accuracy of 
oestrus detection in heifers using activity data. The best results for open paddock were of 92% efficiency 
and 100% accuracy (hind leg) and results of 87% and 82%, respectively were found for heifers in tie 
stall (front leg) (Sakaguchi et al., 2007). These results are better than other studies probably due to the 
fact that heifers are showing enhanced external oestrus behaviour signals compared to cows, and the 
extenuating of defining correctly identified oestrus used in this study. 

2.4. Improving oestrus detection by incorporate lying and activity behaviour 

Early in the eighties of the last century it was suggested that measuring standing time and activity could 
be used for heat detection in tie stall barns. Walton and King (1986) reported that number of changes in 
postural position during the previous night increased on the day of oestrus, but their results were 
disappointed with more false positives than true positives events. Lately it was reported that cows in 
oestrus do not lie down for 6-17 hours and that cycles with weak oestrus intensity or quiet oestrus 
recognize by the ALT pedometer, very frequently show oestrus symptoms only under measuring 
parameter "lying time" (Brehme et al., 2008). 
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Based on these reports and on the authors observations in commercial farms equipped with the 
Pedometer Plus system (Figure 1) we speculated that the integration of both activity and rest behaviour 
(rest time and rest bout) could improve oestrus detection in unfavourable condition such as heat stress, 
tie stall or free stall barns and ovulation in early stage of lactation. 

 

 

Figure 1. Example for two events (indicated by ellipses) of silent oestrus (low activity), detected based on 
integration of the slight increase of activity with parallel decrease in rest (lying) time.  

 

Initial results from study conducted in a large commercial Israeli farm (~500 milking cows), containing 
both free stall and loose stall barns, during the summer of 2009 (Kaim, personal communication), show 
difference of +5.2% of efficiency oestrus detection rate between cows housed in the loose barn compared 
to free stall barn when only activity measurements were analyzed. 

Currently models for improving efficiency of oestrus detection with respect to cow housing are being 
constructed. These models are being constructed from the integrated lying and activity data for different 
housing particularly for tie stalls. Figure 2 illustrates an example of an oestrus event detected for a cow in 
tie stall housing using integrated data of activity and lying behaviour. 

The data presented in Figure 2 are in full agreement with those obtained by Brehme et al., (2008). 

3.0 Health – early detection and prevention of health problems 

3.1. Rest behaviour as a potential tool for early detection of disease and 
health improvement in dairy cows  

There are numerous studies describing the correlation between lying time and health status of the cow, 
and the importance of adequate rest time for cow health in general and for the hoof health in particular 
(Broom and Corke, 2002; Cook et al., 2004; Fregonesi et al., 2006, Grant 2005; Grant, 2007; Grant 
2008; Jensen et al., 2005).  
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Figure 2. Example of oestrus behaviour (large decrease in rest time with simultaneously small increase in 
activity) of heifer housed in tie stall barn.  

 

It was suggested that identification of lying and standing bouts may provide information on animal 
behaviour that may assist in early detection of health problems (Tolkamp et al., 2010). Nevertheless 
there are limited works studying the use of lying behaviour for health problem detection. This is probably 
due to the difficulty of continuously measuring and monitoring such behaviour for prolonged time on 
large number of animals. Niss et al. (2009) reported that disease induced by oligofructose overload (i.e. 
ruminal acidosis and lameness) can effect lying behaviour in heifers. They concluded that both metabolic 
and leg problems appear to lead to a thwarting of the lying down motivation in cattle and potentially 
prevent the animals from lying down. Blackie (2008) reported that cows locomotion score 3 (1-5 scale) 
spent approximately 2 hours/day longer lying time than cows with locomotion score 1 and 2. Juarez et al. 
(2003) reported that the percentage of cow's lying time increased linearly with the increase of cow's 
locomotion score. Other publications supply the correlation of activity data (not including lying behaviour) 
with fresh cows disorders and lameness (Edwards and Tozer, 2004; Mazrier et al., 2006). 

Veterinary treatments and management changes are generally more effective when initiated at earlier 
stages in the disease process. Therefore, early identification of sick animal could improve animal welfare 
and reduce treatment cost (Gonzalez et al., 2008). Gonzales et al. (2008) declared that under the 
intensive condition of the modern dairy farm, tools to monitor the health status of cows can assist 
breeders to identify sick cow earlier. The implementation of such tools via computer-controlled programs 
can became valuable instrument for on-farm use. 

3.2. Using the Pedometer Plus system for early detection of health problems 

Our observations in commercial farms show that there is a wide diversity in individual cow response to 
different disease and painful events. Some disease such as abdominal pain or clinical mastitis can cause 
an increase in rest bout numbers and a decrease in the duration of each lying event (Figure 3). This is 
probably due to the pain and discomfort inflicted on the cow placing its body weight on the painful area, 
belly or udder, respectively. If the cow becomes too exhausted long lying durations are expected even at 
high pain levels during the recumbence time. Lame cows tend to lie-down for longer periods although in 
some cases a cow will prefer not to lie-down at all, because of the pain and suffering during the standing 
up and lying down process. Some of the events can be detected by using integrated data of rest 
behaviour, activity, milk production, milk conductivity, milk components (namely; fat, protein, lactose 
and blood) and body weight, measured by the integrated Afimilk system, while other events could be 
detected only by the changes in the rest behaviour. Figure 4 demonstrate a pre calving heifer diagnosed 
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by the herdsman as suffering from eye injury, following changes only in lying behaviour, detected by the 
Pedometer Plus system.  
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Figure 3. Changes in lying behaviour (lying time and lying bout) and milk production of cow suffering 
from abdominal pain (high increasing in lying bouts probably due to discomfort and pain during the 
recumbency). 

Several studies, aimed to explore and define the characteristic behaviour of specific diseases (lameness, 
mastitis, calving disorder, ketosis, acidosis and digestive problems) are currently conducted. 

The objective of these studies is to integrate behavioural data with additional parameters (milk quantity, 
milk conductivity, milk components and body weight) to improve detection of health disorders, and 
reduce time for detection.  

4. Welfare - Can cow behaviour be used as an objective measurement 
for evaluating cow welfare and comfort?  

4.1 Welfare assessment 

Animal welfare is a term that includes many different aspects which cannot be described by one 
definition. Calamari and Bertoni (2009), based on Fraser and Broom (1990) suggest that "level of welfare 
is not achieved merely by the absence of difficulties…, but by the herdsman's capacity to overcome them 
through genetics, management, feeding, hygiene, social environment, etc". 

Based on Calamari and Bertoni (2009), welfare assessment model for livestock herd can include two 
types of measures:  

1. Environmental parameters - describe the production and management system (e.g. feeding and 
drinking facilities, housing and bedding condition, etc.) – these parameters are indirect 
indicators, they are relatively easy, quick and reliable to record, nevertheless these indicators 
leads to "risk assessment", but not to an evaluation of their real effect on welfare status, which 
can be differ in different systems.  

2. Animals' reactions to specific environments - these parameters include behaviour, health and 
physiology data. Animals' parameters are direct indicators, they provide information on current 
welfare status, but in the other hand they do not point out the cause of impaired welfare.  

In this section we examine the relevance of dairy cow behaviour (namely – activity, rest time and rest 
bout) as an indicator for the cow welfare and comfort status. 
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Figure 4. Changes in lying behaviour with no change in activity behaviour of pre calving heifer suffering 
from injury near her eye (note the recurrence for normal lying behaviour flowing treatment that was 
performed on day -5). 

4.2. Are dairy cows’ activity and rest behaviour recordings by the Pedometer 
PlusTM system suitable indicators for welfare status?  

Once a new indicator is explored for its suitability to indicate any phenomena/status it is necessary that 
two properties are accomplished (Calamari and Bertoni, 2009): 

1. Validity – the degree to which measurement actually measures what is supposed to. 

2. Reliability – the variance between measurements. 

In addition three other properties are desirable: 

1. Feasibility – to be easily operated by trained people, to require limited time to be measured and 
to be cheap (Calamari and Bertoni, 2009). 

2.  Reduce the effects of mediation or interpretation of the data by people (herdsman, researchers 
and consultants). 

3. Automatic monitoring 24/7. 

4.2.1 Do cows’ activity and rest behaviour supply information on cow welfare status (Validity)?  

Deprivation of lying from cows was associated with increase in cortisol concentrations, reduced responses 
to ACTH challenges (Fisher et al., 2003; Munksguaard and Lovendal, 1993, both cited by Fregonesi et al., 
2007) and increase in ACTH concentrations (Munksgaard and Simonsen, 1996). Cook (2008) summarize 
that a failure to achieve adequate rest is causing a significant stress response. 

There are numerous studies that demonstrate the relationship between rest time and prevalence of 
lameness and hoof problems in dairy cows (Blackie, 2008; Cook et al., 2004; [Galindo and Broom, 2000; 
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Hassel et al., 1993; Philips and Schofield, 1994; all cited at Fregonesi at al., 2007]). Other studies 
indicate that rest time has higher priority for dairy cows when compared to feeding and socializing 
interactions (Batchedler, 2000; Metz, 1985, both cited by Grant, 2005; Munksgaard et al., 2005). 

A study performed using the Pedometer Plus system by Livshin et al. (2005), concluded that a lying 
sensor can serve as indicator for suitability of housing condition and animal comfort. It was also stated 
that lying behaviour for individual dairy cows can indicate cows comfort in different housing conditions 
and physiological status. Drissler et al. (2005) and Tucker and Weary (2004) measured the effects of 
different housing and bedding condition on lying behaviour in aim to identify the most comfortable 
system. 

Fregonesi and Leaver (2001) concluded that total lying time, lying synchrony, milk cell count and 
locomotion score are potential indicators for assessment of dairy cow welfare in different housing 
environments. Furthermore Weary and Tucker (2003) referred to Healy et al., (2000) work, summarized: 
"that this study provides some insight into behavioural measures likely to change if cow is uncomfortable, 
namely, time spent lying and standing, and the number of times she changes position between lying and 
standing". 

4.2.2 Is the Pedometer Plus system a reliable method for recording activity, lying time and 
bouts?  

Validation study of the system was performed at the University of Guelph, (Guelph, Ontario, Canada), it 
was concluded that the Pedometer Plus device appears to be a useful tool for the measurement of 
activity, including steps taken, number of lying bouts, and duration of lying time in dairy cows (Higginson 
et al., 2009). 

The use of Pedometer Plus system allows recording data 24/7 with no time consuming and with minimal 
interpretation needed.  

4.3 Review of studies and observations for evaluating dairy cows’ welfare 
and comfort performed by means of the Pedometer plus system 

 4.3.1 Survey of dairy cows’ rest behaviour in Israel  

A survey of Israeli commercial dairy farms, using the Pedometer Plus system for at least one year, was 
performed. The aim of the survey was to explore the rest behaviour of high producing dairy cows in the 
Israeli climate and intensive management conditions. Two aspects were analyzed: 

1. The rest behaviour characteristic during the 305 days lactation. 

2. The difference of rest behaviour between different times of the year (winter vs. summer) in the 
Israeli hot summer climate. 

4.3.1.1. Characteristic of rest behaviour during the lactation  

Data of daily rest time and milk production was collected from more than 1800 lactating cows in 6 Israeli 
herds from different geographic locations and varied sizes (range: 87 to 580 milking cows/farm). The 
average lactation graph of all cows is presented (Graph 1). Typical rest behaviour shows a decrease in 
rest time during the first 25 DIM, flowing by a sharp increase of daily rest time up to 150 DIM. A 
continuously yet more moderate increase occurs from 150 DIM and up, with highest rest time of about 
10.5 hours/day at 305 DIM.  
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Graph 1. The dynamics of daily rest time (minute) of Israeli-Holstein cows versus daily milk production 
(Kg) during the lactation. The displayed values represent average data obtained from 1810 lactating cows 
(from 6 herds) with an average production of 11,832 kg milk /lactation, during 2009-10. 

 

The authors suggest, that the decrease of the daily rest data in early lactation indicates the discomfort of 
many highly yielding cows during the metabolic stress, accompanied by the sharp increase of milk 
production during this stage in lactation.  

In the aim to explore the relationship between milk yield and rest time and based on our finding 
regarding the dynamics of rest behaviour during the lactation, the lactation period was divided to five 
sub-periods; 5-25, 26-50, 51-100, 101-200 and 201-305 DIM. It was found that the correlation between 
daily milk yield and daily rest time changes along the lactation. The results are presented in Table 1. It 
can be seen that during the early stage of lactation there is negative correlation. While milk yield is 
increasing sharply there is a decrease in rest time. As it was described, this may be due to the "metabolic 
stress" the cows suffer from the high demands of producing milk. In the next period, 26-50 DIM, there is 
positive correlation were the cows overcome the "metabolic stress" while milk yield is still increasing. 
From 50 DIM and up to 305 DIM the correlation is inverted again and daily rest time is increasing 
continuously while milk yield is decreasing. The largest correlation was found to be in the periods of 5-25 
DIM and 101-200 DIM (-0.846 and -0.843, respectively). The smallest one was in the period of 201-305 
DIM (-0.466). The results were highly significant for most of the periods in all the farms but farm 5 (the 
smallest farm). The reason for that is not known. Data from this farm was excluded from the average 
calculations. 
 

Table 1. Pearson correlations between daily lying time and milk yield during different stages of lactation 
in 6 Israeli dairy farms (range: 87 to 580 milking cows/farm). 
 
 Pearson Correlation 
DIM Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Farm 6 Average1  
5-25 -0.580b -0.886b -0.886c -0.952c -0.138 -0.924c -0.846 
26-50 0.291 0.677c 0.547b 0.871c 0.231 0.756c 0.628 
51-100 -0.652c -0.707c -0.827c -0.536c -0.237a -0.807c -0.706 
101-200 -0.726c -0.795c -0.898c -0.948c 0.134 -0.848c -0.843 
201-305 -0.586c -0.668c 0.041 -0.537c -0.322c -0.581c -0.466 

a=P<0.1, b= P <0.001, c= P <0.0001 1 – Pearson correlation parameters of farm 5 were excluded. 

 
Our observation is in agreement with other works, which found that lactating cows 6 weeks post 
parturition spent less time lying compared to 12 weeks post parturition (Blackie et al., 2006) and that 
cows in early lactation spent significantly less time lying than those in late lactation (Bewley et al., In 
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press). Nevertheless to the authors' knowledge this is the first work to describe the dynamics of rest 
behaviour during the entire lactation of such a large population of dairy cows.  

4.3.1.2 Characteristics of rest behaviour during different times of the year (winter vs. summer) 
in high yield cows under the Israeli climates condition (heat stress during the summer) 

The rest behaviour and the milk production in 7 Israeli high producing dairy farms were investigated. All 
farms conduct three milking sessions a day. The farms are located in different geographic regions and 
climate conditions. Data was collected during three month of winter and three month of summer 
(January-March 2009 and July-September 2009, respectively) (Table 2). It was found in all farms that 
during the summer the cows rest less time (in average 88 minutes less) and produced less milk (in 
average 3.96 kg/day). The reasons for the decrease in rest time is probably mainly due to cooling 
management which in most of the farms is done before and between milking in the holding pen, 
restricting the available rest time. However, when comparing between individual farms it seems that 
some farm overcome this obstacle better than others, suggesting that management procedures are an 
important factor in increasing rest time. The higher coefficient of variation (CV) of rest time during the 
summer compared to winter time (6% vs. 4.25%) could be another indication of the influence of different 
cooling and management strategies treating this phenomena (the reasons for the decrease in milk is not 
discussed in this paper). 

 

Table 2: Average daily rest time (hours) and milk yield (kg) in 7 Israeli dairy cow herds during winter 
(January-March, 2009) and summer (July-September, 2009). 
 

 Daily Rest Time (hour) Daily Milk Yield (kg) 
Ratio  

Summer:Winter* (%) 
 Winter Summer Winter Summer Rest time Milk yield 
Farm 1 9.53 7.91 39.37 35.65 83 91 
Farm 2 10.05 8.86 41.21 37.75 88 92 
Farm 3 10.05 7.91 37.41 33.44 79 89 
Farm 4 9.85 8.91 36.66 33.84 90 92 
Farm 5 10.42 8.94 40.53 37.94 86 94 
Farm 6 10.90 9.07 36.82 31.72 83 86 
Farm 7 10.05 9.03 38.17 32.13 90 84 
Average ±SD 10.12 ±0.43 8.66 ±0.52 38.60 ±1.81 34.64 ±2.53 86±4.25 90±3.41 
CV (%) 4.25 6.00 4.69 7.30 4.94 3.79 

*Ratio Summer: Winter – the ratio between daily rest time or milk yield in the summer compared to winter, calculated 
as = (summer parameter/winter parameter)*100 
 

It was found that in farms under similar heat stress conditions, equal temperature humidity index (THI) 
levels, there was a significant difference in rest time during the summer (data not presented), this is 
probably due to differences in cooling strategy and facilities used in the farms. 

The reduction of rest time during heat stress is in agreement with other studies (Cook et al., 2007; Lee 
and Hillman, 2007; [Shultz, 1984 and Zahner et al., 2004 both Cited by Cook et al., 2007]).This 
reduction was attributed to increase in standing time which provides a thermal advantage, due to 
increase surface area for cooling while standing (Lee and Hillman, 2007). When the in diurnal rest 
behaviour of one farm was examined, it was found that during the summer the cows rest less time during 
the day (light hours) compared to winter (18% of available time vs. 34%), while in the night (dark hours) 
cows rest for longer time (65% of available time vs. 55%) in the summer. These findings suggest that 
the reduction of rest time during the summer is due to the large decrease during day time, because of 
the heat stress and the intensive cooling management. The cows tried to compensate for this reduction 
by increasing rest time during the cooler and quiet hours at night. 

Based on observations in the farms, it was speculated that rest behaviour is a more sensitive indicator for 
cow welfare and comfort than milk production, and deviations in this behaviour will precede changes in 
milk production at the herd level. This speculation was confirmed in many events. We explored the time 
relation between daily milk production (kg/day) and daily rest time in a commercial farm comprising 68 
milking cows with an average of 12,708 kg milk/cow/lactation during the summer (2007). The results are 
presented in Graph 2. It can be seen that under heat stress conditions (indicating by THI data) the 
negative change rate of lying time was more excessive and appeared earlier to the decrease of milk yield. 
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With the end of the hot season the lying time increased rapidly to the maximal steady level, followed by 
the increase of milk yield which took much more time to restore. 

  

 
Graph 2. Changes of daily milk yield (kg) and lying time under heat stress conditions (data from 68 
milking cows, average milk yield 12,708 kg milk/cow/lactation, May-December, 2007). 
*Data of milk yield and lying time is presented as percentage of ten days average from the average of the entire 
period. 
 
In future studies, different cooling methods and strategies will be explored using the lying time and rest 
behaviour as indicative parameter for the comfort of the cows.  

4.3.2 Studies and observation for incorporating the Pedometer Plus system as a tool for 
evaluating cow welfare and comfort  

In the last three years the Pedometer Plus system was installed in some research and commercial farm. 
Some of the studies and observations performed in those farms are reviewed below. 

Adin et al. (Personal communication) tested the influence of increasing stock density of high yield dairy 
cow in loose stall barns. Cows in higher density (14.8 m2/cow vs. 19.4 m2/cow) rest 72 min/day less than 
the control group. It was also found that there were higher standard deviation (SD) values in the number 
of rest bout for the cows in the higher density group. It is the authors speculation that these higher SD 
values could indicate that some cows in that group (sick cows, low hierarchy) are influenced more by the 
high density than others (sound cow, high hierarchy). This speculation is based on other studies which 
demonstrate that young cows (primiparous) and lame cows suffer more when overcrowding compared to 
older cows (multiparous) and healthy cows (Grant, 2007). 

Guash and Bach (2009) studied found a decrease of lying time and increase of activity when cows were 
moved from pens. These changes were more pronounced in primiparous than in multiparous cows and 
could be observed up to 4 weeks after the move. 

Maltz (2006) investigated the effect of twice daily forced cooling (each one for one hour) management on 
the rest behaviour of milking cows. He reported that forced cooling cows for one hour twice daily during 
the summer does not impaired quantitatively with normal cow behaviour. These findings support our 
intuition that incorporating lying behaviour for evaluation of different cooling managements, could lead to 
a strategy that will improve heat stress relief with minimal interference of cows rest needs.  

In one commercial farm using the behaviour tags, it was found that the rest time of three groups of cows 
housing in a free stall barns was much lower when compared to cows in adjacent loose stall barns. In the 
same day the bedding in those three barns was treated, and a sharp increase (from 420 minutes/day up 
to 500 minutes/day) was observed in less than one week (Figure 5). 
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Treating the bedding 

Treating the bedding 

 
Figure 5. Extensive increase in daily rest time of cows in three free stall barns due to improving of the 
bedding (~500 milking cows commercial farm, south of Israel, July 2008). 
 
This observation and others (not presented) support the highly potential use of automatic rest behaviour 
recording as a powerful management tool for monitoring and improving cows comfort and welfare status 
in commercial farms. 

5. Discussion 
The modern dairy farms introduce new challenges for breeders, veterinarians and consultants in all 
aspects of the dairy industry (management, housing, nutrition, reproduction and etc.). Reproduction 
performance and health problem of dairy cows have been two area of high interest for the dairy industry 
for long time and have been studied for many years. Yet, the results in many farms are not satisfying. 
Cow welfare and comfort is a relative new area of interest. Significant amount of research performed in 
the last two decades emphasize the importance of this topic for the productivity, fertility and health of 
the individual cow and overall herd performance. 

Lying behaviour of cows provides valuable information which could be useful for improving oestrus 
detection in unfavourable conditions. In addition, this data can enable early detection of health problem 
and diseases, and be applied for monitoring cow comfort as an indicator of the facilities and management 
procedures in the herd. 

The introduction of a new commercial "Behaviour Tag" (Pedometer PlusTM, S.A.E. Afikim, Israel) which 
records activity and the rest behaviour (rest time and rest bouts) of each cow 24 hours/day, and the 
integration of this newly data in a computerized farm management system open new opportunities for 
herd managers and researchers. 

Data that has been collected in commercial and research farms using the Pedometer Plus system 
illuminates the high potential of this system to improve oestrus detection performance and early 
detection of health problems. Furthermore, integrating of activity and lying behaviour data (particularly 
the latter), could be used for developing objective and automatic parameters for a cow comfort 
assessment system. This system will comprise the advantages of the automated recording of reliable 
data 24 hours a day on the overall individuals comprising the herd. Furthermore, the integration with 
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other data collected by the herd management system (milk quantity, milk conductivity, milk components 
and body weight) has the potential for improving and fine tuning the assessment system.  

The automatic daily monitoring of lying behaviour in 7 Israeli dairy farms enabled us to reveal: 1) the 
dynamics of cows’ lying behaviour in different seasons of the local climatic condition; 2) the dynamics of 
the cows’ lying behaviour along the entire lactation; and 3) the changing relationship between the lying 
time and milk yield in different stages of lactation. It was found that changes in routine lying behaviour of 
cows are more sensitive and provide earlier indication of cow welfare disturbance than changes in milk 
production. 

Additional studies are required to develop easily operated models for herd managers and breeders, and 
to explore methods for optimization of rest behaviour in high producing dairy cows under the intensive 
conditions of modern farms. This last area of studies, will have to focus on investigating improvement of 
housing and other facilities conditions as well as management procedures like; cooling, mass treatments, 
feeding protocols and the timetable of these procedures in the daily farm routine.  
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Using integrated solutions to achieve high levels of performance 
recording in beef herds 
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Abstract 

In 2007, the number of calves registered from beef herds in Irela nd with sire details was 
168,000. In 2008, it was 741,00 0. This represents  an increase of  over 440 %. Having an 
integrated approach to performance recording whereby all dat a recorded f or st atutory and 
non-statutory pu rposes are u tilised in  a cen tral cat tle breedin g dat abase has h ad a major 
impact on Ireland’s ability to provide genetic evaluations to farmers.  

Using a common infrastructure for recording official birth registrations and cattle breeding data 
has great ly simpl ified t he pract ical dif ficulties of  obt aining ph enotypic perf ormance dat a on 
beef cattle. Integrating the capture of the key cattle breeding data into a Suckler Cow Welfare 
initiative in  2008 ha s had a  dr amatic effect  on the num bers of animals with genetic  
evaluations. Many of the key performance meas ures (e.g. ease of bi rth, we aning wei ghts, 
slaughter w eights, carcass w eight & grade,  age at  f irst calv ing, ease of  c alving, calv ing 
interval, and maternal weaning weight) that are required to  ca rry out effective genetic 
evaluations u sing dat a f rom commercia l bee f cattle are already being captured in vario us 
systems. T he key is to ensure that the sire of  the anima l is captured at birth so tha t any 
performance data subsequently collected on the animal can be used in genetic evaluations.  

Keywords: Performance recording, ICBF, Animal events. 

1.0 Background 
The purpose of this paper is to describe the key fac tors that have contributed to ICBF’s a bility to del iver 
dramatic increases in beef performance recording. 

In the peri od leading up to 2002 th e infrastructure supporting performance recording in beef herds was 
on a very small scale, focused only on pedigree animals, and was significantly lacking in integration. The 
challenge was to (a) achieve the integration and (b) achieve high levels of uptake among beef farmers.  

The core elements of the increase in beef performance recording over the past 10 years are: 

  A centralised cattle breeding database. 

  Department of Agriculture (DAFF) animal registration and movement systems. 

  Animal Events recording. 

  Animal Welfare, Recording, and Breeding Scheme (AWRBS). 

  A culture of sharing and cooperation. 

The effecti ve combi nation of the above el ements ha s all owed Iri sh beef breedi ng the o pportunity to  
significantly increase its profitability from breeding through increased genetic gain 
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2.0 A centralised cattle breeding database 
Prior to the set-up of ICBF i n 1998, and the esta blishment of it’s central cattle breeding database, Irish 
cattle breeding data was  spread across some 4 0 different systems. The est ablishment o f the databa se 
began a  r emoval o f d uplication a cross t he in dustry and all owed the bre eding i ndustry to establ ish a  
database of a scale that would allow exponential growth. Web based technology has be en employed to 
provide servi ce providers and herd-owners wi th di rect access to  the database to both record data and 
retrieve information. 

3.0 Dept of Agriculture Registration and Movement Systems 
The 1996 implementation of the EU Directive on the identification of cattle in Ireland preceded the setting 
up of the ICBF database  by some 6 years,  but was a critical element i n the feasi bility of the effi cient 
establishment of that da tabase. In Irel and, we were fortunate that DAF F and i ts ag ents were very 
effective in implementing the new  registration and movement s ystems. DAFF and i ts agents have been 
very cooperative in sharing the registration and movement data. 

The single biggest impediment to effective integration of data a cross systems with performance data on 
beef cattle was the l ack of a common identifier for that animal. As part of th e migration of data to the 
cattle breeding database, many di fferent forms of identification had to  be managed, with a given animal 
often having a different identifier in each system in which that animal existed.  

The a dvent of the si ngle l ifetime i dentifier (the offi cial tag) for an animal, whi ch prec eded t he 
establishment o f t he I CBF d atabase, played a  key r ole in  h elping r emove d uplication in  fa rm le vel 
recording. It  al so meant that data gathered from marts and sl aughter factories was readi ly usable, a s 
they were using the official tag number to identify all animals.  

4.0 Animal events recording 
Prior to the launch of A nimal Events recordi ng in 2002, pedigree breeders were requi red to record the  
same data multiple t imes for d ifferent purposes (DAFF calf regi stration, herd-book regi stration, ca lving 
surveys, etc). The l aunch of An imal Events recordi ng put i n place a robust , easy to use sol ution, that 
removed duplication of effort on the pa rt of the farm ers, and reduced errors in cattle breeding activities 
due to i nconsistencies arisi ng betwee n systems (e.g. di fferent bi rth dates on the cal f passport to t he 
pedigree certificate). 

The critical aspect of A nimal Events from a commerci al beef herd p erspective was that there was no w a 
mechanism by whi ch the si re of a cal f cou ld be r ecorded as a  matter of c ourse when completing calf 
registration activities. In Ireland, the number of sire s recorded on beef catt le has ri sen from 80,000 in 
2001 to over 900,000 (90% of the total beef calves born) in 2009.  

5.0 Animal Welfare, Recording and Breeding Scheme (AWRBS) 
While beef c attle breeding in Ireland had an exc ellent infrastructure with which to work, the number  of 
herds fully engaged with the system was still only 20%-25% of what it potentially could be. In 2008, a 
visionary initiative by DAFF, and supported by farm representative organisations, was launched. The core 
aim of the scheme was to improve animal welfare and breeding practices on beef farms.  

The key elements of the scheme were: 

a. the recording of the sire and calving ease for each calving in the herd; 

b. the recording of meal  feeding at l east four weeks prior to weaning, as wel l as any di sbudding or 
castration information relating to the calf, and  

c. the recor ding of weani ng dat es, as  well as a ca lf quali ty an d cal f doci lity score at  weaning. 
Farmers receive a €40/cow annual payment to cover the extra costs associ ated with compliance 
with the scheme conditions. 

From a cattl e breeding perspective, it had two dra matic impacts. Firstly, it got almost all  beef breedi ng 
herds of si gnificance engaged with the cattl e breeding database. Secondly, it resulted in a 100 0% plus 
increase i n the number of beef cal ves wi th recorded  si res, and i t di d so  i n a manner that coul d be 
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sustained over time, via the Animal Events system. This was a critical element to increasing the number 
of commercial beef cows for which ICBF could generate genetic evaluations. 

Once farmers have engaged with the scheme, it is intended that they will see the benefits of the activities 
associated with the scheme (from a he alth/welfare and breeding perspective) and will  continue to carry  
out the measures even if a supplementary payment is not forthcoming from the government. 

6.0 A culture of sharing and cooperation 
A fi rst c lass i nfrastructure of systems  and data bases wi ll stru ggle to achi eve i ts pote ntial if i t is not 
supported by a cul ture of  shari ng of data. Thi s i s pri marily because the  ke y to effecti ve p erformance 
recording is to collect the data once (perhaps to fulfil statutory or regulatory requirements), and then use 
that data for multiple purposes. Of course, this has to be done with the full consent of those who own the 
data (DAFF, farmers, sl aughter factories, marts, etc). Much of t he data is commercially sensitive, so it is 
critical that it is used appropriately. 

In ICBF, as  a non-commerci al enti ty, thi s cul ture has been core to the organi sation, and i t has  been  
supported fully by DAFF, farmers, and other cooperatives throughout the Iri sh agriculture industry. As a 
result, ICBF has been a ble to achi eve high levels of beef perfo rmance recording, which can be used to  
help maximise the profit from genetic gain for the benefit of Irish beef farmers and the wider industry. 

7.0 References 
ICBF Annual Report 2009. http://www.icbf.com/publications/files/Annual_Report_for_2009.pdf

Animal Welfare, Recording and Breeding Scheme http://www.icbf.com/services/suckler/index.php  

ICBF Website. www.icbf.com – go to “bull search” and enter “CF52” to access detailed information. 
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Abstract 

Beef product ion remai ns the si ngle largest seg ment of Am erican agri cultural producti on and is a  
geographically di spersed production system wi th many i ndependent pl ayers i n each industry segm ent. 
Economic signals for changes in genetic merit or product attributes are often not clearly communicated in 
pricing systems. Seed stock and commerci al pr oducers hav e effecti vely utili zed per formance record  
collection sc hemes over the past 4 0 years to make remarkabl e changes in the geneti c meri t of b eef 
cattle. Over ti me, the suite of trai ts included in genetic evaluation system conti nues to evol ve and now  
includes measures of gr owth, carcass meri t, repr oduction, survi val and temperamen t among oth ers. 
Work c ontinues t o d evelop e fficient mu ltiple t rait selection systems via i ndustry-wide or fi rm-level 
customized indexes. Participation in performance record collection systems by seed stock breeders in the 
US is at unprecedented levels as breeders seek to di scover uni que geneti c combi nations among thei r 
cattle. Development of ef fective molecular genetics assays that describe significant portions of addi tive 
genetic variation for a number of beef production traits remains a priority for research and development 
efforts in the US. Industry and academic leaders continue work to realize convergence of molecular and 
traditional quantitative genetic evaluation systems fo r efficient del ivery of geneti c predictions for use i n 
selection by beef cattl e bree ders. Economi c cons traints cont inue to affect both academi c and breed 
focused institutions motivating the p rivatization o f genetic evaluation services in  the US. Undoubtedly, 
selection at the seed sto ck and commerci al levels by US beef producers will cont inue to adopt new  
technologies and methods  that enhance the val ue and improve the nutri tional benefits of US  beef whil e 
simultaneously improving animal health and well-being, minimizing environmental impacts and meeting 
the dietary needs of a hungry world. 

Keywords: beef cattle, performance records, genetic evaluation. 

1.0 Introduction 
Beef cattle production represents the largest single segment of American agriculture. In 2007, there were 
96.3 mil lion cattle i n the United States i ncluding 32.8 milli on beef cows. Producers of beef cattl e were  
responsible for more tha n $61 billion i n added value to the U. S. economy,  as measured by th eir 
contribution to the national output. Approximately 765,000 farms or ranches in the Uni ted States report 
raising beef cattle as an economic activity (USDA, 2009a).  

2.0 US beef industry structure 
The be ef i ndustry i n the  US  spans nearl y every ge ographic regi on. The wi de range i n envi ronments 
requires a  wide va riety o f p roduction systems and b reed u tilization. The geographic d ispersion o f beef 
cows, principally in areas where grazing is the preferred land use as the acreage is not suitable for crop 
production, is i n stark c ontrast wi th the cattl e f eeding segm ent of the industry.  Cattl e feedi ng, in 
confinement facilities, is concentrated in the hi gh plains states (Nebraska,  Kansas, Colorado, Oklahoma 
and Texas) n ear feed sou rces. Weather in these stat es is much more favourabl e for cattle feedi ng. Not 
surprisingly, a majority of the US beef  packing capacity is located in this region. Seed-stock production 
closely mirrors the commercial cow-calf inventory. The US beef industry remains fractured in both capital 
ownership and structure. Little vertical integration has occurred in the US beef i ndustry due to the l arge 
capital costs to enter the business regardless of point of entry. These barriers are enhanced by significant 
price ri sks that exi st bet ween segm ents of the b eef in dustry. Be ef in dustry segments are pri ncipally 
defined at market interfaces as illustrated in Figure 1 below.  
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Since the mi d-1990s, va lue based purchasing systems that price fed cat tle at packi ng l evel on an 
individual basi s based on  carcass m erit have been  expandi ng. Now more t han 50%  of fed cattl e a re 
marketed on individual merit based pricing systems (USDA, 2009b; USDA 2009c) with the balance being 
sold in groups with an average price paid for each animal in the pen. Value base marketing systems have 
been a vehi cle for communi cating val ue in the beef marketi ng chai n. However, unl ess an i ndividual 
producer r etains s ome own ership in terest in  t he a nimal u ntil h arvested, it is  ve ry d ifficult t o o btain 
meaningful information o n carcass m erit. A var iety of  marketing al liances exi st i n the US that assist 
commercial cow-calf producers in managing and marketing their cal ves through the feed ing segment to  
harvest. Rel atively few producers tak e advantage of this ve rtical i ntegration system due to p rice r isks 
associated w ith feedi ng cattl e. Several  systems i n th e US work to ‘i nformationally’ i ntegrate th e beef  
industry by communi cating carcass m erit data back  to cow-cal f producers that were res ponsible for t he 
mating deci sions and reari ng of the resul ting calf. Ev en l ess data i s returned to seed s tock producers  
regarding the performance of progeny of herd sires they may have bred. 

 
Figure 1. Illustration of germplasm and animal flow is the segmented US beef industry. 

 

The lack of c lear market si gnals between segments of beef industry, especially between the commer cial 
cow-calf producer and feed yard, has resulted in a great deal of heterogeneity in the animals marketed 
for beef production in the US. Selection decisions at the cow-calf and seed stock levels are then driven by 
perceived needs of customers. The genetic trends of vari ous breed expected progeny differences (EPD) 
values fo r r eported t raits p rovide a glimpse in to t he se lection b eing p racticed in  t hese b reeds. EP D 
provide a relative measure of genetic merit for individuals within a pedigree structure and are compute d 
using information from performance records. Figures 2 and 3 illustrate the phenotypic and genetic trends 
for b irth we ight ( BW) a nd ye arling we ight ( YW), respectively, fo r An gus b ulls in t he US. R egression 
analysis (data not shown) reveals that changes in BW and YW EPDs explain large portions of the variation 
(95% and 96%, respectively) in observed BW and YW in Angus bulls. The utility of EPD as a selection tool 
for genetic change is unparalleled and the technology had been widely adopted across the seed stock and 
commercial cow-calf sectors. Figures 4-7 illustrate the genetic trends in eight major US beef breeds. The 
genetic trends il lustrate that, general ly, seed stoc k producers  have sel ected to moder ate BW,  whil e 
dramatically improving we aning we ight ( WW), YW  a nd Milk performance. I t is  c lear t hat s eed s tock 
producers from these breeds are utilizing EPD to change the relative merit of progeny produced in their 
breeding herds. The chan ges in merit in these trai ts are made in response to the purchase demands of 
commercial cow-calf producers. 
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Figure 2. Angus bull birth weight phenotypic and genetic trends. (adapted from Am. Angus Assn., 
2010a). 

 

 
Figure 3. Angus bull yearling weight phenotypic and genetic trends. (adapted from Am. Angus Assn., 
2010a). 
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Figure 4. Birth weight EPD genetic trends converted to Angus base using USDA-MARC across breed EPD 
adjustment factors for eight major US beef breeds where AN=Angus, AR=Red Angus, HH=Hereford, 
CH=Charolais, GV=Gelbvieh, LM=Limousin, MA=Maine Anjou, SM=Simmental. 

 

 
Figure 5. Weaning weight EPD genetic trends converted to Angus base using USDA-MARC across breed 
EPD adjustment factors for eight major US beef breeds. where AN=Angus, AR=Red Angus, HH=Hereford, 
CH=Charolais, GV=Gelbvieh, LM=Limousin, MA=Maine Anjou, SM=Simmental. 
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Figure 6. Yearling weight EPD genetic trends converted to Angus base using USDA-MARC across breed 
EPD adjustment factors for eight major US beef breeds where AN=Angus, AR=Red Angus, HH=Hereford, 
CH=Charolais, GV=Gelbvieh, LM=Limousin, MA=Maine Anjou, SM=Simmental. 

 

 
Figure 7. Milk EPD genetic trends converted to Angus base using USDA-MARC across breed EPD 
adjustment factors for eight major US beef breeds where AN=Angus, AR=Red Angus, HH=Hereford, 
CH=Charolais, GV=Gelbvieh, LM=Limousin, MA=Maine Anjou, SM=Simmental. 
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3.0 Proliferation of EPDs 
As beef cattl e breeders became mor e skill ed at ph enotype c ollection a nd u se o f EP D, interest in 
expanding the suite of traits evaluated became strong. At least a portion of the motivation to expand the 
traits evaluated came from the fact many trai ts, not just BW, WW, YW and MILK i mpact the profi tability 
of beef pro duction. In fa ct, as produ cers sel ected for l arger weani ng and yearl ing weights the genetic 
antagonisms became qui te obvi ous ( Koots et al., 1994).  The  correl ated response s to sel ection for 
improved pre- and post-weaning growth included larger birth weights, increased dystocia, larger mature 
cow wei ghts, and i n some cases  lower body condi tion and redu ced repro ductive rates. Th ese 
antagonisms, in conjunction with the concept of ec onomically relevant traits (ERT; Golden et al., 2000), 
motivated a wave of phe notype col lection and gen etic evaluation research  to produce EPDs for cal ving 
ease, gestation length, stayability and hei fer pregnancy. ERT are trai ts that are directly associated with 
costs or revenues as viewed by the  producer i n the context of thei r producti on/marketing system. 
Indicator traits, then, are those trai ts observed i n the production system that are geneti cally correlated 
with an ERT. In instances where it  is  cost prohibitive or otherwise difficult to collect phenotypes on an 
ERT, the indicator trait is utilized in selection thus relying on the correlated response for improvement. 

More r ecently, beef producers have become mor e concern ed wi th end-pr oduct attri butes throu gh the 
proliferation of individual carcass merit based pricing systems, the emergence of branded or specification 
beef product channels and through campaigns such as the Nati onal Beef Quality Audit that highlight the 
ability o f beef products t o sati sfy do mestic cons umer demand s. The qual ity shortcomi ngs and def ects 
identified by these industry-wide surveys of carcasses (NCBA , 2000; Roeber et al., 2002; Garcia et al., 
2008), products and perceptions of packers/processors/consumers have illuminated the opportunities for 
improvement in the quality and consistency of beef products through genetic selection and application of 
best management practi ces. S tarting in the l ate 1990’s, seed stock producers began co llecting carcass  
records on progeny of candi date si res. Si re evaluati on was con ducted throu gh the col lection of both 
carcass and ultrasound observations on progeny. These performance records have been incorporated into 
effective EPD. The us e of these EPD has enabled the positive genetic trends observed in marbling score 
and rib eye area as illustrated in Figure 8. 

 

 
Figure 8. Marbling score (MARB) and rib eye area (REA) EPD genetic trends for Angus and Simmental 
breeds. 
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A host of oth er traits and genetic evaluation model features have  been developed by breeds to a ddress 
specific needs. The current EPD produced by eight major beef breeds for genetic improvement are listed 
in Tabl e 1.  The mai n ca tegories re ported by nea rly all  breed s are growth, reproducti on (cal ving ease 
direct (CED) and calving ease maternal  (CEM)) and carcass traits. The Angus and Limousin breeds have  
adopted sta ndards for r eporting me asures of do cility whil e Red A ngus, Angus and Simmental hav e 
adopted a heifer pregnancy EPD. Several  breeds now report stayability EPD describing differences in the 
expected l ongevity of daughters i n the herd.  In a ddition to e xpanding the number of traits offered,  
several bree d associ ations, l ead by model  devel opments by the A merican Si mmental A ssociation and 
Cornell University, have developed mult i-breed evaluations. These eval uation systems for growth trai ts 
account for breed, direct and maternal heterosis, and heteroscedastic additive and resi dual variances to 
more appropriately analyze data structures that i nclude large numbers of ani mals from different breeds 
and thei r re spective crosses. A numb er of breeds  conti nue to  work towar ds i mplementation of mu lti-
breed genetic evaluations to capitalize on composite and systematic crossbreeding programs. 

 

Table 1. Current EPD available in 2010 from eight major beef breeds in the United States. 
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Angus X X X X X X X X X X X X X X X X X X X X X X X
Charolais X X X X X X X X X X X X
Gelbvieh X X X X X X X X X X X X X
Hereford X X X X X X X X X X
Limousin X X X X X X X X
Maine Anjou X X X X X X X X X X
Red Angus X X X X X X X X X X X X X
Simmental X X X X X X X X X X X X X X X X X

Growth Reproduction Carcass Ultrasound Other

 

4.0 Participation in beef cattle performance recording grows 
Seed stock b reeders continue to see v alue in performance recor d collection and EPD  generated through 
national cattle eval uation systems.  EPD  are used by both seed stock and commerci al producers for 
selection a nd t o s ome e xtent in  ma rketing. Co mmercial cow-ca lf producers general ly expect com plete 
EPD profiles on young sire candidates available for purchase. To that end, seed stock breeders collect and 
report performance records for a large number of trai ts (see Table 1 above). Beginning in the late 1960s 
seed stock breeders b egan recordi ng growth trai t data and performance recordi ng programs wer e 
initiated by t he major br eed associations. From hu mble beginnings and thro ugh structured performance 
record standards developed by the Beef Improvemen t Federation, performance recordi ng programs ar e 
now at the c ore of the m odern breed association’s activities. Growth in the weaning weight performance 
record collection system at the A merican Angus Association from 196 2 – 2009 i s depicted in Figure 9 . 
Since 2001,  A ngus bree ders su bmit more weani ng wei ght records than  ani mals regi stered. Thi s i s 
achieved through a fee based p erformance coll ection s ystem that operates i ndependent of th e 
registration system. Now, an overwhel ming majority of animals are evaluated. The Angus nati onal cattle 
evaluation system now utili zes more than 6 milli on weaning records, 5.5 million bi rth weights, 3 mil lion 
yearling weights and over 1 milli on ultrasound scan records (Figure 10). Whi le recent years recording of 
birth weights and weaning weights is equal to or greater than registrations, several traits lag behind in 
record c ollection a s i llustrated in  F igure 1 1. F or in stance, o nly about 5 0% of a nimals r egistered h ave 
calving ease scores or ultrasound body composition measures reported. Angus breeders would be among 
the most complete record collectors in the beef business, but many other breeds have large performance 
record syste ms that mat ch the saturati on level o f trai t recordi ng. Several breeds have adopte d whol e 
herd repor ting schemes t hat make record col lection and submi ssion a requirement for regi stration. I n 
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some case s these syst ems are br eed wi de (Re d Angus) or may be an alternative method of doi ng 
business with an association (Simmental) rather than the traditional pay-as-you-go registration system.  

 

 
Figure 9. American Angus Association registrations and weaning weight records by year with weaning 
weight records as a percentage of registrations. (Am. Angus Association, 2010b). 
 

 
Figure 10. Cumulative performance record counts utilized in Am. Angus Association genetic evaluations. 
(Am. Angus Association, 2010b). 
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Figure 11. Trends in Am. Angus Association performance data recording as a percentage of prior year’s 
registrations. (Am. Angus Association, 2010b). 

5.0 Deployment and implementation of selection indexes 
While the tools provided by genetic evaluation systems have proven effective for creating change in one 
or more traits, efficient multiple trait selection has remained challenging. The complications of multiple-
trait sel ection and ani mal breedi ng deci sions may be best su mmarized by Dr. Lanoy N. Hazel i n the 
opening par agraph of his l andmark paper on th e topi c of sel ection indexes publ ished i n the j ournal 
Genetics in 1943: 

The idea of a yardstick or selection index for measuring the net merit of breeding animals is probably 
almost as old as the art of animal breeding itself. In practice several or many traits influence an animal’s 
practical value, although they do so in varying degrees. The information regarding different traits may 
vary widely, some coming from an animal’s relatives and some from the animal’s own performance for 
traits which are expressed once or repeatedly during its lifetime....These factors make wise selection a 
complicated and uncertain procedure; in addition fluctuating, vague, and sometimes erroneous ideals 
often cause the improvement resulting from selection to be much less than could be achieved if these 
obstacles were overcome. 

Hazel points to the complexities of selection of individuals when many trai ts are observed and when  the 
‘information’ or performan ce record of  an i ndividual and it s ancestors, collateral r elatives and progeny 
may va ry c onsiderably. I ndeed, t he overall n et me rit o f t he in dividual, c onsidering s everal t raits o f 
economic importance, provides a superior selection criterion than other forms of selection including single 
trait selection and multiple trait selection via independent culling levels (Hazel and Lush, 1943).  

Hazel’s pioneering work soli dified the i dea of a breeding objective or goal  using a quanti tative method.  
The aggregate genotype described by Hazel was a li near function (selection index) of obs ervations such 
that the observations of each trait were weighted by the relative economic value of that tr ait. The result  
was a single value for each animal that represented an objective valuation of the overall satisfaction with 
that ani mal. In pro duction agri culture, our l evel of sati sfaction wi th an ani mal or system i s gen erally 
measured in  p rofit. T he selection in dex p rovided a n atural c onnection b etween t he n et me rit o f an  
animal’s genotype and its relationship with profit. 

As beef producers, we know that more than one trait exhibited by beef cat tle contribute to profit at the 
enterprise level. Clearly, a cow-calf producer that sells calves at weaning depends on more than just the 
average weaning we ight o f calves fo r profitability. S imple ranch accounting suggests that reproduction 
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rate, c alf s urvivability, c ow ma intenance fe ed c osts, length o f productive l ife a nd o thers in fluence t he 
total pay weight of weaned cal f produced and th e cost requi red to pro duce that wei ght. Li kewise, the  
producer that sells calves at harvest r elies on more than just marbling score or quali ty grade to pay  the 
bills. Reproductive rate of the cow herd, maintenance costs, longevity, not to mention carcass weight, are 
all fa ctors a ffecting p rofitability. T hus, b reeding o bjectives s hould include a ll t he t raits t hat a re o f 
economic relevance. 

The original work by Hazel and later the work of Henderson (1951), who incorporated the use of EPD into 
selection indexes, stimulated a great deal of activity in the area of genetic prediction. Significant time and 
monetary resources ha ve been devoted by prod ucers, bree d assoc iations, beef i mprovement 
organizations, publ ic sour ces, and aca demics to pr oduce the s ophisticated geneti c predi ctions at our  
disposal today. However, comparatively little work has been devoted to full  implementation of mu ltiple-
trait predi ctions i nto the mul tiple-trait pre diction tools (Bourdon,  1998)  e nvisioned by the ori ginators. 
While t he E PD p roduced t oday a re o f s ufficient p recision and accuracy,  they are pre sented wi thout 
context. Bourdon goes  o n to state t hat, “There is no easil y accessible, objecti ve way for bree ders, 
particularly breeders i n the beef an d sheep i ndustries where ownershi p i s diverse and producti on 
environments vary a gre at deal , to use these  pre dictions intelligently.” Ac ademic a nimal b reeders are 
encouraged to solve this problem. The solution to the problem of intelligent use of multiple-trait EPD is to 
integrate gen etic p redictions wit h mu ltiple-trait s election s trategy u sable on a  la rge sc ale ( Bourdon, 
1998). 

During the last deca de, animal breeders have dev eloped a seri es of sel ection i ndexes for use by se ed 
stock and commercial producers. These indexes vary considerably in the approach utilized to develop the 
economic weights. The vast majori ty of the indexes are end point focused and seek to ca pture important 
genetic va riation r elated t o p rofit wit hin t hat in dustry segment. Dr . M ike M cNeil ( personal 
communication) has developed several indexes for the Hereford and Simmental breeds that utilize a bio-
economic simulation of individual animals at the herd or fi rm level to generate economi c weight through 
perturbation of the l evels of geneti c meri t and monitoring effects on profi t. Currently, the Angu s, 
Hereford, Simmental, Charolais, Gelbvieh breeds offer selection indexes for multiple trait selection. 

6.0 Privatization of genetic evaluation systems 
With the contraction of federal and state level support o f agriculture experiment stations at land grant 
universities in the US, many animal breeding programs that have historically provided genetic evaluation 
services are re-taski ng scientists to  focus on new researc h devel opments. As su ch, the servi ce 
components that have provided EP Ds to many bree d asso ciations are  bei ng di scontinued. Bree d 
associations have respon ded in a variety of ways  to thi s threat. Angus and Si mmental have i nvested 
heavily i n co mputing and staff resour ces to  move  th e evaluations ‘i n house.’ Others  h ave sought  t he 
service of these organizations for genetic evaluations. Several independent start-ups have been initiated 
to license software developed at universities and through the Nat ional Beef Cattle Evaluation Consortium 
to provide genetic evaluations as fee for service. Given the funding trends in land grant universities, it is 
unlikely that new pl ayers will  emerge  to sati sfy th e i ndustry needs for g enetic eval uation. Breeds will  
likely need t o devel op strategies an d cooper ative rel ationships to develop economi cally sustai nable 
genetic evaluations service provider(s) with a robust product offering. 

7.0 Convergence of molecular and traditional quantitative genetics 
Molecular geneti cs and associated t echnologies such as ma rker assi sted sel ection, whol e gen ome 
selection, genome sequencing, marker assisted management and others provide a great deal  of promise 
to cattl e breeders for traits that are di fficult an d/or exp ensive to pheno type. Much work has be en 
undertaken i n the US to  i dentify DN A markers associ ated wi th growth, m eat qual ity and fatty aci d 
composition, fe male r eproductive e fficiency, a nimal heal th and feed i ntake/efficiency. Addit ionally 
strategies for implementation of genomic selection systems are in development. The ul timate success of 
many of the se tools wil l be cost effec tive delivery of selection information and thei r ability to converge  
with exi sting geneti c ev aluation systems. The American An gus Associ ation has recentl y depl oyed 
genomically enhanced carcass EPDs that l everage information for existing carcass performance records, 
ultrasound performance r ecords and DNA markers (Mac Neil et al. 2010). The beauty of  the conv erged 
systems is that they com municate genetic merit as EPD and i ndex values, selection currency wi th which 
producers are already quite familiar. Convergence alleviates the confli cting estimates of meri t that exi st 
when disparate sources of information are utilized. Familiarity will ease implementation and speed uptake 
by producers. 
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Abstract 

The Tru-Test Electronic Milk Meter (EMM) was updated over 2007 in close association with several French 
herd te sting r egions a nd F rance Co ntrole L aitier. While t he o riginal EM M r ead bar-coded milk s ample 
vials, this later model EMM uses RFID v ials instead. Other new features have al so been added including 
longer battery life, user-friendly menu software and Bluetooth in the Data Handler control unit. 

Controle Laitier Du Pas Calais started using the RFID version EMM for commercial herd testing in early 
2008. This service is based around the farmers doing their own testing. 

EMM’s a re in stalled on herd t est day, with a  m ilk sample fr om both the evening and morning mi lking 
sessions automatically dispensed into one single RFID vial. The EMM and Data Handler control unit ensure 
the correct vial is attached. 

After the milki ng, the tes t data i s downloaded from the Data Ha ndler to a PDA and th is file is remotely 
transmitted to the database centre used by Controle Laitier Du Pas Calais. Herd test results are available 
on-line later the same day after the morning milking. 

Trialling o f R FID a nklets l inking t he c ow n umbers wir elessly b ack t o t he EM M a nd Data Ha ndler is  
underway and will become a standard feature of the herd testing service provided to farmers by Controle 
Laitier Du Pas Calais. 

Keywords: France, Controle Laitier Du Pas Calais, Tru-Test Electronic Milk Meter, RFID EMM, RFID vials, 
farmer testing, Bluetooth, PDA, RFID anklets 
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Determination of carry-over in automated milking, recording and 
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Abstract 

Integration of yi eld recording and sampl ing devices with automated mi lking systems (AMS) make these 
more complex w ith more possibilities for mi lk r esidues fr om one mi lking to be mixed with m ilk in the 
following milking thus creating a carry-over problem. Carry-over can be substanti al so that test samples 
may contain up to 10 percent of milk from the previously milked cow. This study describes the application 
of a tracer based method  for fast determination of carry-over in milk recording equipment under farm or  
bench condi tions. The car ry-over test i s based on sequenc es of mil kings of a “phantom cow”. In each  
sequence the first mi lking is with mi lk containing a fluorescent color dye as tracer. The milk volume is 
fixed and samples are taken. The next milking is with pure “white” milk of the same fixed volume. Again, 
samples are taken using the sampling equipment. The coloring of the white milk in the second sample 
shows the degree of carry-over. Equipments from leading manufacturers were tested and results showed 
that carry-over can be a seri ous problem if any volume of mi lk is left in containers or pumps. However, 
with well maintained and adjusted settings for sampling, carry-over reached acceptable values below 4%. 
In conclusion, the tracer based detection of carry-over is reliable, relatively fast and applicable under field 
conditions. 

Keywords: AMS, carry-over, milk sampling. 

1.0 Introduction 
The complexity of automated milking systems (AMS) may interfere with recording and sampling units to 
produce unexpected effects. Rather than testing recorder and sampling units separately these need to be 
tested as an i ntegral part of the AMS. Thi s has a lso been the i ntention with conventional recording and 
sampling equipment when appl ying for ICA R approval. However, even devi ces that have been approv ed 
by ICA R may gi ve unacceptabl e resul ts i f used i n the compl exity of an AMS i f not a ll setti ngs an d 
adjustments are exactly as intended. 

One particular problem associated with obtaining milk samples is the carry-over problem where milk from 
one p reviously milked c ow is  m ixed wit h milk fr om t he o ne c urrently b eing mi lked. T he c arry-over 
problem can be rather serious and levels up to 10% were detected by Løvendahl & Bjerring (2006) using 
a sampler with modifications for scientific purposes. 

Methods fo r d etection an d e stimation o f c arry-over a re n ot e xplicitly d escribed in  I CAR r ules and 
guidelines. Some indirect measures of carry-over may be the bias and standard deviations but these are 
not di rectly interpreta ble as coeffi cients of carry-over.  Løvenda hl & Bjerri ng (200 6) use d a stati stical 
approach taking advantage of i ntensive sampl ing in a research  herd over 14 d periods. The d egree of 
carry-over was estimated as the linear regression of fat percentage in the current sample on the previous 
sample. Although the method was sensitive it  required many sampl es to become suffi ciently powerful , 
and thereby became expensive.  

For purposes of testing newly developed or modified sampling equipment a dedicated carry-over test was 
developed and validated in the present study. The test is based on use of a  fluorescent colour tracer and 
require appr oximately 3 hours of do wn ti me for runni ng the protocol . Detai ls and vali dation of the 
method is reported here. 
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2.0 Materials and Methods 

2.1 Principle 

The fl uorescent trac er c arry-over tes t use mi lkings of a  “pha ntom cow”, fi rst wi th a fi xed vol ume o f 
coloured milk and follow that with one or two phantom milkings with similar volume of un-coloured white 
milk. The coeffi cient of c arry-over is estimated from the colouring of the white milk, using fluorometry. 
We have used 6 to 8 replicate rounds to ensure consistency of results. 

2.2 Detailed protocol 

2.2.1 Milk and Tracers  

Approximately 200 L of ra w milk was set aside for a complete test. For preparation of tracer 25 k g was 
weighed out in a container (T) and another 30 kg was kept as white milk (W); both were heated to 39°C 
using an immersion heater. The trace r was prepared by di ssolving 600 mg of A Y73 (Fluorescein Sodium 
salt, Sigma-Aldrich, Fluka 46960) and 600 mg of 4MeU (4-Methylumbelliferon Sodium salt, Sigma-Aldrich 
M1508), first in 40 mL of mil k and then mi xed up in the 25 kg container. The tracer sol ution was visibly 
yellow. The chosen tracers are known to mix we ll wi th water and li pids, and have no speci fic affini ty 
towards plastics or other surfaces more than water and fat itself. From both  batches of T and W m ilk a 
sample of 300 mL was taken to be used for preparation of calibrators in the lab. The milk was kept warm 
until used mainly by covering containers with lids. 

2.2.2 Phantom cows  

Two phantom cows wer e each constructed from contai ners holding at  l east 10 L and a set of 4 plasti c 
tubes (i.d. 4 mm, L = 2 m) ending in hard plastic “teats” with 4 mm openings. One cow was the ”Yell ow” 
tracer cow and the other the “White” cow.  

Each phanto m cow was assi gned to an ID-tag us ed by the AMS to i dentify i t and tri gger the mi lking 
process. 

2.2.3 AMS settings  

The AMS were set in “recording mode” whatever that involved of mixing and extended pumping time and 
mounting of T-pipes.  

The line leading milk from AMS to bulk tank was dismounted and diverted into a collection container. In 
some cases diversion of milk to “drain” was used instead, but milk was al ways col lected in a contai ner 
and weighed. 

2.2.4 Samplers  

The method was applied to various makes of samplers as delivered or following deliberate modifications 
for research  purposes. Also, a recorder and sa mpler uni t for use i n parl ours was t ested usi ng this 
method. All samplers were set to give 24 mL standard samples. 

The method has been applied to a nu mber of different equipments and some examples were included in 
the present study (Table 1). It should be noted that the current study was only conducted to validate the 
method and never for comparisons between specific equipments. 
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Table 1. Milk sampling equipments tested for carry-over. 
 
Test no. Type Modifications 
1 AMS Standard 
2 AMS Standard unadjusted 
3 AMS Standard adjusted 
4 AMS Research modified 
5 Manual Parlour Standard electronic meter and sampler 

 

2.2.5 Testing protocol  
We have mostly used 6 to 8 replicate runs as that gives sufficient power and fits well with using two 
batches of tr acer. The phantom cow was set to “yiel d” 5, 6 or 8 kg mil k as the carry-over probl em gets 
diluted at higher volumes, and because ICAR states that equipment should reach precision already at low 
yields. 

At each milking, samples (8 mL) for lab-analysis were collected as pre-milking (A) from the phantom cow 
and fo llowing t he milk ing fr om t he sa mpler-unit (B), a nd fin ally fr om t he d rain l ine o r b ulk l ine ( C). 
Samples were cool ed (4°C) until  assayed, usually the day after  the test. Bronopol  was not avoided nor 
was it  u sed d eliberately, b ut it  h ad n o imp act on flu orescence r eadings in  n ormal, d ouble o r t riple 
concentrations (T. Larsen, unpublished). All milk was weighed out and collected milk was weighed. Yield 
record data from the AMS were collected as supplementary data. The protocol is illustrated in the table 
below (Table 2). 

 

Table 2 Protocol (example, part) for testing of carry-over in AMS milk sampling. Samples A are pre-test, 
B is the sampler, C is the end-unit or bulk tank line or waste line. 
 

Replicate Run Liquid Volume (Kg) Samples 
1 1_1 Yellow 5 A B C 
 1_2 White 5 A B C 
2 2_1 Yellow 5 A B C 
 2_2 White 5 A B C 
 2_3 White 5 A B C 
3 3_1 Yellow 8 A B C 
 3_2 White 8 A B C 
4 4_1 Yellow 8 A B C 
 Wash No   
 4_2 White 8 A B C 

 

2.3 Fluorescence determination and calibration 

Fluorescence intensity was measured using excitation filter at 485 nm an d emission filter at 520 nm f or 
the AY73 and at 355 / 4 60 nm for the 4MeU.  “White” milk readings were always low, but were i ncluded 
as the 0 (zero) calibrator. The “yellow” sample from each batch was defined as 600 arbitrary units, being 
equal t o 1 00 %  c olour s aturation. T en mo re ( 10) c alibrators we re in itially ma de fo r a ll intermediate 
values by mixing white and yellow milk. Calibrators and samples were dispensed into duplicate wells of 
microtitre plates, so that all readings were in duplicate. All calibrators and samples were heated to 39°C 
before measurement on a fluorometer. Calibration curves were checked for linearity by back-cal culating 
values derived from a s imple 2-point calibration. For routine use a 5 point curve was used (0,  10,20, 30, 
100 %).  

In t his s etup, c arry-over is  e xpressed in  u nits of “ye llow” which was p roportional t o p ercentage b y 
division with 6.0.  
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3.0 Results and discussion 

3.1 Linearity of Fluorescence Response 

Calibration curves for th e two fl uorochromes are  shown bel ow i n fi gures 1 an d 2. The fl uorescence 
readings were directly proportional to the concentrations of each tracer over the range used. 

 

y = 88.547x + 579.317
R² = 0.999
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Figures 1 (left) and 2 (right). Calibration curves and precision profiles for two colour tracers. Precision is 
shown as CV% of duplicates (right red axis, + markers). 

 

The l inearity of both colours was almost perfect  over the range of concentrati ons and fl uorescence 
readings. T he p recision profile s howed t hat d uplicate r eplication wa s a lways b etter th an 1 0% and 
typically around 2 to  4 % in the range of interest for use, namely between 12 and 120 mg/25L, equal to 
2 to 20 % carry-over.  “White” milk had a basel ine reading of 600 to 700 fl uorescence counts, which was 
deducted from calculated concentrations, using the trend-line as calibration formula. Similar new curves 
were produced for every batch of tracer and whi te milk, and used for actual  concentrations. In effect, a 
sample containing 60 units, would have a precision of 2 units or less, equal to a carry-over at 10% ± 0.3 
% units, from a single determination. 

3.2 Detailed example results 

Results are obtained i n the form of c oncentrations i n the arbi trary uni ts. For conveni ence thes e w ere 
immediately recalculated to a scal e of  0 to  100% before being presented in table 3 (below). Otherwise 
results are aligned with the protocol in table 2. 
 
Table 3. Detailed results from a carry-over test on an AMS system. A second order carry-over is shown in 
run 2_3. 
 

 Pre-sample, A Sampler, B  End unit, C 
Run Type Volume AY73 4MeU AY73 4MeU  AY73 4MeU  

Carry-over in percent         
1_1 Yellow 5 100.0 100.0 95.1 93.3  91.1 91.0 
1_2 White 5 0.4 0.3 18.5 18.0  29.2 29.2 
2_1 Yellow 5 100.0 100.0 90.2 93.0  94.1 95.4 
2_2 White 5 0.9 0.6 15.4 15.8  18.3 18.7 
2_3 White 5 0.5 0.4 2.8 2.8  3.1 2.9 
3_1 Yellow 8 100.0 100.0 96.4 98.0  97.8 97.6 
3_2 White 8 0.7 0.5 20.0 19.7  18.6 18.3 
4_1 Yellow 8 100.0 100.0 95.4 97.4  97.4 99.2 
 WASH !         
4_2 White 8 1.0 0.7  1.7 1.4   1.0 0.6  
First order carry-over without wash  18.0 17.8  22.0 22.1 
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This example comes from  an AMS that requi red some serious adjustments! However, readings of carry-  
over are simply found i n the lines with “white” milk. There i s very good a greement between readings of 
the two tracers. In the case 2_3 where a second run with white milk was conducted, carry-over was less, 
but should be seen in relation to the immediate previous sample, and thereby values of around 18% were 
obtained in B samples. In replicate 4, a short wash cycle interrupted between tracer and white milk. This 
was clearly effective in removing tracer and residues of milk, leaving practically no signs of carry-over. 

3.3 Carry-over in various AMS and samplers 

Five di fferent equi pments were tested  on di fferent occasions, using the same basi c protocol  but wi th 
modifications needed for each speci al case. Weight was put on the 8 kg res ults as the lead through all 
tests. Results are presented in table 4, as extracts from the detailed results from each testing round.  

Table 4. Carry-over test results from 5 different setups. Carry-over in percent (CO%) as measured in 
samples taken from the autosampler. 
 
Equipment Volume (N) CO%, AY73 CO%, 4MeU Average 
1.A AMS Standard 5 (1) 8.4 8.5 8.5 
 8 (3) 3.3 2.8 3.1 
1.B 8 (6) 6.7 7.2 7.0 
2 AMS Unadjusted 5 (2) 17.0 16.9 17.0 
 8 (1) 20.0 19.7 19.9 
3 AMS Well adjusted 6 (1) 3.1 4.6 3.9 
 8 (6) 2.1 2.5 2.3 
4 AMS Modified 6 (2) 10.5 10.0 10.3 
 8 (3) 11.2 11.8 11.5 
5 Conventional 8 (6) 3.3 3.7 3.5 
 
Good results were obtai ned from standard equipment but onl y when thi s was wel l adjusted. These were 
comparable to results from conventional setups. It i s less clear if results are affected by volume of milk. 
Modifications to samplers may increase carry-over.  

4.0 Discussion and Conclusion 

4.1 Discussion 

This study has presented an effective method of directly detecting carry-over in milk sampling equipment 
connected to  AMS or to conventional parl our mil king systems. Thi s metho d provi des f ast and precise 
results a nd o nly r equires fe w h ours o f d own-time for t he AM S+sampler u nit u nder t est. T he r equired 
chemical tracers are  inexpensive and measurements easy to perform in microtitre plates using standard 
research lab equipment. 

Estimates of carry-over based on thi s method confi rmed previous findings of high carry-over in modified 
samplers for AMS (Løvendahl & Bjerring, 2006).  

Visible residues of milk have been detected in AMS units with high carry-over, both in tube connections 
and i n separator and p umping uni ts. Resi dues of up to 0. 5 L were fo und. These residues wer e 
successfully reduced foll owing adjust ment of level sensors, and carry-over probl ems were si milarly 
reduced.  

The t ests wer e mo stly c arried o ut u sing 5  t o 8  kg  o f milk in order fo r t he t est t o b e as s ensitive a s 
possible, and because sa mpling should work al ready from such small  volumes. However, most mi lkings 
are la rger t han 1 0 kg , w hich will inevitably r educe t he p roblem b y s imple d ilution, a s a lso s hown b y 
Løvendahl & Bjerring (2006). 

A small degree of carry-over (3.5%) was also detected in the conventional system, and previous findings 
indicate that at around 2% can be found i n another conventional system (Løvendahl  & Bjerri ng, 2006), 
using normal mi lkings in a t ie-barn system. However, mi lk vo lumes were in  that case la rger and may 
thereby give lower carry-over. 

The described method could be the b asis for testing carry-over for approval  of combinations of AMS and 
samplers. The method has a dep endency on vol ume and  di rections are therefor e need ed a s to  
appropriate testing volumes, and acceptable levels of carry-over at these volumes.  
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4.2 Conclusion 

The pr esent study has d escribed an efficient meth od for asse ssment of ca rry-over i n c ombined AMS-
sampler equipments. This method should be helpful to the manufacturers an d to recording organisations 
for monitoring and improving sampling equipment, and to provide testable tolerances for approval of new 
or modified equipment. 
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Abstract 

An Austrian wide health monitoring system for cattl e has been established since 2006. A monitoring tool 
based on so matic cell  co unt (SCC) is a further step for earl y and accurate awareness  of subcli nical 
mastitis cases. A logistic regression m odel base d o n the Dai ry Herd Improv ement (DHI) data for th e 
Simmental Fl eckvieh breed was dev eloped. For vali dation co ws marked suspi cious of sufferi ng fr om 
intramammary infections (IMI) were sampled for bacteriological examination twice in a weekly interval. 
The positive predi ctive value of the l ogistic regress ion model  was 96. 5 % ( CI 90.0-99.3). The positive 
predictive value of cows w ith two consecutive warnings based on the logistic regression model was 99.0 
%. Farmers will  be abl e to select cows for further investigations and foll owing treatment protocols more 
accurately than usi ng the 200.000 cel ls/ml benchmark. The risk assessment will be implemented in the 
DHI reports which are sent in a monthly interval to the farmers. Potentially subclinical infected cows will 
be summarized in the category “cows wi th high somatic cell counts and masti tis – further investigations 
are recommended”. 

Keywords: Health monitoring, cattle, logistic regression model, somatic cell count. 

1.0 Introduction 
A project to establish an Austrian wide heal th monitoring system for cattl e has been es tablished si nce 
2006 (Egger-Danner et al., 2009). Within the proje ct diagnostic data, which have to be documented b y 
law (law of animal drug control ) are standardi sed and recorded into a central  database for performance 
recording and bree ding. All farms under performa nce recordi ng are free to join the project. Presently 
about 13.100 farms with about 220.000 cows are participating.  

One project aim is the provision of breeding values for health traits. To increase the health status of th e 
animals by management measures health reports are provided. One of  the most frequent diagnoses are 
acute and chronical mastitis; 28% of all diagnoses recorded within the Austrian health monitoring project 
are acute or chroni cal mastitis. A monitoring tool based on somatic cell count (SCC) is a further step f or 
early and accurate awareness of subclinical mastitis cases. 

Somatic ce ll count has been extensi vely used as a tool  for  monitoring masti tis in da iry herds. Monthly 
SCC values that are routi nely measured at  cow l evel are useful  figures of p revalence and i ncidence and 
are often used to moni tor dynami cs of IMI wi thin herds. Fa rm managers use SCC t o i dentify co ws 
requiring interventions such as bacteriological examination, treatment, or removal from the herd (Ruegg 
2003). Interpretation of SCC is sometimes difficult, because i t is a vari able parameter that is influenced 
by many fact ors, such as diurnal variation, stage of  lactation, parity and intramammary infections (Lam 
et al. 2009). Because of the variability of SCC, for monitoring infections dynamics of longitudinal data are 
necessary. An operati onal threshol d of practi cal va lue wi th minimal di agnostic error,  200.000 cel ls/ml, 
was proposed by Schukk en et al. (2003). The choi ce of SCC thresholds depends on the  purpose of the  
test. Lowering the threshold increases the sensitivity and con sequently provides minimal false negative 
results wh ereas r aising t he t hreshold in creases t he s pecificity, p roviding min imal fa lse positive r esults 
(Pantoja et al. 2009).  
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The objective of the study was to develop a statistical model assessing the individual dynamics of SCC for 
identifying uni nfected and pot entially i nfected co ws i nstead of usi ng the fi xed thres hold of 200. 000 
cells/ml.  Therefore, two statistical models based on monthly DHI data were developed. These models are 
a logistic regression model and a mod el based on Classification and Regression Trees (CART). Based on 
the validation results the model, which performs clearly better, will be implemented in the DHI reports.  

2.0 Materials and methods 

2.1 Data 

For developing and vali dating the stati stical models da ta sets from the routine bacteriological laboratory 
at the Cl inic for Rumi nants from 20 00 to  20 07 were use d. Each data  s et i ncluded the resul t of  a 
bacteriological examination and the monthly DHI data from the previous 6 months re garding SCC, milk 
yield, milk contents, breed, age and days in lactation. Bacterial examination was conducted according to 
NMC (1999) recommendations. A cow was considered infected if a mastitis pathogen was isolated at least 
in one quarter.  

2.2 Statistical Analysis 

Two different statistical models were used to anal yse these data.  These mode ls are a l ogistic regression 
and a CART model. The logistic regression model yields a prediction for the probability of the presence of 
IMI based on DHI data. The ai m of the CART model  was to split the data i n several subgroups. Then for 
each subgroup a specific threshold value for the SCC can be specified. 

The r esponse va riable o f t he lo gistic regression wa s t he b acteriological e xamination. T he e xplanatory 
variables are monthly DHI data from the previ ous 6 months as descri bed above. The consi dered model  
was   

logit( )= X , which is )exp(1
)exp(
β

βπ
X

X
+

=
, 

where   is the probability of the presence of IMI, X is the design matrix of the explanatory variables and 
  is the vect or of unknown parameters  (Hofrichter et al. 2010, Winter et al. 2009). The model selection 
was done by  a backward selection using the A nalysis of D eviance table. Given an ap propriate model, a 
cutoff va lue for   mu st be d etermined t o s pecify t he le vel at wh ich p robability   a cow shoul d be 
considered as infected. This was done using the Receiver Operating Characteristic (ROC) curve. The point 
with mi nimal quadrati c di stance to th e poi nt of a sensitivity and speci ficity of 100% i s recommend ed 
(Dohoo et al. 2003).  

For the CART model the DHI data of the previ ous two months were used. The SCC values were used  as 
response variable to split the data into several subgroups based on to the DHI data. An appropriate set of 
subgroups was found by pruni ng the tree wi th respect to a mi nimal cross va lidated error. Then for each 
subgroup a threshold value for the SCC was specified. This was again done by using the ROC curve within 
each subgroup in the same way as described above.  

2.3 Implementation - DHI monthly reports  

To support management decisions of cattle breeders and herd health management of their veterinarians, 
health report s are provi ded for the fi rst time wi thin a heal th moni toring project i n Aus tria. The heal th 
report is available approx. 10 times a year. It combines performance recording data and data from health 
monitoring t o e nable e arly d etection o f h ealth p roblems a nd t heir t herapy. T he r eport is  p roviding 
relevant in formation fo r i ndividual c ows in  t he fie lds F ertility, Udder h ealth, Metabolism a nd Dig estive 
tract, Feet  a nd Legs and Mi scellaneous (e.g. Di sposals, Cal ving di fficulties). At these reports the SCC 
information based on the logistic regression model is implemented (Figure 1). 
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3. Results 
Initially 7,437 S immental Fleckvieh (SI) cows were enroll ed, with a total of 33.0 % posi tive d iagnosed 
cows. Combining these data wi th the DHI data, co mplete data were available for 5,115 c ows. A l ogistic 
regression model was fitted. The relevant explanatory variables are SCC of the two previous months, the 
age in lactation, the days in lactation and the amount of urea in the milk. Sensitivity and specificity of 
this model are l isted in table 1. For th e second kind of model  based on th e CART analysis, the data sets 
were splitted into two subgroups with respect to the age in lactation. The performance of t his model is 
listed in Table 1, too.  

Table 1 shows that the logistic regression performs better in terms of sensitivity and specificity than the 
model based  on CA RT. Addi tionally, both model s yi eld to a much better s ensitivity, than usi ng a fi xed 
threshold of  200.000 cells/ml. 

4. Validation of the models 
After the two  final models (logistic regression and CART) for ea ch breed had been found, these models 
were validated with additional data from the year  2007. Complete data wer e available for 206 S I cows. 
The sensitivity and specificity for these models applied on these validation data sets are listed in table 1.  

A comparison of the perf ormance of t he CART mo del applied on the two different data sets shows, t hat 
sensitivity a nd s pecificity d iffer mo re t han in  t he lo gistic r egression a pproach. T his indicates t hat t he 
CART mo del h as le ss p erformance t han t he lo gistic regression, and i s addi tional confi rmed by l ower 
values of sensitivity and specificity.  

 
Table 1. Sensitivity (Se) and specificity (Sp) for a fixed threshold at SCC 200.000, the regression model 
and the CART model, applied on the model data set (model) and the validation data set (val), for 
Simmental.  
 

 SCC >200.000 Logistic regression CART 
 Se Sp Se Sp Se Sp 

Breed model model val model val model val model val 
SI 46.6% 88.7% 72.4% 84.4% 72.6% 71.3% 68.6% 77.5% 70.5% 68.3% 

 

Application of the model 

The logistic regression model was implemented in the DHI database. For the appl ication a dataset fr om 
Simmental Fleckvieh cows i n Lower Austria from 2009 was us ed. Remarkable is the group between 100 
and 15 0, 000  c ells, in  which 4 3% of t he c ows we re considered a s p otentially infected a fter two 
consecutive warnings using the regression model (Table 2). 
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Table 2. Distribution of suspicious Fleckvieh cows based on the logistic regression formula grouped by 
SCC categories of SCC of cows of Lower Austria in 2009. 
 
SCC on day of 
milk recording Nr MR % suspicious with one warning 

% suspicious with two consecutive 
warnings 

<50 166,012 2.2 1.0 
50 < 100 107,859 27.1 14.7 
100 -< 150 56,127 73.4 43.0 
150 -< 200 33,473 86.8 54.9 
200 -< 250 21,537 89.1 59.6 
250 -< 300 14,585 89.4 60.9 
300 -< 350 10,293 89.0 61.6 
350 -< 400 7,656 88.7 60.5 
>= 400 45,242 85.8 57.5 
Total 462,784 41.1 25.7 
 
 
Figure 1. The health reports are expanded by the warning cows suspicious for SCC based on the logistic 
regression formula. 
 
Cows with high somatic cell counts and mastitis – further investigations recommended 

21.08.2009 21.07.2009 12.06.2009
Name Animal-ID L. Days BE* SCC SCC SCC
LISA AT 999.444.972 2 283 BE* 568 205 132
SUMSI AT 999.136.847 4 121 40 D 268 174
BIENE AT 999.326.745 5 215 BE* 182 108 48
STRAUSSA AT 999.327.845 4 28 31 T T
LOLITA AT 999.857.145 5 11 16 T T  

BE*: Bacterial examination recommended 

As s hown in  fig ure 1  fo r c ow „BI ENE“ a  bacteriological e xamination is  r ecommended even t he SCC is  
below the threshold of 200.000 cells. 

4.1 Dissemination of the reports  

The re ports are provi ded el ectronically to farmers  an d vet erinarians. Most of the i nformation i s a lso 
available at an i nternetplattform. A future persp ective is the implementation of the logistic regressi on 
formula within the internet platform. 

5. Discussion 
According to Pantoj a et al. (2008) c ows wi th S CC > 200. 000 cel ls/ml are 2. 7 ti mes more li kely to  
experience a  fi rst case of masti tis. Cows wi th intramammary i nfections at  dry-off can be i dentified 
adequately c ombining information fr om SCC  a nd c linical ma stitis r ecords, b ut d ecisions r egarding th e 
optimal sel ection cr iteria depen d on herd characteri stics su ch as preval ence of IMI and type of  
microorganisms present in the herd (Torres et al. 2008).  

Using the ri sk assessmen t model  these cows are dete cted on a very earl y stage of i nfection and no 
further herd information is necessary. It has to be considered that the sensitivity is 72,4%, which means 
that 27,6% of the cows are false positive highlighted. Therefore the application of the model should never 
be the ba se of a treatment deci sion or any other de cisions like culling. Highlighted cows requi re further 
investigations like performing a California Mastitis Test or a bacteriological examination of quarter mi lk 
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samples. Normally about 30% of the Austrian dairy cows are subclinically infected, at least in one quarter 
(Hofrichter et al. 2010).  

6. Conclusion 
The design o f the DHI re ports summa rizing the co ws i n speci al cate gories gives the far mers and th e 
veterinarians a preci se overview of the  heath status of the herd. The regul arly interpretation of the DHI  
data u sing t he lo gistic r egression mo del is  a  p otential t ool f or mo nitoring u dder h ealth in Au stria. 
Potentially subclinically infected cows wi ll be determined as soon as somatic cell counts a re exceeding 
their individual base line.  

This risk assessment al lows an earl y detection of IMI an d supports the reduction of i nfection reservoirs 
and of economi c losses. For the correc t interpretation and use, conti nuous information and training for 
farmers is needed. Support by the veterinarians is recommended. 
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The role of agricultural recording systems in reducing the global 
carbon footprint 

P.A. Dukas 

Dairy Records Management Systems, North Carolina State University, Raleigh, North Carolina, 
USA 

Abstract 

The effective use of a comprehensive recording and benchmarking system is shown to reduce the overall 
carbon footpri nt of agri cultural producti on systems. Dai ry pro ducers, res earch i nstitutions, and al lied 
industry partners col laborating in the U.S. herd recording system (DHI) have demonstrated a 13 per cent 
increase in  r esource u tilization ( dry ma tter in take) a nd a  15 p ercent r eduction in  p rojected met hane 
production compared to herds not involved in herd recording. 

The environmental benefits of herd recording are also interpreted in the context of environmental benefit 
per DHI worker. While the environmental benefit per cow i s no longer increasing over the l ast ten years, 
the benefit per worker continues to increase, underscoring the value of herd recording organizations to a 
national environmental strategy. 

Keywords: Herd recording, DHI, carbon, methane, climate change 

1.0 Introduction 
The U.S. herd recording system (Dairy Herd Improvement or DHI) has grown steadily over i ts 105-year 
history due t o a strong fo cus on genet ic improvement, reproductive management, mastitis control, and 
more recentl y, heal th an d di sease m anagement. DHI conti nued to evol ve as new management too ls 
became avai lable, now reachi ng almost 50 percent of U. S dai ry cattle. Over the l ast 30  years, the full  
cost of herd  recordi ng has been borne by the dairy fa rmer, w ith n o g overnment s ubsidies, t hus 
underscoring the value of DHI to the participating farmers. (Table 1) 

However, DHI ’s s ole o rientation t o d ate h as been towards t he profitability o f t he d airy fa rmer. 
Increasingly, U.S. agri culture, i ncluding the dai ry industry, is comi ng under the i ncreased scruti ny of  
environmental groups and federal  and l ocal govern mental agenci es. Envi ronmental stewardshi p an d 
management of public perception is becoming an important element in farm management. 

DHI can serve an addi tional societal role in reducing the amount of greenhous e gases released under al l 
forms of dairy production, including high-density, conventional, organic, or grazing operations. This paper 
provides a preliminary view of production metrics recast in an environmental orientation. 

 

Table 1. Enrollment in DHI and DRMS Herd Recording Programs. 
 
Year All U.S. Cows DHI Enrollment DRMS Enrollment 
2001 9,102,000 4, 282,206 1, 659,064 
2002 9,139,000 4, 226,692 1, 664,236 
2003 9,082,000 4, 232,629 1, 864,028 
2004 9,011,000 4, 071,099 1, 784,804 
2005 9,043,000 4, 121,752 1, 825,864 
2006 9,137,000 4, 162,303 1, 811,851 
2007 9,189,000 4, 243,205 1, 847,371 
2008 9,315,000 4, 414,821 2, 192,080 
2009 9,200,000 4, 443,029 2, 201,821 
2010 9,085,000 4, 255,950 2, 108,057 
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2.0 U.S. Perspectives on greenhouse gases 
The role of greenhouse gases in climate change is controversial in the U.S and other countries. However, 
the increase in the level of controversy cannot be avoided. The official position of the U.S. Environmental 
Protection Agency (EPA) identifies methane of greatest concern: 

“Methane (CH4) is a greenhouse gas that remains in the atmosphere for 
approximately 9-15 years. Methane is over 20 times more effective in trapping 
heat in the atmosphere than carbon dioxide (CO2) over a 100-year period and is 
emitted from a variety of natural and human-influenced sources. Human-
influenced sources include landfills, natural gas and petroleum systems, 
agricultural activities, coal mining, stationary and mobile combustion, wastewater 
treatment, and certain industrial process.” 
 

The regulation of carbon di oxide seems l ess certain than the focus on methane. The U.S EPA highlights 
that enteri c fermentati on and manure managemen t compri sed 32.8 percent  of methane producti on i n 
2008. 

3.0 Relative methane production of DHI cows 
The mean production of dairy cows (9.1m) in the U.S. in 2006 was 9,048 kg of mi lk (Economic Research 
Service, 2006). Forty-nine percent of U.S. cows (4 .5m) were i nvolved in formal milk recordi ng schemes 
defined by the Nati onal Dairy Herd Improvement  Association (DHI). The mean production of these DHI 
cows i n 2006 was 10, 101 kg.  Theref ore, the pro duction of cows not i nvolved i n DHI was 7, 989 kg, 
resulting in a production advantage of 26 percent. 

Dry matter intake (DMI) is calculated using the National Research Council, 2001 model. 

DMI (kg/d) = (0.372 x FCM + 0.0968 x BW0.75) 

The relationship of methane production to dry matter intake (Ellis, 2007) is: 

CH4 (Megajoules/d) = 3.23 + [0.81 x DMI (in kg/d)]  

Applying these D MI and CH4 model s to the DHI producti on advantage r eveals the CH 4 advantage f or 
herds enrolled in milk recording. “Cows Needed” is the number of cows (in millions) required to produce 
the quantity of milk to meet U.S. consumption and export needs. 

Since methane output i s derived from dry matter i ntake, the underl ying principle remains the i ncreased 
production capaci ty per uni t o f ma intenance. Thi s i s cl early demonstrated by the red uced si ze of the 
national herd needed as more cows are enrolled in DHI. It should be noted that DHI and non-DHI cows 
have made s ignificant advances over the l ast ten years, but t he de gree of superi ority of D HI cows i s 
beginning to shrink. 

4.0 Contribution of somatic cell testing and genetic progress 
Two si gnificant el ements i n the eff ectiveness o f DHI have be en soma tic cel l testing and geneti c 
evaluations. Progress has been consistent over the last ten years, as shown in Table 3. 

While milk production data are available for non-DHI cows, DHI pro duces the only national summary of 
farm performance for SCC and genetic data, and includes only cows enrolled in DHI (AIPL, 2010). One of 
the few avai lable studi es i rrespective of D HI enroll ment covered th e 1 4 states that  s hipped at  l east 
60 percent o f mil k through the  Federal mil k order system.  Wh ile a di rect c omparison agai nst the D HI 
database is not possible, the rate of improvement over the six-year period is comparable – approximately 
12 percent. 
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Table 2. Relative methane production of a national herd of DHI vs. Non-DHI cows. 
 

If all cows on DHI recording If no cows on DHI recording 

Year 
Milk 
(kg) 

DMI 
(kg) 

CH4/cow 
MJ/d 

Cows(m) 
Needed 

U.S. CH4 
MJ/d (m) 

Milk 
(kg) 

DMI 
(kg) 

CH4/cow 
MJ/d 

Cows(m) 
Needed 

U.S. CH4 
MJ/d (m) 

Relative 
CH4 

Produced 
(%) 

1997 24. 3 9.75 11.13 7.99 88.92 18.3 8.71 10.28 10.63 109.27 81.37 
1998 24. 8 9.84 11.20 7.88 88.30 18.4 8.71 10.28 10.64 109.40 80.72 
1999 25. 4 9.93 11.27 7.95 89.59 19.0 8.80 10.36 10.63 110.05 81.40 
2000 25. 9 10.02 11.35 8.04 91.21 19.5 8.93 10.47 10.65 111.42 81.86 
2001 25. 9 10.02 11.35 7.93 90.01 19.5 8.89 10.43 10.55 110.09 81.76 
2002 26. 4 10.11 11.42 8.02 91.58 20.1 9.02 10.54 10.51 110.80 82.65 
2003 26. 4 10.11 11.42 8.02 91.65 20.5 9.07 10.58 10.32 109.19 83.94 
2004 26. 4 10.11 11.42 8.04 91.88 21.0 9.16 10.65 10.09 107.48 85.48 
2005 27. 2 10.25 11.53 8.10 93.36 21.8 9.30 10.76 10.07 108.37 86.15 
2006 27. 7 10.34 11.61 8.16 94.71 21.9 9.34 10.80 10.32 111.41 85.01 

 

 
Table 3. Progress in somatic cell counts and net merit $. 
 

Year 
Somatic Cell Count 

U.S. DHI Cows 
Somatic Cell Count 

Cows in 14-State Federal Milk Order Study 
2000 311,000 -- 
2001 322,000 -- 
2002 313,000 291,000 
2003 319,000 283,000 
2004 295,000 265,000 
2005 296,000 257,000 
2006 288,000 247,000 
2007 276,000 258,000 
2008 262,000 -- 
2009 233,000 -- 

 

A literature survey (Hortet, 1998) revealed an ave rage daily loss of 0.4 kg in primiparous and 0.6 kg in  
multiperous cows for ea ch doubl ing of somati c cel l count. Thi s effect  contri butes approxi mately 
12 percent of the improvement in DHI cows over the ten-year period. 

Genetic progress al so con tributes a si gnificant por tion of the t en-year gain. Using data  in table 4, t his 
contribution is estimated to be approximately 30 pe rcent. The advent of genomics evaluations will likely 
have a significant positive effect on the rate of progress. It is likely that DHI data will continue to play an 
important role in: 

  Validating the base genomics research. 

  Continuing to provide evaluation data for traits not summarized in genomics evaluations. 

  Most si gnificantly, supporti ng management deci sions as the intensi ty of t he deci sion process 
increases due to the increased production levels resulting from genomic evaluations. 

5.0 Potential contribution of recent developments  
 

Other recent  devel opments are showi ng strong  po tential for wi despread adopti on, and shoul d be 
evaluated to determi ne thei r contri bution to the  overall effe ctiveness of the D HI program.  Thes e 
developments include: 

  Pathogen testing, including Johne’s, leukosis and other pathogens. 

  Advanced management-l evel analysis tool s recentl y re leased by the D RMS and A gSource 
processing centers. 

  Gender-selected semen. 
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Table 4. U.S. genetic progress (Indexed to year 2000). 
 

Year 

Service Sire 
Net Merit $ 

DRMS Holsteins 

Sire PTA$ 
DRMS Holsteins First Lactation 

Sire PTA$ 
DRMS Holsteins All 

Lactations 
2000 324 212 157 
2001 341 240 186 
2002 362 261 211 
2003 369 280 237 
2004 398 309 266 
2005 423 334 293 
2006 422 332 299 
2007 438 354 314 
2008 472 385 343 
2009 517 414 372 

 

6.0 Contribution of DHI organizations and employees  
Approximately 800 D HI technicians, field managers, and l aboratory staff c ollect and pr ocess data from 
14,500 dairy farms enrolled i n DHIA Affiliate organizations served by D RMS, at an averag e monthly cost 
of EUR 1.42 (US$1.76). This workfor ce i s responsi ble for  the avoi dance o f 4.25 milli on megajoul es of 
methane per day (5, 300 MJ/d per person), although some considerati on should be gi ven to suppliers of 
milk meters, analyzers, and other components of the milk recording industry. 

Using EPA’s coalbed methane calculator, 5,300 MJ/d repres ents 2.0 metric tons CO2 equivalent per day, 
or 730 tons per year.  The average U. S. c itizen produces a CO 2 equi valent of 27 tons.  Therefore, the  
efforts of each DHI worker offsets the carbon footprint of approximately 26 other citizens. 

DHI’s envi ronmental effi ciencies wil l c ontinue to increase due to new mobi le data coll ection devi ces, 
increased analyzer efficiency, additional analyses from the milk sample, and increases in herd size. 

6.0 Opportunities 
Organizational perceptions can be enhanced by communicating the i mpact of her d recording on t he 
reduction of greenhouse  gasses.  Wh ile thi s opportuni ty may not yi eld a di rect econo mic benefi t, i t 
provides the opportuni ty to convey the contri bution to the communi ty in a significant and documented 
manner.  

Employee relations and the attraction/retention of employees can also be aided by communicating this 
impact. For example, many employees at DRMS are motivated by the opportunity to strengthen the l ives 
of over 14,000 dairy farm families. The opportunity to contribute to the quality of the global environment 
can only deepen this employee commitment. 

Public funding for marketing and enrollment campaigns may be achieved by providing documented 
proof of the effectiveness of herd recording. 

Measurement of organizational effectiveness can be i mproved by co mparing outcomes i n farm 
performance, including environmental impact. While the superiority of production is still significant under 
U.S. herd recordi ng sch emes, the recent narro wing of th is superi ority should sti mulate a reali stic 
assessment of current and future product development and marketing strategies. 

7.0 References 
Economic Research Service, 2006. 

Ellis, J.L. and E. Kebreab, N. E. Odongo, B. W. McBride, E. K. Okine and J. France, 2007. Prediction of 
Methane Production from Dairy and Beef Cattle. J. Dairy Sci. 2007. 90:3456-3466. 



Role of agricultural recording systems in reducing the carbon footprint 

Page 163 

Environmental Protection Agency, 2010. Coalbed methane outreach calculator. On-line 
http://www.epa.gov/cmop/resources/converter.html  

Garcia, A.D. and J.G. Linn, 2008. Dairy Cows and the Environment. Presentation, American Dairy Science 
Association.  

Hortet, P. and H. Seegers, 1998. Calculated milk production losses associated with elevated somatic cell 
counts in dairy cows: review and critical discussion. Veterinary Research 29(6):497-510. 

Norman, H.D., 2010. Annual DHI Reports. United States Department of Agriculture Animal Improvement 
Program Laboratory. On-line: http://aipl.arsusda.gov/publish/dhi.htm  

Nutrient Requirements of Dairy Cattle, National Research Council, 2001. 

http://www.epa.gov/cmop/resources/converter.html
http://aipl.arsusda.gov/publish/dhi.htm


 



Proc. ICAR 37th Annual Meeting – Riga, Latvia (31 May - 4 June, 2010) 

Management of the B-system in a small country 
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Abstract 

Although 92% of cows in Estonia are in milk recording, the size of population still remains smaller than in 
most countries. The Ani mal Recording Centre (Jõudl uskontrolli Keskus) is a state agency which offers in 
addition to milk recording also services to the breeders of other animal species. The possibilities offered 
by the Inter net have be en successfu lly used for ov er 10 year s duri ng the process of animal recordi ng 
system d evelopment i n Estoni a. Presentl y, 51% of farmers,  who own i n total  88%  of cows i n mil k 
recording, use Internet-based solutions for dairy cattle recording. 

Keywords: Milk recording, management. 

1.0 Background 
In Estonia, milk recording has a more than 100 y ears long history. Throughout the years mil k recording 
has been or ganised thro ugh farmers` organi sations, sci entific i nstitutions and, for the l ast seventeen  
years, an independent state agency.  

The number of herds and animals has constantly fluctuated in the last twenty years. After the Republic of 

Development of milk recording in Estonia
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Estonia regained independence, former state companies were liquidated. Instead of former sovhoses and 
kolhoses cooperatives and numerous small farms were est ablished. Whilst there was a  steep rise in the 
number of herds in milk recording, the number of animals did not change significantly at fi rst. In recent  
years the total number of herds and animals is declining steadily. A corresponding trend is noted in the 
number of h erds an d ani mals i n mil k recordi ng. The di rect ai d scheme  for dai ry cow breedi ng ha d a 
positive impact on the number of cows in milk recording as milk recording was one of the aid eligibility 
criteria. 

In addi tion to the fl uctuating number of herds an d animals, the whol e system of ani mal recording has  
undergone major changes.  Between  1993 an d 1 998 a com plete reform o f the ani mal recordi ng d ata 
processing system was undertaken duri ng which a mainframe was repl aced by per sonal computers.  In 
the last 10 y ears, the dai ry farms i n Estonia have also undergone l arge technological changes. Around 
50% of dairy cows are kept in farms that have been built or reconstructed in the past 10 years. Although 
an average s ize of a herd i s 86 cows, the herd stru cture largely varies in Estonia, from one cow to two 
thousand cows. 

Herds structure (01.01.2010)
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Technological development has influenced every aspect of our life and using different e-services available 
via the Inte rnet (e-voti ng, di gital si gnature, Inter net-bank, e- school) i s very popul ar in Estoni a. In  
addition to the devel opment of the In ternet mobi le phones ar e very wi dely spread. Th e Estoni ans are 
good users of several inn ovative mobile servi ces as they are of Internet-ba sed e-services. Most wi dely 
used mobi le-services are mobi le-parking, mobile di gital si gnatures and  usi ng mob ile phones as 
identification when using different Internet-software. 

2.0 Animal recording centre 

2.1 Management and development of the organisation  

In Estonia, milk recording is organised by the Animal Recording Centre. The Animal Recording Centre is a 
state agency under the supervision of the Ministry of Agriculture. As a state agency the Animal Recording 
Centre is directly accountable to the Minister of Agriculture. The Centre does not have a board comprising 
of farmers.  The daily management  o f the organi sation i s a cooperati ve eff ort of the m embers of t he 
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management. Although the services for dairy cattle are mainly developed in the Animal Recording Centre, 
farmers, breeding associations belonging to the farmers and Eesti Maaülikool (Estonian University of Life 
Sciences) are also involved in the process. 

There are two distinct periods of development in the past twenty years. From 1993 to 2000 the system of 
animal r ecording a nd a pplicable t echnologies we re u pdated. During t his p eriod a  u nified id entification 
system was establ ished, the fi rst agricul tural a ids were paid out in Estonia and farm animal s’ registers 
were established. As mi lk recording system was very  well developed and the  majority of milk producers 
were participating in the system, the milk recording database was used as the base for the establishment 
of the farm animals register and it was also considered suitable for the initial administration of different 
agricultural aid schemes. From 2000 until today we ha ve been improving the quality of our services and 
developing addi tional servi ces. All  our empl oyees can see mo nthly summa ries of how quickly anim al 
recording results are issued, the total amount of invoices issued by each service and also the total receipt 
of money compared to o ur expectati ons. The emp loyees di rectly communi cating wi th the farmers ca n 
also see which services each client uses as well as the amount due from the client.  

2.2 Other services 

The p rimary s ervice o f t he An imal R ecording Ce ntre is  m ilk r ecording a nd o ther r elated s ervices. I n 
addition to milk recording we have made efforts to maximize resource utilisation and we offer IT-related 
services to the breeders of other animal species. 

2.2.1 Cooperation with dairy cattle breeding association   

In addition to dai ry cattle performance data al l data on animals used for breeding are col lected into the 
database of t he Animal Recording Centre. The A nimal Recording Centre ha s developed several software 
programmes for the empl oyees of the bree ding associ ation to  hel p them in thei r da ily work. Through  
these programmes insemination data and l inear scoring data ar e entered straight into the data base by 
the bree ding associ ation. The ani mal geneti cs l aboratory of the Insti tute of Veteri nary Medi cine a nd 
Animal Sciences of the Estonian University o f L ife Sciences uses the dat abase of the A nimal Recording 
Centre in order to conduct compliance checks on animal data submitted for expertise analysis for genetic 
identification or verification of parentage data accuracy (suspected ID or HB number or the animal’s date 
of birth is not known).  

2.2.2 Pig performance recording and maintaining the animal breeding register  

Eesti Tõusigade Aretusühistu (Estonian Pig Breeding Association) is the organi sation responsible for pig 
performance recordi ng. The Ani mal Recording C entre has m ade an agreement wi th the menti oned 
association. The tasks of  the Ani mal Recording Centre are to c ollect performance data,  process i t a nd 
conduct g enetic eval uations and trai n pi g farmer s. The A nimal Recordi ng Centre has  desi gned a  PC  
software programme which is intended for dai ly farm manage ment and data exchange with the A nimal 
Recording Centre. In addition to breeding farms the fattening pig module of the same software is used by 
fattening farms to organise their day to day work.  

2.2.2 Beef animal performance recording and maintaining the herd book  

Eesti Tõul oomakasvatajate Ühi stu (Ani mal Breeders Associ ation o f Esto nia) is the  organi sation 
responsible for beef ani mal performance recording. The tasks are divided between the Animal Recording 
Centre and E esti Tõuloomakasvatajate Ühistu as fo llows: daily communication with the ani mal breeders 
(training and coll ecting ideas for devel opment) is the duty of Eesti  Tõuloomakasvatajate Ühistu and t he 
Animal R ecording Ce ntre is  r esponsible fo r d ata c ollection, processing an d p ublishing. T he An imal 
Recording C entre has  al so desi gned Internet-based software  that was cre ated for the be ef bre eders 
enabling them daily use of relevant data. 
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2.2.3 Sheep and horses performance recording and maintaining the herd book 

The responsibility for organi sing sheep performance recording and ma intaining the herd book lies with 
Eesti Lamba kasvatajate Sel ts (Estonian Sheep Breed ers` Ass ociation). Ee sti Hobusekasvatajate Selts  
(Estonian Horse Breeders` Association) and Eesti  Sporthobuste Kasvatajate Sel ts (Estonian Sport Hor se 
Breeders` Association), two breeding organisations uniting horse breeders, are responsible for organising 
horse performance recor ding and mai ntaining the herd  book.  The underl ying pri nciples of the servic es 
offered to the sheep and horse breeders` organisations are very similar. The Animal Recording Centre is 
responsible for processi ng and mai ntaining data on sheep an d horses.  T he duty of the respe ctive 
breeding org anisation is to communi cate wi th the sheep /horse bree ders an d enter  rel evant data.  T he 
Animal Recordi ng Centre has desi gned an Inter net-based s oftware programme for the breedi ng 
organisations (including their members) to facilitate their everyday work.  

2.2.4 Selling ear tags  

Although the  An imal Recordi ng Centre was the first organi sation that star ted creati ng and devel oping 
animal identification system in Estonia, the official farm animals register is not presently included in the 
Animal Recordi ng Centre’s databa se. In 2000,  the farm animal s` regi ster was gi ven over to the 
Agricultural Registers an d Informati on Board, a state authori ty that mai ntains all  offici al agr icultural 
registers. This state autho rity administrates different aid schemes and the qu ota system in Estoni a. The 
Animal Recording Centre has retained i ts intermediary role as the di stributor of ear ta gs in the ani mal 
identification system. The  Animal Recording Centre acquires the ear tags and sells them to the farmer s, 
the Agri cultural Regi sters and Informati on Board maintains the farm ani mals` regi ster. In addi tions to  
selling ear tags, the Animal Recording Centre offers its clients registration of animal identification through 
the ani mal r ecording system. The clients of mil k recordi ng can al so use  the vehi cle coll ecting milk 
samples as a means of transporting ear tags to their farm. 

2.2.3 Raw milk quality samples for dairy processing industries  

In addi tion to mi lk recordi ng sampl es (fat content , protei n content, somati c cel l count, urea content ) 
quality samples are analysed in the Animal Recording Centre’s laboratory. Fat content, protein content, 
somatic cell  count, urea content, mil k freezing point,  bacteri a count and exi stence or non-exi stence of 
antibiotics are tested for dai ry industries. These samples account for around 5% of all  samples. The test 
results are forwarded to t he dairy industries. The farmers can see the resul ts via the Internet or order a 
message through SMS to their mobile phone. 

3.0 Organisational structure of the animal recording centre/elements 
of milk recording system  
In Estonia there is only one organisation engaged in milk recording. All elements of this service, starting 
from field service to genetic evaluation are centrally managed by the Animal Recording Centre. 

3.1 Field service 

As the B-system i s used i n Estoni a, our fi eld serv ice i s not engage d i n taking mi lk samples every d ay 
which is why we have a small number of employees in the field service. The people working in the field 
service act as regi onal coordinators whose ma in tasks are to trai n the farmers an d mil k recordi ng 
technicians, conduct herd vi sits and repeat r ecordings. In addi tion to the mai n tasks thei r duti es al so 
comprise introducing and selling various services (including goods) to our cl ients. A negative side of their 
work is that they have to deal  wi th our debtors and foll ow t he terms for checki ng m ilk meters ( milk 
meters are the property of the animal farmers). 

In order  to facilitate the work of the fi eld serv ice and  ge t a gene ral overvi ew, an Internet- based 
programme, containing all  necessary data for routi ne work an d appl ications for recordi ng i nformation, 
was developed in cooperation with the IT-department.  
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3.1.1 Certification of technicians  

There are altogether more than 60 0 milk recording technicians in Estonia. As in case of the A-syste m a 
technician i s a person who servi ces several farm s and recei ves payment for the services from the 
farmers. In Estoni a, a farmer can al so be a mi lk recording technician. In Estonia, a person i s allowed to 
work as a technician after he/she has undergone appropriate training at the Animal Recording Centre and 
successfully passed the required test. This certification is valid for three ye ars after which the technician 
will have to renew the certification.  

3.1.2 Herd visits  

One of the weaknesses of the B-sys tem i s that the communicati on wi th t he farmers compared to A-
system i s l ess frequent  because the  farmers arra nge t est mi lking themsel ves. In orde r to stren gthen 
client relations we have initiated a system in Estonia where our field service supervisor visits each farm at 
least once in  three years. Dur ing the visit the fi eld service supervisor will examine the general state of 
the farm, dr aw attenti on to defi ciencies, i f necessary , he lp in interpreting mil k recordi ng resul ts an d 
introduce addi tional services whi ch th e parti cular farm does not yet use. A herd vi sit together wi th 
observations wi ll b e s aved in  t he database, ensuring t hus t hat c urrent in formation is available on t he 
farm visits and enabling making various summaries on observations made by field service supervisors. 

3.1.3 Repeat recordings  

In order  to avoid errors duri ng test  mi lking, we carry out r epeat recor dings. Repeat  recordi ngs are 
conducted in at l east 5% pl us one of herds in each county. Cr iteria for sel ecting repeat recordings are 
following:  

  The herds that belong to the best herds by production and where no re peat recording has been 
conducted in past 3 years. 

  The herds the production of which has significantly increased year on year. 

  The herds the fat content in milk of which is high. 

  The herds submitted for examination by a breeders’ association. 

  The herds chosen randomly. 

In case the analysis of repeat recording shows a deviation from test milking exceeding 7% and the herd’s 
fat content exceedi ng ± 0. 25% or there i s a devi ation in the recording data of a large number of cows, 
the reasons behind such deviations will be analysed and a new repeat recording will be carried out within 
12 months from the fi rst repeat reco rding. The resul ts of test mil king are repl aced wi th the resul ts of 
repeat recording. 

3.2 Milk laboratory 

Milk r ecording s amples a nd q uality s amples a re a nalyzed in  milk laboratory. T he d uty o f t he m ilk 
laboratory is  a lso to arrange the collection o f milk samples. Sample collection is  organised so that the 
farmers are concurrently informed of test milking results and the next milk samples collection date. Such 
system ensures that the number of milk samples to be analysed is distributed evenly throughout a month 
and the period between days of testing falls within established limits. There are around 300 milk samples 
collection points all over Estonia which are mainly located near larger dairy farms. In addition to the task 
of collecting milk samples, we also use the samples collection vehicle as a means of transporting ear tags 
if an animal keeper has subscribed to such service.  

In April this year we introduced real-time QPCR-based DNA mastitis analysis.  
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3.3 Data processing 

Data is centrally entered and processed in the Animal Recording Centre. The need to forward information 
on paper ha s decreased with the advances i n technology. The  animal keepers forward around 30%  of 
information via the Internet by entering data online or sending a file saved from the farm management 
software to the Animal Recording Centre. This data is checked when it is entered into the database as 
well as during data processing. The farmers receive milk recording data via post and they can access the 
data via the Internet.  

3.4 Genetic evaluation 

Dairy cattle genetic evaluation is conducted three times a year. Characteristics evaluated are: 

  Production traits by random regression test day animal model. 

  Conformation traits by BLUP animal model (“PEST”). 

  Udder health trait by random regression test day animal model. 

  Fertility traits by BLUP multi-trait animal model (“PEST”). 

  Longevity trait using “Survival Kit”. 

  Calving traits by BLUP multi-trait animal model (“PEST”). 

Estonian An imal Recording Centre is  participating in Interbull’s evaluation o f bulls with the production, 
udder health and confor mation data of the Estoni an Holstein breed and wi th the pro duction and ud der 
health data of the Estonian Red breed.  

3.5 IT as a developing unit 

All computer programmes used i n dail y work ha ve been designed i n the A nimal Rec ording Centre.  
Software intended for th e farmers is developed as In ternet-based software.  An exception to the rul e is 
the Possu- programme, i ntended for pi g bree ders, whi ch i s a PC progra mme. Usi ng Internet-b ased 
software ensures that all farmers are at any gi ven time using the most r ecent version of the particular 
software and we do not incur costs t o del iver pro gramme updates. As a ll software i s c reated i n th e 
Animal Recording Centre we can respond very quickly to programme errors and immediately repair them. 
We can also promptly deal with the needs of the farmers related to programme improvement. A situation 
typical for the largest herds in Estonia is that milk is produced on several farms and there are a number 
of people who enter or look up data. The advantage of Internet-based software is that all these users see 
the most recent information. 

4.0 Conclusion 
The reasons for the popul arity of an imal recording in Eston ia are l ong tradi tions and goo d cooperati on 
with the farmers and br eeding organ isations. The most  s ignificant shortcoming o f an animal r ecording 
system in a small country i s the conti nuing decrease in the number of animals, although we are able to 
provide services for a l arger population because of investments made. The wide use of the Internet a nd 
innovative attitude of the farmers has supported us in our endeavour to provide an efficient service. The 
Internet hel ps us to kee p software se rvicing costs l ow and the exchange of i nformation between  t he 
farmers and the database is conducted qui ckly which in turn increases the level of sati sfaction with the 
service. Our in-house developing team enables us to respond very rapi dly to the needs of the farme rs 
and we can independently develop new services without being hindered by external factors. The services 
offered to the breeders of other animal species contribute to lower information technology related costs. 
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Abstract 

Computation of lactation yields from test-day data has lost much of its importance for genetic evaluations 
as the use of test-day models is currently quite widespread. In the other hand its interest for intra-farm 
management is increasing as a base for advanced management tools. The first and principal aim of th is 
study was to devel op a  method whi ch takes i nto account advantages a nd di sadvantages of exi sting 
methods, and to test its potential to provide useful management tools to dairy farmers. A test-day model 
with modifications to able daily run and management tools was developed. Because of its similarities with 
best pr ediction, the method devel oped here was  call ed modi fied best pre diction. The second obj ective 
was to compare the accuracy of this new method with best prediction and test interval methods. Modified 
best prediction showed good results for predicting daily yields and was slightly better than best prediction 
for lactation yields prediction. Management tools obtained with modified best prediction are explained. 

Keywords: Lactation yields computation, modified best prediction, test-day model, management tools. 

1.0 Introduction 
Milk performance recording and computing of lactation yields from test-day yield data had historically two 
main purposes: intra herd management and genetic evaluation. The last one is often the main reason to 
do milk recording, however the desire of assessing precisely phenotypic performances of dairy cows was 
at t he o rigin o f mi lk r ecording. As  t he u se o f t est-day models is  c urrently quite widespread, la ctation 
yields computation for genetic evaluations has lost much of its importance. At the same time, its interest 
for intra-farm management has increased because farms are getting larger and economic sustainability is 
more and more difficult to achieve. 

The official method recommended by ICAR (2009) to compute lactation yields is the test interval method 
(TIM). Thi s method connects test- day data usi ng linear interpolation between them.  Over the years,  
alternative methods for computing cumulated productions were developed and approved by ICAR. These 
methods are  i nterpolation usi ng standard l actation curves (Wil mink, 1987),  mul tiple trai t predi ction 
(MTP, Schaeffer and Jamrozik, 1996) and best prediction (BP; VanRaden, 1997). MTP combines, using a 
Bayesian me thod, the a pri ori knowledge on st andard l actation curve a nd the obse rved data. BP 
combines recorded yields into a l actation record usi ng selection index procedures, therefore i t has bes t 
linear predi ction properti es. BP i s more accurate than TIM but l ess accurate than the si multaneously 
equations as provided by BLUP (Pool and Meuwissen, 1999). 

Furthermore, several  authors have sh own the pot ential for ca lculating cumulated production wi th test-
day model s (TDM). Pool  and Meuwissen (1999), Mayeres et al. (2004),  and V asconcelos et al. (2004) 
reported the abil ity of a TDM to predi ct dai ly and lactation yields. Mayeres et al. (2004), Koivula et al. 
(2007), and Caccamo et al. (2008) showed the interest of using a TDM to bring useful management tools 
to dairy farmers. However full, population wide TDM require important computations resources. They are 
therefore pe rformed on schedules, e. g., three time s a year for the INTERBULL i nternational geneti c 
evaluations. This reduces their direct usefulness as farmers need l actation yields and other management 
results a few days after milk recording. 

The ai m of thi s study was fi rst to devel op a new method whi ch takes i nto account a dvantages a nd 
disadvantages of existing methods, is applicable on the field, and bri ngs useful  management tool s. The 
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second objective was to test the ability o f this new method to describe and predict daily and lactation 
yields. 

2.0 Materials and Methods 

2.1 Data 

Data avail able i n thi s study were 21, 839,073 test -day data ( milk, fat,  protein, and somati c cell  count) 
coming from milk recording in Walloon region of Belgium and collected between January 1980 and March 
2010. These data included all lactations and all dairy breeds, including dual purpose breeds. Pedigree and 
lactation data were also provided. 

Additional data consi sting in daily individual milk yields were col lected in 8 herds.  After editing, 132,607 
daily production records, from 562 lactations, 312 cows and 4 herds were kept. 

2.2 Model 

Because of i ts similarities with BP, the method dev eloped here was called modified-BP (mBP). However, 
some elements of others methods have been included. 

The mBP method has the following properties: 

  multiple-trait computation (milk, fat and protein yields, somatic cell score); 

  (co)variances are supposed to be known and constant; 

  standard lactation curves account for general  pattern of l actation curve wi thin breed an d age at 
calving classes, year of p roduction within herd, season of producti on within herd, herd devi ation 
from general pattern of lactation curve, and genetic value of the cow. 

The main di fferences between mBP and BP are th e defi nition of the standard l actation curves and the  
inclusion of individual genetic value. In order  to minimize bias, components of standard l actation curves 
specific to the herd are computed jointly with random individual effect. Components of standard lactation 
curves obtained using the whole population ( i.e. genetic va lues and general pattern of la ctation within 
breed, age at calving and pari ty) are not recomputed each time but extracted from databases. If a cow 
moves from one herd to another during its lactation, standard lactation curves components specific to the 
herd are changed at the time of transfer. The inclusion of genetic effects is important for predicting daily 
yields wh en la ctation is in  p rogress if a  c ow is g enetically more o r le ss p ersistent than p opulation 
average. 

Among possible implementations of this method, we choose to use a multi-trait multi-lactation random 
regression TDM that allowed direct joint estimation of fixed and random effects. Data were pre-corrected 
for population level effects i n order to make possi ble a daily run at herd l evel. Therefore, mBP coul d be 
located between BP and population-wide TDM wi th BLUP properties i ntegrating i deas about di stributed 
computing and se quential sol ving (Gengl er et al., 2000).  Cl assical fi xed herd x te st-day effect w as 
replaced by three herd effects to enabl e herd-management prediction foll owing Mayeres et al. (2004). 
These thr ee effects are a  fi xed herd x test year effect, a fixe d herd x test month x peri od of 5 year s 
effect, and a random h erd x tes t-day effect. Thes e thre e herd effects  refl ect evoluti on of herd  
management level, corrected for lactation stage, age at calving, parity, and genetics.   

The global model could be written as follows: 

eZaZpWhTtXβy +++++=  

 

Where: 

- is the vector of observations (milk, fat and protein yields, somatic cell score); y

- is the vector of fixed effects: β

 - class of 5 DIM x class of breed x class of age at calving (data are pre-corrected for this effect), 

 - herd x test year, 

 - herd x test month x 5 year period; 
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- is the vector of random herd x test-day effect; t

- is the vector of herd x year of calving random regression coefficients; h
- is the vector of permanent environmental random regression coefficients; p

- is the vector of genetic addi tive random regres sion coeffi cients (data are pre-corre cted for thi s 
effect); 

a

- is the vector of residuals; e

- ,T , and are incidence matrices assigning observations to effects. X W Z
Herd x year of calving random regression effect was not used for somatic cell score modelling.  

Finally a var iant of thi s method was tested. Thi s variant contains integration of expectati ons of constant  
animal effects to observed average values using a Bayesian prediction approach. The Bayesian method is 
similar to th e MTP metho d, only avoiding expectations about l actation shape curves. This approach was 
called mBPb. Usi ng thi s vari ant, the expected val ue of the re siduals in a given l actation for a gi ven 
animal was forced to be zero. The reason for the devel opment of thi s alternative method was that wi th 
standard mBP, expected value of the resi duals is only zero by herd. The co nsequence is that predi cted 
curves could not refl ect the observed records of ex treme cows compared to the average  animal in this 
herd. 

(Co)variances estimations were obtained from REML and Gibbs sampling (Misztal, 2009). 

2.3 Validation 

In order to v alidate mBP,  adjustment quality and prediction abili ty were studi ed. Adjustment qual ity i s 
the difference between observed records used for solving the model  and predicted values for these test-
days. Prediction ability is the ability o f the model to predict va lues o f the fo llowing test-day. mBP and 
mBPb were r un for 400 h erds. Data of l ast avail able test-day were set to zero. Al l records needed for 
running mBP and mBPb were used to  assess th e adjustment quality of the model ; and daily predictions 
for the last available test-date were used to assess the prediction ability of the model. Mean error, mean 
square error and correlations were computed for these two parameters.  

Lactation yields prediction was al so estimated. To match as much as possi ble to the real ity, official test-
day records were simulated, using actual daily production and respecting the schedule of condi tions and 
the characteristics of the Walloon situation: 

  each herd had the probability of 87 percent to be  simulated in a A4 test pl an and 13 perc ent to 
be simulated in a A6 plan; 

  time between two tests was between 22 and 37 days (A4) or between 38 and 53 days (A6). To 
make test interval longer, each test-day had also 1 percent of probability to be cancelled; 

  corresponding to the current practice, tests were not done in July for A4 plan; 

  first test of the lactation had to be performed after the fourth day in milk. 

A total of 200 si mulations were done.  Us ing these simulated test-day dat a, mBP, mBPb,  BP and TI M 
lactations yields were computed and compared to the real ones. When real daily milk yields were missing, 
predictions for these  day s were not  t aken i nto account for m BP, mBPb,  B P and  TI M l actation yi elds 
calculation. For each method, mean, standard deviation, relative bias and correlation with actual lactation 
yields were computed on overall data set, by parity, and by test plan. 

BP method was official best pr ediction program downloaded on AIPL website. To allow comparison with 
mBP, data were pr e-corrected for parity x age at cal ving x bre ed, an d standar d l actation curves  
accounted for herd x season of calving. 

Lactation yi elds prediction when l actation i s i n progress was al so studi ed. The method was similar but 
only 25 s imulations were done. For each si mulation, 11 data set s were creat ed: the fi rst one contai ned 
only first test-day records ; the second one contai ned only first and second t est-day records, and so on. 
Each 305-d lactation yields prediction was compared to the real one for each data set. 
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3.0 Results and discussion 

3.1 Lactation curve modelling and herd means 

As descri bed before mB P i s a method to com pute dai ly and lactati on yi elds, but i t al so can comput e 
management tools such as evolution of herd effects, peak yield and persistency. This method can be run 
daily herd by herd, and farmers can recei ve results a few days after milk recording. Figure 1 shows milk 
yields modelled with mBP me thod from an ended lactation. Prediction of entire lactation with four test-
day records is shown on Figure 2. Th e inclusion of geneti c effects in lactation curve al lows to take  into 
account genetic persistency of a cow, in addi tion to average persistency of the herd (explained by herd x 
year of cal ving effect) and of the bree d (explained by class of 5  DIM x c lass of breed x cl ass of age at  
calving effect). 
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Figure 1. Illustration of the modelling of a lactation by modified-best prediction (mBP) method. 
(  test day record; —mBP modelling). 
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Figure 2. Prediction of the entire lactation with four test day records by modified-best prediction (mBP) 
method. 
(  test day record; — mBP modelling). 
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As in Mayeres et al. (2004) a modi fication of c lassical fixed herd x test-date  effect was done i n order to 
predict herd effects for e ach day of t he lactation. Figure 3 sh ows evolution of these th ree effects for a  
particular herd. Herd x test year effec t shows a re gular decrease of management level over the years. 
Herd x test month x period of 5 years effect shows seasonal variation of management level inside years. 
And herd x test-day effect i ncludes the part of t he herd vari ation that i s not expl ained by the t wo 
previous effects. Sum of these thr ee effects shows the general evolution of herd mana gement, which is 
decreasing in thi s parti cular herd. General  decrease can be explained by an extensi fication of far ming 
practices and seasonal  variation by period of grazi ng or seasonal  feeding. But if these var iations can not 
be explained, resul ts indicate management problems that need to be i dentified and solved.  These h erd 
management le vel in dicators a re corrected fo r la ctation s tage, b reed, ag e at c alving, a nd ge netic, s o 
interpretation of thes e values is more accurat e than interpretation of raw yi elds. Similarly to Koi vula et 
al. (2007), values of rand om herd x t est day effect reflects di fference between predicted and observed 
values for herd management. No threshol ds to det ect management problems have been tested so far. 
Herd x calving year random regression could also be plotted as done by Caccamo et al. (2008). 
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Figure 3. Evolution of herd solutions for a particular herd. 

3.2 Validation 

Adjustment qual ity was analyzed for mBP and mBPb methods. Tabl e 1 shows resul ts for pari ty one. 
Results were similar for other parities. Adjustment quality is the difference between available records and 
predicted values for these test-days. As shown in Table 1 mean error i s null, mean square error i s small 
and correl ations are hi gh, rangi ng from 0. 85 for somatic cell score to 0. 95 for mil k yiel ds. The two  
methods showed similar results. Prediction ability is shown in Table 2 for first parity. Prediction ability is 
the ability to predict values of the following test-day. The mBPb method was inferior to mBP in its ability 
to predi ct yiel ds of foll owing test-day.  Thi s result  was not unexpecte d a s i n mBPb the predi ction i s 
centred on the al ready observed values for a given cow. Further resul ts given in Table 3 will  show that 
this issue disappears when more test-days become available. 

 

 

 

 

Page 175 



Gillon et al. 

Table 1. Adjustment quality for mBP and mBPb methods in first parity. 
 

mBP mBPb 
Trait N ME1 MSE2 Corr.3 ME1 MSE2 Corr.3

Milk (kg) 651,266 0.00 4.28 0.95 0.00 4.17 0.95 
Fat (kg) 651,266 0.00 0.01 0.92 0.00 0.01 0.92 
Protein (kg) 651,266 0.00 0.01 0.93 0.00 0.01 0.94 
SCS 556,791 0.00 0.70 0.85 0.00 0.68 0.85 
1 ME: mean error. 
2 MSE: mean square error. 
3 Corr.: correlation between observation and prediction. 

 

Table 2. Prediction ability for mBP and mBPb methods in first parity. 
 

mBP mBPb 
Trait N ME1 MSE2 Corr.3 ME1 MSE2 Corr.3

Milk (kg) 7,368 -0.09 12.37 .87 -1.73 29.47 .75 
Fat (kg) 7,368 0.00 0.03 .83 -0.06 0.06 .69 
Protein (kg) 7,368 0.01 0.01 .85 -0.07 0.03 .72 
SCS 6,233 0.00 1.70 .57 -0.22 2.31 .49 
1 ME: mean error 
2 MSE: mean square error 
3 Corr.: correlation between observation and prediction 

 

Simulation of fictive test-day yields was done with real daily milk yields in order to maximize situations 
that can be present in reality. Lactations yields were computed using 5 methods: real yields, mBP, mBPb, 
BP, and TIM. For each method, mean and standard deviation were reported. Relative bias and correlation 
with rea l producti ons were al so computed. For l actation yi elds description (when l actation i s fi nished), 
analyse was done per parity and per data collecting plan. For lactation yields prediction (when lactation is 
in progress),  analyse was done by number of avai lable tests. Tabl e 3 shows  that mBP m ethod was the 
best method even i f di fferences were quite smal l. BP had hi gher relative bias for fi rst parity. Additional 
study has to be made to see if it can be explained by production level. After 3 tests, lactation yields were 
predicted with high precision: relative bias was smaller than 1 percent and correlations were higher than 
.90 with mBP and mBPb methods. With BP, this level of precision was reached after 5 available tests. 

4.0 Conclusions 
The new proposed method called mBP is a daily and lactation yields computation method based on TDM 
that can bri ng management tool s such  as evol ution of management l evel, peak yi eld and persi stency. 
This method can be run  dai ly herd by herd, an d farmers  c an recei ve r esults a few  days aft er milk 
recording. Validation showed that mBP was better  than mBPb, that was devel oped to sol ve issues with 
extreme cows,  and BP but di fferences were small . Possible management to ols can be directl y deduced 
from results that are potentially very useful tools to dairy farmers. 
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Table 3. Lactation yields prediction when lactation is terminated (description) and when lactation is in 
progress (prediction) for 4 methods: mBP, mBPb, BP, and TIM, compared with real lactation yields. 
 

Mean std Mean std r.bias1 Corr.2 Mean std r.bias1 Corr.2 Mean std r.bias1 Corr.2 Mean std r.bias1 Corr.2

DESCRIPTION
all

80200 7230 1930 7227 1917 -0.04 0.991 7235 1949 0.07 0.990 7077 1927 -2.12 0.985 7254 1951 0.33 0.990
by parity
lact=1 26600 6361 1352 6361 1364 0.00 0.985 6369 1383 0.13 0.985 6012 1200 -5.49 0.979 6376 1382 0.24 0.984
lact=2 17600 7348 1853 7356 1849 0.11 0.990 7363 1880 0.20 0.990 7217 1775 -1.78 0.987 7385 1883 0.50 0.990
lact=3 15600 7986 2182 7962 2176 -0.30 0.991 7974 2217 -0.15 0.991 7946 2177 -0.50 0.991 8000 2205 0.18 0.990
lact=4 10000 8036 1999 8029 1970 -0.09 0.990 8050 2000 0.17 0.989 8045 1993 0.11 0.989 8086 2004 0.62 0.988
lact=5 4800 8157 1877 8128 1823 -0.36 0.986 8148 1878 -0.11 0.987 8137 1865 -0.25 0.988 8176 1890 0.23 0.987
lact=6 + 5600 6643 1730 6677 1673 0.51 0.988 6644 1717 0.02 0.988 6631 1673 -0.18 0.987 6655 1718 0.18 0.988
by data collection plan
A4 69774 7230 1930 7229 1917 -0.01 0.991 7236 1948 0.08 0.991 7080 1928 -2.07 0.986 7253 1950 0.32 0.991
A6 10426 7230 1930 7213 1912 -0.24 0.988 7225 1955 -0.07 0.987 7054 1924 -2.43 0.982 7256 1958 0.36 0.987

PREDICTION
number of available tests
1 3179 7716 1833 7489 1670 -2.94 0.907 7373 2343 -4.45 0.811 7731 1954 0.19 0.838 - - - -
2 5638 7556 1889 7449 1800 -1.42 0.934 7466 2308 -1.19 0.884 7786 2030 3.04 0.896 - - - -
3 6271 7473 1861 7436 1852 -0.50 0.948 7509 2216 0.48 0.920 7653 1989 2.41 0.923 - - - -
4 6695 7292 1867 7272 1877 -0.27 0.960 7345 2136 0.73 0.943 7368 1962 1.04 0.942 - - - -
5 7603 7117 1904 7101 1910 -0.22 0.974 7160 2085 0.60 0.966 7114 1976 -0.04 0.962 - - - -
6 7211 7272 1878 7248 1863 -0.33 0.979 7299 1989 0.37 0.975 7213 1919 -0.81 0.968 - - - -
7 6842 7462 1958 7438 1936 -0.32 0.985 7482 2033 0.27 0.983 7376 1989 -1.15 0.977 - - - -
8 6066 7602 1908 7566 1882 -0.47 0.988 7595 1947 -0.09 0.987 7484 1919 -1.55 0.981 - - - -
9 5267 7745 2082 7720 2067 -0.32 0.992 7742 2122 -0.04 0.991 7610 2114 -1.74 0.986 - - - -
10 3701 7639 2024 7613 2006 -0.34 0.992 7626 2042 -0.17 0.992 7455 2024 -2.41 0.987 - - - -
11 2656 7816 2110 7786 2083 -0.38 0.993 7803 2116 -0.17 0.992 7624 2135 -2.46 0.988 - - - -
1Relative bias (%) = (mean - real mean)*100 / real mean
2 Correlations between real and predicted lactation yields

BESTPRED TIM
305-d lactation yields

N
Real mBP mBPb
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Abstract 

The alternating morning and evening testing scheme, even though it is less accurate than a standard 
supervised milk recording programme, is more and more implemented on the farm level to reduce costs. 
In France, this scheme is widely used with Lactocorders. As this technique provides milk yields from both 
morning and evening milkings (“Z” testing schemes), a new approach was developed to improve 
estimated 24-hour daily fat and protein yields, by extending the current German model to estimate daily 
yields in alternate testing schemes. In the new model, the other milk yield of a test-day was considered 
as an additional covariate. Separate regressions for 96 combinations of parity, milking interval class and 
lactation stage were fitted as in the current model. The new extended model was applied to a French data 
set for deriving regression factors, which were subsequently validated using an independent, later 
recorded French data set. Comparing the results of the extended to the current model, remarkable 
improvement in accuracy of 24-hour daily yield estimates can be seen, especially for extremely 
unbalanced milkings with large differences between morning and evening yields. With the new model, 
errors estimated for fat and protein yields were significantly reduced. Correlations between true and 
estimated daily fat yields derived from morning (evening) milkings increased from 0.923 to 0.952 (from 
0.914 to 0.935) for first lactation and from 0.927 to 0.959 (from 0.923 to 0.947) for later lactation, 
respectively. The correlations of the new model exceeded 0.982 for protein yield. The newly developed 
model was proven to be more suited for estimating daily yields with Z schemes. 

Keywords: alternate testing scheme, Lactocorder technique 

1.0 Introduction 
Presently in France, the use of EMM is increasing, particularly with Lactocorders. This technique is well 
adapted to alternating morning and evening testing schemes, in which both milk yields of a test-day are 
available, whereas only one sample is taken to estimate the daily fat and protein yields (“Z” testing 
schemes, Leclerc et al, 2004). Therefore, the milk yield of the other milking of the test-day can be used 
as an additional covariate to increase the accuracy of estimated daily fat and protein yields. This can be 
done by extending the German model (Liu et al., 2000), which considers parity, milking interval and 
lactation stage for estimating daily yields from single milkings. The objective of this study is to apply the 
new, extended model to real data and compare the results to the basic model. The intention is to 
implement the new model in practice and this study can be considered as a validation of the model. 

2.0 Material and methods 
For this joint project, two data sets were provided by French milk recording organisations. The first one 
consisted of 24,491 test-day records of 8,655 cows. It was used for deriving new regression factors. The 
second data set with 22,407 test-day records of 8,190 cows was used for the validation. The data 
structure for both data sets is described in table 1. Only milkings from Holstein cows were considered. 
Correlations among morning, evening and daily yields are shown for both data sets in tables 2 and 3, 
respectively. Morning milkings have higher correlations with daily milkings than evening milkings. Rather 
low correlations between single and daily milkings are found for fat content, whereas correlations for 
protein yield and protein content are higher than 0.90. For means, standard deviations, minima and 
maxima, there are nearly no differences between both data sets (Table 4). 
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Table 1. Description of data sets. 
 

 
Data set(I) for deriving 

regression factors Data set (II) for validation 
No. test-day records 24,491 22,407 
No. cows  8,655  8,190 
No. herds  169  156 
No. milkings per cow  2.8  2.7 
Recording period January 2008 - November 2009 November 2008 - March 2010 

 
 
Table 2. Data set (I). Correlations among morning, evening and daily yields (24,491 milkings). 
 
Trait AM - PM AM - DMY PM - DMY 
Milk, kg 0.844 0.967 0.952 
Fat, kg 0.707 0.925 0.923 
Protein, kg 0.829 0.963 0.949 
Fat, % 0.521 0.887 0.851 
Protein, % 0.903 0.980 0.970 

 
 
Table 3. Data set (II) Correlations among morning, evening and daily yields (22,407 milkings). 
 
Trait AM - PM AM - DMY PM - DMY 
Milk, kg 0.821 0.961 0.947 
Fat, kg 0.697 0.921 0.921 
Protein, kg 0.781 0.951 0.931 
Fat, % 0.552 0.901 0.854 
Protein, % 0.919 0.984 0.973 

 
 
Table 4: Means, Standard Deviation, Minimum and Maximum of variables of both data sets  
(N = 46,898 milkings). 
 
 Mean Std. Dev. Minimum Maximum 
Daily Milk-kg 28.3 8.15 2.3 67.02 
Milk-kg (AM) 15.7 4.62 1.1 48.6 
Milk-kg (PM) 12.6 3.89 1.2 45.8 
Fat-% (AM) 3.78 0.74 1.50 8.94 
Fat-% (PM) 4.24 0.79 1.50 9.00 
Daily Fat-kg 1.11 0.31 0.07 2.97 
Fat-kg (AM) 0.58 0.17 0.03 1.89 
Fat-kg (PM) 0.53 0.17 0.03 2.04 
Protein-% (AM) 3.19 0.36 1.92 5.65 
Protein-% (PM) 3.25 0.37 1.55 5.62 
Daily Protein-kg 0.90 0.23 0.11 1.99 
Protein-kg (AM) 0.49 0.13 0.04 1.54 
Protein-kg (PM) 0.40 0.11 0.03 1.42 
Milking interval (AM) 13.3 0.71 9.7 17.1 
Milking interval (PM) 10.7 0.71 6.9 14.4 
Parity* 2.4 1.5 1.0 9.0 
Lactation stage (DIM) 165 96.4 7.0 360.0 
 
 
The German model (Liu et al., 2000) for estimating daily yields from single morning or evening milkings 
considers separate regressions for every combination of parity i, milking interval j, and lactation stage k:  
 

yA4 
[ijk] = b0 

[ijk] + b1
[ijk] yAT 

[ijk]

 
The effects considered in the model as well as the definition of effect classes are described in table 5.  
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Table 5. Definition of effect classes considered in the model. 
 
Trait No. classes Class definition 
Parity  2 1st lactation, 2nd and later lactations 

Milking interval 4 
AM: < 13h; 13h-13.5h; 13.5 h-14h; ≥14h 
PM : ≥ 11h; 10.5h-11h; 10 h-10.5h; < 10h 

Stage of lactation 12 30 days per class 
 
The new approach which is presented here also considers the milk yield of the other milking of a test-
day. This means that the milk yield of the morning milking is used as a covariate when the evening 
milking is taken for analysing the contents – and vice versa. 
 
 
Morning milking:  yA4 

[ijk] = b0 
[ijk] + b1

[ijk] yAT-am 
[ijk] + b2

[ijk]
 Milk-pm

[ijk]

 
Evening milking:  yA4 

[ijk] = b0 
[ijk] + b1

[ijk] yAT-pm 
[ijk] + b2

[ijk]
 Milk-am

[ijk]

 
 

3.0 Results 
Table 6 shows correlations between true and estimated daily yields. Higher correlations obtained with 
morning milkings indicate that daily yields estimated from morning milkings are more accurate than 
those from evening milkings, and thus for all traits. Compared to first parities, later parities lead to 
slightly better estimates for daily yields. In general correlations between true and estimated daily fat 
yield are considerably lower than those for milk and protein yields. Correlations from the extended model 
are remarkably higher than those from the current model both for fat and protein yields, which confirms 
that the new approach can increase accuracy of estimated daily yields from alternating testing schemes. 
Table 7 shows that residual standard deviations also decrease with the extended model. 

 
Table 6: Correlations between daily and estimated yields by lactation. 
 

  Factors from 
current model 

Factors from 
extended model  

Trait Lactation AM-DMY PM-DMY AM-DMY PM-DMY 
1 0.964 0.949 1.00 1 1.00 1

M-kg 
2+ 0.973 0.961 1.00 1 1.00 1

1 0.923 0.914 0.952 0.935 
F-kg 

2+ 0.927 0.923 0.959 0.947 
1 0.959 0.944 0.988 0.982 

P-kg 
2+ 0.965 0.951 0.990 0.985 

AM = Morning milking, PM = Evening milking, DMY = Daily milking 
 1 1.00 since both milk yields of a test-day are known when Lactocorder technique is used. 
 
 
Table 7. Standard deviation of residuals. 
 

  Current model Extended model 
Trait Lactation AM-DMY PM-DMY AM-DMY PM-DMY 

1 0.09000 0.09485 0.07164 0.08243 F-kg 
2+ 0.12596 0.12962 0.09489 0.10794 
1 0.05274 0.06173 0.02899 0.03527 

P-kg 
2+ 0.06382 0.07469 0.03423 0.04196 

 
 
In tables 8a and 8b, differences between true and estimated daily fat and protein yields are shown for 
both approaches. Differences are expressed in percentage of true daily yield. For all traits, the 
percentage of extreme differences is higher for pm-milkings than for am-milkings, which confirms the 
lower accuracy of yields derived from the evening milkings. 
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Again, the lowest accuracy is found for fat yield: the differences between the true and estimated daily 
yields greater than 10% of daily yield represent more than 24% of the cases for fat (am or pm milkings) 
instead of 18.1% for protein with pm milkings and 10.7% with am milkings. With the extended model, 
only 15% of the milkings result in a difference of higher than 10% for fat, and 3% for protein.  

 
Table 8a. Percentage of milkings with absolute difference between true and estimated daily fat yield  
(in %). 
 

  Current model Extended model 
Trait Difference AM milking PM milking AM milking PM milking 

< 1% 10.1 10.1 12.9 10.5 
1-5% 37.1 36.1 44.8 38.9 

5-10 % 28.5 28.6 28.2 30.6 
10-20 % 18.1 18.1 12.0 16.4 

F-kg 

≥ 20 %  6.2  7.1  2.2  3.6 
 
 
Table 8b. Percentage of milkings with absolute difference between true and estimated daily protein yield 
(in %). 
 

  Current model Extended model 
Trait Difference AM milking PM milking AM milking PM milking 

< 1% 14.8 11.7 22.8 19.2 
1-5% 48.0 41.0 61.7 57.5 

5-10 % 26.6 29.2 14.3 20.5 
10-20 %  9.2 14.9  1.1  2.7 

P-kg 

≥ 20 %  1.5  3.2  0.1  0.1 
 
 
Table 9 shows that differences between true and estimated daily yields increase with increasing 
differences between morning and evening milk yields. With the extended model, these differences are 
reduced, especially for very unbalanced milkings. This confirms that accuracy of estimates for fat and 
protein yield can be remarkably improved with the extended model.  

 
Table 9. Mean differences between true and estimated daily yield depending on proportion of milk yield 
AM to milk yield PM. 
 
  Current model Extended model Current model Extended model 
  F-kg F-kg P-kg P-kg 
AM / PM1 No. AM PM AM PM AM PM AM PM 
0 - 3 -0.77 0.73 -0.35 0.29 -0.58 0.63 -0.17 0.18 
0.25 - 29 -0.27 0.36 -0.09 0.12 -0.31 0.38 -0.12 0.11 
0.50 - 132 -0.19 0.23 -0.10 0.07 -0.18 0.22 -0.08 0.05 
0.75 - 1830 -0.09 0.08 -0.05 0.02 -0.08 0.08 -0.04 0.01 
1.00 - 9371 -0.02 0.01 -0.03 -0.01 -0.01 0.01 -0.01 -0.01 
1.25 - 8048 0.02 -0.03 -0.01 -0.03 0.02 -0.03 0.00 -0.02 
1.50 - 2256 0.07 -0.08 0.01 -0.05 0.06 -0.07 0.01 -0.03 
1.75 - 536 0.14 -0.12 0.03 -0.08 0.10 -0.12 0.02 -0.05 
2.00 - 202 0.25 -0.22 0.08 -0.12 0.18 -0.21 0.05 -0.09 

1Proportion of milk yield AM to milk yield PM. 

4.0 Conclusions 
For all traits, higher accuracy can be achieved with morning milkings. Comparing the three traits, milk, 
fat and protein yields, the lowest accuracy is found for fat yield. The extended model, which considers the 
milk yield of the other milking of a test-day, leads to more accurate estimated fat and protein yields, and 
thus it should be highly recommended to estimate fat and protein yields with “Z” testing schemes. With 
this testing scheme both milk yields are known anyway and therefore there is no disadvantage when 
compared with classical schemes.  
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For all regions or farms that use an alternating testing scheme but do not work with EMM (such as 
Lactocorders), daily milk yield still has to be estimated (“T” schemes, according to the ICAR 
nomenclature). In these cases the German approach (model 6, Liu et al., 2000) should be applied.  

Finally, it is recommended to derive regression factors from a data set representative of the situation of 
the country and which includes milkings of at least a whole year, to obtain complete lactations and to 
remove potential seasonal effects or the impact of short lactations. 

In conclusion, the new model reduces disadvantages of alternating testing schemes. Accuracy of 
estimates for daily fat and protein yields from am or pm milkings is improved. This is especially true for 
very unbalanced milkings with large differences between morning and evening milk yield which very often 
lead to large estimation errors. 
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Abstract 
AgSource recognized the need to drive change rather than follow change. This was a necessary step to 
remain a strong and viable option for our current and prospective customers. New milking parlor 
technologies mixed with the introduction of sexed semen and genomics have and will continue to change 
the daily information available to dairy owners within the AgSource service area. Use of these 
technologies has the ability to adjust management decisions made on dairy operations. It was also 
recognized that some of these technologies will avail the dairy farmer of tomorrow to increase leisure and 
family time spent away from the dairy. All of these adjustments lead to AgSource changing the style of 
reports and summaries produced for customers. The product target has been twofold; first, assisting the 
speed and accuracy of the on farm decision process; the second, benchmarking the results of each 
dairy’s management activities against a peer group of like dairies. The program has made great strides in 
how customers view AgSource products and has brought a new respect from customers to AgSource 
employees. This has improved employee morale and increased the desire to better serve customers. The 
end result has been a growth of cows on test with AgSource along with a higher percentage of animals 
sampled on a monthly basis. The adjustment of product offerings has been an ongoing project over the 
last five years. To verify program success comparisons of annualized individual cow milk recordings over 
different time periods were analyzed. In May 2004, AgSource had 350,000 fewer individual cow milk 
recordings than the previous year. While in contrast, May 2010 had annualized recordings that had 
increased over the previous year by nearly 100,000 cow milk recordings. This marks the fourth straight 
year of increases in this area. 

Key words: trend lines, benchmarks, management information. 

1.0 Determining areas in need of management time 
AgSource serves a di verse popul ation of dai ry producers.  Herd s range i n size from 30 to over 10, 000 
cows. Management styl es vary from free stal l, to stall barn, to grazi ng herds. The one common factor 
amongst t hese operations is  t he need t o obtain data and in formation r elevant t o imp roving in dividual 
decisions. Data is collected on monthl y visits in order to gather herd mana gement information through 
one sample of mi lk per cow.  Using data coll ected from our mon thly testing visiting, AgSource devel ops 
the necessary management tool s. These tool s or p roducts need to assi st customers in making informed 
decisions wi thout having to si ft through pi les of da ta. The products developed need to  quickly point to 
areas where management decisions and/or the implementation of these management d ecisions needs to 
improve. Customers and consultants have busy schedules; the best servi ce that AgSource can provide is 
creating the analysis that al lows decisions to be m ade and not just create data points that need to be 
sorted through to create management  information. By saving this step there i s immediate efficiency and 
satisfaction for the end user. A s a final  step,  monetary meas ures have b een l inked to products a nd 
reports. Informing customers of the hi dden income losses associated by not acting to i mprove deficient 
management has been an  eye openi ng experience for customers . Once management chan ges are made 
the hidden income starts to appear. This new found income improves the overall financial standing of an 
operation and customer satisfaction with AgSource. 

In order to serve the needs of customers, AgSource has created several new products to assist customers 
in spending their valuable management time making decisions rather than sorting through pages of data.  

One of the first steps in the plan was developing products which are visual in nature and quickly show an 
area of need. A good example of how this was accomplished is the Profit Opportunity Analyzer®. Figure 1 
demonstrates the simplicity of use in the easy to read bar graphs that demonstrate areas of management 
concern to customers. Customers an d consul tants have use d thi s report to stay focus ed on  the ar eas 
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needing management att ention rather than leaning toward human nature and concentr ating on are as 
they prefer t o spend ti me. In the given example, transi tion and dry period and turnover are the are as 
with the greatest need for adjustments with udder health following behind. 

 

 
Figure 1. Profit Opportunity Analyzer. 

 
 

2.0 Development of trend lines 
Another i mportant devel opment i n t he program  was the implementation of trend li ne reports and 
summaries. Trend lin es a llow c ustomers t o vi sualize t he d irection a  herd is  mo ving in s everal 
management areas or  s easonal management struggles exp erienced each  year.  They  al so serve as 
important tool s for cust omers to track the management di rection and assi st i n determi ning wh at 
management actions were successful. Often trend lines make directional changes that can be traced back 
to a  specific action taken just before the t rend line moves in  an up or down d irection. Trend lines are 
great tools for measuri ng past manag ement decisions and gi ving guidance of when i t is time to l ook at 
specific areas of current management  due to a tr end l ine downturn.  Figure 2 demonstr ates the us e of 
trend l ines to create a quick view picture of di rection of roll ing herd avera ge for mil k alongside the ME 
trend lines for first lactation cows versus the same trend line for second and greater lactation animals.  

3.0 Benchmarks 
The use of benchmarks has been an o utstanding way to measure the results of one dairy in comparison 
to similar dairies of the same size or management style. Customers have found this to be a great tool in 
demonstrating what levels of production or productive efficiency can be obtained.  

AgSource benchmarks have been produced for herds at  different levels. The 80th percentile level is the 
level of performance of the top 2 0 percent of herds being ranked in an individual management area. This 
level of performance has been set as  the goal  ar ea by A gSource. Once a herd has rea ched the 80t h 
percentile rank in a given management area it is assumed to be more financially beneficial to concentrate 
time improving other areas bel ow the 80th perc entile mark. Movi ng to levels hi gher than the 80th  
percentile encourages unrealistic management goals. Levels lower than this may be allowing customers 
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to overlook management areas that should be given some level of concentration. Guidance is provided to 
customers when introducing the benchmarking tools. The development of plans to improve management 
needs to be realistic. If a customer i s in the 20th pe rcentile range for an area of management resul ts, it 
is necessary to devel op a plan to reach the 50th per centile range and then conti nue working toward the 
80th percentile range. If expectations are set too high for improvement in too short of time, the customer 
may become discouraged with the plan and slip backwards due to frustration.  
 

 
 

Figure 2. Rolling herd and & ME 305 average milk. 

4.0 Research and development of products 
The development o f n ew p roducts is  e ssential t o t he future of AgSource. It i s i mportant to develop 
products capabl e of fil ling the n eeds of the cust omer. It i s al so i mportant these products have been 
properly researched and the end product is supported by science.  

Product development and marketing costs are the same whether a product has been succe ssful or a total 
failure. The di fference often i s that the successfu l product meets the n eeds of a cust omer’s speci fic 
management.  

AgSource staff has stayed i n touch with potential needs by attending meetings, trade sh ows and other  
opportunities to listen to the most progressi ve producers and consultants. AgSource relies heavily on the 
University of Wisconsin School of Veterinary Medicine staff and the University of Wisconsin Dairy Science 
Department for product development. Price points and anticipated sales volumes have been developed.  

New products must have the following characteristics: 

• Quantitative/measurable. 
• Repeatable. 
• Limited lag time. 
• Unbiased. 
• Decision can be made from the data. 

After a proto type has b een devel oped, customer a nd consul tant focus grou ps are us ed for fi ne tuning 
changes. Bef ore rel ease, the fi eld and i nternal staff are trai ned about how the pro duct adds val ue t o 
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customers, how to interpret results and how to sell the product. Marketing and educational materials are 
developed for both hard copy and website. 

5.0 Monitoring results 
Adjusting the way servi ces are provi ded to custome rs is important for the co operative to stay on target  
with their needs. However, monitoring is also needed to be sure the changes that are being made result 
in satisfied customers. One of the best monitoring tools can be seen in figure 3. This graph demonstrates 
growth not only in active cows or herds, but also in individual cow milk recordings. An increase in these 
numbers represents customer satisfaction.  

This graph demonstrates growth i n the area on a ro lling twel ve month basi s. Each line represents the 
growth in cow tests on a roll ing year basi s. The effe ctiveness of our marketing pl an can al so be seen  in 
these numbe rs. The li nes above zero represent growth. Li nes bel ow zero represent de creases i n cow  
tests. Previous to current pl an introduction, all numbers were headed in a negative di rection. Dramatic 
gains were seen in 2007 and 2008. While 2009 and 2010 have had less dramatic gains, numbers are still 
increasing above previous years. Economic swings have played a factor in the numbers as well. However, 
the current marketi ng program has hei ghtened the lines in the upswings of the economy and countered 
the full effect of downturns in the economy. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusion 
 
 
Figure 3. Individual milk recordings. 
 
 
AgSource considers the entire process of product d evelopment as part of th e value added program. The 
goal the program is to provide services and products so valuable to customers they cannot see operati ng 
their busi ness wi thout AgSource. AgSource empl oyees have s pent ti me with customers, consul tants, 
veterinarians and fi nancial institution representatives explaining products su ch as the Profi t Opportunity 
Analyzer. Good open discussions have resul ted and these discussions are hel d using AgSource repo rts. 
This has put  AgSource empl oyees i n the room wi th a team of  deci sion makers aski ng questions an d 
learning about AgSource products, earning responsibility that AgSource employees may not have had the 
opportunity to hol d on dairy farms i n the past. Thi s has taken trai ning and commi tment from AgSource 
and empl oyees. However, the outcome has been a new l evel of respect fo r AgSource and empl oyees. 
Customers now look forward to the next information coll ection date wi th enthusi asm because t hey 
understand how test date links to the del ivery of management products which can have a positive effect 
on the improved financial performance of their operation. This in turn has improved AgSource employee 
career satisfaction and renewed their commitment to improving performance.  
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Abstract 

Animal breeders, like any other entrepreneurs, operate in a dynamic and competitive industry. Reliable 
and applicable information forms the core of good management and strategic decisions. By utilising 
existing records of origin, parentage, ownership and other features of recorded animals, breeders and 
breeders’ organisations can improve the quality of the decisions they have to make. Breeders’ 
organisations are generally in a good position to provide a value-adding service to their breeders and in 
the process make basic animal recording more cost-effective. 

Some examples of value-adding to basic animal recording data and processes are given and discussed. 

Keywords: animal recording, value adding, demography, pedigree analysis, breeding structure, Bonsmara 

1. Introduction 
The global community, in all its spheres, finds itself in the midst of an information revolution. Applicable 
and reliable information forms the basis of almost all processes and is at the core of any good 
management or strategic decision. It is almost inconceivable that any project or business can succeed 
without good management decisions. It is the business of animal breeders and breeders’ organisations to 
constantly improve their animals genetically in order to meet the demands of their markets. To achieve 
this, information generated from basic routine animal recording processes can play a vital role, whether it 
is origin-, ownership- or pedigree information. 

Generally, significant amounts of time, effort and money are spent on the collection, processing and 
storage of data that is used for the primary purposes of animal- and herd identification, parentage 
recording and herdbook registration. By utilising the same data to generate additional information, 
breeders and breeders’ organisations can improve the quality of the decisions they have to make and in 
the process improve their competitive edge in the industry. The processes that drive genetic change in 
animal populations depend largely on the analytical use of pedigree and ownership information as 
recorded by breeders, breeders’ organisations and recording authorities. Breeders’ organisations and 
recording authorities are generally in a good position to provide a value-adding service to their customers 
and in the process make basic animal recording more cost-effective. 

Demographic parameters and genetic analyses using pedigree information have been used extensively to 
assess the genetic structure of livestock populations. Some examples of such analyses may be found for 
horses (Moureaux et al., 1996), dairy cattle (Maignel et al., 1996; Sölkner et al., 1998), beef cattle 
(Gutiérrez et al., 2003) and sheep (Huby et al., 2003). De Rochambeau et al. (2000) give an overview of 
some of the applicable methodology. The information that emanates from these kinds of analyses does 
not only have academic value but could also play a major role in the animal improvement efforts of 
breeders and breeders’ organisations. The use of some of these parameters may give significant insight 
into the status of herds or breeds regarding the size of breeding populations, breeding practices, genetic 
variability and effective population sizes. 

2. Demography 
In the context of livestock populations, demographic analysis uses administrative records to develop an 
estimate of the relevant population(s), whether it is on a herd or breed level, in terms of the size, 
composition and spatial distribution of the populations and how these features change over time. Data is 

Page 189 



C. Hunlun 

generally obtained from a census of the population (herd / breed count) that is derived from registry 
records of events like births, deaths, cancellations and migrations (transfers of ownership). 

Elements of demography are used to assist breeders to predict the demand for their animals and to 
analyse the demands on a breeder or a breeders’ organisation’s capacity in terms of products and 
services. It can also be used as an interpretive and analytic tool for the comparison of different markets 
and trends within a herd or breed. Breeders’ organisations have an interest in the number and 
characteristics of their breeders and the animals in their possession so they can optimize their service to 
their breeders and focus the promotion of the breed and the sale of animals on behalf of the breeders. 
Demographic analysis is also used to reveal some of the consequences of the genetic management of 
herds and breeds and to contribute to the interpretation and understanding of genetic results. 

A demographic analysis was done for the Bonsmara, a South African beef cattle breed (Hunlun et al., 
2009), and some of the results from that study will be used to illustrate the possible uses of these 
statistics. 

2.1 Population Change 

Livestock populations are inherently dynamic and continue to change. Changes in numbers of animals 
and herds have a wide application and can, amongst others, be used to describe the developmental 
history of a population and to make certain predictions about the future development of a population. The 
evolution of the number of herds and animals in the Bonsmara breed since its foundation is depicted in 
Figure 1. 

 

Figure 1. Number of herds and female animals older than 24 months in the Bonsmara breed (Hunlun et 
al., 2009). 
 

From Figure 1 several phases can be identified in the history of the breed, each phase having its own 
causes and consequences. Some interesting and important information can be learned about the 
evolution of average herd size over time and the effect of important events in the history of the breed on 
the average herd size, like the secession of the Namibian Bonsmara breeders to form their own breeders’ 
society in 1993/94 and two periods of rather widespread drought in the summers of 1991/92 and 
1994/95. 
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2.2 Population Composition 

Population composition is the description of a population in terms of characteristics such as age, breed / 
line, gender or recording / registration status. These descriptions are sometimes necessary for 
understanding the dynamics of a breed from a historical perspective, for comparative research and to 
provide perspective on the capacity of the breed for future growth and, to some extent, genetic change. 
The characteristics of a herd or breed in terms of age and gender is often presented and compared by 
using a population pyramid (Figure 2). 

 

Figure 2. Age and gender distribution in the Bonsmara breed, as in July 2008 (Hunlun et al., 2009). 
 

In July 2008 the Bonsmara breed consisted of 26% male animals and 74% female animals of all ages. 
The age distribution of these animals is very typical and shows a healthy age structure in the population 
with a noticeable degree of momentum for future growth appearing in the younger female age 
categories – the higher proportions of females in the categories 2-3 years and 3-4 years old (new 
entrants into the breeding population) bodes well for future growth in the breed. 

The age distribution (Figure 2) follows a typical negative growth function which has very high predictive 
properties. In the case of Bonsmara females in 2008 – 

y = 20.047 – 7.14ln(x) (R2 = 0.9706) 

where y – the percentage of female animals in an age cohort 

 a – intercept with the horizontal (y-) axis, the percentage females in the first age cohort 

 b – logarithmic regression coefficient 

 x – age cohort 

From this equation the annual erosion rates can be calculated between different age cohorts – in 2008 
the erosion rate for Bonsmara heifers was ca. 25% between the groups 0-1 to 1-2 years of age and ca. 
20% between the groups 1-2 to 2-3 years of age. The erosion rate for cows starts at ca. 17% for first 
calvers and decreases to ca. 15% between the cohorts 5-6 to 6-7 years of age but then increases 
steadily to ca. 30% between the age groups 12-13 to 13-14 years of age. The regression coefficients and 
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intercepts show a very high repeatability within breeds over years and are generally statistically 
significant. 

The distribution of recording status in the breed, across the two genders is reflected in Table 1. 

Table 1. Distribution of recording status of Bonsmara animals as in July 2008 (Hunlun et al., 2009). 
 
 Male Female 
Number of animals 27 319 77 320 
Registration Pending (%) 14.12 3.50 
Foundation (%) - 4.90 
Appendix A (%) - 14.38 
Appendix B (%) 11.61 12.11 
Studbook Proper (%) 74.24 65.11 

 

The majority of active animals in the breed are fully registered animals (SP). The high proportion of male 
SP animals is to be expected because only SP bulls can be used to beget registrable progeny. The 
proportion of Appendix A females is higher than that of the Appendix B females, which is an indication 
that there is a renewed interest in the upgrading programme of the breed and that the breed is bound to 
display positive growth in the future. 

2.3 Generation interval 

Generation interval is defined as the average age of parents when their ‘useful’ progeny are born – an 
offspring is considered to be useful if it, in turn, left at least one further offspring (Gutiérrez et al., 2003). 
The evolution of the realised average generation interval (L) of the Bonsmara is shown in Table 2 and to 
some extent reflects the developmental history of the breed – a shorter generation interval during the 
formative years, gradually increasing as the breed established itself, with a slight decrease during the 
period when the breed experienced its highest census. The latest realised average generation interval for 
the breed (2007/2008) is 5.61 years, which is comparable to that of other beef breeds in South Africa. 
The average dam component (5.79 years) of the latest generation interval was slightly higher than the 
corresponding sire component (5.42 years). 

2.4 Effective population size 

Demographic parameters can also be used to infer the evolution of genetic variability in a breed by 
estimating the effective population size, Ne, from the numbers of parents in the breed (Gandini et al., 
2004). Although the use of Wright’s well known equation for the effective population size (Wright, 1931), 

Ne = 4MF/(M+F) 

where M and F are numbers of reproducing males and females respectively, yields a gross overestimate 
of the true effective population size, it serves as a convenient descriptive measure. When used over time 
in the same population, it gives a fair indication of the relative changes in the genetic variability and 
genetic drift that may have occurred in the population. 

The number of calves born per year, the number of sires and dams with progeny born in a particular year 
and the effective population size for the Bonsmara breed is also presented in Table 2. 

Table 2. Number of Bonsmara herds, calves born per year, number of parents, effective population size 
(Ne) and average generation interval (L) (Hunlun et al., 2009). 
 

Year Herds 
Calves 
born 

Male 
calves 

Female 
calves Dams Sires Ne L 

1972/73  42  551  152  399  281  92  277 4.34 
1977/78 213  4881  794  4087  3662  572 1979 5.01 
1982/83 405 17608  3604 14004 17244 1313 4880 5.67 
1987/88 514 30332  9109 21223 30024 1848 6963 5.65 
1992/93 462 35288 13476 21812 34892 1958 7416 5.57 
1997/98 353 32149 13792 18357 31411 1742 6602 5.67 
2002/03 296 28476 13119 15357 27861 1577 5970 5.61 
2007/08 282 25138 12156 12982 24859 1433 5420 - 
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The realised effective population size can be estimated from the rate of inbreeding in a population (ΔF), 
which can be calculated from the existing parentage records in breed’s registry (see § 3.3). 

2.5 Proportion Retained 

On average 43.63% of the female Bonsmara calves born eventually became mothers of Bonsmara calves 
and 5.65% of the male calves born eventually sired a Bonsmara calf (Hunlun et al., 2009). These figures, 
also referred to as the ‘Proportion Retained’ (PR), can be readily calculated from registry records and give 
an indication of the selection intensity in the breed. The PR differs somewhat between calf crops and also 
reflects the dynamics of the breed in terms of the length of the productive life of animals and selection 
intensity. The PR tends to be somewhat higher during times when the breed is growing positively. 

3. Pedigree analysis 
It has long been established that selection changes the relationships between reproducing animals (Lush, 
1946; Robertson, 1961) and that the inbreeding in the progeny of selected parents is higher than under 
pure genetic drift. Some simple demographic parameters have a large impact on the evolution of the 
genetic variability within a population and the effects of these depend largely on the management of the 
population in terms of the number of male and female parents, (dis)equilibrium of progeny size and 
length of reproductive life. 

The genetic variability in a population can be studied through the analysis of the pedigree data of a breed 
and focuses mainly on the evolution of a population’s gene pool. The fact that almost all the South 
African beef cattle breeds have initiated breed improvement programmes utilizing BLUP methodology 
necessitates periodic investigations of this kind. Verrier et al. (1991) have argued that the use of BLUP-
derived selection parameters in populations of limited effective size leads to profound changes in the 
structure of the populations and that these measures could probably not be considered to be the 
optimum selection criterion in terms of the cumulated genetic progress or the maintenance of genetic 
variability. 

The genetic structure of the Bonsmara breed was analysed recently (Hunlun, 2009; Van der Westhuizen, 
2009) and some of the results of those studies will be used to demonstrate the possible use of 
information emanating from pedigree analyses to support the decision making processes of breeders and 
breeders’ organisations. 

3.1 Important ancestors 

In most practical animal breeding situations it is important to know which ancestors are the most 
influential in a given population or sub-population. Several methods exist by which the contributions of 
ancestors to the genetic make-up of individual animals, herds or even whole breeds can be calculated. 
These methods vary in sophistication from mere summaries of numbers of progenies born per ancestor to 
the calculation of the relative contributions of ancestors to a specific cohort or generation of progeny, 
taking the numbers of effective progeny and the numbers of generations separating ancestors and 
progeny into account. Methods using the theory of gene origin to estimate the effective number of 
founders and ancestors in a population (Boichard et al., 1997) can also yield information about the 
relative contribution of ancestors. Even more important is the fact that the parameters emanating from 
this analysis are considered to be very good indicators of genetic variation in the population analysed and 
it is less sensitive to the completeness of the pedigree data in the population. Parameters derived from 
probabilities of gene origin are especially useful in small populations and in populations where the genetic 
management is divided amongst several smaller units (herds). 

Information about the relative importance of ancestors can be used with coefficients of additive genetic 
relationships (§ 3.2) to establish and manage breeding lines and to limit the effects of inbreeding in 
future generations. 
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3.2 Pedigree completeness 

An in-depth analysis of the pedigree completeness level of a population is important since all results in 
terms of inbreeding and relationships are dependent upon it. Van der Westhuizen (2009) demonstrated 
the evolution of the average completeness of 2-, 3- and 5-generation pedigrees of the Bonsmara breed 
over a period of 45 years (Figure 3) and reported an average completeness of 85% for the 3-generation 
pedigrees of Bonsmara animals born between 2000 and 2007. 

 

Figure 3. Percentage of pedigree completeness for a two, three and five generation deep pedigree in 
Bonsmara cattle (Van der Westhuizen, 2009). 
 

Hunlun (2009) reported that 98.2% of the parents of Bonsmara animals born in the period July 2006 to 
June 2008 were known and recorded. 

3.3 Inbreeding and relationships 

The trend in inbreeding in a population is the method most frequently used to quantify the rate of change 
in genetic variability and is calculated from the pedigree records of a population. Several software 
packages exist to perform the necessary analyses (eg Minbreed (Gandini et al., 1998), Pedig (Boichard, 
2002) and ENDOG (Gutiérrez et al., 2005)) and the inbreeding coefficients of animals in a population is 
also available as a by-product of a BLUP-analysis of the population. 

Van der Westhuizen (2009) described the evolution of the average inbreeding coefficients, the additive 
genetic relationships and the percentage of inbred Bonsmara animals for the period 1964 to 2007 
(Figure 4) and estimated a rate of inbreeding of 0.29% per generation. 
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Figure 4. Average inbreeding coefficients, additive genetic relationships and the percentage of inbred 
Bonsmara calves born per year (Van der Westhuizen, 2009). 
 

In many instances the inbreeding and relationships in sub-populations (herds) are more useful than the 
average inbreeding in whole populations as it is much easier to identify possible problem areas and to 
devise proper strategies to address these problems. The additive genetic relationships between animals 
can become available from the analysis of inbreeding, depending on the routine or calculation method 
used. These can be used to help a breeder plan future matings in order to avoid inbreeding in the herd. 

3.4 Effective population size 

The effective size of a population (Ne) is defined as the size of an idealized population which would give 
rise to the same rate of inbreeding (ΔF) as that experienced in the population. The rate of inbreeding per 
generation can be calculated from the inbreeding analysis (§ 3.2) and the generation interval (§ 2.3), 
and the effective population size can be derived as described by De Rochambeau et al. (2000) – 

Ne = 1/(2 ΔF) 

The rate of inbreeding for the Bonsmara relates to a realised effective population size of 172. 

3.5 Analysis of breeding structure 

The analysis of the breeding structure of a breed (Robertson, 1953) provides vital information about 
where in the breed genetic change is being derived from and what the perceptions of the breeders are 
about where the most eligible genetics in the breed are to be found. Periodic analysis of the breeding 
structure of a breed also provides useful information about the development and evolution of a breed and 
about important herds that played a significant role in the genetic history of the breed. All this 
information is vital in the formulation of effective mating systems. 
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The breeding structure of the Bonsmara breed was analysed (Hunlun, 2009) in seven two-year periods, 
each five years apart, between 1976/77 and 2007/08. 

 
 1976 - 1978 

 
% 

Herds 
% 

Calves 

Breeders 35.2 52.7 

Multipliers 64.8 47.3 

 Herds   Calves 

 176 4064 

 Hs  Hss  

 17.45 19.38 
 
Herds each supplying more than 1% of  
the breed's genetic make-up 
 

1976 - 1978 % 

Herd supplying most 9.26 

Herd supplying 2nd -most 7.61 

Ave. of 11 other herds 2.22 

13 41.3 
 

Figure 5: Breeding structure for the Bonsmara breed – 1976-1978 (Hunlun, 2009). 

 
In the period 1976-1978 the Bonsmara breed displayed a typical breeding structure (Figure 5) with 35% 
of the 176 Bonsmara herds that recorded births being classified as ‘Breeder Herds’ (BH1a and BHrest)) 
and almost 65% of the herds being classified as ‘Multiplier Herds’ (MHh and MHn). Breeder Herds usually 
comprise an ‘elite’ minority with the majority of the herds in a breed being Multipliers. The distribution of 
cows amongst the two groups was somewhat skewed with 52.7% of the calves born in the Breeder Herds 
and 47.3% born in the Multiplier Herds – BH-herds on average having twice as many births per herd than 
MH-herds. 

During this period, 13 herds (7.4% of the active herds) each supplied more than 1% of the breed’s 
genetic make-up and together these 13 herds contributed more than 41% to the genetic composition of 
the breed. The effective number of herds supplying sires (Hs) and grandsires (Hss) to the breed 
(Robertson, 1953; Gutiérrez et al., 2003), an indication of the levels of within-breed genetic diversity, 
were 17.45 and 19.38 respectively. The herd with the highest genetic contribution supplied 9.26% of the 
breed’s sires and dams. The next most important herd contributed 7.61% to the breed’s genetic make-
up. 

On average, 40% of the calves born annually during this period were fully registered calves and 161 of 
the 176 (91.5%) herds recorded calves in the appendixes to the Herdbook. A high percentage of both BH 
and MH made use of the appendixes although the MH (especially MHn) had higher percentages of 
appendix calves. The genetic origins of 77% of the two calf crops could be accounted for. 

Only 17% of the calves recorded in the two years were male calves and 82.7% of the recorded male 
calves were born in Breeder Herds. In general, breeding herds were small (average size ca. 23 cows – 
foundation females excluded) but the average size for BH was almost twice that of MH. 

During the period 2006-2008 (Figure 6) the births of 24 844 Bonsmara calves were recorded by 250 
active herds. 

Almost 50% of the herds were classified as BH and these herds recorded almost 65% of the births. The 
overall average number of births recorded per herd per year was 99 with the averages for BH 131 births 
per year and for MH 68 births per year.  

Sixteen herds (6.4% of all herds) each supplied more than 1% of the genetic make-up of the breed and 
the combined genetic contribution of these herds was 30.4%. The two herds supplying the most breeding 
animals to the breed had contributions of 5.37% and 3.07% respectively. 
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The effective numbers of herds supplying sires (Hs) and grandsires (Hss) to the breed rose to 52.63 and 
22.37 respectively. The proportion of herds recording animals in the appendixes to the Herdbook was 
86% but the proportion of animals born in the appendix sections was only 22% of all recorded animals. 
The overall proportion of male calves being recorded rose to 48% with more than 67% of the recorded 
bull calves emanating from Breeder Herds. 

 

 2006 - 2008 

 
% 

Herds 
% 

Calves 

Breeders 49.2 64.9 

Multipliers 50.8 35.1 

 Herds   Calves 

 250 24844 

 Hs  Hss  

 52.63 22.37 
 
Herds each supplying more than 1% of  
the breed's genetic make-up 

2006 - 2008 % 

Herd supplying most 5.37 

Herd supplying 2nd -most 3.07 

Ave. of 14 other herds 1.57 

16 30.4 
 
 

 

Figure 6: Breeding structure for the Bonsmara breed – 2006-2008 (Hunlun, 2009). 

4. Conclusive remarks 

Genetic improvement depends largely on the availability of genetic variability in the population under 
selection. The genetic variability in a population can be assessed from demographic and pedigree 
analyses, yielding various complementary criteria. In a population that undergoes selection, the roles of 
the breeders’ organisation and the collective decisions taken by the breeders are crucial for creating and 
disseminating genetic gain. Too intense selection will reduce within-population genetic variability and 
hamper genetic gain. Breeders’ organisations need to constantly monitor the use of animals as donors of 
embryos and semen through appropriate methodologies and parameters, as the over-use of animals may 
have detrimental effects on the genetic variability of the breed. 

Each breed differs in terms of developmental history, state of genetic variability in the breed and levels of 
genetic gain achieved and desired in the breed. Consequently, every breed needs a different strategy to 
achieve its goals. These strategies can only be formulated accurately after an in depth analysis of the 
pedigrees and some demographic parameters of the breed. The improvement in the capacity and 
computing power of computers and the availability of computerised databases with the pedigree and 
ownership information of the animals in the breed puts recording authorities and breeders’ organisations 
in a good position to render a service in this regard to their customers. In the process, they improve their 
ability to make better decision in terms of improving their herds and breeds. 
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Abstract 

Comprehensive n ew s election i ndices h ave b een de veloped fo r Ho lstein, J ersey ( Dairy) and Bo nsmara 
(Beef) bree ds i n South Africa. In a ll cases the developments were base d on the common practice s 
followed i n local production systems, bi ological knowl edge, pri ces reali sed for the products, costs  of  
inputs and the genetic (co)variances among the recorded traits. Although selection indices are in use with 
Holstein (BVI) and Jersey (SA-Inet) the application in beef cattle, based on cow profitability, will be new. 
The proper use of a moni tory genetic value therefore heral ds new opportunities for Bonsmara breeders, 
as the breed dominates beef cattle breeding in Southern Africa. 

Measured t raits in cluded in  t he Be ef in dex a re: Bir th W eight ( direct a nd ma ternal), Weaning W eight 
(direct and maternal ), Post Wean We ight (at about 540 days o f age), Mature (Cow) Weight,  Age at firs t 
calving and Calving interval. B-va lues are posi tive for the growth trai ts (and wean maternal ) a nd 
negative for birth (direct and maternal), mature we ight and the reproduction traits. This index will  also 
supplement t he current “Feedl ot Profi t Index” that ha s been avail able for  some ti me. M easured trai ts 
included in the Dairy index are: Milk, Protein, Butterfat, Longevity, Somatic Cell Score, Calving Interval 
and Live Weight. B-values differ between the two breeds and among four different payment systems. 

Keywords: Selection index, beef cattle, dairy cattle, cow profitability. 

1. Introduction 
Livestock pr oduction i s the most i mportant agri cultural acti vity i n South Af rica and acc ounts for more 
than 40% of the total value of the agricultural output. This is a reflection of the environmental constraints 
as 80% of the agricultural land is suitable only for animal husbandry.  L ivestock production is therefore 
largely natural  resource based.  Th e only way that rangel and (grassland e cosystems) can be  used f or 
food production is through herbivores. Therefore, rangeland with its wide diversity of vegetation types, is 
the major na tural resource that provi des the mai n source of fodder for the 12,4 milli on beef cattl e, 1,6 
million dairy cattle, 29 milli on sheep and 7 mi llion goats within South Africa. With regard to herbi vores, 
beef cattle accounts for 45% of the gr oss value of herbivore products while livestock earnings amount to 
about 10% of agricultural export and through import plays a significant role in stabilizing the economies 
of SADC countries (Source: South Africa National Beef Cattle Strategy). 

Of the 1 39 000 dairy cows (accounti ng for a pproximately 22% of the nati onal dai ry cow popul ation) in  
the S outh A frican Nati onal Mil k Recordi ng S cheme, respec tively 65 000 ( 47%) an d 6 0 000 ( 43%) 
represent Hol stein and Jersey cows (2009 Annual  Re port: National Mil k R ecording and Improveme nt 
Scheme). Of the 135 000 b eef cows  from parti cipating farme rs i n the Na tional Beef Recording a nd 
Improvement Scheme, 56 000 (41%) are from th e Bonsmara breed (2009 Annual Report: National Beef 
Recording and Improvement Scheme). 

Two projects, one aimed at adjusting the selection indices for dairy cattle and the other to develop a new 
index for beef cattl e have recently been undertaken.  Appropriately the Holstein and Jersey  breeds wer e 
used for the dairy cattle index and the Bonsmara breed for the beef breed. 

2. Methodology and results 

2.1 Dairy Index methodology 

A bio-economic herd model simulating an aver age farm, for ea ch breed in each production system, was 
developed.  Data collected through the Nati onal Dairy Animal Improvement Scheme (NDAIS) were used 

Page 199 



Van der Westhuizen et al. 

to derive base herd parameters.  Farm economic data and information on milk pricing were obtained from 
the Milk Producers’ Organi sation (MPO) of S outh Africa. Two of the milk buyers, Parmalat SA and Clover 
SA, also provided information on their milk payment schemes.  

The partial budget approach was used to compute economic values by simulating the marginal change in 
profit resulting from a unit increase in the trait of interest, while all other traits remained constant. Profit 
was expressed per cow i n the herd per year and its marginal change was calculated as the di fference 
between marginal change in revenue and marginal change in costs. Economic values obtained this way 
can be converted so that they are expressed according to selection goals. 

The her d m odel si mulated ty pical breedi ng an d management practi ces i n the two  m ajor producti on 
systems i n South Afri ca (pasture  and concentrate-based syste m). Breedi ng and c alving took pl ace all 
year round, with constant herd si ze being assumed. Replacement rate was therefore equal to death plus 
culling rate. All replacement heifers were rai sed on the farm.  It was assume d that 5 5 % of calves born 
were male and they were all sold at a fixed price, within one week of birth. All heifer calves were retained 
until cu lling took pl ace at 12 months  of age and 3 months after reachi ng breedi ng age (for fail ure to 
conceive). Concepti on rate and mort ality rate we re assume d to be 85% and 5%  res pectively, acros s 
breed and pr oduction system. Surpl us heifers were so ld fo r s laughter, with the price per animal being 
based on ca rcase wei ght. Cull ed cows were di sposed of at the end of a 305-day l actation and thei r 
slaughter price was determined by carcase weight. Carcase weight was calculated as 49% of live weight 
for both heifers and cows. 

Calf rearing was the sam e in both production systems. After receiving 3 or 4 lit res of co lostrum a day 
(respectively for Jersey or Holstein) in the first 3 days of life, Jersey calves were fed 3 litres and Holstein 
calves 4  litres o f wh ole milk a  d ay until weaning at 8 weeks of age.  In addi tion, J ersey a nd Ho lstein 
calves were gi ven, respectively, 2 kg  and 3 kg of cal f meal a day from day 3 of age.  Average weaning 
weight was 50 kg and 60 kg respectively for the Jersey and Holstein. 

Cows in the pasture-based production system were grazed on pasture, comprising predominantly Kikuyu 
grass, and gi ven 6 to 10 kg (as fed) of concentrate per cow pe r day duri ng lactation. In wi nter (June-
July), 10 kg (as fed) of mai ze silage were provided per cow per day as supplementary feed. Cows in the  
concentrate based production system were fed a total mixed ration (TMR), with quantities being based on 
production. The average energy content of feed (MJ ME/kg DM) was 9.0, 9.5, 11.0 and 14.0 respectively 
for pasture, silage, TMR and concentrate. 

Base herd pa rameters used to si mulate the average performance level of each breed i n each producti on 
system.  These values were derived from data recorded under the NDAIS on cows that ca lved between 1 
January and 31 December 2006.  It was assumed that all Jersey cows remaining in the herd were cul led 
after completing their tenth lactation. There were however extremely few (l ess than 1%)  Holstein cows 
calving after the eighth lactation, therefore it  was assumed that all Holstein cows were only allowed to 
last in the herd for up to 8 lactations. 

Live wei ght (LW) of ani mals at each month of age was pr edicted from th e fi rst month after weani ng 
(month 3), using the von Bertalanffy growth function 

2.1 Beef Index methodology 

In order to derive to relative economic values for traits included in a selection objective, the first step was 
to identify all traits with a direct economical impact on a typical beef enterprise and could be quantified. A 
simulation program had to be developed that will included all the traits of relative economical value. The 
aim of the simulation program is to determine what the change in income or profit is with a one unit of 
change i n such a rel ative economi cal trait whil e th e rest of these trai ts’ ma gnitude i n the si mulation 
program stays constant. 

Qualifying tr aits identified as those of rel ative economic val ue for typi cal extensive South-African beef  
cattle farm were: survi val percentage (from bi rth to weani ng age), cal ving i nterval, weaning weigh t 
(wean di rect), mil k producti on (wean maternal ), 18 months  weight, mature wei ght a nd avera ge daily 
gain (post wean). 

In order to achieve the o bjective calculations were bas ed on yearly gross i ncome per h ectare given the 
availability o f a fi xed amount of ener gy. Thi s si mulation i s therefore ba sed on farm si ze and grazi ng 
capacity (l arge stock uni ts/hectare). The program requi re the averages (the nati onal averages for the 
Bonsmara used) for weaning wei ght (228.5 kg), 18 months wei ght (371 kg), mature weight of cows and 
bulls (510 kg and 80 0 kg), mil k p roduction (14 kg/day), d aily gai n post wean (3 00 g), avera ge 
fluctuations in dail y gai n for growi ng bull s duri ng an average  year (200 g per day),  cal ving interval 

Page 200 



Opportunities in Southern Africa using animal economic values 

(416 days), calf and wean percentages, replacement percentage (10%), herd age structure as well as the 
weaner (R14.50/kg) and slaughter (R18.50/kg) price per kilogram. Furthermore the program assumes an 
extensive beef production system where input costs are limited. 

Based on this in formation the s imulation program calculates (based on feed requirement specifications 
from the Nati onal Resea rch Council ) the number  of ani mals that can be  kept on a standard far m, 
according to  the her d a ge struc ture pres ented. By usi ng the gi ven weani ng per centage, repl acement 
percentage, mature and weaning weights, the program calculates a total farm income. It is assumed that 
young animals are sold at weaning and replacement breeding stock are all sold to an abattoir. Because of 
the unavai lability of s laughter data, i t was furthermore assum ed that all a nimals sol d to the aba ttoir, 
obtained the same classification and therefore the same price per kilogram with a dressing percentage of 
55%. 

Herd profitability values were simulated for every unit change within biological levels for weaning survival 
percentage, weaning weight, milk production, 18-months weight, mature weight, average daily gain and 
calving interval. 

To include the traits indicated, it was furthermore decided to fit newly developed models and re-estimate 
the genetic variances and co-vari ances for these trai ts. Two multi trait genetic analyses were done. Th e 
first a nalysis wa s a  mu lti t rait including a ll we ight r elated t raits wh ere a ll t he d irect a nd ma ternal 
components were considered. The second genetic analyses was also a multi trait including heifer and cow 
fertility traits namely, age at first calving and calving intervals between the 1st and 2nd calf, 2nd and 3rd 
calf and bet ween the 3rd and 4th c alf. The resul tant geneti c vari ances and co-vari ances from the se 
analyses were used in the development of the cow profitability index. 

2.3 Dairy Index results 

Tables 1  an d 2 depict the resul tant b-val ues for the two dairy breeds,  producti on systems and the  
different payment systems. 

 

Table 1. Economic values1 (ZAR per unit) for concentrate-fed production system. 
 

Payment System Breed Trait 
A B C D 

Jersey &  Fat (kg) 1.21 5.81 2.47 4.21 
Holstein Protein (kg) 7.62 21.88 19.88 20.21 
 Milk (l) 0.28 -0.49 -0.49 0.28 
Jersey Longevity (days) 1.15 1.11 1.09 1.23 
 Live weight (kg)  -7.49 -7.49 -7.49 -7.49 
 Calving interval (days) -4.19 -4.19 -4.19 -4.19 
 Somatic cell score -433.87 -912.90   
Holstein Longevity (days) 3.68 3.59 3.59 3.67 
 Live weight (kg) -6.62 -6.62 -6.62 -6.62 
 Calving interval (days) -5.75 -5.75 -5.75 -5.75 
 Somatic cell score -949.26 -1795.57   
1Economic values of milk production traits (fat, protein and volume) the same for both breeds. 
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Table 2. Economic values (ZAR per unit) for pasture-based production system. 
 

Payment System Breed Trait 
A B C D 

Jersey Fat (kg) 6.26 10.91 8.59 6.51 
 Protein (kg) 10.48 24.77 23.35 21.42 
 Milk (l) 0.45 -0.32 -0.28 0.36 
 Longevity (days) 1.77 1.73 1.54 2.29 
 Live weight (kg)  -4.63 -4.60 -3.93 -6.46 
 Calving interval (days) -2.47 -2.45 -2.19 -3.18 
 Somatic cell score -178.65 -367.37   
Holstein Fat (kg) 6.36 11.52 9.10 6.76 
 Protein (kg) 10.54 25.11 23.63 21.56 
 Milk (l) 0.45 -0.30 -0.27 0.37 
 Longevity (days) 3.68 3.59 3.59 3.67 
 Live weight (kg) -4.12 -3.78 -3.22 -5.71 
 Calving interval (days) -3.19 -3.00 -2.68 -4.05 
 Somatic cell score -491.48 -938.00   

2.4 Beef Index results 

Table 3 depicts the b-values for the selection index for the Bonsmara beef breed. 

 

Table 3. Economic values (ZAR per unit) for the Bonsmara beef breed on an extensive farming system. 
 

Trait Economic value (South African Rand) 
Birth Direct -1.82437 
Birth Maternal -1.05686 
Weaning weight Direct +3.31048 
Weaning weight Maternal +4.56219 
Eighteen months old weight (Direct) +0.42546 
Mature weight (Direct) -0.42666 
Age at first calving -0.02954 
Calving Interval ((Interval 1*0.44)+(Interval 
2*0.33)+(Interval 3*0.23) 

-4.26335 

 

Figure 1 depicts the genetic change in the Bonsmara breed, based on the economic selection index Farm 
profitability). 
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Figure 1. Genetic change in cow profitability index in Bonsmara cattle. 

3. Future prospects and opportunities 
Figure 2 dep icts the gene-fl ow structure for beef (a nd dual  p urpose) cattl e i n South Africa (from  t he 
National Beef Cattle Strategy for South Africa). 
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Figure 2.  Gene flow pyramid for beef and dual purpose cattle in South Africa. 
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From the gene fl ow pyramid (Figure 2) it is clear that it is possible to impact a large number of cattle if 
positive genetic change based on cow profitability or dairy economic values are possi ble. If the tren d in 
the most prominent beef breed, the Bonsmara can be achieved, given the genetic lag and “gene dilution” 
in the commercial cattle population, positive genetic change in the profitability of beef cattle is possible. 

The use of selection i ndices has been practi ce i n the dai ry i ndustry (SAINET for Jerse y and BVI fo r 
Holstein) for some t ime, a lthough the underlying principles in drafting these values were not based on 
the same so und principles as the currentl y proposed economic values. The beef i ndustry, on the othe r 
hand, h as b een u sed t o s election b ased o n in dependent c ulling levels. The r eduction o f t he c urrent 
number of trai ts, presented on a typi cal sale catalogue, from more than 13 trai ts to a si ngle monitory 
genetic value will simplify selection plans while also ensuring change in the desirable direction. 
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Abstract 

Sardo and Tybo cheeses were elaborated from milk with high conjugated linoleic acid (CLA) and Vaccenic 
Acid (VA) contents and  they were t ested to  evaluate the persistency of 9- cis 11-trans C 18:2, trans-11 
C18:1 and other fatty acids (FA ). The natural hi gh CLA m ilk was obtained fr om 8  Ho lstein c ows from 
middle lactation (109 ± 26 days post partum), supplemented with sludge soybean oi l (SSO) wi th 55.5% 
of C18: 2n 6 and fish oil  (FO) as an  inhibitor of ru minal biohydrogenation. After 25 days of ada ptation, 
milk was co llected and transformed i nto Tybo and S ardo argenti ne cheeses repr oducing industrial 
conditions. M ilk and chesses FA compo sition was anal yzed by GLC and di fferences i n FA content were 
stated using the T-test for paired observations.  

Intake of SSO and FO re duced the atherogenicity index of milk from pre su pplementation basal value of 
2.06 to 1. 16, decrea sing the conc entration of atherogenics FA  (C12:0;  C14:0; an d C16:0 ). A fter 
supplementation the mi lk CLA content increased from a basal value of 1.42 to 3.58 g/100g and VA from 
2.56 to 3.58 g/100g FA.  

The atherogenicity index of hi gh CLA Sardo and Tybo cheeses were 1.22 and 1.29 respectively. There  
was a hi gh transference r ate of CLA 9  ci s 11 tran s: 95% for T ybo cheese and 97% for  Sardo cheese. 
Assuming that the chees e fat contai ns 95% FA , an i ntake of 9 0 g/day of Sardo and 14 3 g/day of Tybo 
high CLA cheeses may al low achieving cardiovascular protection (800 mg) to the consum er of CLA . The 
beneficial effect of functi onal foods may be effective only within a com prehensive nutri tion and h ealthy 
lifestyle. 

Keywords: Sardo, Tybo, argentine cheese, conjugated linoleic acid; atherogenicity index. 

1.Introduction 
The health quality o f fa t p resent in  the dairy p roducts depends on it s composition o f fa tty acids (FA). 
Conjugated l inoleic a cid (CLA) is  a  g roup o f p ositional and geometri c i somers of conjugated di enoic 
derivatives of li noleic acid. The majo r di etary sou rce of CLA f or humans i s rumi nant f at contai ned in  
meats, (beef and lamb), but meanly in dairy products, such as milk, butter and cheese. The major isomer 
of CLA in milk is  c is-9, trans-11 (C18:2), a lso called rumenic acid. I t is produced in part in the rumen 
from linoleic FA together with vaccenic acid (trans-11 C18: 1, VA) but mainly by the conversion of VA into 
CLA by the enzyme del ta 9 desatura se in the ma mmary gland. Both,  VA and CLA  showed chol esterol-
lowering, an tiatherogenic; anti diabetic and anti carcinogenic effects dem onstrated i n experi mental 
models. 

Our preliminary results showed that the transfers rate of CLA from milk to yogurt, soft-cream cheese and 
pasteurized milk was ver y effecti ve. We focused now on hard and semi -soft cheeses t o extend oth er 
possibilities of inclusion of CLA in the daily intake. The objective was to determine if the transformation of 
natural mil k contai ning high CLA an d VA conten ts i nto Tybo and Sardo cheeses i nduces si gnificant 
changes in  t he concentration o f t hese b ioactive molecules in t he final p roduct. This may contribute to 
generate dairy functional foods.  
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Tybo is a semi-soft cheese of great popular consumption, usually used in fast food, while Sardo cheese is 
a hard vari ety, usually used during consumption of pasta or  stuffed. The dai ly intake of these hi gh-CLA 
cheeses can help to increase the incorporation in the human diet of these bioactive molecules. The study 
represents a  joi nt work between IN TI-LACTEOS, the Experimental Stat ion of INTA Ba lcarce and the 
company Prodeo SRL, award winner of "La Mirada Larga" INTI competition. 

2. Materials and methods 
Natural hi gh CLA  mi lk was obtai ned from 8 Hol ando-Argentina cows i n mi d l actation (109 ± 26 d ays 
postpartum) supplemented with sludge soybean oil (64% oil, 55.5% of C18: 2n6) and fish oil (FO) as an 
inhibitor of ruminal biohydrogenation. Prior to start the l ipid supplementation period, milk from each cow 
were sampled to determine the baseline profile of FA. 

At day 25th after lipid feeding milk was collected to be processed into cheese. An aliquot of milk was used 
to determine FA profi le and the rest of the m ilk was pasteurized and transformed i nto Tybo and S ardo 
argentine cheeses according to industrial processes.  

Fatty acid composition en milk and cheese were analyzed by gas-liquid chromatography using an Agilent 
GC 6890 S erie Plus fitted wi th a FID  detector and auto-sampler. The col umn used was W-COT 100 m. 
Oven conditions were: 70ºC, 1 min, increased 5ºC/min to 100 ºC, hold 2 min, increased 10ºC/min to 160 
ºC hold for 52 min and i ncreased 5 ºC/min to 225 ºC hol d for 15 min. Injection volume : 1 µl . The gas  
carrier used was hydrogen. 

Atherogenicity index AI was calculated as C12:0 + 4C14:0 + C16 / total unsaturated fatty acids. 

The difference of each FA  concentration between milk and cheese was anal yzed using the Student t tes t 
for paired observations. 

3. Results 
Milk and standardized 4% fat milk yields were 23.4 and 18.6 kg per cow per day respectively.  

Fat, protein and lactose content in Tybo cheese milk were 2.42, 3.45 and 4.66 g/100g respectively with a 
fat/protein rati o of 0. 70. S ame comp ositions for Sardo chees e mi lk were 2. 30, 3. 51 a nd 4. 71 g/100g 
respectively with a fat/protei n rati o of 0. 65. Moi sture content  in Tybo and  S ardo ch eese were  4 7.46 
(±1.26) and  34. 84 (±2. 58) g/1 00g. Fat content were 21. 67 (±1. 26) and 26. 73 ( ±4.03) g/10 0g 
respectively. And total protein content were 26.84 (±1.46) and 31.23 (±2.89) g/100g respectively.  

A high transference of CLA from milk to cheese was observed averaging 95% for Tybo and 97% for Sardo 
cheeses (Table 1) 

 

Table 1. Main fatty acid composition in milk (M –CLA) and its transfer to Tybo (Tybo C –CLA) and Sardo cheeses 
(Sardo C-CLA). 
 

Fatty acids (g/100 g 
total FA) M-CLA 

Sardo C-
CLA 

SC-CLA/M-
CLA x 100 M-CLA Tybo C-CLA 

C-CLA/M-
CLA x 100 

C12:0 2.38 2.33 98 2.2 2.54 115 
C14:0 9.04 9.27 103 8.88 9.73 110 
C16:0 24.27 24.95 103 25.87 25.9 100 
C18:1t10 4.22 5.95 141 5 3.89 78 
C18:1t11 (AV) 5.43 5.89 109 3.55 4.48 126 
CLA c9t11 3.58 3.51 98 2.86 2.72 95 
CLA c12t10 0.02 0.03 144 0.04 0.05 115 
C20:5 n3 (EPA) 0.05 0.04 77 -- -- -- 
C22:6 n3 (DHA) 0.03 0.03 100 0.04 0.04 100 
AI 1.16 1.22  1.16 1.29  

 

 

The A therogenicity Index (A I) of mil k i n pre-suppl ementation was 2. 06 (± 0. 24) and c oncentration of 
potentially atherogeni c fatty aci ds (g/100 g) were 4.04% (± 0. 65) for C12: 0, 12. 52 % (± 1. 37) for  
C16:0 and 29.16 % (±2.38) for C14:0. 
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The AI of high CLA milk and high CLA Tybo and Sardo cheeses were 1.16, 1.29 and 1.22 respectively and 
are shown in Figure 1. 
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Figure 1. Atherogenicity Index from hich CLA cheeses. 

4. Conclusions 
Intake of SSO and FO re duced the atherogenicity index of milk from pre su pplementation basal value of 
2.06 to 1. 16, decrea sing the conc entration of atherogenics FA  (C12:0;  C14:0; an d C16:0 ). A fter 
supplementation the mi lk CLA content increased from a basal value of 1.42 to 3.58 g/100g and VA from 
2.56 to 3.58 g/100g FA.  

The cheese-making process did not alter the fatty acid profile observed in the original milk. 

A hi gh transference rat e of 9ci s- 11 trans CL A and VA was observe d i n both cheeses. Li pid 
supplementation reduced the atherogenicity index in milk and this property was maintained in cheeses.  

Assuming that the cheese fat contains 95% FA, intake of 90 g/day of Sardo or 140 g/day of Tybo cheeses 
rich in CLA, may allow obtain the suggested anticancer dose (800 mg) of CLA. 

The benefi cial effect of  f unctional foo ds may be effecti ve on ly w ithin a c omprehensive nutri tion a nd 
healthy lifestyle. 

Successful tr ansfer of th is research to cheese i ndustry was done.  S upport from INTI Dairy Industry  
Research Centre was doing to develop more healthy cheeses. Nowadays, these healthy cheeses are being 
commercialising in the Argentine market. 
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Abstract 

The realities of global warming and climate change  pose new c hallenges to livestock producers i n terms 
of the harsh environments in which they will have to produce in future. The challenge for animal breeders 
is to mai ntain or i mprove the specific adaptati on of thei r a nimals to the changi ng environmental 
conditions whil e i mproving the pro ductivity and effi ciency of thei r breeds.  The rec ording of ori gin, 
parentage a nd ownershi p of ani mals i s a fundamenta l and i ndispensable part of the c onservation and  
genetic improvement of animal populations. 

It has been well  established that local and indigenous breeds are indispensable for global animal genetic 
diversity, provi ding the world wi th a great er ran ge of  o ptions to meet fu ture chal lenges i n terms of 
animal production. Most indigenous and l ocal breeds,  however, are not part  of forma l animal recording 
programmes. 

Some of the probl ems re lating to thi s si tuation ar e di scussed and exampl es of how var ious recordi ng 
processes can be used to address these problems are given. 

Keywords: pedigree recording, indigenous breeds, farm animal genetic bio-diversity, population statistics 

1. Introduction 
Livestock has played a very important role in the history and development of sub-equatorial Africa and it 
will undoubtedl y conti nue to do so. Thi s regi on harbours the full spectru m of livestock breeds - f rom 
highly producti ve modern and gl obal breed s of ca ttle, sheep,  pi gs and horses,  well  adapted to t he 
demands of modern prod uction practices,  to a ri ch complement of truly local and indigenous breeds of 
farm livestock which have sustained pastoral communities through many years. 

The livestock industry in its entirety is faced by very real challenges: 

• Land us e for  agri culture, and l ivestock producti on i n parti cular, will  have to be planned wi th 
greater discernment than before. 

• The re alities o f g lobal wa rming a nd c limate c hange wil l p ose ne w ch allenges t o live stock 
producers in terms of the harsh environments in which they will have to produce. 

The challenge then for an imal breeders is to maintain or improve the specific adaptation of their animals 
to the changing environmental conditions while improving the productivity and efficiency of their breeds. 
It has been well establ ished (FAO, 2007) that l ocal and indigenous breeds greatl y contri bute to gl obal 
animal genetic diversity, providing the world with a greater range of options to meet future challenges in 
terms of sustainable animal production. 

2. Sub-equatorial Africa 
Animal a griculture in s ub-equatorial Africa c an b e typified as duali stic: On the one hand there i s a 
‘commercial’ sector focu ssed on th e producti on of marketabl e commodi ties. On the other, there i s a 
rather la rge ‘ informal’ s ector t hat does n ot participate in  t he ‘ normal’ pr ocesses fo und in  a  t ypical 
production environment. 
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The dynami cs of the commerci al livestock i ndustry i ndicate that purebre d b reeding and formal ani mal 
recording are vi tally linked to the pro duction sector. There i s a healthy interdependence between these 
two segmen ts. Cost effecti ve and sustai nable production in commercial  herds an d the constant  
improvement of the gen etic components thereof,  are to a l arge exten t dep endent on the gene tic 
improvement of the rel evant trai ts i n the purebred herds – the  source of thei r breedi ng materi al. The 
recording of ori gin, parentage and ownershi p of purebred ani mals, as performed  by regi stering 
authorities and bree ders’ societies, is an indispensable part of thi s segment of the i ndustry. The cost of  
animal r ecording -  a nd animal imp rovement in  g eneral -  is  la rgely b orne b y t he pu rebred b reeders 
themselves, with government assistance in some cases. 

Due to many factors the l ivestock owners and br eeders in the informal sector of the livestock industry 
can be term ed as resour ce-poor. To some extent they l ack or have limited access to ba sic resources i n 
the produc tion process s uch as l and, capi tal, kno wledge and institutional support. In most i nstances 
livestock for ms the backbone of the weal th and  producti on of resource- poor farmi ng communi ties. 
Invariably these livestock are well adapted, indigenous breeds with appropriate productive capabilities for 
the circumstances under which they are managed. 

The biggest probl ems f acing l ivestock producti on under r esource-poor c ircumstances are ran geland 
management and the co ntrol of com munal land. The cul tural relationship between far mers and th eir 
livestock, which to a large extent dictates the eventual application of the production that may occur from 
these animals, is another factor - in many cases the perceived wealth in animal numbers seldom leads to 
financial emancipation. To some extent these factors are all interrelated and limit the ability of the farmer 
to be a pro ductive and effi cient producer,  regardless of the eventual  product. In terms of the possi ble 
future use of li vestock from this sector, the almost total lack of formal identification and recording of the 
animals is a very big challenge. 

The dilemma that faces the industry is rather intricate: 

• Sub-equatorial Africa has a rich heritage of locally adapted indigenous breeds and landraces that 
have evolved under the harsh local conditions and are well suited to these conditions. 

• These breeds possess special qual ities – some of whi ch may not yet have been re cognised. 
Indeed, some of the owners and br eeders of th ese bre eds ma y not be aware of the p otential 
value of these animals. 

• The need for the sustai nable conservation and uti lisation of these populations is well established 
but not always well accepted. The concepts of biodiversity and conservation of indigenous breeds 
must become part of the pol icies and ai d programmes not onl y of governments but al so of the  
management ethos of the producers of these breeds. 

• Breeders and owners of these local and indigenous breeds need to be made aware of the benefits 
of conservi ng and / or improvi ng thei r livestock and these o wners / bree ders nee d to  deri ve 
rewards commensurate to their efforts. 

• Breed characterisation, improvement and conservation are costly processes. For instance: Proper 
identification and recording of animals is a basic requirement of any improvement or conservation 
project. All  other actions like descriptive processes, genetic management etc. are de pendent on 
proper identification and efficient recording. The identification of livestock will  require resources 
like capital, labour, management, time and skill - from a farmer who can already be described as 
‘resource-poor’. 

• Governments need  to re alise the i mportance of actions li ke basi c ani mal i dentification and 
recording and the use of such i nformation for th e benefit of the owners and bree ders and their 
broader com munities. They need to get acti vely involved in  programmes t hat s upport a nimal 
improvement in rural and developing communities. 

• Established bree ders an d br eeders’ organisations need  to r each out to  b reeders of l ocal and  
indigenous breeds that a re not yet parti cipating in the formal processe s of ani mal recordi ng. 
Through acti ve i nvolvement, and by exampl e, they need to demonstrat e the rewards of the 
various processes of formal animal recording. 

In the past, the a bility to respon d to  envi ronmental and mar ket chang es was achi eved rea dily, even 
without the use of mod ern eval uation techni ques. Thi s was m ainly becaus e br eeders h ad acc ess to a  
larger gene pool spread over a number of di verse ecosystems. But these reservoi rs of genetic insurance 
policies h ave, fo r ma ny r easons -  o f wh ich i ndiscriminate c rossbreeding is n ot t he le ast -  d windled 
noticeably over the past few decades. 

In the abs ence of di rect measures of genetic diversity, the identification, characterization and recor ding 
of i ndigenous breeds provide the best i ndication of to tal farm animal geneti c diversi ty. In the short to  
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medium term, the management ac tivities of previously unrecorded local and indigenous breeds will, to a 
large degree, determi ne the future rol e and contributi on of any breed to farm animal genetic diversity 
and towards global food security. 

Selection is the only practical tool at the disposal of animal breeders to face the challenges of changing 
environmental and consumer needs. Within breeds, selection response depends on five factors – variation 
in breeding worth, generation interval, intensity of selection, effective population size and the accuracy of 
selection, a ll o f wh ich d epend h eavily o n t he extent a nd a ccuracy o f b asic a nimal r ecording in  t he 
relevant populations. The first logical step in meeting the challenges is to embark on a formal process of 
census and r ecording of genealogical and di stribution information to faci litate the eval uation of sali ent 
population structure par ameters an d to quanti fy a nd mo nitor in breeding in  t he b reed a nd it s s ub-
populations. The in formation g ained i n t his way f orms t he b asis o f virtually a ll o ther efforts t hat a re 
needed to ensure the future existence and application of the breed. 

3. Possible use of pedigree information 
Some examples of the us e of formal  recording processes in indigenous and local breeds exist in South 
Africa and may be used to demonstrate some of th e benefits that can be derived from the use  of thes e 
processes. Data pertaining to four indigenous beef cattle breeds is used for this purpose. 

Summaries of the hi stories of the Afrikaner (AFR),  Bonsmara (BON), Drakensberger (DRB) and Ngu ni 
(NGI) cattl e bree ders’ so cieties and the basi c charac teristics a nd performa nce profi les of each of the  
breeds are well documented (FACT (2000); SA Stud Book (2004); ARC-AII (2001)). 

The Afrikaner is one of South Africa’s oldest recorded breeds. Formal recording of this breed commenced 
in 1907 and a breeders’ society was established for this breed in 1912. The Afrikaner was once the most 
numerous cattle breed in South Africa. 

Of all livestock breeds in South Africa (and possibly the world) the Bonsmara is probably the most widely 
researched an d d ocumented. W hile fo rmal r ecording o f a nimals in  t he b reed c ommenced in  t he e arly 
1940s the Bonsmara Cattl e Breeders ’ Society was establ ished only in 1964. The Bonsm ara i s currently 
the most numerous cattle breed in South Africa and has breeders and breeders’ societies in several other 
countries. 

Development of the D rakensberger breed of cat tle probabl y starte d as early as 18 00, but for mal 
recording of the breed started with the establishment of a breeders’ society for the breed in 1947. 

The Nguni  is, li ke the Afrikaner, o ne of South  Af rica’s ol dest cattl e breeds, but fo rmal recording 
commenced on a very limi ted scal e only in the late 1940 s. The Nguni  Cattl e Breeder s’ S ociety was 
established in 1986.  The Nguni shows the hi ghest increase in terms of numbers of formal  breeders a nd 
formally recorded breeding animals in South Africa. 

The compara tive census stati stics for the four breeds i n Jul y 2008 (N extGenSA, 2010) are shown i n 
Table 1. The  average r ecorded performances of the four bree ds for 20 07/2008 (A RC-API, 200 9) ar e 
shown in Table 2. 

 
Table 1. Census statistics for four beef cattle breeds, as in July 2008. 
 

Breed Registered herds Perf. Rec. herds Registered animals Perf. Rec. animals 
AFR  74  52 11 885 10 505 
BON 350 332 99 642 97 235 
DRB  73  71 13 538 13 355 
NGI 441  95 53 265 19 307 

 
The data i n Table 1  prov ide some co ntext for the  compari son of the four  bre eds: Th e Bonsmara  i s 
numerically the biggest breed with almost 100 000 registered animals. The Nguni has the most bree ders 
but shows the lowest participation in performance recording – only 22.3% of the herds with onl y 33.2% 
of animals participate in the South African National Beef Recording and Improvement Scheme. The levels 
of performance recording is very hi gh and si milar for the Bons mara and th e Drakensberger breeds and 
slightly lower for the Afrikaner. 
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Table 2. Average performance of animals of four beef cattle breeds, as in 2007/2008. 
 

Breed Birth weight (kg) Weaning weight (kg) 
Cow weight at 
weaning (kg) Weaning weight ratio 

AFR 31.3 195 478 43.2 
BON 35.3 218 508 44.1 
DRB 34.6 204 499 43.3 
NGI 25.1 158 366 44.9 

 
The averag e performances of the four breeds v ery much typi fy the breeds – the B ON and D RB on 
average being medium-framed, medium-maturing breeds, the AFR is a small - to medi um-framed early-
maturing breed and the NGI is a small-framed early-maturing breed. 

An analysis of the breeding structures (Robertson, 1953) of the four breeds was performed on the data of 
the prog eny born i n the 24-month p eriod 1 Jul y 2006 to 30 June 200 8. A n analysi s of the bree ding 
structure of a breed yi elds very pertinent i nformation about the functi onal strati fication and several 
population stati stics of a bree d and  i s de pendant on pe digree and ownersh ip data of th e br eed b eing 
analysed. The four bree ds show very si milar breeding structures with an average of 5 0.7% of the he rds 
being cl assified as ‘ breeder herds’ – herds suppl ying breeding animals to other herds.  On average the 
‘breeder herds’ bred 69.3% of the progeny that was recorde d for these bre eds. Compared to the same  
parameters for six other numerically significant beef breeds in South Africa, these stati stics are of more 
or less the same magni tude. The four i ndigenous breeds, however, display less variation amongst them 
than the other breeds. 

The number  of acti ve herds,  the nu mber of pro geny born i n the 24-mo nth peri od and the aver age 
number of births recorded per herd per year for each of the four breeds are shown in Table 3. 

The data in Table 3 serves to support the data in Table 1. The numbers of herds in Table 3, however, are 
slightly lower, as the data in Table 3 reflects only the number of herds tha t actually recorded bi rths of 
qualifying progeny in the relevant period. 

 
Table 3. Number of animals born, number of active herds and average number of births recorded per 
herd per year for four beef cattle breeds. 
 
Breed Number of animals born Number of herds Average births / year 
AFR  4 999  52 48.07 
BON 49 688 250 99.38 
DRB  7 232  64 56.50 
NGI 26 447 259 51.06 

 
From this data i t can be establ ished that, on averag e, only 72% of all  herds actual ly contribute to the 
breeding of animals in the breeds, with DRB-herds being above average (8 7.73%) and NGI-herds below 
average (5 8.7%) i n thi s regard. The situation for the other si x numeri cally si gnificant beef br eeds in 
South Africa in this respect is on average somewhat lower (66%) but variable – some breeds have levels 
of recording as high as that of the DRB and some have levels lower than that of the NGI. 

The BON has an appreciably higher average herd size than the other three breeds. The average herd size 
for six other numerically significant beef cattle breeds in South Africa is of the same magnitude as that of 
the AFR, DRB and NGI breeds, except for one other breed, which has an even higher average number of 
births per year (127.57) than the BON. The si ze of breeding units within a breed has a significant effect 
on the rate and extent of genetic gain that can be achieved within a breed. 

The effecti ve number of herds suppl ying si res (H s), grandsi res (H ss) and great-gran dsires (H sss) to th e 
respective breeds (Ro bertson, 1953; Gutiérrez et al., 2003),  an i ndication of the l evels of wi thin-breed 
genetic diversity, is shown in Table 4. 

The data in Table 4 indicates that the BON and NGI had the highest number of effective herds supplying 
sires to the bree d and th at the A FR and D RB had substanti ally l ower Hs-values. The dat a i s, however , 
skewed due to the di fferences in the number of progeny born fo r each of the  breeds. If the H s-value for 
each breed is weighted for the number of progen y born, it becomes cl ear that the A FR actually had the 
highest l evels of gen etic di versity (3.33 her ds supplying si res per 1 000 c alves born),  foll owed by t he 
DRB (2.07), the NGI (1.60) and the BON (1. 06). These fi gures are sl ightly lower for the four indigenous 
breeds when compared to some numerically significant international beef cattle breeds in South Africa. 
This is probably to be expected if the worldwide genetic base of these breeds is taken into account. 
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Table 4. The effective number of herds supplying male ancestors for four beef cattle breeds. 
 

Breed Hs Hss Hsss 
AFR 16.64 11.14 15.04 
BON 52.63 22.37 20.12 
DRB 14.95 13.83 14.43 
NGI 42.19 42.37 49.02 

 

The stan dardised effecti ve number of herds suppl ying mal e ancestors to  a bre ed al so serves as an 
indication of the average relatedness of male ancestors within a breed and may be used as an i ndicator 
of whether a more extensive analysis of the relationships within a breed needs to be performed – another 
analysis that depends on the pedigree and ownership data of a breed. 

The average completeness of the pedi gree information in the parental  generation of the animals born i n 
the period under investigation is shown in Table 5. 

The avera ge compl eteness of p edigrees of a br eed al so serves as an indication of the reliability of 
parameters t hat are cal culated from the pedi gree- and r elationship d ata o f t he b reed like  inbreeding 
coefficients and breeding values and, in some case s, may indicate potential problems with the recording 
processes that are used for the breed or with the integrity of the database. 

 
Table 5. Average completeness of pedigree information in the parental generation for four beef cattle 
breeds. 
 
Breed Average completeness of pedigrees (%) 
AFR 99.95 
BON 98.23 
DRB 97.44 
NGI 89.12 

 
The data in Table 5 reflects the extent to which a breed has an ‘open studbook’ with an active upgrading 
programme. The data in Table 5 is comparable to that of the six other numerically significant beef cattle 
breeds i n S outh A frica. Onl y one other br eed has an a ppreciably l ower val ue for the aver age 
completeness of its parental  pedi grees (79. 3%) –  a recently introduced sy nthetic breed wi th an  open  
studbook and a very active upgrading programme. 

Several comprehensive analyses of the basic animal recording data of the Bonsmara breed were recently 
done as part  of a publ ication commemorati ng 45 ye ars of the bre eders’ society. The changes i n the  
breeding structure of the bree d ov er i ts hi story were des cribed (Hunlun,  2009),  a demogra phic 
description of the br eed over time was gi ven (Hunlun et al., 2009) and the developmental history and 
evolution of the gene tic vari ability of the bre ed were des cribed (Van der Westhuizen, 2009). A ll these  
analyses depend largely on the recorded ownership and pedigree data of the breed. 

4. Conclusive remarks 
To be  abl e to reach s election goal s, modern t echniques of ani mal- and performance  recordi ng a nd 
breeding value estimation should be employed and used judiciously. To safeguard populations against the 
detrimental effects of inbreeding and to help preserve genetic variation, a system of exchange of geneti c 
material between sub-p opulations wi thin breeds must be est ablished. No efforts shoul d be spare d to 
increase the effective population size, both on a regional and on a global level. 

Most of these factors are i nterrelated and have mark ed effects  on each other and all  of these acti ons 
require thorough recordi ng of pedi gree and owners hip. A nimal breeders today are i n the fortunate  
position that excellent scientific and institutional support is readily accessible and affordable. There are no 
technical reasons that wil l prohibit breeders of local and i ndigenous breeds f rom posi tively meeting the 
challenges that face them and the broader livestock industry. The first steps towards this goal are animal 
identification and the recording of origin and descent. 
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Maximising performance on a typical Southern Hemisphere 
pasture dairy farm 

N. Lok 

Dairy Farmer, South Africa 

Abstract 

Managing large herds successfully on pastures presents a myriad of ever mutating challenges. 
In thi s peri od of extreme cli matic condi tions (drough ts and fl oods) consta nt monitoring of  
many variables is essential. In spite of supplementary irrigation, grass growth can vary by a s 
much as 3 00% from one annual period to  the next. To overcome the challenges, grass 
measurement (quantity & qu ality) is essen tial to correctly supplement fo rages. Concentrates 
are best  f ed in -parlour accordin g t o in dividual cow requirements and genetic potential.  
Management sy stems which can measu re body  w eight & height, milk  y ield, an d milk  
constituents au tomatically at  ev ery milk ing are essen tial a ids in  det ermining th e exact 
concentrates (eg mai ze, soya, m inerals) each cow requires during the differe nt s tages of 
lactation. Rations are then au tomatically recal culated dail y, based on a rolling average.  
Individual cow performance and response can then be automatically monitored and adjusted to 
achieve ideal body condition scores. 

By adopting the above practices whole farm perf ormance is max imised which is essen tial in a 
scenario of pasture land prices doubling every 4 to 5 years. 

Keywords: Pasture, individual cow, supplementation, management systems. 
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1.0 Laws of dairying 
• Feed your cows properly and individually to manage milk condition and fertility. 

• Body condition is king 

• The dry period and transition is crucial 

• Grow your heifers out to their genetic potential 

1.1 Lessons learnt 

• Individual co w management i s the best way to increase effi ciencies and maxi mise su stainable 
profits. 

• Management systems shoul d coll ect and util ize da ta such as mil k, butterfat, protei n, lactose, 
SCC, body weight, height, activity, conductivity, SCC daily to be effective. 

• Only with comprehensive data collected at every milking can we make informed decisions. 

• Principles of feeding roughage and supplementing cows to optimise production and BCS 
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1.2 Results  

• Our average fat corrected milk yield is 45% higher than our district. 

• Kilograms FCM per hectare is 45% higher. 

• Concentrates fed per kg FCM is 30% less 

• Nitrogen used is 30% less 

• Intercalving period is 380 days – only AI, no bulls. 

• At calving average Body condition score is 3.45 

Page 220 



Proc. ICAR 37th Annual Meeting – Riga, Latvia (31 May - 4 June, 2010) 

Challenges and opportunities for beef production in developing 
countries of the southern hemisphere  

M.M. Scholtz1, C. McManus2, O. Mwai3, L. Seixas2 & H. Louvandini2 

1ARC-Animal Production Institute, Private Bag X2 Irene 0062, South Africa 
2Universidade de Brazilia, Fac de Agronomia e Medicina Veterinaria, Caixa Postal 04508, 
CEP 70910-9000, Brazilia, DF, Brazil 
3ILRI, P.O. Box 30709, 00100, Nairobi, Kenya 
4Insituto Nacional de Ciência e Tecnologia- Informação Genético-Sanitária da Pecuária Brasileira, Brazil 

Abstract 

Livestock producti on faces speci fic c hallenges du e to a ri se in popul ation numbers, urbani zation a nd 
economic d evelopment in  t he developing wo rld. A  s ubstantial in crease in  d emand fo r meat in  t hese 
countries will offer l arger market opportuni ties for livestock producers. Devel oping countri es from the  
southern hemi sphere are characteri zed by a h ighly duali stic beef cattl e sector with communa l, 
subsistence or small scale farmers and l arge commercial farmers co-existing. Whereas the off-take from 
the commercial sector is  h igh, the off-take from the other sectors is  still low in certain regions. Global 
warming is expected to h ave a negati ve effect on the be ef production environments of these countri es. 
By describing production environments i t will  be possi ble to identi fy genotypes that ar e adapted to the 
environment. Tool s are n eeded to  overlay geo-refe renced data sets onto th e di fferent environments in 
order to quantify them. Gene o r marker assisted selection may p lay an important role in selection for 
disease and parasi te resi stance or tolerance, since i t is d ifficult to measure these trai ts d irectly. 
Strategies that utili ze EBVs derived from genomi c analyses (genomic EBVs), together wi th conventional 
mixed model methodology, may speed up the process of breeding animals with higher and more efficient 
production. Research into methane production will also have to be stimulated. 

Keywords: Adaptation, animal improvement, animal recording, genomics, global warming, landscape 
genetics, methane production, production environment. 

1.0 Introduction 
Livestock production faces  specific cha llenges due t o i ncreasing popul ation, u rbanization and economi c 
development, especi ally i n devel oping countri es. These  dev elopments a re exp ected to l ead to  a 
significant rise in demand for livestock products, referred to as the Livestock Revolution (Delgado et al., 
1999). The world demand for meat i s expected to rise by more than 200% f rom 229 mi llion ton in 1999 
to 465 million ton in 2050 (Steinfeld et al., 2006), with global numbers of meat animals that will have to 
increase to r espond to th e demand, which in turn will  increase methane pro duction from l ivestock. This 
substantial i ncrease in  de mand fo r li vestock p roducts in  d eveloping c ountries ( Delgado et al., 199 9), 
partly due to popul ation increase and improved incomes, will offer much larger market opportuni ties for 
the livestock producers in these countries.  

There is growing evidence that improving the productivity of farmers that are not currentl y operating on 
a commercialized level (subsistence, smallholder, emerging, etc.) has the potential to address poverty in 
agriculturally based economies (Hazell et al., 2007) of developing countries in the southern hemi sphere, 
while t he mo re c ommercialized ( industrialized) p roduction s ystems r emain in  b alance wit h t he n atural 
environment (Comprehensive Assessment of Water Management in Agriculture, 2007; UNEP, 2007).  

Cattle are th e most i mportant l ivestock speci es i n A frica and L atin A merica; the difference b eing that  
Africa is one of the centres of domest ication (Bruford et al., 2003; Hanott e et al., 2002) and i s ri chly 
endowed wi th a large number of i ndigenous bre eds that have adapt ed t o the conti nent’s prevai ling 
conditions (Scholtz, 1988, 2005; Scholtz and Theunissen, 2010), whereas th e only domestic animals in 
Latin A merica at the ti me of the discovery of the A mericas in 145 4 wer e camel ids such as l lamas, 
alpacas, guinea pigs, etc. All other animal s were imported,  mainly from the Iberi an Peninsula and North 
Africa and underwent approximately 500 years of natural selection in the diverse environments. From the 
end of the 19th century there were  other i mports from mainl and Europe and ze bu cattle from Indi a 
(Primo, 2004). 
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The type of production strategy to be followed in these countri es depends primarily on the environment 
and l evel of management  (Scholtz and Th eunissen, 2010).  There i s a nee d to match th e envi ronment 
with the correct genotype  to ensure increased and sustainable production (McManus et al., 2009). While 
beef production in Brazil  is based primarily on Bos indicus (Zebu) breeds, Uruguay and A rgentina base 
their beef cattle industry on traditional British breeds (Mariante et al., 2008). Southern hemisphere Africa 
is dominated by indigenous Sanga breeds with some influence of Zebu, British and European breeds.  

Major beef production in Latin American comes from Brazil, Arg entina, and Uruguay, which are large net 
exporters of  beef (over 35% of world trade i n 2005 – S teiger, 2006),  whereas south ern hemi sphere 
African counties, with the excepti on of Botswana and Namibia, are al l net importers of beef, despite the 
huge and untapped potential of exceptionally good indigenous beef cattle breeds (Demeke, et al., 2004; 
Scholtz and Theunissen, 2010; Rewe et al., 2010 Wasike et al., 2006). 

This paper aims to di scuss the chal lenges and opportunities for beef pr oduction i n the devel oping 
countries of the southern hemisphere in relation to beef production levels, the challenges posed by global 
warming, en teric methane produc tion, the rol e of re cording and quanti tative breeding t echnology, and  
genomics. 

2.0 Discussion 

2.1 Production levels 

Cognisance should be taken of the fact that the ca ttle sector i n these count ries i s h ighly dual istic wi th 
communal, subsistence or small scale farmers and large commercial farmers all co-existing. Whereas the 
off-take from the comm ercial sector i s hi gh, the  off-take from the other  sectors i s s till low in certai n 
countries as a result of low fertility, high mortality, etc. 

A survey undertaken i n South Africa (Scholtz and Bester,  2009) demonstrated major differences in the 
different sectors regarding production levels (Table 1).  

 
Table 1. Beef production information on the different sectors in South Africa. 
 
Trait Commercial sector Emerging sector Communal sector 
% Adult females in herd 52 49 25 
Calving percentage 62 48 35 
Pre-weaning mortality (%) 3.1 3.3 30.7 
Post weaning mortality (%) 2.7 2.2 4.7 
% Off-take 32 25 6 

 
Major di screpancies i n producti on and throughput  between th e commerci al, emergi ng and communal  
sectors i n South Afri ca are demonst rated by Ta ble 1, and c learly indicate that a spects such as  pre-
weaning mortality, herd composition and calving percentage in the communal sector should be urgently 
addressed to improve production from this sector. 

Similar di screpancies i n production were demonstrated i n the Brazilian Pantanal  (freshwater wetl and). 
Table 2 demonstrates the effect of a four year monitoring period on production in the Pantanal (Abreu et 
al., 2010).  In harsh environments su ch as the Pantanal in Brazil , it had be en shown that whil e Nel lore 
cattle have a calving interval of almost two years the natural ized breeds such as Pantaneiro or Curraleiro 
calve once a year (McManus et al., 2002).  

 
Table 2. Beef cattle production in the Brazilian Pantanal following four years of monitoring. 
 
Trait Start of monitoring After four years monitoring 
Calving percentage 45-56 65-70 
Pre-weaning mortality (%) 18-25 5-10 
Post weaning mortality (%) 5 3 

 
These examples illustrate the op portunities for i ncreasing beef production in these r egions, but spe cific 
actions need to be taken for thi s t o happen. Farmers ten d to be r eluctant to addres s speci fic 
management problems, such as soil erosion, pasture quality or animal growth rates, preferring to open 
virgin forest to create temporary pastures, which are abandoned after use for a few years  
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The poor use of technology is emphasized when it is noted that meat off-take in Brazil is 22% and in the 
communal sector i n South Africa 6%; compared t o 26% i n Argentina, 30% i n Uruguay and 32% i n the 
South African commercial sector. The United States have an off-take of up to 37%.  

2.2 Global warming 

Tropical and subtropi cal cli mates have both direct and i ndirect effects on  li vestock. Factors such as 
temperature, solar radiation, humidity and wind all have di rect effects on ani mals, whereas factors such  
as di gestibility of feed,  intake,  quali ty and quanti ty of grazi ng, pests and  di seases, all  have indirect 
effects on animals (Linington, 1990). It is predicted that climate change wi ll have a more extreme effect  
on southern hemisphere continents than on other cont inents. Reports indicate that temperatures will rise 
by a minimum of 2.5o C in large parts of southern Africa, while the grazing capacity is expected to decline 
by more than 30% (Furstenburg and Scholtz, 2009). Romanini et al. (2008) predict that an increase of 5 
ºC in air temperatures in Brazil may lead to a decrease in pasture capacity of up to approximately 50%. 
These changes in grazing capacity are substantial. 

Ambient temperature i s the factor that has the l argest di rect effect on  l ivestock producti on. Most  
livestock per forms at thei r best  at t emperatures between 4 a nd 24°C (McDowall, 1972). In the tro pics 
and subtropics temperatures frequently ri se above thi s comfort zone and i t i s therefore i mportant that 
livestock are adapted to these higher temperatures (Linington, 1990). Maximum daily temperature is not 
the bi ggest problem, but i f the mi nimum night temperature does not drop to bel ow 20°C, un-ada pted 
cattle will  s uffer from tropi cal degenerati on (Bon sma, 1980).  Hi gh temperatures and solar radi ation 
decreases intake in order to reduce di gestive heat production, and reduce gra zing time (animals do no t 
graze i n hot  mi dday hou rs), whereas  sweati ng a nd water  i ntake i ncreases. Other fact ors i nvolved i n 
thermal comfort i nclude the extern al coat of the animal ( thickness, st ructure, thermo i solation, 
absorption and refl ectivity) and body trai ts (shape , si ze and superficial area) (Bonsma,  1983; S ilva, 
2000). 

Nutritional stress has th e largest indirect effect on  the grazi ng animal in the tropics and subtropi cs. In 
these envi ronments, natural  pasture has both l ower nut ritional va lue a nd lo wer t iller density t han in  
temperate r egions (Li nington, 199 0). These tr opical grasses (C 4) have devel oped a di fferent 
photosynthetic pathway to adapt  to t he cl imate. The C 4 refers to a 4 carbon compound compared to a 
3 carbon compound (C3) in temperate grasses. C4 plants have a higher photosynthetic rate, which results 
in high fibre content, low stem to leaf ratio, reduced digestibility and intake (Leng, 1984). C4 grasses also 
result in higher enteric methane production during fermentation than C3 grasses.  

Another consequence of climate change is altered patterns of diseases in animals, which may include the 
emergence of new d isease syndromes and a change i n the prevalence of e xisting diseases, particularly 
those spr ead by bi ting i nsects. Ani mals wil l theref ore be exposed to different parasi tes and di seases 
(IPCC, 2007) as i ndicated from the pr edicted change in the distribution of, for example, Tsetse in Africa 
(Herrero, et al., 2008); putting an even great er p ressure on production and the survi val of li vestock 
breeds. Rift Valley Fever and East Coast fever are other diseases whose distribution may be effected. 

Climate also plays a vital part in determining distribution of ticks, which are responsible for diseases such 
as Red Water, Gall Sickness, Heartwater, Corridor disease, and East Coast fever.  

As a result of global warming, livestock in the developing countries of the southern hemisphere, will need 
to adapt to hi gher ambient tempera tures, l ower nutri tional value of the grass i n so me cases, and 
expansion of di seases, especi ally ti cks and tick borne di seases i n Afri ca (Schol tz, et al., 2009).  Under  
such chall enges bal ancing genotypes  wi th produc tion envi ronments will become a cruci al el ement 
requiring the  utili zation of di verse geneti c resource s wi th the  appropriate geneti c potenti al for  growth, 
milk production,  resi stance to di sease and prol ificacy (Blackburn and Mezzad ra, 2006).  The question is  
how to measure adaptation and how to select for it. 

2.3 Adaptation 

Adaptability of a n a nimal c an b e d efined a s t he a bility t o s urvive a nd r eproduce wit hin a  d efined 
environment (Prayaga an d Henshal l, 2005) or the  degree to whi ch an organi sm, population or species  
can remain/become adapted to a wide range of environments by physiological or genetic means (Barker, 
2009). A n improved understan ding of the adapt ation of li vestock to their producti on envi ronments i s 
important, but adapta tion i s compl ex and thus di fficult to measure (Schol tz, et al. 20 09). Extensi ve 
research ha s been con ducted on the di rect measuremen t of adapta tion. Th is included di rect 
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measurements on the ani mal such as rectal  body temperature, respi ration rate, heart (pul se) rate,  
sweating rate (water l oss), ski n thi ckness and hai r per cm2. In addi tion, more sophi sticated 
measurements investigated, included the heat tol erance test w here the di fference in body temperature 
was measured before a nd after exposure to extrem e heat, and tempera ture change associ ated wi th 
exercising the animals (Bonsma, 1980; 1983; McManus, et al. 2009). 

Several proxy-indicators for adaptati on are avai lable and have al so been us ed (McManus, et al., 2008). 
These include reproductive traits such as ferti lity, survival, birth rate and peri-natal mortality; production 
traits such as growth rate, mil k production, low mortality and longevi ty; and health traits such as faeca l 
egg counts and number of external parasites (Bonsma, 1980, 1983; Spickett et al., 1989; Scholtz et al., 
1991; McManus et al., 2008). 

2.4 Description of production environments 

Adaptation c an al so be  c haracterized indirectly by des cribing the pro duction envi ronment i n whi ch a 
breed or population has been kept ove r a period of time and to whi ch it has become adapted (Scholtz et 
al., 2009). By describing production environments in more detail it would be possible to identify breeds or 
genotypes that may be adapte d to the changed e nvironment of an area (F AO/WAAP, 2008). It will  thus 
be necessary to link animal performance with the production environment. Such information can then be 
factored during geneti c evaluations e ither as part of  the predi ctive model or as a “post breeding value 
prediction” c alculation. T his w ill r equire fu rther r esearch t o i dentify a nd p rioritize va riables t hat c an 
describe the genetics, management and climate of each herd more accurately. 

Good qual ity environmental data descri bing production environments already exists (FAO/WAAP, 2008). 
Variables on temperature, relative humidity, precipitation (including variation in rainfall), day length and 
radiation ar e avail able through Geo -referenced Information Systems (GIS) l ayers. I t i s therefor e 
important that GPS waypoints are recorded with the animal performance information. Likewise, levels of 
toxins (e.g. aflatoxins, phyto-toxins, excesses of some minerals, salts and tannins) can also be related to 
specific geo-morphological formations and geographical positions thus can be easily linked to the relative 
performance of animals.  

2.5 Methane production 

Methane ma kes up 16 % of total  wo rld gas emi ssions and i s therefore t he second most i mportant 
greenhouse gas (GHG) ( US-EPA, 2006).  Despite the hi ghest concentrati on being carbon  dioxide (CO2), 
methane (C H4) and ni trous oxi de (N 2O) have a heati ng pote ntial 23 and  296 ti mes higher than CO 2, 
respectively, due to the higher atmospheric warming activity of these compounds (Clark et al., 2001).  

Human-related ac tivities produci ng methane i nclude fossi l fuel  producti on, ani mal husbandry ( enteric 
fermentation i n livestock and manure managem ent), ri ce cul tivation, biomass burni ng, and waste 
management. Natural sources of methane include wetlands, gas hydrates, permafrost, termites, oceans, 
freshwater bodies, non-wetland soils, wild ruminants (game) and other sources such as wil d fi res. It is 
estimated that more than 60 percent of global methane emissions are related to human activities (IPCC, 
2007).  

Enteric fermentation (animal digestive tract) is the main source of methane and is responsible for 28% of 
global CH 4 emi ssions, followed by natural  gas (15%), waste management  (13%) and ri ce cu ltivation 
(11%) (US-EPA, 2006). Factors that influence enteric methane production in l ivestock are level of fee d 
intake, d iet composition, d igestibility and quality of r oughage, fo rage o r cultivar s pecies, C 3 versus C 4 
grasses, and variation between animals. 

In rumi nants, CH 4 is p roduced by a  specific g roup o f b acteria c alled me thanogenics, ( Moss, 1 993), 
whereas CH4 may al so be produ ced by protozoa’s, which may account for up to 20% of methanogeni c 
microorganisms. As CH4 cannot be metabolized by the animal or microorganisms, it is partly absorbed by 
the rumen wa ll and enters in  the b lood s tream where it  is  e liminated in  respiration. However, most is  
eliminated by eructation with CO2 (Kozloski, 2002). From a nutri tional point of view, methane represents 
a loss of ene rgy by the ani mal of between 6 and 10% whi ch is not converted to a prod uct (meat, milk, 
wool, etc).  

Greenhouse gas (GHG) emission from li vestock is measured either in terms of kg CO2 equivalent per kg 
of meat or milk available for consumption, or per area of l and used. In the case of ruminants extensi ve 
systems are  usual ly fou nd to have a l ower per- area footpri nt than i ntensive grai n-fed systems but a 
higher footprint if expressed in terms of kg/product (Garnett, 2010). 
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Some studies have shown that the us e of tann inferous legumes alone or in combination with grasses i n 
pastures for  rumi nants, may reduce enteric methane emi ssions per uni t of dry matter consumed ( g 
CH4/Kg DMC) wi thout affecti ng produ ction performance (Pi nares-Patino et al., 2003).  However, mos t 
research has focused on manipulating animal diet in an effort to create a rumen environment unfavorable 
for methane producti on. Other opti ons to combat enteric fermentation such as geneti c engineering and 
the use of a dditives may be options (Beauchemin et al., 2008), but further r esearch and development is 
needed before such options can be employed.  

A very important aspect is that the genetic improvement of livestock results in permanent and cumulative 
changes in animal performance (Wall et al., 2009). Selection for producti vity and effi ciency will mitigate 
greenhouse gases in two ways: fi rstly, higher productivity leads to hi gher gross effi ciency as a resul t of 
diluting the maintenance cost of animals; and secondly, a given level of production can be achieved with 
fewer higher yielding animals. Wall et al. (2009) reported variations between animals, between br eeds, 
and across time, providing the potential for improvement through selection.  

Nkrumah et al. (2006) r eported that beef cattl e with low residual feed i ntake produced up to 28% l ess 
methane than those wi th high residual feed i ntake. Residual feed i ntake i s calculated as the difference 
between actual feed i ntake and the e xpected feed requirements for mai ntenance of bod y weight and a 
certain l evel of producti on (Hegarty  et al., 200 7).The l ower methane p roduction was attri buted to 
differences in rumen microbial population and Nkrumah et al. (2006) stated that the differences could be 
heritable. 

Goopy and Hegarty (2004) found large variations in methane emissions between animals (Friesian Jersey 
crossbreds) at the sam e level of producti on and fe d the same diet. “High” and “low” methane emi tters 
were identified on identical feed and feed i ntakes. The reason for the report ed differences is unclear, but 
they assumed that fact ors such as  the rate  of pas sage, microbial acti vity, fermentati on condi tions and 
grazing behavior could play a role. 

2.6 Recording and improvement 

Animal recording forms the backbon e of any i mprovement programme. If t raits are not  measured  and 
recorded no improvement is possible. Countries such as Argentina, Brazil, Namibia and South Africa have 
very well  organi zed recordi ng and improvement  pr ogrammes i n p lace. In South Africa the ma jor 
improvement programme  i s the National  Beef Re cording and Improvem ent S cheme supporte d by 
government and managed by the ARC (Agricultural Research Council), whereas in Brazil, successful beef 
breeding schemes are run by pri vate compani es, together with universi ties and EMBRAPA (Brazi lian 
Corporation for Agricultural Research). 

However, performance recordi ng i n many devel oping countries i s di fficult s ince the br eeding objec tive 
may include many tra its, some of  which can n ot be easi ly measured or quanti fied. Furthermore,  
organizational a nd in stitutional b ottlenecks, in cluding in adequate fu nding a nd s taffing lead t o 
inconsistencies i n systems where governments are in charge of offi cial performance and pe digree 
recording. Uganda an d Kenya offer g ood, yet con trasting examples of where the  public sector  support 
livestock recording, but with little success or impact being realized to the former (person al observation). 
Through p rivate fa rmer i nitiatives and building o f s trategic partnership w ith in ternational o rganizations 
such as ILRI , Kenya’s be ef recording is now p icked up from a near col lapse a few years ago. Al though 
data can easily be recorded at r anch or farm l evels, adequat e computing/processing faci lities are not 
always available leading to delays or total lack of feedbacks to the farmers, thus rendering such recording 
exercises almost useless (Kosgey et al., 2010).  

Opportunities of us ing the modern i nformation technologies such as mobil e phones, to relay raw data t o 
central data  processi ng centres exi st, but are ye t expl oited. Other constr ains incl ude ri gid rul es on 
recording, even when such rules do not add much value. For example, in some countries, breed societies, 
which are may be exclusive clubs actually hinder livestock recording, by not accepting own recorded farm 
data, and i nsisting on so me form of inspecti on, an d by-l aws on bree d sta ndards an d r egistration. By 
insisting that only officially registered animals can be r ecorded, opportunities to exploit the huge genetic 
variation in the population are lost.  

Wurzinger et al. (2009) and Kugonza (2009) examined the ranking or scoring of animals for a trait rather 
than measuring the trait directly, even for traits that are easy to measure. They concluded that if animals 
can be r anked reasonabl e accuratel y for a trai t of  economi c val ue, di rect measureme nts may not  be 
necessary. It also appeared that ranking is more accurate than scoring. 

There are large differences between breeding cattle for the subtropics / tropics and temperate areas, the 
main difference being in trait definition. Cattle in subtropical and tropi cal environments are subjecte d to 
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numerous st ressors ( Prayaga et al., 200 6), e.  g. parasi tes (ti ck and t ick borne di seases, i nternal 
parasites, flies), seasona lly poor nutri tion, h igh temperatur es or hi gh dail y temperat ure vari ation, 
humidity (both high and low) and temperament (exaggerated by extensive production systems). 

In these cas es managem ent i nterventions may be po ssible, but they are di fficult and expensi ve to 
implement, particularly in poorly adapted ca ttle. The best method of amel iorating the effects of these 
environmental stressors to improve productivity and animal welfare is to breed cattle that are productive 
in their presence, without the need of managerial interventions.  

Statistical science continues to support  animal breeding and improvement, and very soph isticated, high-
dimensional, models have been applied in this field (Gianola, 2006). The challenge now is to identify fixed 
and random effects, in respect of quantitative breeding technology, that account for spatial  and temporal 
variation i n production envi ronments for use i n geneti c eval uations (Sch oltz, et al., 2009 ). Further 
research i s needed to  i dentify and priori tize vari ables that can describe the genetics and managemen t 
levels of each herd more accuratel y (Neser et al., 200 8). The estimation of separat e br eeding val ues 
(EBV’s) for different production environments may even be necessary in extreme cases. 

As mentioned earlier, proxy-indicators are available to use in selection for adaptation. Unfortunately it is 
only in the case of growth trai ts that quantitative breeding technology has succeeded in the prediction of 
breeding values that are not problematic. Traits linked to fertility and/or survival (days to calving, calving 
interval, stayability, calving tempo) are all influenced significantly by management or arbitrary decisions 
taken by breeders or scientists (Scholtz, et al., 2009). The appropriate quantitative breeding technology 
to properly handle these traits still needs to be developed. 

With respect to parasi te resistance adequate quant itative breeding technology exists and heritability for 
such resi stance seems to be hi gh (Scholtz et al., 1989). Parameters such as l evels of p arasites i n the 
blood etc. are additional information that can easily be measured and included in evaluation programs. 

Efficient recording is also necessary to keep inbreeding under control. Globalization of breeding programs 
and semen sal es have led to a li mited number of eli te si res bei ng used  for insemination, leading to 
increased inbreeding with a reduction in fitness (Falconer and Mackay, 1996), and a decrease i n survival 
and reproductive performance i n cows (S mith et al., 1998). A classical example is the Hol stein-Friesian 
which represents more than 90% of all dairy cattle in USA and more than 60% i n Europe. The effective 
population size for the Holstein-Friesian breed has been estimated at only 60 animals (Hansen, 2006).  

Computer programs that enable assigning of breeding mates in such a way that inbreeding is minimized 
without compromising on the expect ed genetic gains have bee n developed (Bergh, 2010; Kinghorn and 
Kinghorn, 2009), however, for such programs to b e useful, accurate pedigree records must be kept and 
used.  

2.7 Genomics 

Twenty year s ago the fi rst studi es to  i dentify, characterize and use mol ecular markers to character ize 
genetic resources and ge nerate tool s for ani mal breeding and management were carri ed out.  Over the  
last 20 year s the technol ogies to g enerate mol ecular data went through several  innovation c ycles, 
including Restri ction Fragment Length  Pol ymorphisms (RFLP) a nd S ingle Sequence Repeats (SSR). The 
first genome wide genetic maps in domestic animals were built using microsatelite markers (Guerin et al., 
2003).  

With respect to gene or marker assisted selection beef cattle breeders have been promised for years that 
it will change the way they breed livestock. However, currently only a few of such tests are available for 
production traits.  

Recent r esearch has i ndicated that  the i nclusion of i nformation from DNA anal ysis i n the ge netic 
evaluations or e stimation o f b reeding va lues ma y r esult in substantial increases in  genetic g ain a t 
reduced cost (Meuwissen et al., 2001; VanRaden, 2008; VanRaden et al., 2009). Strategies that utilizes 
EBVs deri ved from D NA i nformation (genomi c EBV s), together wi th conventi onal mi xed model 
methodology, may speed up the pro cess of breedi ng ani mals that are ada pted to the newly created 
environment as a result of climate change. 

The developments in Quantitative Trait Loci (QTL) (Williams, 2005), and hi gh-throughput SNP’s or gene 
chips (genomic selection based on Single Nucleotide Polymorphisms) may enhance the detection and fine 
mapping of many genes  and Q TLs, that for exa mple affect tick resi stance. It i s foreseen that t he 
utilization o f marker ass isted sel ection will  pl ay a major rol e i n se lection for di sease and para site 
resistance or tolerance. 
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Marker assisted selection and proteomics may also be valuable in selection for secondary traits linked to 
adaptation, such as the gene(s) for hi gh levels of bl ood urea (N) and ruminal NH3 in certain genotypes, 
associated with adaptation to low quality C4 grasses (Scholtz, et al., 2009).  

The most  r ecent i nnovations i nclude me thods to i dentify and genotype S NP (S ingle Nucl eotide 
Polymorphism) markers in large scale. High density DNA chips were generated to genotype from tens of 
thousands to hundreds of thousands of SNPs in a s ingle assay. These new t echnologies will lead to t he 
development of new applicati ons such as methods t o genetically evaluate and select animals (Hayes et 
al., 2009) b ased on thei r Genomi c Esti mated Breedi ng V alue (GEBV). The fi rst bull  summary for th e 
Holstein breed with GEBVs for milk production and quality traits was released in January 2009. 

The devel opment of a high-throughp ut S NP or gene chip may enhance the i mplementation of marker  
assisted and genomic selection. A 50k SNP chip is currently on the market fo r bovines and can make a 
major contribution towards selection for adaptabi lity. An important prerequi site i s the establ ishment of 
resource (reference) populations (Meuwissen et al., 2001; VanRaden, 2008; VanRaden et al., 2009) for 
different environments, which may be costly. 

Landscape genomi cs i s a lso a new field and i s a  combi nation of landscape ecol ogy and popul ation 
genetics a iming a t p roviding in formation about t he in teraction between landscape features and mic ro-
evolutionary process es, such as gen e fl ow, gen etic dri ft an d sel ection (Manel  et al., 2003).  T he 
development of l andscape g enomics is bas ed on  t he i ntegration between l andscape ec ology [such as  
high-quality remote sensing techniques and geographical information systems (GIS)] and molecular data, 
as well spatial statistics designed to detect discontinuities in geographical space (Guillot et al., 2005; Kidd 
& Ritchie, 2006).  

Sub-Saharan Africa is characterized by extremely variable environments and is home to many indigenous 
cattle breed s and comb inations of breeds; the  l atter as a resul t of both pl anned and unpl anned 
crossbreeding wi th exoti c beef bre eds. The a pplication o f l andscape genomics offer tremendous  
opportunities for the better understandi ng of the di fferent types and complex nature of gene acti ons and 
interactions. If properly analyzed, the results can reveal attributes such as geneti c adaptation to speci fic 
environmental stress causi ng factors such as di seases, parasi tes and extre me heat, humi dity or lack of 
water or combinations of thereof. 

3.0 Conclusion 
Challenges facing beef production in the developing counties of the southern hemisphere include variable 
and l ow production l evels, the effect of c limate change, enter ic methane production and l ow levels of 
animal recording. 

Several new  technol ogies offer opportuni ties for beef pro duction in developi ng countri es in next f ew 
years. These  i nclude genomi c eval uation methods, to gether w ith the devel opment of s tatistical, bi o-
informatics, computational and geographical information system techniques.  

There is a demand for overlapping research programmes that use molecular tools to empirically evaluate 
the geographical context of biodiversity patterns b y linking genetics, environment and b iogeography. In 
this way,  devel oping countri es can be pre pared f or chall enges and make  opti mum of the use the se 
opportunities as they materi alize wi th changes i n environmental a nd p olitical s tatus in r egions a nd 
countries. To fully benefi t from these technol ogies, performance and pe digree record ed herds of l ocal 
breeds i n developing countri es, espec ially sub-Saharan Afr ica countri es have to parti cipate i n on-going 
SNP genotyp ing and seq uencing so as to all ow for appropri ate cal ibration and deve lopment of the  
appropriate c hips t hat c ontain a dequate in formation fo r t he lo cal b reeds, b reed c ombinations and 
production systems. 
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Continuous improvement for dairy laboratories through REDELAC 

C. Pecorino, M. Bilotta, M. Murphy, L. Giorgi , P. Labacá & R. Castañeda 

INTI, National Institute of Industrial Technology. Dairy Industry Technological Research 
Centre. Av. General Paz 5445, (1650) San Martín, Buenos Aires, Argentina 

Abstract 

Since 1991,  RED ELAC, the argenti ne dairy l aboratory network, has been an i mportant tool  for quality  
assurance of the laboratories. It provides them different proficiency testing schemes, reference materials 
from SICECAL, the argentine centralized calibration system, and specific technical assistance. All focused 
on the opti mization of the accuracy of laboratories resul ts, and the i mprovement of thei r anal ytical 
performances. Si nce 200 9, techni cal assistance has b een ma inly o riented t o c ontinuous imp rovement, 
detecting potential deviations and fi nding improvement opportunities of laboratories participating in the 
Network. Specific indicators we re d efined a nd se veral q uality t ools we re s elected, a nd a s urvey o f all 
participants was carri ed out. Then, we made a se gmentation usi ng sel ected i ndicators, and fi nally we 
defined five groups, depending on the technical assistance required. Consequently, an Alarm System has 
been imp lemented fr om the la boratories r esults o f p roficiency t esting s chemes r elated t o ra w milk 
quality. Based on the res ults, INTI-Lácteos provides recommendations to correct occurre d deviations, as 
well as to prevent potential ones. With the implementation of this Alarm System, we have obtained good 
results, indicating the effecti veness and consolidation of REDELAC-SICECAL, as an integrated system for 
quality assurance laboratories.  

Keywords: Milk, dairy national reference laboratory, continuous improvement, technical assistance, 
integrated system, centralized calibration system, proficiency tests. 

1.0 Introduction 
REDELAC, the Argentine Dairy Laboratory Network, was created in 1991 by INTI-Lácteos, which is one of 
the 32 centr es of INTI, National Insti tute of Indu strial Technol ogy. The ob jective of the network i s to  
harmonize d airy laboratory p ractices, h elp imp lementation o f in ternational s tandards, a nd e nsure 
traceability to national and international laboratories. Nowadays, REDELAC, with more than 40 partners 
and 10 0 na tional and internati onal parti cipating l aboratories, has bec ome a “co mplete i ntegrated 
system”, which offers different proficiency testing schemes, centralized calibrations and a monitoring and 
alarm system based on the results of this PT schemes. 

INTI-Lácteos i s the Reference Na tional Laboratory of Argenti na and has been the f irst accredi ted 
proficiency testing provider in Latin America in 2004.  Different proficiency testing schemes are suppl ied 
on a  va riety o f ma trices a nd fo r different c ompositional, mi crobiological a nd c hemical p arameters. 
SICECAL is a  Ce ntralized Ca libration Sys tem, wi dely r ecognized in  Ar gentina a nd p rovides r eference 
materials in d airy ma trices fo r c alibration a nd c ontrol o f t heir e quipment t o d airy in dustry a nd 
laboratories. S ince 2009 , techni cal assi stance ha s be en mai nly ori ented to conti nuous i mprovement, 
detecting potential deviations and fi nding improvement opportunities of laboratories participating in the 
Network. 

2.0 Methodology 
Technical ass istance has been mainly focused on conti nuous improvement o f parti cipant laboratories in 
PTs schemes related to raw mil k quality: Monthly Raw Milk Control and Instrumental Equipment Control. 
Both proficiency testing are mandatory requirements for independent laboratories which are members of 
the government system for mi lk payment.  Labor atories recei ve bl ind sampl es to an alyze fat , to tal 
protein, total soli ds, lactose, ash, presence of anti biotics, freezing point, enumeration of microorganisms 
at 30 º C and somatic cells counts. In the first stage, a survey of all participants and the different routine 
methodology used by them was carried out. 
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Then, specific indicators were defi ned and several  quality tools were selected. The unsati sfactory results 
of a  p roficiency t esting r ound we re considered as  a  d eviation fr om a  r equirement, a nd t hese wer e 
evaluated as nonconforming work (NC). 

The indicators and quality tools were: 

Index 1: ratio NC / total tests 
 2: ratio NC / total participant laboratories. 
 3: ratio NC / each parameters 
Tools Final reports of each round, where the historical performance for each parameter is 

included (Annex 1)  
 Monthly table of NC of all laboratories (Annex 2)  
 Annual table of NC of each laboratory (Annex 3) 
 Monthly graphic of NC of all the parameters (Annex 4) 
 Annual graphic of NC of each parameter (Annex 5, example fat content) 
 Annual graphic of Index 1 for each laboratory (Annex 6) 
 Ishi kawa diagrams 
 Check lists of each parameter (Annex 9) 

 

Using the first index mentioned, in order to plan work throughout the year, segmentation was made from 
the l aboratories performances,  to determi ne and evaluate the several  degrees of techni cal assi stance 
required. Fi ve groups we re defi ned; one of them  was the SIGALEC group, the l aboratories of the 
government system for milk payment.  

 

Group Indicator 1 Value 
Group 1 0,00 – 0,10 
Group 2 0,1 – 0,20 
Group 3 0,21 – 0,25 
Group 4 > 0,25 
SIGALEC 0,08 – 0,12 
Group Indicator 1 Value 
 

Finally, in accordance with the segmentation, annual aims were proposed.  

From the res ults of each round, we moni tored laboratories’ continuing performance, usi ng the sel ected 
indicators and qual ity tool s, mentioned above. The value of th ose indicators and the trends showed in 
graphics, alert us when a  punctual technical assistance is detected. In this situation, participant to these 
PT programmes were contacted to provide help and try to  correct or avoid deviations in future rou nds. 
Consequently, correcti ve or preventi ve recommen dations were provi ded b y tel ephone or e-mai l. All 
possible root causes wer e considered, bearing in mind the Ishi kawa diagrams. In order t o prevent no n 
conformities works, detecte d tren ds were ta ken i nto a ccount from graphi cs. Records of  all 
communications were preserved.  

3.0 Results and discussion 
With the i mplementation of this Alarm System i n rounds of Monthly Raw Milk Control and Instrumental 
Equipment Control, at the end of 2009 was achieved: 

1. Less number of laboratories with indicator Nº1 greater than 0, 21.  

2. Improving signi ficantly the performan ce of some laboratories from Group Nº4. 2 l aboratories 
moved to Group 3, and 1 laboratory moved to Group 2. (Annex 6). 

3. Remarkable tendency to  decrea se t he rati o of NC to the total  tests, throughout the year . 
(Annex 7). 

4. Decrease the number of NC in three parameters with the highest percentage of NC. Fa t content 
decrease from 35% in January to 18% in December; total protein content decrease from 39% in 
January to 12% i n December, and total solids content decrease from 50 % in January to 7%  in 
December. 
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5. Identification for the near future (An nex 8), tests and l aboratories wh ich will  requi re speci al 
emphasis to help. 

We recommended implementing correcti ve or preve nting acti ons fi rst, and th en moni toring the resul ts 
associated to ensure that those acti ons have been e ffectives. Furthermore, be willi ng to c ooperate with 
participants to i mprove their performance, designing check lists for each test and offered i t laboratories 
when l acks of knowl edge about official methodol ogy are det ected. Answ ers and fee dback may be 
carefully evaluated and, when i t i s necessary, subsequent communications must be do i t until  feasible 
solution. T his Ala rm Sys tem a llowed u s d istinguishes in  fo llowing r ounds if a ctions t aken h ave be en 
effectives. 

4.0 Conclusions 
With the implementation of thi s Alarm System INTI–Láct eos has establ ished a new too l for continuous 
improvement for dairy laboratories, indicating the effectiveness and consolidation of REDELAC-SICECAL, 
as an integrated system to improve the quality assurance of dairy laboratories.  

5.0 Annexes 
 

Annex 1 
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Annex 2                                                                  Annex 3                           

  

Monthly table of NC of all laboratories
( July 2009)
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Monthly graphic of NC (for all parameters)

%NC for parameter - December 2009
(total: 23 labs.)
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Annual graphic of NC (for each parameter)
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Nº  NC/ Nº total tests -  2009
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                     Annex 8 

                    

Monthly monitoring raw milk
2009

(total: 23 labs.) 
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Abstract 

Milk coagul ation has a di rect effect  on chees e yield. Several  factors i nfluence the mil k coagul ation 
kinetics. In addition to calcium and milk protein concentrations, titratable acidity influences all the phases 
of milk coagulation. The objective of this research was to study the feasibility of prediction of titratable 
acidity directly in bovine milk using mid-infrared (MIR) spectrometry. In order to maximize the variability 
in the measurements of titratabl e acidity, milk samples were coll ected on basi s of several cri teria (e.g. 
breeds, time of sampling...). The titratable acidity was recorded as Dornic degree. All samples were also 
analyzed by MIR spectrometry. Using parti al least squares regressi ons and fi rst derivative pretreatm ent 
of spectral data, a calibration equation was built to predict the Dornic degree in cow milk. F irst results 
were p romising a nd s howed t he p otentiality t o t his c alibration. T he c alibration a nd cr oss-validation 
coefficients of determination were 92.25 and 89.88 %, respectively. Moreover, the ratio of standard error 
of prediction to standard deviation was 3.13 and permits us to consider the calibration equation as usable 
in most application such as scientific researches and the screeni ng of the Wal loon dairy herd particularly 
in order to improve the milk coagulation properties. 

Keywords: Milk, titratable acidity, mid-infrared spectrometry. 

1. Introduction 
Finer and more accurate estimations of technological abilities of individual milk to be transformed in dairy 
products ( cheese, cream,  i ce cream,  yogurt…) woul d provi de better support of farmers/producer s a nd 
finer management of th e herd, and thereby i mprove transf ormation yi elds i n connecti on wi th t he 
valuation of milk as dairy products in short circuit. Moreover, Glantz et al. (2009) showed the possibility 
to use milk composition and processing characteristics to adjust farming practices in order to improve the 
quality and the stability of milk and dairy products. 

Cheese making process is generally evaluated by the global cheese yield but milk coagulation properties 
(MCP) influence also the efficiency of cheese production. These MCP can var y greatly among cows, up to 
40 % of thi s variation could be ex plained by genetic differences (Ikonen et al., 2004; Cassandro et al., 
2008). The milk coagulation kinetics could be i nfluenced by several factors: nature and concentration of 
the coa gulation enzyme,  the prot ein and cal cium contents  i n mi lk, the temperatur e and the  aci dity 
(O’Callaghan et al., 2001). The ti tratable acidity (TA) influences all  phases of mil k coagulation, e.g. the 
aggregation of para-casein micelles. 

The developed acidity of milk results from bacterial activity producing lactic acid during milk collection, 
transportation, and transformati on. Even i f TA is considered as a measure of l actic acid, TA determined 
on fresh milk is more a measure of the buffer action of milk. Indeed, acidity of fresh milk is mainly due to 
some components of milk such carbondioxide, citrates, casein, albumin/globulin and phosphates. 

Given t he important r ole p layed by a cidity during milk c oagulation, t he objective o f t his s tudy was t o 
investigate the potential use o f MIR spectrometry (currently used for routine predictions o f major milk 
components) to predict TA of individual milk samples from Walloon dairy cattle. 
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2. Material and methods 

2.1 Sampling 

A large variability of milk composition is required for the development of calibration equations. Therefore, 
different c riteria we re t aken in to a ccount d uring s ampling: t he mil k s ampling ( individual o r b ulk milk 
samples), the breeds (Dual Purpose Belgian Blue, Holstein, Red-Holstein, Montbeliarde, and Jersey), and 
the time of sampling (morning milking, evening milking, or a mix of 50% of morning and 50% of evening 
milk samples). Al l samples (225) were collected in  the Walloon Region o f Be lgium. An a liquot o f each 
sample (30 ml ) was analyzed by MIR  spectrometry using a Foss Mi lkoScan FT6000 spectrometer (Foss, 
Hillerød, De nmark) a t t he milk lab u sed fo r r outine milk infrared a nalysis ( Comité du  L ait, Ba ttice, 
Belgium). Analysed trai ts were the con tent of fat,  protein, free fatty aci d (FFA), urea,  lactose, and dr y 
matter (DM), the somati c cel l count ( SCC), and t he pH. SCC was transformed i nto somati c cell  scor e 
(SCS) by the following formula: SCS = 3 + [log2(SCC/100000)]. Furthermore, all generated spectra were 
recorded in a database. 

The titratable acidity was expressed as Dornic degree (D°). This acidity was measured by titration of 10 
ml of mi lk with a 0. 1 N NaOH sol ution. The consumpt ion of Na OH necessary to shift the pH val ue from 
6.6 ± 0. 1 (correspon ding to fresh mil k) to a pH va lue of 8.4 (i n presence of phe nolphthalein) was  
measured. The D° value was equal to the number of ml of NaOH used multiplied by ten. 

2.2 Calibration procedure 

The spectral data were converted into absorbance in order to l inearize the spectra. The formula used for 
converting was: absorbance = l og(transmittance-1). Based on th ose spectra and D° values, a cali bration 
equation were computed using partial least squares (PLS) regressions and first derivative pretreatment of 
spectral data. The calibration was performed using a specific program for multivariate calibration (WINISI 
III, http://www.winisi.com). The use of PLS regre ssions was p referred because it limits the presenc e of 
noise in the calibration equations when a limited number of samples are used. 

During the devel opment of the cal ibration equati on, 22 outlie rs we re de tected base d on p redicted TA 
value and del eted from the used dat aset. The mean and the standard devi ation (SD) were cal culated 
from the reference D ° val ues. Moreover,  two stati stical para meters were  cal culated to assess the  
accuracy of the predi ction given by the devel oped equation: the standard error of cali bration (SEC) and 
the calibration coefficient of determination (R2

C). 

The regression technique used requires a cross-validation to determine the optimal number of factors for 
the equation in order to prevent over -fitting. Moreover, the cross-val idation permi ts al so to assess th e 
accuracy of the predi ction. The cross-validation estimates val idation errors by the rando m partitioning of 
the calibration set i nto 102 groups.  The validation errors were combined into a standard  error of cross-
validation (SECV). Two a dditional statistical parameters were c alculated to assess the profi ciency of the 
calibration e quation: t he c ross-validation c oefficient o f d etermination ( R2

CV) and the ra tio of SECV to 
standard deviation (RPD) (Williams, 2007). 

3. Results and discussion 

3.1 Characterization of the samples 

The descriptive statistics of the infrared predicted traits and the measured T A are shown in Table 1. The 
degree of variability of TA measurements was relatively high. The coefficient of variation of TA expressed 
in D° was 14 %. This value was similar to that reported by De Marchi et al. (2009) in Brown S wiss in 
Northern Italy, in that case the TA was recorded as Soxhlet-Henkel degree and the coefficient of variation 
was 13 %. 
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Table 1. Mean and standard deviation (SD) for each analyzed component of milk of the 225 studied milk 
samples. 
 
Trait1 Mean SD 
Fat (%) 003.88 001.03 
Protein (%) 003.49 000.52 
FFA (mmol/100g of Fat) 005.63 008.62 
Urea (g/100 mL) 000.023 000.011 
Lactose (g/100 mL) 004.85 000.35 
DM (%) 012.66 001.25 
SCS 003.31 001.90 
pH 006.69 000.09 
TA (D°) 016.27 002.27 

1FFA = Free Fatty Acid; DM = Dry matter; SCS = somatic cell score; D° = Dornic degrees 

 

The observed correlations among i nfrared predicted trai ts and measured TA  recorded as  Dornic degree 
are shown i n Table 2. Th e correlations among mi lk components were some times relatively high. It was  
expected, for i nstance, b etween prot ein content and D M and between fat  content and D M. A si milar 
phenotypic correlation between fat an d protein contents was a lso observed by Cassandr o et al. (2008). 
Surprisingly, our correl ation between SCS and pH was exa ctly the opposi te of that  presented by  
Cassandro et al. (2008). 

 

Table 2. Observed correlations among the traits. 
 
 Fat FFA Protein Urea Lactose DM SCS pH 
TA (D°) 0.04NS 0.13* 0.39*** 0.18** -0.21** 0.26*** -0.16* -0.32*** 
Fat  - 0.41*** 0.42*** 0.13* -0.19** 0.89*** -0.18** -0.18** 
FFA   - 0.68*** 0.41*** -0.17** 0.50*** -0.04NS -0.38*** 
Protein    - 0.30*** -0.07NS 0.69*** -0.10NS -0.26*** 
Urea     - -0.18** 0.25*** -0.18** -0.01NS 
Lactose     - - 0.11NS -0.40*** -0.66*** 
DM       - -0.07NS -0.06NS 
SCS       - - -0.19** 

FFA = Free Fatty Acid; DM = Dry matter; SCS = somatic cell score; D° = Dornic degrees 
* = P-value < 0.05; ** = P-value < 0.01; *** = P-value < 0.001; NS = non significant 

 

Concerning the correl ation of the i nfrared predicted traits with the titratable acidity, the correl ation with 
the protein content was h igh (0.39). Indeed, the TA in fresh mil k is mainly due to, among other things, 
casein and albumin/globulin, this could explain the buffer action of milk (if the protein content increases, 
more NaOH would be needed for the ti tration). This positive correlation was also observed by Cassandro 
et al. (2008). Contrary to that study,  a correlation between TA and fat content was not observed. The 
present s tudy shows the same trend  between TA and S CS b ut other study present ed a correl ation 
valuebetween TA and pH twice our correlation (-0.70 vs. -0.32). 

3.2 Calibration 

The means of samples used for the calibration (n = 203) was 16.22 D° (SD = 2.01 D°). Ten factors were 
used. The SEC and R2

C estimated for the cal ibration procedure were 0.56 D° and 92.25 %, respectively. 
The SECV and R2

CV estimated during the cross-val idation were 0.64 D° and 89.88 %, respectively. Thus, 
the RPD was equal to 3.13. De Marchi et al. (2009) built a calibration equation for TA with R2

CV of 66 %. 

Based on the high coefficients of determination, the calibration equation could be considered as usable in 
most appl ication, including res earch ( Williams, 2007).  Because  the R PD was hi gher tha n 2,  the res ult 
given by the calibration equation could be considered as good predictor of the titratable acidity in bovine 
milk. The cross-validation results from 203 milk samples are presented in Figure 1 and show the ability of 
the calibration equation to predict titratable acidity. 
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Figure 1. Cross-validation results from 203 milk samples (dotted lines: twice standard error of cross-
validation; solid line: perfect prediction where recorded titratable acidity (D°) = titratable acidity (D°) 
predicted by infrared analysis). 

 

The maximum value of correlations between infrared predicted traits and TA shown in Table 2 was 0.39 . 
Consequently, this value is inferior to the squared root of the o btained coefficients of determi nation for 
TA equati on. Therefore,  the use of the devel oped equation t o predict T A in  b ovine m ilk is  interesting 
because i t i s not po ssible to have  the  same a ccuracy by usi ng onl y the rel ationships among i nfrared 
studied traits and TA. 

4. Conclusion 
The p rediction o f t he t itratable a cidity in  mi lk b y M IR s pectrometry in vestigated in  t he c urrent s tudy 
provided p romising f irst results. The calibration and c ross-validation coefficients o f determination were 
higher than or cl ose to 90 %. Furthermore,  the RPD val ue was 3. 13. The se fi rst results showed t he 
feasibility of TA MIR prediction in bovine milk. The obtained cal ibration equation gave a good predictor 
and could be use in most application (including research). 

In a near fut ure, thi s equation will  be i mplemented to esti mate mil k t itratable acidity of Wall oon dairy  
cows that take part in  mi lk recording programs. Th is wi ll permit to s tudy TA variability in the Walloon 
dairy cattl e and to detec t potenti al e ffect of breed , se ason, lactation nu mber, d ays in milk ... on  TA. 
Finally, based on these resul ts, the devel opment of a genetic evaluation could be considered and thes e 
TA breeding values in association with other traits could be incorporated into a new economic index for 
cheese making abilities. 
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Exchanging data from and into on barn automats and sensors 
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Computerized procedures are progressively getting in farm business as any other business 

As si ze of herds i ncreases, use of on f arm automated ca ttle husbandry moni toring i s developing.  Th e 
number of c omputerized farm equi pments, such a s au tomatic feeders, mi lking robots, s ensors, etc. is 
quickly increasing (for instance 10 000 milking robots in the world, on 2010, in quick progression). These 
devices produce many recorded data. Some of th em are only useful to con trol the wor king automated 
system. But others can inform about the hard management status of each animal, his feed consumption, 
his body weight or milk production…. 

Manufacturers have made their own herd management software and sell it to farmers. But many of them 
have al ready implemented data i mport-export pro cedures to exchange some avail able data wi th other  
systems, among them milk recording organization central data bases. 

Retrieving these data i s for cattl e organizations a challenge to succeed i n order to be a ble to conti nue 
providing renewed rel evant servi ces to farmers. It i s al so a chall enge for farmers and thei r software 
providers in order to make interoperate the different parts of their information system. 

This p aper ta lks a bout so me lis ts q uestions t hat are r aised by t his c hallenge. I t describes a n import-
export module developped to facilitate data exchanges with 3d party software.   

Keywords: Computerized procedures, automated systems,  data exchange, multi system data import, 
sensors. 

1.0 Issues about data exchange 
 

1.1 Which data should be exchangeable ? 

Automated systems may produce some data  that are not rel evant for use by a 3d par ty software. But  
every produced data related to the farm producing system, characterizing the cattle and individuals flock, 
should be avail able for the farmer,  and reusabl e on any other el ectronic system for hi s own purposes. 
Farms are or ganizations. Automated machines are parts of th eir facili ties and have to be able to s hare 
data with the farm i nformation system. These data, some of t hem are phenotypes relevant for genomic 
evaluation, should also be easi ly (electronically) transmittable, under the c ontrol of the  farmer,  to milk 
recording and breeding organizations.   

In the other  direction, farmer may want to enter  herd data that are al so useful for the worki ng of t he 
automated system, on a specific medium, rather t han directly on the software li nked to the automated 
system. He may use for data entering, another device such as a handheld computer, or a terminal linked 
to the cattle organi zations data  ba se. The softwar e of the aut omated system must th en be a ble t o 
introduce them in its database. 

1.2 Semantic definition and codification of exchanged data 

The information extracted from automated syst ems must be i nterpretable. In practi ce, different farmers 
may be e quipped with several kinds of automated systems (e.g. mil king systems) and s everal kinds of 
external software. So, a specific type of software that would be implemented in several farms may have 
to exchange the same type of information issued from different brands of automated devices.  

Therefore i t i s useful  that a standard ized concep tual data model  defi nes animal event types to be  
exported. And that i t is implemented by automated system manufacturer in their import-export module. 
The data  model  shoul d all ow to include the way th is event has been ca ptured : by whi ch devi ce, the  
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devices being regi stered elsewhere, i n order to l et the user decide whether  data from d ifferent origins 
have really the same meaning. 

Example of events: Animal milking, feed intake, artificial insemination, dry off,  … 

Such an international data di ctionary (ISO 11788)  exi sts al ready. It should be up dated to take i nto 
account new registered events and new captured data. 

1.3 Physical level interchange protocols 

The protocols to be used include different layers 

• Type of medium : USB keys, Local network, hertzian way, Wi-fi, … 

• The file and message formats : Adis files (ISO 11787), XML files, … 

• The transport protocol. Ex : FTP or HTTP + WEB service (SOAP), … 

Iso has publ ished Standard ISO 17532 which defines way to electroni cally  exchange  i n real time data 
between on farm devices and partially with far external systems, and to add plug and play new devices to 
an existing local network. 

The usable Physical level interchange protocols supported by commercial automated system are evolving. 
So, actually the farm management software has to adapt itself to the available protocols. 

2.0 Example of one farm multi system data import – export tool 
French and Quebec org anizations (France Consei l Elevage and Va lacta) have real ized the i mportance of 
data exchangi ng wi th a utomated systems. They have buil t up a common proj ect to devel op a n 
internationally reusable import-export tool with on farm computerized system. 

They worked  wi th the 5  most i mportant compan ies, leader pl ayers on the market of dai ry cattle  
automated systems. 

The i mport – export mo dule may be i nterfaced wi th the respecti ve aut omated syst em from these 
companies. T his mo dule is  in stalled o n t he fa rmer’s c omputer in  a  s pecific fo lder. I t dialogues a t t he 
initiative of the mil k recordi ng fi eld staff,  or at automatically schedul ed t imes, wi th the executabl e 
program installed by the automated machine manufacturer. It may exchange data in both directions. The 
data exchanged at this level are formatted in ISO ADIS standard. 

 
An XML message has been designed to be exchanged with any 3d party systems. It is based on ISO data 
definition an d codi fication. l t lets tr ansmit any animal event type. In the fi rst rel ease the set  of  
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exchangeable event types are l imited. The module can also export ADIS formatted m essage for milking 
organizations that use this format message. 

The farmer may deci de which ki nd o f event data  he wants to  submi t automati cally to the automat ed 
system. For data to be input, the farmer may view, check and validate them before they are submitted to 
the software of the auto mated. So i t i s an appreci ated hel p for the farmer who has not to key agai n 
already recorded data. 

This p ortable mo dule ma kes u p fo r t he in complete s tandardization o f import e xport modules o n t he 
automated systems. It permits the farmer to have his data at his disposal and to send them electronically 
easily to recordi ng and b reeding orga nizations. The next rel eases wi ll add new types of  events to be 
exchangeable, and new types of automated syste ms and sensors to take in account to exchange wi th 
them. 
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Experiences with comprehensive herd management of a mega-dairy 
using RFID, automatic milk recording and multi-client cow-side data 
entry with reproduction and health protocols 

D.W. Webb 

Southeast DHIA, Inc. and University of Florida, P.O. Box 142460, Gainesville, FL 32614, USA 

Abstract 

A comprehensive data base syste m, integrated with DH IA and automatic milk recording has 
been used for total ma nagement of a herd wi th 7600 fem ale animals located in Florida. Cow 
identity is provided by Allflex RFID tags. The herd’s primary data resides in PCDART along with 
real-time milk weights and parlour performance collected by Boumatic. The milking parlour is a 
double-40, rapid exit system with d ual sort-g ates at each of two exits. C omputer wo rk 
stations, networked to PCDART are present at three cow-side locations for entry and look up of 
breeding, health and group data. The adult cow herd of 3800 milking is milked three times per  
day. Cows are sorted for diagnosis, treatment and breeding on each of two milkings, 7 da ys 
per week. The herd uses extensive estrus synchronization, embryo transfer and aggressive sire 
selection programs. PCDART’s  protocol system allows for generati on of to-do  lists and signa ls 
for cows to be sorted for attention. 

Keywords: DHIA, RFID, sort gate, data management system. 

1.0 Introduction 

Large h erds in  t he U.S. have implemen ted v arying strategies t o accompli sh day- to-day 
management routines. Some herds have uni que barn configurations, designed to manage cow  
location in order t o h ave sim ilar cows h oused together.  Others use lock-up s tanchions f or 
breeding, vet check and treatment.  

The h erd in  t his stu dy depen ds on cow -sorting af ter milking t o al low breeders an d oth er 
personnel access to co ws needing various kinds of atte ntion. Cows are managed in groups  
ranging from 100 to 500 cows. Each cow passes a dual sort gate  as she e xits the double-40 
milking parlour. Cows may be sorted automatically based on algorithms in the parlour software 
or by the PCDART pr ogram’s schedule of chores  to be done tha t day. Addi tionally, farm 
personnel can enter so rt requests based on observation or k nowledge of  a part icular co w’s 
history or need. Networked PC’s, located at cowside allow for immediate access to and input of 
breeding and health information. PCDART, QUICKCOW and BOUMETRIX software programs are 
used for individual cow information in the parlour office. A second parlour, double-12 is used 
for cows in the hospital area. 

Located in  t he agricu ltural comm unity of  Bell,  F lorida, 3 0 mi les w est of  Gain esville an d t he 
University of Florida, North Florida Holsteins is home to 6400 head of Holsteins on 1250 acres. 
Managing partner Don Bennink and the entire management team are committed to prod ucing 
quality mi lk f rom comfortable cows. P riorities for thi s he rd are breedi ng, performance, her d 
health and environmental stewardship. Management depends heavily on digital in formation for 
everyday operation.  

North F lorida Holst eins pract ices an  in tensive embryo transfer program with a professiona l 
veterinarian performing the flush while in-house herd health technicians implant the embryos. 
This procedure is used both for genetic improvement, and to maximize conception rates during 
the extreme summer heat. Appro ximately 20% of the herd is bred to young sires, including 
homebred sires from well-respected cow families. 
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More than 70 employees are or ganized into se ven de partments, including: parlour, herd  
health, cal f, hospi tal, hei fers and feed, farm maintenance-crops, a nd administration Among 
these employees at a ny given time one will fi nd 8-10 internati onal students, most of wh om 
have veterinary or fou r year agriculture degrees, part icipating in a h ighly successful program 
where both the students and the farm benefit. 

2.0 Description of Data Management System 

The observations of th is study be gan wi th the transi tion from a previ ous syst em i n June  of 
2009. The new system consists of two BM20 60 controllers from Boumatic, each connected to 
an individual PC o n the parlour office network. There are a to tal of 13 PC’s, 2 for Boumatic, 3 
at cow-side stations, 6 in the office, 1 as server for PCDART and 1 for data backup.  

Cows are identified with RFID . Current tags  are all A llflex HD button tags . Numbering is  
coordinated with Holstein USA for registration and pedigrees. 

Cow identification, milk weight assignment and automation control are managed by software 
from BouMatic, called the SmartEID™ISO Ear Tag ID System, specifically SmartEID™ and 
BouMetrix. These programs interface with PCDART (pcdnet version) for acquisition of data 
entered by the farm staff and delivery of milk weights and other data collected at milking. 
BouMetrix receives cow-sort requests from PCDART and generates parlor sorts based on real-
time observation at milking. Both are transmitted to the sort gate controllers such that cows 
can be sorted for action as they exit the parlor. 
 
PCDART serves as the primary database combining data from Boumatic, cow-side, office 
entries, DHIA, USDA AIPL genetic evaluations, USA Holstein pedigrees and physical traits. 
Health and status events are stored for lifetime. Individual milk weights are maintained for 400 
days. PCDART provides a system of protocols and chores to assist in organization of actions 
needed for all cows on a daily basis. Once cows are entered into a protocol, they will be 
included in the work list and cow-sort requests for the appropriate day according to the 
schedule for that protocol.  
 
Quickcow is a PCDART dependent application that is used to view individual cow’s most current 
data at cow-side. It can be configured to display user-selected data in an abbreviated format 
to make use more convenient. Quickcow consolidates the most recent parlor data including 
milk weight, deviation and parlor sorts. 

3.0 Experience and observations 

Parlour data for all  milking cows h ave been co llected successfully for both the d ouble-40 and 
double-12 parlors. PCDART com municates routinely with both B M2060 controllers and  
successfully collates data from both. Early in the observation period, data were transferred at 
the close of each milking. Currently, parlour data are being pulled at 10-minute intervals. Data 
entered at cow-side are transmitted immediately.  

Sort gates are operating fully and provide cows  for bre eding, treatments, va ccinations and 
reproductive evaluations for all cows. Sort gates run during first and second shift (0700 -2300 
hr) every day. 

In the first weeks of o bservation, there were significant issues with EID tags no t being read. 
These problems w ere found to be due to significant electrical noise emitted by motors, lights 
and other devices. Once these were cl eared, i dentity has been satisfactory with 94- 96% 
complete on most days. 

Herd management personnel have  defined 77 different protocol s using 146 cho res for routine 
herd mana gement. ( Protocols = sc hedules. Chores = actions, drugs or observations 
scheduled.) These protocols have been us ed heavi ly. For exampl e, for 8 months 

Page 250 



Experiences with comprehensive herd management 

(September - April) 2355 cow s were en rolled on  the primary  sy nchronizing protocol ( SYP); 
1807 cows were on the foot management protocol (LAMECHK); and 3087 animals were on the 
primary vaccination protocol. 

On the mo st recent herd test 37 74 milk ing co ws avera ged: 35.3 kg milk, 3.7% fa t, 2 .8% 
protein, 178 thousand scc. 
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The new infrastructure for cattle and sheep breeding in Ireland 
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Abstract 

Over the l ast twel ve years ICBF has  establ ished a new tech nical i nfrastructure for c attle and sh eep 
breeding in Ireland. This involved: 

Establishing a philosophy and agreement for the sharing of data and information between a large number 
of cattl e breedi ng i ndustry stakehol ders i ncluding AI Co mpanies, Herd Books, Mi lk Recordi ng 
Organisation, Research Organisations, Farm Advisor and the Department of Agriculture. 

The bui lding of a ti ghtly i ntegrated nati onal ca ttle bree ding data base that uti lises a number  of 
technologies for data collection, data storage and information provision.  

Developing a  shared bre eding objecti ve and associ ated g enetic eval uation system for dai ry, beef an d 
sheep breeding. Most recent developments are in the use of genomic data in dairy genetic evaluations. 

Identifying the opti mal b reeding sch eme d esign for each  bre ed and  i mplementing a n umber of no vel 
approaches for achieving more rapid rates of genetic gain. 

Farmer participation in beef and dairy cattle recording breeding has increased dramatically.  

Keywords: cattle, sheep, database, genetic evaluation, genomics, recording, infrastructure 

1.0 Background 
The purpose of this paper is to describe the technical infrastructure established over the last twelve years 
for cattle and sheep breeding in Ireland. The main focus is on cattle breeding although, commencing in 
2008, the infrastructure established for cattle is being extended to sheep. 

In the peri od leading up to 1998 the i nfrastructure supporting Irish cattle breeding comprised two mai n 
elements. F irstly, multiple mi lk recording, a rtificial insemination and herd book o rganisations p roviding 
specialist b reeding s ervices t o fa rmers. Se condly, c entral G overnment t hrough it s De partment of 
Agriculture ( DAF) p roviding wit hin b reed genetic e valuations fo r a  lim ited r ange o f t raits. Ea ch 
organisation mai ntained i ts own sta nd-alone i nformation sys tem wi th associ ated dat a col lection and 
reporting facilities. There were some 4 0 computer systems providing cattle breeding information to Irish 
farmers in 1997. The Irish cattle breeding industry, with strong support from DAF, decided to establish a 
new information infrastructure in 1997 and thi s gave ri se to the formati on of the Iri sh Cattle Breeding 
Federation Society Limited (ICBF) which commenced operations in 1998. 

The mission of ICBF (ICBF Annual  Report 2009) is to “achieve the greatest possible genetic improvement 
in the national cattle herd - Dairy and Beef”. It was not until  June 2000 that agreement was reached o n 
the current structure for ICBF. Shar eholding in ICBF i s spli t between mi lk recordi ng (MR), arti ficial 
insemination (AI) and herd books (H B) each hol ding 18% an d the farm organisations (FO) who hol d 
46%. The si xteen member Board of ICBF compri ses three from each of th e servi ce providing member 
groups (MR, AI, HB), six from the FO and one from DAF. The Board of ICBF sets policy for cattle breeding 
in Ireland. 

ICBF has establ ished a n ew technical infrastructure for Iri sh cattle breeding by esta blishing a basi s for 
sharing a unique database and utilising a number of new and emerging technologies.  
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2.0 Data and information sharing agreement 
A single shared database has been established to support the information needs of  Irish cattle breeders. 
The key principles which have enabled the database to be established and to operate are: 

• Organisations contributing data to the database, ei ther for its initial creation or as a resu lt of routine 
operations, retain “ownership” of that data. At any time they can cease participation and receive an 
electronic copy of all their data. 

• ICBF have established an “animal events” data recording service which it provides to herd owners. 
This service removes duplication in data collection from farms and provides data that is incorporated 
into a wide range of information services provided by multiple service providers. 

• ICBF have el ectronic data sharing arrangements wi th organisations that col lect data of r elevance to 
cattle bree ding as part of thei r routi ne operati ons. Exampl es i nclude D AF’s cal f regi stration and 
animal movement system, factories where animals are slaughtered for meat, and milk processors. 

• All data held in the database is available for use in approved research and in genetic evaluations. 

• tabase and al l bull  proofs are publ ically accessible 

• rd owner controls which service providers can have el ectronic access to i nformation for thei r 

• 
service p roviders. T hese in clude mil k r ecording, h erd b ook and a rtificial in semination 

• 
rs and 

e herd. 

• All services are provided on the basis of “user-pays” and “full cost recovery” by ICBF.  

All genetic evaluation results are stored i n the da
through the ICBF website (ICBF Website).  

The he
herd.  

A range of specific information services have been developed, and are being continually improved, by 
ICBF fo r 
services. 

ICBF provi des the Her dPlus® s ervice (ICBF He rdPlus) t o h erd owners. T his s ervice is  fo cused on 
genetic evaluations and breeding. It compliments information services provided service provide
gives the herd owner a consolidated view, across all service providers, of all data for th

3.0 ICBF’s national database 
Initially, commenci ng i n 1999, ICBF util ised the NRS devel oped IRIS  dat abase syste m. Thi s runs o n 
Oracle® usi ng Hewl ett Pa ckard® serve rs. A  group of si x software devel opers i s empl oyed by ICBF t o 
develop database inputs and outputs. Over time this group have maintained a steady level of innovation 
both taking advantage of  new technol ogies and providing improved services for farmers.  As a resul t the 

k costs and enabl ed to provi sion of ever more  

sion to support animal health initiatives, genomic 
selection for both dairy and beef, and sheep breeding.  

original IRIS system has been replaced. 

Web based technology has been em ployed to prov ide herd owners wi th fac ilities to di rectly access the 
database to record data and to acces s a comprehensi ve range of reports and i nteractive facili ties. The 
move to we b based syst ems has al so reduced n etwor
valuable information and facilities to service providers. 

The current focus of database developments is its exten

4.0 Genetic evaluation system 
The fi rst step taken by I CBF was to establ ish a breedi ng objecti ve phil osophy. Whil e thi s was not a 
technically difficult task, the implications have been far reaching and dramatic. The philosophy is simple 
“to breed cattle that maximise farm profitability”. The em phasis i mmediately moved from jus t a 
consideration of outputs to a consi deration of  the  bal ance between i nputs and output. Establi shing a 
genetic evaluation system that can ran k animals on their genetic merit for profi tability required a great  
deal of rese arch i nvolving col laborators and contr actors from many countri es. It al so required ver y 
effective and convincing demonstrations and farmer education.  

Overall indexes, expressed in euro and comparable across breeds have been developed for dairy, the EBI 
(economic breeding index), and beef, the SBV (suckler beef value). The EBI is now widely accepted in the 
dairy industry and has resulted in a reversal of the decline in fertility which had come close to causing a 
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major loss of confidence in the Irish dairy industry. The SBV was introduced more recently and is rapidly 
gaining acceptance in the beef i ndustry. Both indexes, and their component trai ts are reviewed annually 
an enhancements are b eing i ntroduced on a re gular basi s. The mai n so urces of i mprovements are : 
improvements in data quality, availability of new data, increased volumes of data  and new technol ogy. 
Genomic t echnologies a re c urrently delivering d ramatic improvements in  t he a ccuracy o f g enetic 
evaluations for dairy cattle and are the subject of a major research effort for beef. 

5.0 Breeding Schemes 
Achieving the mi ssion of ICBF i s dependent on th e Irish cattle b reeding industry a chieving an optimal 
breeding scheme desi gn. Our i nitial focus was on research to e stablish the optimal design for dai ry and 
beef. It turned out that t he optimal design, prior to the advent  of genomic technologies was remarkably 
similar. F or dairy a nd b eef s ome 1 00 b ulls s hould be proge ny tested an nually on the basi s of 100  
daughters c ompleting a  fir st la ctation. F or d airy, u tilising g enomic t echnology, t he op timum is ve ry 

vier use is made of the young bulls to breed female replacements. Research for beef 

s in 
a group of collaborating herds. This facility will be required into the future as the on-going exploitation of 
whole genome selection requires frequent re-estimation and a supply of high quality phenotype data. 

similar but much hea
is still underway. 

G€N€ IR€LAND ® i s a bul l progen y testi ng servi ce (ICBF G ene Irel and) that has be en l aunched by  
ICBF. This service facilitates the progeny testing of dairy and beef bulls from competing AI companie

6.0 Funding 
A substanti al f inancial i nvestment has been  made to establish Irel and’s new  cattl e breedi ng 
infrastructure. Funding has come fro m three sour ces: DAF, farmers and services. ICBF was establ ished 
with an initial share capital of €2 million. Thi s capital has been supplemented with National Development 
Plan (NDP) structural funds covering 70% of eligible costs and a farmer contribution, collected on ear tag 
sales of €0.42 per animal born giving some €0.8 million annually. Service income was initially very low 
but has now grown to some €1.5 million per year.  

7.0 Benefits 
The new i nfrastructure i s now provi ding demon strable ben efits to the stakehol ders i n Iri sh ca ttle 
breeding.  

For Govern ment & the wi der communi ty thes e i nclude: cost savi ngs through not  havi ng to provi de 

 per year cumulative for dairy 

Currently 90% of th e 1.1 mi llion dai ry cal ves and 1.0 mi llion beef calves born annual ly i n Irel and are 
participating in the new Irish cattle breeding infrastructure. 

services, i ncreased tax i ncome from a more pro fitable industry, more effecti ve resear ch i nvestments 
primarily due to the availability of ICBF database, and better quality cattle for future farmers.  

For the cattl e bre eding i ndustry and  servi ce pro viders: i ncreased uptake  of servi ces, better quality 
services, improved export potential, and cost savings. 

For farmers and breeders: more rapid genetic gain worth some €20 million
and some €5 million per year cumu lative for beef, better qua lity information for deci sion making, and 
more rapid availability of the benefits of new technologies (eg genomics).  

8. References 
ICBF Annual Report 2009. http://www.icbf.com/publications/files/Annual_Report_for_2009.pdf 

x.phpICBF Gene Ireland. http://www.icbf.com/services/geneireland/inde  

ICBF HerdPlus. http://www.icbf.com/services/herdplus/index.php 

ICBF Website. www.icbf.com – go to “bull search” and enter “GMI” for dairy bull or “CF52” for beef bull to 
access detailed information. 
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Abstract 

A policy for quality assurance on mi lk recording analysis has been developed from sixteen years by ICAR 
according to the orientation proposed in Ottawa in 1994.  So called analytical quali ty assurance system 
has been based on the adoption and use by laboratories of same technical guidelines produced by ICAR 
and a struct uring model  based on nat ional networks for l aboratory monitoring at countr y levels and an 
international network of reference laboratories. The latter network is the corner stone of t he system as it 
allows to anchor countries to common reference values defined internationally through proficiency testing 
programmes and offer a a dequate framework to characterize reference materials well made to distribute 
analytical tr ueness. The  effi ciency o f the system , as de pending on gener al recogni tion, requi res th e 
largest participation of member organisation of ICAR.  

Keywords: Milk analysis, reference laboratories, network, proficiency testing, analytical harmonisation. 

1.0 History 
A policy for analytical quality assurance (AQA) was introduced at the 29th ICAR Session in Ottawa in 1994 
so as, wi th covering every aspect of mil k recording analysis, provide confidence to stakeholders, ensure 
equivalence of genetic evaluation and enable analytical system recognition between countries. 

That pol icy was implemented and handl ed by the Work ing Group on Mil k Testing Labo ratories of ICA R 
until 2006.  then was con tinued by the enl arged permanent working party,  the S ub-Committee on Mi lk 
Analysis. 

From 1994 the working group has def ined essential guidelines in order to a ssure the mi nimum needed 
precision in milk recordi ng anal ysis and i n 1996 c reated a n etwork of expert l aboratories expec ted to 
become the basis of an i nternational analytical qual ity assurance system  fo r mi lk recordi ng, the ICAR 
Reference Laboratory Network. 

The international reference laboratory network has be come an essential piece of the AQA system ai ming 
at analytical harmonisation as it s members a re en trusted to be in termediaries between national levels 
and the i nternational l evel where opt imum methods and practices are defi ned (ID F/ISO gui des an d 
standards, ICAR guidelines) to transmit adequate information to milk testing laboratories.  

2.0 Structure and architecture 
The network i s bu ilt on  a hi erarchical centrali zed model  for the sake of verti cal forth and ba ck 
communication for harmonisation and provision of standard technical information and offers of services 
from the coordinating committee, the ICAR MA SC. Horizontal  communication and col laboration between 
laboratories is encourage d and made  possi ble thanks  t o a  member lis t r egularly u pdated. T his is an 
organisation i n two (possi bly three) l evels of n etwork i mplementation as nati onal ( or regi onal) an d 
international.  

A third layer can exist for instance in federal countries where as well regions can organise labs in network 
or be a prospective challenge for the future to monitore on-farm analysis from regional laboratories. 

2.1 National level 

National net works gather the mi lk r ecording l aboratories of the country  (or the or ganisation) and 
establish a  national ( or lo cal) c oordination b ased o n in ternational s tandards a nd guidelines, Good 
Laboratory Practices, as menti oned in the ICAR gui delines. It is expected the coordination is made by a 
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laboratory with high competence in every aspects of milk analysis, so-called “reference laboratory”, so as 
to be able to run the missions needed to assure analytical quality. This is to monitor routine laboratories, 
teach and tr aine l ab techni cians, ev alutate and impl ement new techni ques, methods  or i nstruments, 
advise laboratories as well as milk recording organisations by which it is commissioned.  

The reference laboratory is also requested to establish concrete tool s to assess l aboratory performances 
so as to ass ure confi dence nati onally to stakehol ders. Thi s i s mostl y attained by the organisation of 
national profi ciency testi ng schemes.  Besi de the prov ision of t echnical tools i n the for m of referen ce 
materials to check reference methods  or cali brate routine methods is highly recommended by ICAR for 
the ease in the laboratory work and analytical result security every day.  

 

PTs

RMs

Figure 1. Structure of ICAR networking model with bottom-to-top/top-to-bottom circulation of 
information. 

2.2 International level 

The reference laboratories are invited in an international coordination by ICAR and can become member 
of the ICAR Reference Laboratory Network. Thi s i s made throu gh the nomi nation of the nati onal ICAR 
member organi sation an d under the condi tion th e candi date laboratory and the nati onal organi sation 
adopt t he mo del o f fu nctioning, a s fa r a s t he lo cal s ituation p ermits s o, a nd c omply t o t he I CAR 
guidelines. Such referenc e l aboratories may have been existing for other purposes pri or to the IC AR 
Reference Laboratory Network implementation but however in a number of case the reference laboratory 
must have been created and competence acquired so as to cover the largest panel as promoted by ICAR. 

3.0 Roles 

3.1 Analytical traceability and anchorage  

The i nternational network consti tutes a structure thro ugh whi ch, thanks to  i nterlaboratory studi es, it 
becomes possible t o p rovide a n in ternational a nchorage t o r outine la boratories a nd e stimating o verall 
accuracy o f mi lk r ecording me asurement a nd a bsolute me asurement u ncertainty in  individual 
laboratories.  

The nati onal reference l aboratories o perate as br idges to tra nsmit the preci sion traceabi lity from the 
international le vel t o n ational le vels t hanks t o in terlaboratory s tudies c arried o ut r egularly a t b oth 
national a nd in ternational le vels. I nterlaboratory s tudies a llow t o me asure la boratory b ias t o t he 
reference l aboratory whi ch rel ays to t he i nternational absol ute referenc e t hrough i ts own bi as to t he 
international reference va lues. Elements o f t rials reports a llow laboratories to calculate the uncertainty 
related to its practice with the method. 
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Beside every member of the referenc e laboratory network can be invited to participate in international 
collaborative studi es to characteri ze certi fied r eference ma terials (go lden standard) and establi sh 
reference values for every reference l aboratory of th e network therefore ca n contribute to provi de tools 
to routi ne l aboratories to  measure th e trueness o f resul ts and perform a djustment acc ording to th eir 
needs. 

3.2 Interlaboratory proficiency studies 

Since 1996 an annual interlaboratory proficiency scheme has been regularly run twice a year for methods 
used as  ref erence to c alibrate rout ine methods  for fat,  pr otein and l actose i n co w mil k. It was  
complemented from 1999  wi th methods for methods for urea and somatic cel l counting.  From 2009  
participant number has s ignificantly d ecreased an d i n the fi rst round of 2 010 i t i s 15  for fat,  16 for 
protein, 14 for lactose, 13 for urea and 16 for SCC.  

However significant improvement of anal ytical performances was noted th roughout years and today  the 
overall precision observed within the network appears fit to standard precision values stated in respective 
international method standards. 

4.0 Membership 
Any laboratory commissioned to monitor routine testing laboratories should be invited by their national 
organisation to join the n etwork. Competence and expertise requested as eligibility criteria to belong to 
the network are one or more of the followings : 

 1- National ring test organizer 5- Information on analytical methods 
 2- Reference Material supplier 6- Evaluation of analytical methods/instruments 
 3- Master laboratory for centralized calibration 7- Research on analytical methods 
 4- Teaching and training in laboratory techniques 8- National regulatory control of DHI analyses 
 

and the ideal situation is where the reference laboratory covers every competence item and therefore can 
ensure consistency and continuity in missions to routine laboratories. In some si tuation competence and 
expertise may be in several laboratories which may allows more laboratories per country. 

For s pecific situation wh ere o nly fe w la boratories wit h n o national c o-ordination, i ndividual r outine 
laboratories may al so jo in the networ k so as to benefit to a di rect anchorage to the international level 
whereas, i n well structur ed l ocal si tuations, so-ca lled referenc e l aboratories can establ ish the junct ion 
between routine labs and the international level. 

5.0 Stage of progress 
from 1996 to 2003 and moved to stabilisation attained i n 2007 (Figure 2). In mid 2010 there are 38 of 
32 countries involved in cow milk analysis, of which as well 17 work for goat milk and 14 for sheep milk.  

 

Table 1. Worldwide representative-ness and of member number per country in 2010. 

 
Argentina (1) Austri a  (1) Bel gium  (2) Canada  (1) 
Cyprus  (1) Czech Republic (1) Denmark (1) Estoni a  (1) 
Finland  (1) France   (1) Germany (1) Hungary (1) 
Ireland  (1)  Israel  (1)  Italy   (1)  Korea  (1) 
Latvia   (2) Li thuania (1) Netherl ands  (1) New Zealand (1) 
Norway  (1) Pol and  (1) Sl ovak Repub. (1) Sl ovenia (1) 
South Africa (3) Sp ain  (1) Swe den (1) Sw itzerland (1) 
Tunisia  (2)  UK  (1)  U.S.A.  (2) Zimbabwe (1) 

 
(n ) : number of member(s). 
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ICAR Reference Laboratory Network in 2010
Evolution from 1998
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Figure 2. Evolution of membership and expertise in ICAR Reference Laboratory Network from 1998 to 
2010. 
 

In 201 0, wi th regar d to the number of el igibility criteria decl ared by l aboratories 75% of competen ce 
items are realized by 39% of members, and 50% by 63% (Table 2). 

 
Table 2. Numbers and proportions of eligibility criteria of network members in 2010. 
 

Criteria 
number N Proportion (%) 

Lab number with 
N Lab % with N 

Lab number with 
at least N 

Lab % with at 
least N 

8 100% 5 13% 5 13% 
7 88% 5 13% 10 26% 
6 75% 5 13% 15 39% 
5 63% 3  8% 18 47% 
4 50% 6 16% 24 63% 
3 38% 3  8% 27 71% 
2 25% 2 5% 29 76% 
1 13% 4 11% 33 87% 
0 0% 5 13% 38 100% 

6.0 Conclusion 
A stable membership of the ICA R Reference Laboratory Network is observed from 2003 but in parallel it 
is noted the progressi ve i ncrease of the number  of  i ndividual members competenc e. Such increase 
improve the potential effici ency of the  A QA system  devel oped by ICA R from 19 96 throu gh more  A QA 
services and experti se proposed to  routi ne tes ting laboratories in ICAR countri es. Neverthel ess 
participation in international proficiency testing schemes organized by ICAR is  only the fact o f about a  
half of the network members with a decrease from 2009.  

Promotion of the PT programme and technical improvement in the organizing should help to reverse that 
trend as all the members should be convinced that the most numerous participation in ICAR PTs, the best 
the quality of performance estimates then the highest the confidence in testing results used to harmonise 
laboratories and calibration in ICAR member organisations.  
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Analytical precision performance in ICAR proficiency testing 
programmes 
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Abstract 

The in creased development o f in ternational t rade in  animal genetic has made worldwide comparability 
and equivalence recognition forf animal performance measurement a topical issue. This is especially the 
case for milk recording where milk analysis is a major issue. 

To assure a harmonised analytical quality among member organisations, ICAR has built up si nce 1996 a 
international reference system based on an international network of dairy reference laboratories. Beside a 
number of r ecommendation set  i n gui delines, ICAR or ganises annually i nternational profi ciency testi ng 
schemes to  help l aboratory member s of the net work to eval uate thei r anal ytical performance an d, 
through continuous improving, upgrade the overall analytical precision in the ICAR world and lead to form 
a consistent group of expert laboratories capable to establish trusty reference values. 

Proficiency testing studies are organised twice a year for cow milk and involve reference methods for fat, 
protein, any methods lactose, urea and somatic cell counting.  

A first review of laboratory performances and preci sion figures for fat, protei n and somati c cell counting 
between 1 996 and 2 003 were pre sented i n IC AR S ession 2004 (S ousse, Tuni sia) and showed  
unsatisfactory preci sion p erformances for the group as not co nforming to IDF-ISO standard pr ecision 
values, with inequal individual laboratory performances.  

The compar ed revi ew for the si x last year (until l 2009) i llustrates a significant improvement wi th 
precision figures of the group converging onto or below standard precision values. The number of regular 
good performing laboratories appears significantly increasing compared to the picture made in 2004.  

Nevertheless parti cular care must ma intain and es pecially be gi ven to somati c cell  counting where l ast 
trials show a trend to higher precision values. 

This work undertaken within ICAR serves as a basi s for further undergoing development in the joint IDF-
ICAR project  “Reference  system for somati c cell  counting” where qual ifying and sel ecting exper t 
laboratories has become a major issue. 

Keywords: milk analysis, dairy laboratories, laboratory network, proficiency. 

1.0 Introduction 
For the two last decades, the i ncreased development of international trade in animal genetic has made 
worldwide c omparability a nd e quivalence o f a nimal p erformance me asurement a  t opical is sue. T his is 
especially th e case for milk recording, bei ng for geneti c trade (ani mals, semen, e mbryo) or the  
international evaluation of animal genetic index (Interbull). 

To cope with that issue, ICAR set up in 1996 an international network of dairy reference laboratories so 
as t o imp lement p rogressively a  h armonised in ternational quality a ssurance s ystem for  mi lk r ecording 
analysis worldwide. The reference l aboratories are expected to acquire a high experti se in the anal ytical 
methods, ei ther standar dised or vali dated, used i n mi lk r ecording s o t hat t hey c an pr ovide r outine 
laboratories with good reference values through adequate monitoring, anchoring (reference material) and 
good analytical practices. Harmonising analytical performances within the network is the first major step. 

From 1 996, I CAR h as o rganised t wice a  ye ar in ternational p roficiency s tudies fo r t he b enefit o f t he 
laboratory n etwork members. Those studi es were carri ed out  mai nly for  cow milk an d the referenc e 
methods for fat, protein, lactose, urea and routine methods for somatic cell counting. 

Page 263 



Leray 

A first review of laboratory performances and the precision figures shown for the methods by the gro up 
of l aboratories was mad e i n ICAR Session 2004  in Sousse (Tuni sia) coveri ng the peri od from 19 96 t o 
2003 (13 trials). It was the occasi on to illustrate how collaborative trials like proficiency studies could be 
used to strengthen analytical system through measuring analytical performance quality. 

Six years l ater a new revi ew appears necessary to update th e knowl edge on l aboratory performanc e 
precision. Indee d, from 2004  and the exp erience ac quired i n ICA R, the c oncept of r eference system, 
including the va rious uses o f laboratory networks, was developed and evolved in to the jo int IDF-ICAR 
project “Refe rence syste m for somati c cell  counting” . Q ualifying a nd se lecting e xpert la boratories to 
provide suitable reference values for somatic cell counting has become a major issue whereas need is still 
to evaluate the current state of the Art for the main milk components, fat and protein.  

2.0 Material and methods 

2.1 Protocol of the PT scheme organisation 

At every end of year the programm e of ICA R prof iciency t esting s cheme fo r t he fo rthcoming ye ar is 
addressed to the members of the ICAR Reference Laboratory Network and national member organisations 
of ICAR. The yearl y scheme i s organised i n two rounds, the fi rst in March and the second i n September 
and is applied on cow milk for the component of interest for milk recording and dairy herd management. 
They are fat and protein by the rel evant reference methods, somatic cell  counting, lactose and urea by 
any validated methods excluding infrared. Indeed infrared is marked by significant interferences related 
to milk composition that makes so-obtained results irrelevant to assess lab performance quality. 

Only results for fat, protein and somatic cell counting are reported here as main components used for the 
genetic evaluation. 

2.1.1 Samples 

Sets of samp les used are made of  10 samples preserved with bronopol at a concentration of 0. 02% in 
milk, covering evenly the range of concentration usually met in routine testing that is  

  10 whole milk samples regularly ranging from 1.5 % to 4.9 % fat. 

  10 whole milk samples regularly ranging from 2.5 % to 4.0 % crude protein. 

  10 whole milk samples regularly ranging from 4.6 % to 5.1 % lactose. 

  10 whole milk samples regularly ranging from 50 to 1600 x103 cells/ml. 

  10 whole milk samples regularly ranging from 10 to 70 mg urea /100 ml. 

Sample contai ners are 6 5 ml  or 35 ml pol yethylene scr ew-capped vi als wi th ai rtight joi nts to prev ent 
breaking and l eakage, and sampl e t emperature before and duri ng shi pment to l aboratories i s +4°C. 
Possible storage prior analysis is required to be + 4°C whereas analysis is to be performed within 5 days 
for somatic cell counting and 10 days for chemical analysis after the dispatch date.  

2.1.2 Milk testing, statistical analysis and assessment parameters 

Milk testing is required to be performed in duplicate and according to the current version of the relevant 
international s tandard. Ca utions fo r s ample p reparation before anal ysis are remi nded in an advi sory 
technical note ap pended to sampl es. The or der of  anal ysis is to be  bet ter that one i ndicated i n the  
numbering in order to avoid errors and reporting is made through adequate tables. 

Statistical analysis is performed according to the model developed by the Institut de l’Elevage then used 
by Cecalait as described in the IDF Bulletin n°342:1999, annexe 3. Assigned values used as reference are 
calculated according to ISO 13528.  

Each sample corresponds to a different concentration level. Assessment is made through dedicated tables 
allowing the evaluation of lab performance in lines and group performance in columns, for repeatability 
(ranges of duplicates and standard deviation of labs or samples, accuracy (means of duplicates, assigned 
reference per level, differences to assi gned reference values, lab scores ma de of the mean,  d, and the 
standard deviation of the di fferences, sd.  A  synthesi s table with l ab ranking according to the Eucl idian 
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distance D (as the geomet ric mean of the two latter parameters, D=  ( d2+sd2) ) provides indications of 
the r ange o f a nalytical p erformances a nd a  f igures i llustrates t he r elated lo cation o f each la b vs  an 
indicative conformity target (Figure 1). 

For somatic cell counting an table for calibration equation estimates is given as an additional information. 

2.2 Meta-analysis for a global evaluation 

2.2.1 Meta-analysis and group performance evaluation 

Meta-analysis consists in  gathering individual la b p erformances in  a  s ingle la rge table p er c riterion - 
repeatability, mean of b ias, standard deviation of di fference, distance D – an d to present such results in 
figures in a form of control chart with values in ordinate and trial number in abscissis. 

This i s done  at fi rst wi th raw data as i ncluding a ll the methods and abnor mal scores for a fi rst vi sual 
scrutiny and eval uation of the evol ution of perfor mance thro ughout ti me, then after discarding not 
expected methods (e.g. Gerber, infrared methods) and outlier laboratories. 

If the sourc e of outl iers are evi dent and refl ects on ly a basi c error of u nit or di sorder than can be 
repaired, correction and r ecalculation of scores are  made si nce they would be det ected in lab si tuation 
when calibrating routine analysers. Otherwise outlier are detected then discarded through a Cochran test 
applied on the di stance D with a ri sk of error of 1%  and in the limit of 20% max which was attained or 
passed but occasionally. 

As we ll t he geometric averaging per trials o f a ll the parti cipant val ues serve to eval uate the pre cision 
figures for each trial and the similar integration of the individual trial precision figures for a defined period 
of time allow to measure the overall precision improvement of the group of laboratories (Table 1). 

2.2.2 Meta-analysis and lab performance evaluation 

Individual lab control chart can be bui lt up to assess each lab over a period of time and the calculation of 
an average score for the defined period (for i nstance the four last trials) becomes possi ble for a defi ned 
period of time to appl y a sui table selection of laboratories for a defi ned purpose a ccording to thei r 
performances (Table 2). Additional selection criterion can be the frequency of each lab participation. 

Similarly as well as shown i n Sousse (2004), such i ndividual score mergi ng allow to ca lculate a robu st 
true individual uncertainty for the measurement applied for a given representative period. 

3.0 Results 

3.1 Overall scrutiny of individual scores 

Compared to the period of 1996 to 2003, the control charts have shown i n general a lower frequency of 
outliers wi th l ower upper  values for the peri od of 2004 to 2009, can thi s be for re peatability standard 
deviation, mean bias, standard deviation of bias or Euclidian distance D. 

The outlier discarding suppressed less scores and rarely reached the percentage limit for deletion of 20%.  

3.2 Repeatability and reproducibility figures (precision) 

3.2.1 Fat measurement 

Repeatability standard deviation  va lues, sr, were high er tha n 0.10 g/kg from 1996 to 1999 th en 
decreased to keep almost stable from 2000 to 2006 just above the standard limit of 0.07 g/kg of IDF 1 / 
ISO 1211.  From 2007,  in conjuncti on wi th the implementation of ICA R Quality Certifi cate, the val ues 
dropped below the limit. Referring to new standard value 0.15 g/kg implemented with the recent revision 
of IDF 1 / ISO 1211 the group shows good compliance from 1996. 

A similar trend i s observed for repro ducibility standard devi ation, sR,  al though the grou p never pass ed 
through the  standard r eproducibility limit of 0. 14 g/kg.  Refer ring to new standard v alue 0. 20 g/ kg 
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implemented with the recent revision of IDF 1 / ISO 1211 the group shows however frequent compliance 
from 2000 (Figure 2). 

3.2.2 Protein measurement 

From 1996 to 1999 repeatability standard deviation values are mostly lower than the standard limit  of 
0.14 g/kg of IDF 20 / ISO 8968 with only two trials outside. However stabilization around 0.10 g/kg from 
2006 is observed. 

Reproducibility s tandard deviation was s ignificantly h igher t han t he s tandard lim it o f 0 .18 g /kg o f IDF  
20 / ISO 8968 but from 2003 have decreased to a regular fitting onto the limit (Figure 3). 

3.2.3 Somatic cell counting  

From 1996 to 1999 repeat ability standard deviation va lues a re mostly s ignificantly lo wer than the 
standard limit of 20 000 cells/ml of IDF 148-2 / ISO 13366-2 with only one trial outside in 2000. However 
after a optimal performance period between 2005 and 2007 irregular discrepancy is observed. 

Besides, whereas reproducibility standard deviation was at the level or higher than the standard limit of 
45 000 cel ls/ml of ID F 148-2 / IS O 13366-2 unti l 2003, they ha ve been reduced significantly around a  
level of 30 000 cells/ml from 2004 to 2008. Since a det erioration of the gl obal performance i s observed 
and the limit is passed through in 2009 (Figure 4). 

3.3 Individual lab performances and reference lab group selection 

Individual performances whatever the component - fat, protein or somatic cells – have shown significant 
progress as illustrate through the improvement of the overall precision of the group of participants.  

Selection of group of reference lab for a defined purpose such as assigning reference values for reference 
material should be made from the more recent lab performances measured hence to define the last 
necessary period. Then to rank laboratories according to the overall precision shown by a significant 
statistical parameter, for instance sRL which covers all the sources of errors of the laboratory. 

Table shows a case example dealing with fat for the four last trials (2008-2009) and yellow highlighting 
indicates prior defined limits are passed. On such a basis, as an example, one could assumed to retain 19 
labs of 21 for fat, 17 of 20 for protein and 12 of 18 in somatic cell counting. 

Nevertheless not all participated at the same time in the same trials and the observed participation 
frequency (re Total% in Table 2) indicates regularity of the feedback information and possible corrective 
actions. So ranking according to the frequency can be associated to the ranking on scores thus 
introduced a weighting. 

4. Conclusion 
Findings of the first review and their presentation in Sousse 2004 permitted to inform laboratory network 
for the need to improve testing practices and invited them to review own ways of work. This has resulted 
in a effective improvement at individual lab levels and consequently at the level of the whole group of 
participants. The efficiency of the ICAR reference system is demonstrated there.  

Year 2 006 saw the i mplementation of the ICA R Qual ity Certifi cate to repl ace the S pecial Stamps and 
broaden the scope of ICAR quality assurance system to all the parts of its expertise and among them milk 
analysis. Correlatively tighter regularity and compl iance took place for fat a nd protein, at a l ower extent 
for somatic cell count, demonstrating the efficiency of ICAR quality policy. 
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Figure 2. Precision figures in ICAR trials in fat analysis between 1996 and 2009 

Figure 3. Precision figures in ICAR trials in protein analysis between 1996 and 2009 
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ICAR PTs 1996-2003  -  SOMATIC CELL COUNTING - REPRODUCIBILITY  (1000 cells/ml) 
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Figure 4. Precision figures in ICAR trials in somatic cell counting between 1996 and 2009 

Fat   (g/kg)
N° ICAR  1996 - 2009  1996 - 2003 2004 - 2009  2008 - 2009 Limits Standard

Mean SL 0,09 0,09 0,08 0,07 0,10 0,07
0,20
0,30
0,36
0,37 0,14

Mean d -0,01 -0,01 -0,01 0,00
Mean Sd 0,16 0,18 0,13 0,13
Mean D 0,20 0,23 0,18 0,18
Mean SR 0,21 0,24 0,20 0,19
Number N 387 203 184 60

Table 1. Robust estimates of precision and accuracy parameters in fat by meta-analysis for the 
group of participant in ICAR trials



Leray 

 

Fat :  Ranking to select lab candidate pool to assign reference value (4 last trials) 

RANK Lab ID TOTAL % Mean SL Mean d S mean d Mean Sd Mean D Mean SRL
1 100% 0,04 0,02 0,09 0,05 0,06 0,07
2 75% 0,04 0,05 0,06 0,04 0,06 0,07
3 75% 0,04 0,02 0,08 0,06 0,07 0,07
4 100% 0,04 0,04 0,07 0,05 0,07 0,07
5 50% 0,07 0,01 0,12 0,06 0,07 0,08
6 50% 0,04 0,04 0,05 0,07 0,10 0,10
7 100% 0,07 -0,03 0,06 0,07 0,09 0,10
8 100% 0,07 -0,01 0,06 0,06 0,09 0,10
9 100% 0,05 0,07 0,31 0,08 0,12 0,12

10 50% 0,04 0,11 0,05 0,08 0,14 0,14
11 100% 0,07 -0,11 0,18 0,08 0,15 0,15
12 100% 0,06 -0,05 0,61 0,14 0,16 0,17
13 100% 0,06 0,01 0,18 0,09 0,17 0,18
14 100% 0,12 0,01 0,19 0,16 0,17 0,19
15 25% 0,16 0,18 0,14 0,06 0,19 0,22
16 50% 0,07 -0,09 0,08 0,21 0,23 0,23
17 100% 0,07 -0,16 0,10 0,16 0,24 0,24
18 75% 0,09 0,01 0,18 0,28 0,35 0,36
19 50% 0,11 0,04 0,21 0,35 0,36 0,37
20 100% 0,05 -0,13 0,24 0,12 0,38 0,38
21 25% 2,28 -1,16 0,78 1,81 2,15 2,69

Table 2. Example of laboratory ranking according to reproducibility (srL) performances in 
ICAR trials (last four trials in fat) 
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Abstract 

In a gl obalizing wor ld an alytical results pl ay a m ajor r ole in free a nd fa ir trade. Ho wever, wo rldwide 
equivalence of analytical results can not be ensured by “only” producing standardized analytical methods. 
For some pa rameters sta ndardized reference mat erials are lacking and the reference method sho ws 
limited performance. It is there that a reference system should serve to optimally safeguard equivalence. 

In this paper it is explained what a reference system is and why Somatic Cell Counting (SCC) was chosen 
as a fi rst example for i mplementation. An outline of a referenc e system for  SCC is drawn and the ti me 
plan and the next actions of the joint IDF / ICAR project group are described.  

Keywords: Reference system, raw milk analysis, somatic cell count, SCC, relation between reference and 
routine method, joint IDF / ICAR project group. 

1.0 What is a reference system? 
A reference system i s a systemati cally devel oped an choring system that is fed by di fferent types of 
information from various sources in a laboratory network structure: 

  Reference method results. 

  Routine method results. 

  Results from proficiency testing. 

Joint recognition by regulatory bodies, competent authorities and other stakeholders is essential for an 
effective functi oning. A  more extens ive expl anation on the background and aims as well as on the 
elements of reference systems was published in the Bulletin of the IDF 427/2008. 

2.0 Why somatic cell counting as a first example? 
SCC is one of the most frequently performed tests worldwide, estimated at over 500.000.000 tests/year.  

SCC – as an indicator for udder health status – is r elevant in food legislation, payment of raw milk and 
also has a major impact on farm management and breeding programs. 

SCC data are obtai ned almost excl usively by automated hi gh-throughput fluoro-opto-electronic counting 
instruments, wh ich a re c alibrated a nd c ontrolled wit h mo re o r le ss d efined mi lk s amples g iving a 
“reference le vel” fo r c ounting. T his r eference le vel d erives in  m any c ases fr om t he a pplication o f t he 
reference method, a direct microscopic cell counting according to ISO 13366-1|IDF 148-1. 

2.1 Somatic cell counting as a typical problem  

Traditional calibration schemes ar e e specially probl ematic wi th SCC, because sev eral precondi tions a re 
only poorly met. I t is necessary t o r epeat t he r eference method i n more than one lab to arri ve at  an 
acceptable precision and accuracy of resulting reference values. Results from a collaborative study carried 
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out i n October 2005 sho w that repeatabi lity r and re producibility R is rather li mited (see al so tabl e 
below). The recentl y revised IS O 13366-1|IDF 148-1 on the microscopic reference me thod provi des a  
better description on “what to count and not to co unt”. St ill, the reference method i s tedi ous and 
cumbersome and requires experience and frequent execution in order to safeguard adequate competence 
of the analyst and a proper counting of the “analyte”. 

Certified reference materi al (“gol den standard”) i s not avail able. Secondary  
reference m aterials have  probl ems wi th shelf life and batch homogeneity 
during storage. Different matrices and cell  types are used for the prepara tion 
of these secondary reference materials.  

 

In routi nely exerci sed somati c cell  counting, wel l funct ioning automate d 
fluoro-opto-electronic methods are  u sed. Howeve r,  the tar get anal yte o f 
these actual routine methods is not commonly accepted as “reference” basis.  

Therefore, a true common basis for the calibration of routine instruments is in 
fact la cking. As  a  c onsequence, se veral r outine la boratories h ave p ut t heir 
own ‘reference system’ in place in order to anchor their counting level.  

For all these reasons, SCC serves as illustration of a typical problem and makes it into a true candidate 
parameter for implementing a world wide adopted reference system approach. 

    ISO 13366|IDF 148, part 1 vs. part 2 (all values in '000/ml) 

 

    Mean sr sR   r  R 

 Reference  245 38 41  107  114 

    679 69 79  192  218 

  Routine            245 13 20   36   57 

    679 21 40    59 112 

 

3.0 Outline of reference system for somatic cell counting 
A reference system is regarded as a tool to provide a commonly acknowledged reference level for a given 
analytical parameter. It is characteri zed as a syst ematically developed anchoring system that is  fed by 
different types of i nformation from vari ous sources,  i .e. from  reference materials, reference met hod 
analysis, r outine me thod r esults an d p roficiency t esting in  a  la boratory n etwork s tructure. Joint 
recognition by r egulatory b odies, c ompetent a uthorities a nd o ther s takeholders is  e ssential fo r an 
effective functioning.  

A joint project group of ID F and ICAR has recentl y outlined a reference syst em for SCC and aims for i ts 
implementation during the next years.  The system wi ll be fed by routi ne and reference laboratories to 
characterize one or more (secondary)  reference m aterials and systemati cally assi gn a “true” val ue to 
each material. This “assigned value” will represent the anchor level to which local routine laboratories can 
relate to. A system, well structured and anchored means avoiding fluctuations between di fferent batches 
of RMs and subsequent calibrations. 

The following scheme shows the principle.  
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4.0 What has the project achieved yet ? 
In the joint IDF / ICAR project group now 4 continents and 16 countries are represented.  

A strategic aspect is to communicate the aim of the project in the right way. This is achieved through  
meetings, by publishing papers, by publication of a newsletter and creating visibility on the ICAR and IDF 
websites. The communication will be oriented towards both the analytical stakeholders (labs, RM 
providers) as well as others (animal health bodies, authorities). 

Questionnaires for refer ence materi al provi ders and routi ne l aboratories bri ng i nformation on how  
available reference mater ials produced in several continents and more than  15 countri es are used.  This 
information will b e u seful t o d raft g uidelines fo r reference materials an d to draw a  pi cture of the 
interlinkages between the different existing local analytical systems. 

The first calculation models for assessi ng both proficiency testing schemes and the performance therein 
of laboratories involved with the assignment of reference values are under development within a group of 
statistical experts.  

5.0 Next actions 
The project group has identified the important parts to come to a refer ence system and is working out 
the details of a pilot model, which is to be evaluated in practise.  

Crucial parts of this pilot model will be (amongst others): 

  A suitable reference material (representative and stable). 

  A laboratory database with a system for competence scoring. 

  A calculation model for determining optimized assigned values. 
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The proj ect group fol lows a bottom– up approach.  Thi s means to coll ect and make use of exi sting and 
functioning local structures.  

Of course some organizational matters and financial issues have to be addressed in the near future, too. 

6.0 Time plan 
 

 

Articles, (web) presentations, newsletter, workshop 

Time Plan  

2009 2011 2012 20132010 

Lab 
database 

Calculational
 model 

Evaluation 
 

Pilot 

Communi-
cation 

Reference 
material 

Development
testing 

Basic 
concept 

Organizational 
matters + 
finance 

Final 
proposal 

  

7.0 Conclusions 
Somatic c ell c ount in  m ilk is a n e xcellent p arameter t o e xplore t he fe asibility o f a  r eference s ystem 
approach. It is a very relevant parameter in food legislation, in farm management and in animal breeding 
and the reference method has distinct drawbacks. 

The worl d wi de chal lenge of thi s i nnovative anal ytical approach i s to creat e mutual  trust betw een t he 
actors involved and to share useful data and experience which are obtained in daily analytical life.  

A coll aborative atmosphere at the nat ional and i nternational levels will help –  and wil l be needed – to 
complete the puzzl e o f th is sophi sticated but al so more robust  anal ytical approach that  i s focussed at  
obtaining better analytical equivalence. 

A r obust r eference system s hould pr oduce re sults, wh ich a re va lid in  a  t hree-dimensional s cale: 
worldwide, over ti me and betwe en di fferent methods.  ICA R and ID F as de dicated i nternational 
organisations have taken up the glove to develop and implement this innovative and valuable approach.  
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Latvian milk recording analysis and Dairy Laboratory Ltd. in the 
ICAR analytical reference system 

D. Ruska 

SIA Piensaimnieku laboratorija, (Dairy Laboratory Ltd.), Instituta str. 1, Ulbroka, Latvia 

Abstract 

Dairy farming is one of t he basic agricultural sectors in Latvia. Therefore milk recording system is very 
important for our farmers and it has very old history. Initially in Latvia farmers could test milk recording 
analyses in  every mi lk laboratory. La ter wh en ce ntralisation of mi lk r ecording s ystem s tarted fa rmers 
could do mi lk r ecording analyses only in  laboratory o f t he Breeding s tation. Now we  a re wo rking with 
Agricultural Data Centre program fo r mil k recordi ng and far mers can do  these anal yses onl y i n the 
accredited lab oratory. Br eeding s ystem in  L atvia is regul ated by the gov ernment. The state refer ence 
laboratory is  the supervisor a ll o f Latvian milk control laboratories. The reference laboratory o rganizes 
proficiency testing and prepares reference materials for fat, protein content and somatic cells count. 

Dairy Laboratory Ltd. wo rks i n the both fi elds of mi lk anal ysing, such as milk recordi ng anal ysis and 
payment analysis. The quality system in the laboratory is very strictly determined according ISO 17025 
standard. We are worki ng wi th ISO, IDF and val idated methods. Scopes  o f accredi tation are raw m ilk 
physical - chemical testing and milk, milk products and water microbiology. We work with instrumental 
methods and r eference methods fo r mi lk m icrobiology and fo r determinate freezing point in  mi lk. Our 
laboratory t akes p art in  t he d ifferent proficiency t esting in  L atvia a nd in t he r eference la boratories o f 
European countries. Operation with different reference materials gives reliable, traceable and very precise 
results of analyses.  

Staffs of the laboratory for a whole time get new experience and knowledge in the testing field. As well as 
we organise training for our customers in milk sampling system, transporting and milk recording system.  

Keywords: national regulation, sampling, accreditation 

1. Milk recording in Latvia 
First information about milk recording analyses for milk fat content and milk yield in Latvia we can find in 
beginning of 20th century. Total protein for milk recording start analysed in 1980, for somatic cells count 
in 1998. In 1997 was fo unded State Agency Agricultural Data Centre (S/A ADC) and was started digital 
era of milk recording. 

Now under milk recording are 120 800 cows in 8062 farms. Every year from 1991 we observe decreasing 
in number of cows and herds. Situation with milk yield is different and we see increasing in milk recording 
results and in statistical every year. 

2. Latvian milk recording analysis 
Latvian m ilk r ecording s ystem is  vo luntary, b ut we have strong Nati onal regul ation and support from 
government for thi s system. In Nat ional regulation are defined requirements for mi lk testing l aboratory, 
milk sampling, milk analysing and analysed results recording.  

The herd owners in  whose herd’s milk  monitoring i s being ca rried out shall r eceive control fo rms and 
reporting lists. All the cows and heifers of the herd, which are older than 24 months, must be indicated in 
the control forms. Taking milk samples for analysis, controller or the herd owner fi lls in the control list 
and sends it together with the milk samples to the Laboratory for processing. 

Milk testi ng laboratory ne ed to have Quality Assurance System accordi ng to standard LVS EN ISO/ IEC 
17025:2005. A ccredited at Latvi an Nati onal A ccreditation Bure au (LA TAK), Member of  European Co-
operation of Accreditation. 

Page 275 



Ruska 

Milk laboratory for milk recording analysing provide milk s amples containers with samples vials volume 
up to 45 ml, accompanying document for samples, milk samples preservative (BSM II) and transportation 
of samples.  

After testi ng Laboratory send samples testi ng results to central  data base  i n Agr icultural Data Cen tre. 
From data base farmers and breeding specialists take all milk recording information and analyses results.  

3. National reference laboratory 
The referen ce l aboratory perform fol lowing tasks: co-o rdinating o f a ctivities o f t he la boratories wh ose 
task is to conduct analyses to check the chemical and bac teriological standards; supervision and control  
of laboratories involved in raw milk control; preparation of calibration samples using reference methods, 
twice per m onth (fat,  pr otein, dry matter,  somati c cel ls count); pre paration and i mplementation of 
proficiency tests four times per year. 

In Latvia are 6 accredited raw milk routine laboratories. Tree of them are Mil k factory laboratories, they 
work only for payment t esting. Two l aboratories are DHI (Dairy Herd Im provement) laboratories in the 
Breeding a nd Ar tificial I nsemination Station. O ne is  independent la boratory -  Dairy laboratory L td. it  
works to both systems - payment and DHI testing.  

4. Dairy laboratory Ltd. 
Dairy Laboratory p lace in  milk recording system are in  third p lace. F irst level is  legalisation level from 
Government a nd a ccording I CAR G uidelines. Se cond le vel a re a udit le vel fr om F ood and ve terinary 
service, National reference laboratory, Accreditation bureau – LATAK, Agricultural data centre. Third level 
is Laboratory and basic of this system are Farmers and Dairies.  

Dairy Laboratory is a private company. Our owners are non governmental organisations, stock companies 
and State. It represents three big groups of interest Farmers, Dairies and Breeding organisations.  

Organization structure of  Laboratory is following: board (5), administration (2), head of l aboratory and 
quality system (1), technical manager, chemist (1), microbiologist (1), instrumental equipment operators 
(2), data operators (2) and samples collection (2). 

Staff o f Laboratory every t ime renew skills and competence in  testing fie ld. Participation in  specialised 
course for staff, study i n Hi gh school . Techni cal tours i n othe r testi ng l aboratories (Th e Ne therlands, 
Germany, Cyprus, Estonia, Lithuania). 

For equipment calibration in laboratory are used Reference materials RM from different producers: Latvia, 
France, Germany, Denmark, Italy and USA. 

Laboratory regular take part in several International Proficiency Testing schemes in Latvia and in Europe 
countries for each param eter at l east one time per year. In Latvi a – 4 ti mes per year,  in Germany – 5 
times per year and France, Italy, England – 1 times per year. 

Our l aboratory has fo llowing testi ng scope for mil k compou nds (Fat, Pr otein, Lactose, Casei n, Urea  
content and Total solids), milk quality (Somatic cells count, Total bacteria count, pH) and milk falsification 
(Inhibitor, Freezing point). 

All testing methods, what we use in Laboratory are based on National, international and in house validate 
methods. For milk compound we work with Infra red testing methods.  

In Laboratory we have two reference methods for bacteria counting and freezing point.  

Basic place of our works is preci sion of testing results, therefore important to give testing knowledge for 
our customers. For them we organise education courses and giving individual consulting in milk recording 
system, mi lk s ampling for mi lk r ecording, m ilk s ampling fo r payment a nalyzing a nd c onsulting a bout 
calibration of equipment. 

We acti ve t ake part  i n several  work groups  and  proj ects i n testi ng fi eld and  we h ave very cl ose 
relationship wi th Mi nistry of Agri culture, Agri cultural Data Ce ntre, Food a nd veteri nary departm ent, 
Latvian University of Agriculture, International Dairy Federation (National secretary) and ICAR.  

Dairy laboratory represents: Quality, Speed and Customer service. 
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Abstract 

The i ncreasing soci al demand for heal thy products l eads more and more  dai ry compani es to select 
collected herd milks according to the fine milkfat composition and could also lead to the introduction of 
the composition in fatty acid (FA) as a criterion for milk payment. However, today, there is neither rapid 
method officially validated in France to determine milk fatty acid composition in routine analysis nor tools 
to allow adaptation of the fine milkfat composition to the evolving consumers demand.  

Consequently i t has become today of a major interest to define techni cal l evers that will a llow m ilk 
producers t o o rient mi lk fatty a cid p rofiles a s s oon as the production stag e on-farm.  S ince then the  
objectives to measure el ementary milk components  wi th suffi cient accuracy and to i dentify the genetic  
and environmental factors affecting the composition are being pursued through a R&D project, initiated in 
France in 2008, called PhenoFinLait. 

The fi rst ste p was to develop a che ap and l arge sca le p henotyping s ystem fo r d etermination o f FA 
individual milk content. A set of equations was developed to est imate fine FA milk composition from MIR 
(Mid Infra-Red) spectra usually obtained by milk recording laboratory. For several FA, a variable selection 
was applied to improve the equations. In the end, 15 to 20 FA are well estimated in the three ruminant 
species (cow , sheep and goat). Stati stical research i s ongoi ng to improve estimation for other FA and 
normalize this method. 

This study is part of PhenoFinlait project funded by Ap is-Gène, CASDAR, CNIEL, FranceAgriMer, France 
Génétique Elevage, French Ministry of Agriculture and French Ministry of Research. 

Keywords: cow, ewe, goat, milk, fatty acid, mid-infrared (MIR) spectrometry, genetic algorithms, Partial 
Least Squares (PLS) regression 

1.0 Materiel and methods 

1.1 Milk samples 

1.1.1 Cow milk samples  

First, 154 milk samples from 77 crossbred Hol stein X Normande dairy cows were collected in 2008 at the 
experimental Pin-Au-Haras INRA farm. The cows were a part of a QTL (Quanti tative Trait Loci ) detection 
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experiment, and they aro se from a cr oss over two  generations (F2) between Normand e and Hol stein 
breeds that display numerous differences in particular for milk fat and protein contents. 

Milk samples were col lected twice, in winter and in summer to take i nto account the po ssible effect of 
feed. Cows were in an average stage of lactation of 160 days (77-235) in winter, and 209 days (126-284) 
in summer. Each time and for each cow, two milk samples were realized during the morning milking. One 
was anal yzed freshl y usi ng MI R s pectrometry, the other  was frozen at -2 0°C and  ana lyzed usi ng gas  
chromatography. Finally, on 154 samples, 150 milks were kept in the study due to missing data. 

Secondly, 153 mil k samp les from 54 Montbél iarde and 42 Pri m’Holstein were col lected i n 2009 at t he 
experimental Mi recourt I NRA farm.  D epending o n cal ving date,  the cows  bel ong ei ther to a grazing 
system or to a mixed crop dai ry system. Mil k samples were coll ected using the same pro tocol as above,  
but only a part of the cows were prese nt at both sampling. On 153 samples, 100 milks were analysed by 
gas chromatography. 

1.1.2 Goat milk samples 

705 milk samples from 235 Alpine dairy goats were co llected in 2008 at the INRA  experimental farm of 
Bourges at  t hree stage o f l actation (about 4 0, 150  and 2 40 days). The goa t’s di et was  almost similar 
throughout l actation and was base d on grass ha y offered ad li bitum and  a commerci al concentrate  
mixture. These samples were collected in tubes containing a preservative (Bronopol). 

For each goat, one sampl e was ana lysed by MIR  sp ectrometry, and one other was frozen at -20° C. 
Among them,  149 sampl es (about 5 0 per stag e of l actation) wi th a large vari ability of spectra were  
selected to be analysed for milk fatty acid composition by the referenced method. 

1.1.3 Ewe milk samples 

A first sampling was carried out twice in 2008 in the experimental La Fage INRA farm: milk samples were 
collected from Lacaune dairy ewes, respectively on March 2008 at 80 days in milk (DIM) for 490 ewes in 
winter di et (hay,  sil age and concentra tes), and on  May 20 08 a t 152 D IM on average fo r 493 ewes i n 
spring diet including pastures. At each sampling carried out at the morning milking, 2 milk samples were 
collected, the first fresh one to be analyzed wi thout delay to provide MIR spectra and the second one t o 
be frozen at-20°C for a possible reference gas chromatography carried out later. 

Accounting for somatic cell count, fat content and milk spectra, 75 milk samples were chosen within each 
sampling period, i.e a total of 150 frozen milk samples to be analyzed by gas chromatography. 

A second sa mpling, using the same design described above, was performed i n 2009 i n 3 pri vate flocks, 
the fi rst one  composed o f Basco-Bearnai se (BB) e wes, and the two other of Manech red faced (MRF)  
ewes: a total of 103 milk samples, respectively 35 from BB ewes and 78 from MRF ewes, were col lected 
by the end of April 2009 at 120 DIM on average in pasture diet condition. Accounting for fat content, milk 
spectra and breed, 50 milk samples were chosen to be analyzed by gas chromatography (respectively 20 
and 30 for BB and MRF breed). 

Finally 200 milks from Lacaune ewes (150 samplings) or from BB or MRF ewes (50 samplings) with both 
milk spectra and gas chromatography results were included in the present analysis carried out in dairy 
sheep. 

1.2 MIR spectra 

After a transport at 4°C to the laboratory (LILANO of St Lo, LILCO of Surgères and LIAL of Aurillac), fresh 
milk samples were analyzed for mi lk spectra extraction using MIR spec trometry with defined routine FT-
MIR analyzers (Milkoscan FT6000, Foss and Bentley FTS). Spectr a have been recorded from 5012 to 926 
cm-1. A ccording to Foss (1998),  only informative wave length bands,  i. e. bands not spoi led by water  
molecule, were kept (re presenting a  total  of 446 wa velengths). No pre-treatments were appl ied as  
suggested by Soyeurt et al. (2006). 
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1.3 Fatty acid composition  

Frozen milk samples were analyzed for milk fatty acid composition using gas chromatography according 
to ISO standards (Kramer, 1997). Quantities of 64 fatty acids were expressed in g/100mL. Outliers were 
removed by Grubb’s test as indicated in the norm ISO 8196. 

1.4 Calculation of calibration equations 

MIR spectra and milk fatty acid composition of samples presenting a large variability in their composition 
were retained to calculate the equations. For cow and ewe milk, the samples were divided into calibration 
and validation sets (cow milk: ncalibration=175 and nvalidation=75, ewe milk: ncalibration=140 and nvalidation=60). 

The equations were  developed by  uni variate and multivariate PLS  regression (Tennehaus, 2002), data 
being centered but not r educed according to Bertr and et al. (2006). For each equation, optimal number 
of latent var iables was  chosen accordi ng to root mean square  error of cro ss-validation (RMSEP cv). To  
improve equ ations and quality of esti mation, a sel ection of wavel engths by genetic al gorithm was 
performed before PLS regression in cow and goat milk (Ferrand, 2010). The genetic algorithm used is the 
algorithm developed b y Leardi ( 1998) wh ich is  s pecific t o wa velengths s election. Mutation r ate, in itial 
population, and number of variables selected in the solution of initial population were fixed to 1%, 30 and 
5 respectively. 

GA were performed wi th MATLAB 7.8 and PLS regressions were  performed with the pac kage PLS i n R 
2.8.1. 

To compare and assess t he equati ons, several  stati stical parameters were  computed: mean, standar d 
deviation (Sd), standard error of val idation (SEvalidation), validation coefficient of determination (R²validation) 
and the relative error (SEvalidation/Mean). 

SEvalidation is defined as  

2
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with N the number of samples and k the number of latent variables introduced in PLS regression.  

We consi dered that esti mation was  accurate eno ugh and rob ust to be appl ied i n routi ne, when the  
relative error  was under 8%. For rel ative error i n the range o f 8 to 12 %, we advi se to usi ng the se 
equations with cauti on. We chose to  use thi s pa rameter rath er than the R²validation because thi s l atter 
depends on the standard deviation of our population. 

2.0 Results and discussion 
The cal ibrations were vali dated through the accuracy val ues obtained by vali dation on a new dataset i n 
cow and ewe mil k and by cross-val idation i n goat mil k (Tabl e 1 to 3).  A bout 10 to  20 fatty aci ds 
(depending on the species) of 60 have  a relative error below 10%. The estimations are better for the FA 
present in medium or hi gh concentration, i.e. for the saturate d fatty aci d (C4:0 to C16:0) and for  some 
monounsaturated fatty acids (cis or trans i somers of C18:1). It is worth noting that in the three species, 
the relative error for the stearic fatty acid (C18:0) is important 

The results are comparable in ewe and cow milk. The estimation of lauric acid (c12) is however better in 
ewe milk. The accuracy is lower in goat milk. This is certainly linked to the lower level of fat in goat milk. 
But even for the caprylique (C8:0), capric (C10:0), and lauric fatty (C12:0) acids, whose the contents are 
more important than i n ewe and cow milk, the relati ve error i s important (R.E. >12%). New s amples in 
goat milk are intended in the next weeks to improve the accuracy. 
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Table 1. Statistical parameters for cow milk validation set (PLS regression only or genetic algorithm (GA) 
+ PLS regression). 
 

 N Mean Sd Relative error (%) R² 
Fat content 70 3.816 0.637 0.32 1.00 
C4:0 72 0.149 0.025 5.71 0.88 
C6:0 70 0.087 0.015 3.97 0.95 
C8:0 70 0.050 0.010 5.00 0.94 
C10:0 71 0.111 0.029 6.92 0.93 
C12:0 71 0.126 0.037 11.12 0.86 
C14:0 72 0.435 0.088 6.10 0.91 
C16:0 71 1.271 0.282 6.41 0.92 
C18:0 71 0.342 0.099 12.58 0.81 
Total 18:1 69 0.780 0.203 6.70 0.93 
Saturated 72 2.766 0.510 2.09 0.99 
Monounsaturated 69 0.889 0.220 5.80 0.95 
Polyunsaturated 69 0.107 0.019 8.06 0.80 
Omega 3 70 0.029 0.010 16.24 0.77 
Omega 6 70 0.075 0.016 11.23 0.72 

 
 
Table 2. Statistical parameters for ewe milk validation set (PLS regression). 
 

 N Mean Sd Relative error (%) R² 
Fat content 54 6.802 1.398 0.40 1.00 
C4:0 52 0.233 0.035 5.88 0.85 
C6:0 54 0.177 0.033 4.21 0.95 
C8:0 54 0.175 0.037 4.83 0.95 
C10:0 54 0.574 0.147 5.90 0.95 
C12:0 54 0.339 0.103 8.57 0.92 
C14:0 54 0.821 0.214 6.98 0.93 
C16:0 54 1.650 0.345 6.70 0.90 
C18:0 55 0.511 0.143 12.62 0.80 
Total 18:1 54 1.276 0.414 4.40 0.98 
Saturated 54 4.825 0.994 2.31 0.99 
Monounsaturated 54 1.389 0.443 3.83 0.99 
Polyunsaturated 55 0.238 0.075 7.03 0.95 
Omega 3 52 0.069 0.016 13.65 0.66 
Omega 6 55 0.137 0.036 12.13 0.79 

 
 
Table 3. Statistical parameters for goat milk, cross-validation results (PLS regression only or genetic 
algorithm (GA) + PLS regression). 
 

 N Mean Sd Relative error (%) R² 
Fat content 150 3.310 0.666 0.48 1.00 
C4:0 150 0.092 0.025 9.23 0.87 
C6:0 150 0.078 0.020 8.97 0.87 
C8:0 150 0.080 0.022 12.36 0.78 
C10:0 150 0.264 0.071 12.48 0.77 
C12:0 150 0.134 0.041 13.36 0.79 
C14:0 150 0.307 0.077 9.17 0.85 
C16:0 150 0.996 0.197 5.14 0.93 
C18:0 150 0.282 0.099 18.14 0.73 
Total 18:1 150 0.756 0.176 8.84 0.85 
Saturated 150 2.351 0.485 3.55 0.97 
Monounsaturated 150 0.798 0.184 8.92 0.84 
Polyunsaturated 150 0.128 0.028 12.47 0.65 
Omega 3 150 0.018 0.005 19.58 0.44 
Omega 6 150 0.109 0.027 13.71 0.65 
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3.0 Conclusion 
These first results show it is possible to obtain accurate estimations for the main fatty acids in individual 
milk samples of the three  species. It was observed that perfor ming a sel ection of var iables prior to th e 
PLS regression permitted to improve accuracy and stabilize equations over the time.  

Future res earches wi ll focus on oth er spe ctrum data pre-treatment pro cedures, wh ile i ncreasing 
simultaneously the initial sampling size to get more accurate estimation equations of milk fatty profile. 

The advancements of the PhenoFinLait program are available on http://www.phenofinlait.fr/. 
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Abstract 

The i ncreasing consumer  concern over the rel ationship between food an d human heal th requi res to 
consider the analysis o f new characteristics o f mi lk composition. Due to the la rge number o f analyzed 
samples, the  technol ogy used by the  milk recordi ng organi zations must be fast and che ap. For th ese 
reasons, the Fourier Transform mid-infrared spectrometry (FTMIR) is largely used to quantify major milk 
components. The recent literature reveals that FTMIR is currently under-used in practice. 

Currently, o nly fat and protei n contents are routinely quanti fied by FTMIR an d sometimes the 
concentrations of urea, lactose, and casein. Recent studies showed the potentiality of FTMIR to quantify 
new mil k components or  to predi ct indi cators rel ated to specific m ilk properti es. Wi th the condi tion o f 
good analytical practices during the calibration and the use of these new equations, some of them can be 
implemented in  milk labs. T hese F TMIR p redictions can be executed i nternally in the spectrom eter 
software or externally based on recorded spectral data. 

Moreover, th e FT MIR pre dictions can be  used  fo r a dditional valorisations by com bining i nformation 
recorded by milk recording structures and the FTMIR predictions. For instance, by using models to explain 
the observed variability of the studied traits, it is possible to extend the number of possi ble valorisations 
such as useful tools for herd management and breeding purposes.  

Consequently, FTMIR bec omes a powerful  technology to quant ify milk com ponents and/or to permi t a 
screening of  the dairy cattl e popul ation based on  di fferent mi lk characteri stics i nteresting for di fferent 
purposes: nutritional quality (e.g. fatty acid, minerals), hygienic quality (e.g. antibiotics, somatic cells), 
technological quality (e.g. cheese-making), environment (e.g. methane), herd management (e.g. urea), 
animal heal th (e.g. l actoferrin, acetone), and bi odiversity. The l arge number of FTMI R predi ctions wil l 
involve t he d evelopment o f me thodologies t o r esume t he mo st in teresting in formation fo r the 
development o f s pecific d airy p roducts a nd t o h elp fa rmers in  t heir d aily decisions. F TMIR s till h as a 
bright future. 

Keywords: Mid-infrared, milk, FTMIR spectrometry, selection tools. 

1. Introduction 
The consumer is more and more consci ous that th e diversity, the quantity, as well as the qual ity of t he 
ingested foods in fluence h is health. This s ituation is  r einforced by t he a ttitude o f many d ieticians and 
nutritionists who recommend to thei r patients to limit drastically their consumption of dairy products due 
to notabl y th e l arge amount of satur ated fatty aci ds present i n bovi ne m ilk fat (70% on average). It  
involves a truncated view in the interest of dairy products. Therefore, to promote the healthiness of dairy 
products, the dairy sector should take into account the detailed milk composition. Consequently, milk labs 
and al so milk recordi ng organizations shoul d thi nk about the anal ysis of new charact eristics of m ilk 
composition showing a potential economic interest.  

Traditionally, t he a ssessment o f a  de tailed mi lk composition is e xpensive b ecause it  requires a  lo t o f 
different che mical steps and anal yses such as t he separati on of studi ed consti tuents from the milk 
matrix, the use of gas chromatography or other analyses… Moreover, all of these analyses require a lot of 
time, skilled staff, and use often pol luting products. For many years, FTMIR spectrometry has been used 
to quanti fy the major components of  milk such a s fat and pro tein contents used for the mil k payment.  
Thanks to i ts fast and no n-destructive advantages, thi s technol ogy coul d be a good alternative to th e 
traditional chemical analysis.  
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2. FTMIR Spectrometry 
There are 3 different infrared regions (near,  medium, and far infrared) with their own specificities. The 
analysis of milk can be realised by using near or mid-infrared. The mid-infrared has a high sensitivity to 
the chemi cal envi ronment due to the  fundamental  ab sorptions of mol ecular vi brations (Belton, 1997).  
Mid-infrared spectrum r epresents the  absorp tions of mi d-infrared ray at  frequenci es co rrelated to t he 
vibrations of specific chemical bonds (Figure 1). Therefore, the mid-infrared spectrum reflects the global 
chemical composition. The near infrared gives a much more complex structural information related to the 
vibration behaviour of combi nation bonds (Cen and He, 2007). In thi s review, it was decided to di scuss 
about the potentialities of FTMIR spectrometry for milk analysis because this technology is largely used 
by milk labs all around the world to quantify major milk components used for the milk payment or by the 
milk r ecording o rganizations t o develop management and selection t ools t o help fa rmers in  t heir daily 
decisions. 

 

 
1700 – 1500 cm-1: N-H 1200 – 900 cm-1: C-O 

3000-2800 cm-1: C-H 1450-1200 cm-1: COOH 

 

 
Figure 1. MIR spectrum of milk (Sivakesava and Irudayaraj, 2002). 

 

FTMIR spectrometry is not only routinely used to quantify the contents of fat and protein in milk, but also 
the contents of urea, lactose, casein, and free fatty acids. Nevertheless, the recent l iterature reveals that 
FTMIR is currently under-used in practice. 

3. FTMIR and milk recording 

3.1 Introduction 

The main objective of milk recording organizations is to develop management and selection tools useful 
for the dairy sector including dairy farmers and dairy industry in the current economic context. Two ways 
are possible to achi eve this aim: first, a direct use of the FTMIR predictions of specific milk components 
and second, the milk recording organization can put together all available information (FTMIR predictions 
but al so animal , l actation, and envi ronmental information) ne cessary to take i nto acc ount the natural  
variation of the considered traits in order to extend the number of potential valorisations. 

3.2 Direct use of FTMIR data 

The principle to obtain milk FTMIR predictions is resumed in Figure 2. The collected samples are analyzed 
by FTMIR sp ectrometry and raw data (commonly named spect ral data) are generate d. The number of  
datapoints depen ds on manufacturers. Fi nally, a  speci fic equ ation i s appli ed to the spectral data  t o 
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provide the measurement of the studied trai t (e.g., fat, protein…). Therefore, if you want to analyze new 
components in milk, you need to develop new equations. 

  MIR spectrometer  Collection of milk samples 

Development of new equations 

  

MIR prediction: 

- Fat 

- Protein 

- Lactose… 

Calibration equations 

 Raw data = Spectra 

Figure 2. Principle of FTMIR prediction of milk components 

 

Several authors have r ealized di fferent resear ch studies to extend the n umber of mi lk consti tuents 
predictable b y F TMIR, which s howed a n in terest in  different fields such as the nutritional quality 
(e.g., fatty acid , mine rals, lactofe rrin), hyg ienic q uality (e.g., anti biotics, somati c cel ls), technol ogical 
quality ( e.g., c heese-making p roperties o f m ilk (e.g., c asein, t itrable a cidity, c oagulation t ime…), 
environment (e.g. urea, fatty aci ds, methane emi ssions through fatty aci d predi ctions (Chilli ard et al., 
2009), herd  management (e. g., urea,  fat,  protei n, l actose), animal heal th (e. g., fatty aci ds, mi nerals, 
lactoferrin,  -hydroxybutyrate, acetone),  and biodi versity (e .g., by stud ying the changes i n mil k 
composition). T his r eview p resents s ome e xamples p otentially interesting fo r milk r ecording 
organizations.  

Recently, se veral authors showed th e pot entiality of  FTMIR spectrometry to quanti fy the fatty a cid 
contents directly on bovine milk (Rutten et al., 2009; Soyeurt et al., 2006,  2008a, 2008b, and 2 010). 
The prediction of fatty acid in milk (g/dl of milk) is more accurate if the content of considered fatty acid is 
high in milk. The FTMIR prediction of fatty acid in fat is less accurate because the variability of fatty acids 
in milk fat is lower than the one observed in milk. Table 1 describes the results obtained by Soyeurt et al. 
(2010) from a multiple breeds, multiple countries, and multiple production systems approach for major 
groups of fatty acids in bovine milk. RPD calculated, as the ratio of the stan dard deviation of referenc e 
value to the standard error of cross-v alidation, is a parame ter assessing the robustness of a cal ibration 
equation. If this rati o for a consi dered equati on is greater t han 2 , it involves a  p otential u se o f t his 
equation for breeding and ani mal purposes. Therefore, all fatty acids shown in Table 1 could be used in 
practise to assess the nutritional quality of bovine milk fat.  

 

Table 1. Descriptive statistics of the calibration equations for the quantification fatty acids in milk 
developed by Soyeurt et al. (2010). 

 

 

ased on Soyeurt et al. (2009),  oth er trai ts potenti ally predictabl e by FT MIR sp ectrometry are the  
calcium, sodium, and phosphorus contents in milk as shown in Table 2. Even if this publication considered 

Constituent (g/dl of milk) N Mean SD RPD SECV
Saturated FA 496 2.40 0.80 15.7 0.0513
Monounsaturated FA 491 1.06 0.37 8.9 0.0411
Polyunsaturated FA 499 0.16 0.05 2.6 0.0204
Unsaturated FA 492 1.22 0.41 9.6 0.0428
Short chain FA 486 0.31 0.11 6.7 0.0165
Medium chain FA 496 1.78 0.60 6.5 0.0928
Long chain FA 495 1.52 0.57 6.5 0.0875

 

B

a low number of sampl es, the resul ts for Ca and P were recently confirmed by using 100 addi tional milk 
samples (data not shown). 
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Table 2. Descriptive statistics of the calibration equations measuring minerals in milk developed by 
Soyeurt et al. (2009).

Mean SD SECV RPD 

 
 

Mg/l of milk N 
Ca 87 1333 260 95 2.74 

6  K 
Mg 

1 
1 

,336 
110 

168
18

136 
11 

1.24 
1.68 6  

Na 87 403 
1

107 
1

64 1.68 
P 87 093 27 50 2.54 
 

Interesting t raits for m ilk recordi ng organi zations to check a nimal heal tatus are ketone bo dies. 
ansen (199 9) and Heue r et al. (2001) devel oped the fi rst cali bration equati ons to quanti fy acetone 

eloped by De Ross 
t al. (2007). 

N Mean SECV R²c 

th s
H
content in bovine milk. More recently, De Ross et al. (2007) has al so developed wi th a relatively good 
success calibration equations for acetone and  -hydroxybutyrate in milk (Table 3). 

 

Table 3. Descriptive statistics of the calibration equations for ketone bodies in milk dev
e
 

mMol 
Acetone 1063 0.146 0.184 0.72 

oxybutyrate 1069  -hydr 0.078 0.065 0.62 
 

The improvement of milk nut l quality is des owever, it is n y to know if t changes 
re posi tively rel ated to the technol ogical properti es of m ilk. In thi s co ntext, several  authors h ave 

 related to cheese-making properties of 
ilk. 

 N Mean SD R²cv SECV 

ritiona ired. H ecessar hese 
a
developed calibration equations permi tting to asses s the chee se-making properties of mi lk through the 
quantification of speci fic traits such as ti trable acidity, rennet coagul ation time… Based on  these resul ts 
(Table 4),  i t appears tha t the cheese -making properti es of mil k coul d be assesse d by relatively good  
FTMIR predictions of titrable acidity and rennet coagulation time. 

 

Table 4. Descriptive statistics of the calibration equations for traits
m
 

 
Titrable acidity 

H°/50ml) De Marchi et al., 2009 1063 3.26 0. 43 0. 66 0. 25 

ion 14.

Dal Zotto et al., 2008 74 15.05 3. 78 0. 73 0. 80 

ity (D°) 203 
d firmness (mm) 

(S
Rennet coagulat
time (min) De Marchi et al., 2009 1049 96 3. 84 0. 62 2. 36 

 
pH 
Titrable acid

De Marchi et al., 2009 1064 6.69 0.12 0.59 0.07 
Colinet et al., 2010 
Dal Zotto et al., 2008 

16.22 2.
32.43 

01 0.
7.95 

90 0.
0.45 

64 
5.49 Cur 74 

 

Another interesting trait is a gl ycoprotein present urall lk an ed la rin because t his 
olecule is involved in the immune system. Soyeurt et al. in 2007 dev eloped a prel iminary calibration 

 nat y in mi d enti tl ctofer
m
equation for the measur ement thi s milk component. Thi s fi rst equati on was bui lt with 57 r eference 
samples and the obtained RPD was equal to 2.39 with a SECV equal to 86 mg/l of milk. 

3.3 Models based on FTMIR data 

The mi lk recordi ng orga nizations ha ve an acces s to the animal , l actation and envi ronmental data 
 lactation…). Merging these data  wi th the FTMIR pre diction (pedigree, lactation stage,  breed,  number of

permits to investigate the potential for using specific models that take into account the natural variability 
of these FTMIR val ues an d ther efore t o extend  the  number o f possible va lorisations. To il lustrate t his 
application, two examples are presented. 
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Bastin et al. (2009) showed the possi bility to model  the l evel of milk urea in a specific herd by using a 
random regr ession test-day model . From the resul ts given by the model , i t i s possi ble to esti mate an 

Figure 3. Evolution of observed and expected urea content (MU) in a specific herd (Bastin et al., 2009) 

A e 
dividual values for cows) coul d be to model the contents of a specific FTMIR prediction in order to give 

           
monounsaturated fatty acid in milk 

ated breeding value for fat content. 

o h ave in formation fo r f oreign b ulls based o n d ata 
ollected from thei r daughters present in a country where the F TMIR analysis of a spe cific trait is done. 

This kind of researches can be extended to all FTMIR predictions.  

expected value of milk urea content in a specific herd at specific test date. Based on that, it is possible to 
compare the expected value obtained by the mode l to the observed one.  If the di fference is too b ig, it 
can be assumed that the studied herd has a management problem (Figure 3). 
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nother very i nteresting application for mil k recording organi zations (bec ause the se structures h av
in
to the farme rs suffi cient i nformation t o di scard th e l ess i nteresting cows and/or to dev elop an animal 
selection programs.  

 

             
Figure 4. Relationship between the estimated breeding value for 
and the estim
 

One in terest o f a n a nimal s election program is  t
c
For i nstance, through the European  project Ro bustMilk (www. robustmilk.eu), the tool s needed  to 
implement a n a nimal s election p rograms fo r fa tty a cid c ontents in  b ovine mil k a re d eveloped. The 
contents of fatty ac ids i n milk are heri table. The l actation her itabilities for saturated a nd 
monounsaturated FA  were 44% and  22%,  resp ectively. The fi rst resul ts were obtained from data  
collected from first parity cows. Figure 4 shows the results of the genetic evaluation for 1,993 bulls with a 
sufficient number of Wal loon daughters wi th known fatty  aci d data.  High vari ability of breeding values 
(parameters estimated to assess the i ndividual variability of studi ed animals) for monounsaturated fatty 
acid content was obser ved for a c onsidered es timated bre eding val ue of fat content (Fi gure 4). 
Consequently, a sufficient variability of fatty acid traits exists to investigate the development of an animal 
selection based on the improvement of the nutritional quality of milk. 
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4. Conclusion 
In conclusion, the FTMIR spectrometry i s currently under-used in practi
by MIR exist. A lot of work should be done by the milk recording or

ce even i f new traits predictable 
ganizations to include these new traits 

showing a potential economic interest in their services given to their members. Two ways will be possible 
to achieve this objective: a direct use of FTMIR predictions given by milk labs and/or the developments of 

 into account the natural variability of the studied infrared traits in order to develop 
for dairy sector including farmers, dairy companies, breeding associations… 

use thi s 

of 

specific models taking
specific valorisations 

However, this introduction of new traits in the routine milk recording will involve new challenges. The first 
challenge will be an anal ytical challenge. To avoi d high bias, the FTMIR e quation should be vali dated on 
the consi dered cow popu lation. Indeed,  breed di fferences or d ifferences i n the mil k sampl es (e.g., the 
composition of bulk milk is less variable than the composition of milk samples collected from individual 
cows) used to develop the calibration equation could involve a bias. Moreover, it is currently possible to 
implement e xternally ne w equati ons thanks to the recordi ng of spectral  data. However, to 
approach successfully, it will be needed that the variability of the spectral data used for the prediction by 
the milk recording organization was taken into account in the calibration set used to build the used FTMIR 
equation. Finally, the accuracy of the FTMIR prediction should be tested regularly by the use of reference 
samples to correct i f needed the bi as and the sl ope of the cali bration equati on. Since January 200 8, 
FTMIR fatty acid predictions is implemented in the Walloon milk lab (Battice, Belgium) and a maintenance 
is realized using milk samples with known contents of fatty acid (these samples are produced by Walloon 
Agricultural Research Centre – Valorisation of Agricultural Products Department (Gembloux, Belgium). 

The second c hallenge will be a com putational challenge. The nu mber of stud ied traits by mil k recording 
organizations wi ll increase. Conseque ntly, it will  be n ecessary to study  some trai ts simultaneously 
because some of them (the majori ty of them) will be correlated. It will  be al so important to know t he 
natural var iability o f the studied FTMI R trai t for a  speci fic cow because the opti mum of content for a  
studied trai t can be di fferent according to the con sidered aim. For i nstance, high lactoferrin content i n 
milk is interesting for hu man heal th but si ck cows can al so produce mi lk samples wi th high content 
lactoferrin. T his k ind o f applications will r equire the u se o f multiple t raits mo dels, w hich n eed h igh 
computational cost. 

In concl usion, a l ot o f work to do to i mprove the servi ces gi ven to the dai ry farme rs thanks to the 
extension of FTMIR possibilities. 
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Herd Navigator or “How to benefit from frequent measurements” 

T. Asmussen 

FOSS A/S, Hillerød, Denmark 

Abstract 

With Herd N avigator frequent measur ements ensures close monitoring of the herd to a llow pro acti ve 
action on a number of parameters such as reproduction parameters, mastitis, ketosis and urea. 

It is  e vident t hat a lerts in forming t he h erd ma nager a bout n eed fo r in semination o r o ther imme diate 
actions are of big value, - however it is also important to take advantage of the frequents measurements 
for more proactive activities on group or herd level. 

This presentation will give examples on such possibilities. 

Keywords: herd monitoring, milk, analysis, health, reproduction, mastitis, ketosis. 

1.0 Introduction to Herd Navigator 
The solution works by taking a representative milk sample of individual cows during milking. The milk is 
taken at the milk samplers connected at each individual milking point or milking robot. 

 

Milk meter

Milk sampler

Milk sample Sample intake unit Analyzer Data processing
and user interface

Biomodel feedback for next sample decision

Herd Navigator systematic procedure

 
 

When the cow is being milked the sampler delivers its milk to the sample intake unit (SI) located at the 
end of the mil king pi t. This devi ce holds the sa mples and sends them one by one to the A nalyzer 
Instrument (AI) located in the milk room. 

The Anal yser Un it is temperature and hum idity constant and uses dry sti ck technol ogy to perform the 
analysis. Ea ch paramete r has i ts o wn sti ck an d those are  stored i n cartri dges i nside the AI. The 
parameters measured are: 
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Focus area Parameter analyzed in milk Early/on time detection 
Reproduction Progesterone Heat 

Silent heat 
Pregnancy 
Abortion 
Cysts 
Anoestrus 

Udder health LDH – lactate dehydrogenase Mastitis 
Subclinical mastitis 

Feeding a nd energy  
balance 

Urea  
BHB – beta hydroxybutyrate 

Feed ration – protein 
Ketosis 
Subclinical ketosis 
Secondary metabolic disorders 

 

The technique used for LDH, urea and BHB is colorimetric and for progesterone it is lateral flow assay. 

The values are captured by the biological model which calculates the risk of any of the above di seases or 
physiological statuses and at the same time decides when each parameter will be meas ured again next 
time for the cow in question. 

The complete system gets cleaned automatically together with the milking machine equipment. 

2.0 How to maximize the benefit of frequent measurements  
Herd Navi gator i mpacts o n the most important factor s on milk producti on, reproduction, masti tis and 
feeding. A ll information from Herd Navigator can, one way or the other, be combined with information 
already present in the on farm cattle database and the central cattle database. 

Herd Navigator detects consistently above 95% of all  heats of the herd (including silent ones) and is able 
to pin point the time of t he heat, the li kelihood of success of a prospecti ve insemination as well  as th e 
system i s abl e to det ect post partum anoestrus, pregnancy and both  type s of ovari an cysts. Thi s has 
resulted in a significant reduction on open days at most farms running a Herd Navigator. 

Herd Navigator is able to detect clinical and sub-clinical mastitis up to 3 to 4 days before clinical signs are 
shown in the animals affected. The sensitivity of the system reaches more than 80%. 

Herd Navigator is able to detect all cases of clinical and subclinical ketosis, and normally it detects 50% 
more ketotic cows than do the farmers/herd manager. 

For an aver age Europea n herd the data shows that Herd N avigator can bri ng profi t i mprovement 
potentials for farmers from 250 to 350 € per cow per year. 

Benefiting to  thi s extent from runn ing Herd Navi gator requi res opti mum us e of resul ts from the Her d 
Navigator. Herd Navigator both provides new information and more frequent information than most dairy 
farmers h ave b een u sed t o p reviously. All t his in formation is  c ombined wit h t he already e xisting 
information in the farms  herd mana gement syst em, - but  t o ben efit further from a ll the acqui red 
information a more advanced tool is under development. 

In the following a few examples will be presented. 

2.1 Ketosis  

The level of BHB in milk is monitored from calving until 60 days after calving. 

The incidence of ketosis varies significantly from herd to herd and from one period to another.  

In general we have seen that the frequency i s significantly higher than regi stered by the herd manage r 
before He rd Navigator is  introduced. T hough a ll p resent Herd Navigator users have do ubts about t he 
correctness of the alerts issue there is big differences in the way they act upon the alerts and thereby on 
the effect on performance in the herd. 

By monitoring the lactation cumulated lactation curve of all cows having a ketosis alert in different herds 
it is c learly seen that the yie ld loss in some herds are almost avoided whereas i t i s very bi g over the  
entire lactation in other herds. 
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2.2 Reproduction  

The progesterone l evel is moni tored frequentl y from 15 days a fter cal ving until 60 days after the l ast 
heat. At this stage the cow is considered pregnant, and the risk of abortion limited. 

This allows monitoring for prol onged anoestrus, heat, folli cular and l uteal cysts, pregna ncy, early foetus 
loss (day 24-35) and abortion >day 35). 

On average this has all owed the HN  test farms to reduc e n o of empty days by 2 2 days, - thoug h 
reduction in number of empty days has not been main targets in all herds. 

However an addi tional benefit of the Herd Navi gator, besides informing about when to insemi nate which 
cow, is to display why cows are not getting pregnant. 

Is i t because inseminations are ba dly timed? Do cows become pregnant, - but suffer from earl y foetus 
loss? Or do they abort more than 35 days after insemination. 

These questions can be answered by examining the progesterone curves of the cows. 

Doing so in different test herds has revealed big differences in the reasons behind reproduction problems. 
Knowing the reason for a problem can eventually lead to solving the problem by changes in management 
procedures, feeding or other measures. 

3.0 Conclusion 
Above two examples illustrates that frequent analyses of management parameters give access to further 
information about the reasons behind potential problems in a herd. 

It i s important to reveal  such information to t he herd manager and t he i nformation may a lso be 
important to other parties. 

It can therefore be concluded that: 

  It is important to use the new information available to develop new parameters to be monitored 
in order to optimize the production and economy in the herd. 

  It is important to use the new information available to monitor the breeding goals in new ways. 
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The Virtual Cow – A World 1st from Holstein-UK 

L. Andrews, J. Gribbon, H. Richardson & G. Ward 

Holstein-UK, Scotsbridge House, Scots Hill, Rickmansworth, Hertfordshire, United Kingdom 

Abstract 

As the farming industry focuses ever closer on health and welfare, it is fitting that Holstein-UK 
has launched an innovative educational and breeding tool which has the potential to transform 
understanding of the form, movement and condition of the milking cow. 

The Virtual Cow is th e f irst fully interactive, three-dimensional, computer-generated model of 
the dairy cow, available through a web-base d in terface.  It demonstrates gr aphically the 
differences i n conformati on between ani mals wi th various classific ation scores. Allowing  the  
impact on conformation to be visualised an d so helping breeders and students understa nd 
what they are looking for in the optimum cow for their system and circumstances.  

The model can be viewed from any angle and rotated through 360 0  on any a xis. Each of 18 
linear type traits can be viewed individually and is accompanied by a written description of how 
it is measured. As a sl ider is moved through each of the trait scores f rom 1-9, the appropriate 
section of the cow’s anatomy adapts before your eyes, showing the degree and effect that trait 
has on the animal. The Virtual Cow also illustrates a ra nge of  full-animal, three-dimensional 
body condition scores, and demonstrates locomoti on scores from 1 to 9 by video clips of real 
cows in motion. 

For farmers interested in bu ll se lection, it  has the added benefi t of rel ating each trai t to the 
linear profile of a bull ( commonly expressed as a bar chart), so aiding  breeding decisions and 
overall breed improvement.  

When learning about dairy cow conformation, there is no substitute for having a real animal in 
front of yo u. But the number of  animals that woul d need to be assembl ed to illustrate every 
score for every trai t makes this practically impossible. However, with the Virtual Cow, this can 
be done consistently, reliably and with pin-point accuracy. 

Keywords: Dairy cow, model, three-dimensional, interactive, computer-generated, web-based, linear-
type, conformation, locomotion, condition, breeding, education. 

1.0 Holstein-UK – 100 years of innovation 
Holstein-UK is Europe’s l argest i ndependent breed society, wi th around 800 0 members and regi stering 
over 200,000 animals pe r year.   It  a cts as  the single herdbook provi der fo r both Hol stein and Bri tish 
Friesian cattle in  the Un ited K ingdom, and a lso provides addi tional regi stration servi ces to som e ei ght 
other, independent UK breed soci eties, including Ayrshires, British Blue, Brown Swiss, European Angus, 
English Guernsey, Island Jersey, Montbeliarde and UK Jerseys. 

Alongside i ts herdbook functi on of regi stering bi rths and an cestry, the 
Society aims to promote and i mprove the breed,  helping to increase the 
value o f UK  li vestock o verall, a long wit h e xtending h erd lif e a nd the 
profitability of its me mbers h erds. I t is  t he p rinciple p rovider o f T ype 
classification services in the UK through i ts Centre for Da iry Information 
subsidiary busi ness, wh ich al so provi des database and da ta access  
services to most of the soci eties menti oned, along wi th fu ll geneti c 
evaluation of both Holstein and Friesian Type results.   

In 2009 th e S ociety cel ebrated th e 1 00th anni versary of i ts fo undation 
with a seri es of speci al events, product launches and a hard- backed “scrapbook” of peo ple, scenes a nd 
animals from all periods of its history.    
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1.1 Innovative products and services 

Throughout its history, the society has supported, researched, and developed 
new techniques and services for dairy breeders and herd owners. It pioneered 
the use of telephone registration services for members and more recently, the 
use of a we b-based r egistration system “ WebReg”, avail able to al l partner 
societies. For many years it has supported and encouraged younger members 
to develop their skill s of stock j udging, cattl e showmanship and husban dry, 
through i ts Holstein Young Breeders  programme. A section that now has i ts 
own dedicated web site at www.thehyb.co.uk, detailing field and social events 

at both regional and national level, contacts and a series of “how to” guides for all members. 

The Cattle Information Service provides integrated milk r ecording, herd 

S

The Centre for Dairy Information ma intains a  s ingle, in tegrated 

WebMate user-friendly decisi

le farming i ndustry focuses ever cl oser on dai ry cow heal th and 

health and h erd management suppor t to her d owners throughout the UK, 
whether bre ed soci ety members or  not.  In 2008 CIS  won the Queen’s 
Award for Enterpri se for the conti nuous devel opment of i ts web-ba sed 
service ‘Your Herd’, wh ich enabl es dairy farmers to ea sily ac cess al l the  
vital information to mana ge thei r herds more effi ciently.  This was rapidly 
followed by the award f or ‘Top Li vestock Suppl ier of the Y ear’ from the 
ociety, based on excellent levels of customer service, satisfaction, value for 

money and i nnovation.  For cl ients who regi ster thei r cattl e, the CIS and HUK offer the ‘ Holstein 
Complete’ s ervice t o fu rther r educe the d uplication a nd c ost o f integrated, mu lti-organisation d ata 
recording, bringing the benefits of the latest technology within reach of every dairy farmer in the simplest 
way possible. 

Royal Highland Agricultural 

database fo r all  regi stration, producti on, cl assification and gen etic 
evaluation data for al l its partner breed societies.  With a web site devoted 
to easy access to that data for information ranging from individual animals, 
bull and co w eval uations, producti on trends and stati stics, heal th and  
welfare gui des, through to i nnovative tool s to tak e the ha ssle out of bul l 
selection an d cow mati ng deci sions through i ts Bull Selector and 
on-aid tools. 

 

As the who
welfare t herefore, it  is e ntirely f itting t hat Ho lstein UK  h as launched a n 
innovative breeding tool that has the potential to transform understan ding of 
the form, movement and condition of milking cow – the ‘Virtual Cow’. 

 

 

2.0 The Virtual Cow development 
hree-dimensional model  of a dai ry cow. It has b een 

 

n
sections within a socie

 of differing classifications scores, particularly since the advent of linear type scoring techniques. 

The V irtual Cow i s the first comput er-generated, t
said t o be a “fu lly interactive, adjustable ve rsion o f t he t raditional Model Cow -  much lo ved by breed 
societies and breeders throughout the wor ld”.  Developed wi th educati on f irmly in m ind, it graphi cally 
illustrates the differences in conformation between cows and traits at all the various classification scores. 

The i mpetus to devel op a 21 st c entury cow model  came from several di rections. 
The tradi tional ceramic or  pl astic composi te cast model , wh ilst often a collectabl e 
object of art i n its own r ight, has severe l imitations that restri ct i ts usefulness. At 
its best, it is a static image of the perception of desirable characteristics at a single 
point in t ime. The proce ss and expe nse of creating a new master, casti ng an d 
reproducing multiple copies has always made it difficult to adapt the ideal model as 
perceptions and bree ding objectives change over ti me. Furthermore, it has always 
 to ask: “Is ther e onl y one ‘i deal cow’”? Or do different breed societies, or even  
ty, have different and equally valid views on what constitutes the “ideal”? 

Educators, advi sors, c lassifiers, breeders and studen ts have frequentl y asked for poster s and graphi cal 
examples

been a val id questi o

Whilst t his h as fr equently b een possible, t hese me dia h ave a lways h ad t he lim itation o f b eing t wo-
dimensional views of a three-dimensional real cow. When learning about dairy cow conformation there is 

Page 296 



The Virtual Cow – A World 1st from Holstein-UK 

no substitute for having a real animal in front of you, preferably several, that illustrate differing score 
values. It has be en cal culated that to  assembl e a  group of cows that mi ght i llustrate every possi ble 
combination of the 16 core li near trait scores would require over 140 animals!  Something that would be 
practically impossible, particularly in the classroom situation. 

The best aspect of the cast model for these purposes was that it can be picked up and rotated, or viewed 
from any an gle, to gi ve a perspecti ve on how the trait l ooks.  The judge can move around the real 

n the bui lding and engi neering i ndustries, particul arly for Computer A ided 

b Executive 

animal, provided she stays still for long enough, to gain the required view of each body or mammary trait 
he or she needs to view. 

Software a pplications t hat c an p roject t hree-dimensional images o f a n obje ct o nto a  co mputer s creen 
were devel oped ori ginally i
Design and the li ke. The originals of these howeve r, required near super-co mputer levels of processi ng 
power to operate them. So were available only to relatively few. As techniques developed the costs were 
gradually reduced. But i t was the expl osive growth of the computer gaming market that generat ed the 
vast sales that in turn al lowed software engineers to turn thei r attention to models of ani mals (or even  
homo sapiens!) that could be vi ewed in 3-D and more importantly moved.  Even then renditions tended 
to lo ok like e ither c artoon c haracters o r a ngular s tick-models o f t he a nimal c oncerned. St ill n ot ve ry 
useful to project the sometimes fine and subtle differences in dairy cow conformation score. 

A UK-based software company was discovered, who had begun work on interactive models of a lamb and 
a steer to demonstrate meat animal carcase classification scores for the English Beef and Lam
(“EBLEX”). Work began  i n 2007 to adapt thi s technol ogy to the wi de number of conformati on trai ts 
required for a dairy cow. After much painstaking development effort, the Virtual Cow was given its first 
public demonstration at the Dairy farming Event in September 2009.  

2.1 Understanding the functional dairy cow 

wo web si tes: www.holstein-uk.orgThe Vi rtual Cow can currentl y be reached from t  an d 
www.thehyb.co.uk. During the in itial 12-month launch period, the program is  available through a  PIN-

 ‘Individual Scoring Traits’ where the user can examine how each linear trait 

protected login screen.   

There are two main sections to the Cow model : The ‘ Ideal Cow’ deal ing wi th the current vi ew of the 
model Holstein animal and
score looks on the model cow. 

2.1.1 The Ideal cow  

cts a series of 
 

us enl arged or shr

nd whi te?” Duri ng the two-year  

ed gave the best c ombination of effects to p ortray the full 

The Ideal Cow secti on depi
fixed setti ngs for the current consensus
view of the c ow breeders should be str iving 
to achieve.  

The l inear scores for thi s ideal are li sted on 
the left.    

This 3D vi ew can be rotated any way the 
user chooses, pl unk i n 
size using the computer ’s poi nting device 
(mouse or touchpad) to give an ideal 
perspective view of any part of the body or 
trait area. 

One frequen t questi on i s “Why i s the cow  
not bl ack a
development period it was found that areas 
of dark colour in particular tended to hide 
features of the cow.  Fl esh tones i n the 
udder ar ea f or exampl e, al so fail ed to gener
differences in full detail. The silver tone adopt
3D i mage when rotate d.  Thi s al so means th e V irtual Cow  can be mo re easi ly adapted to o ther 
preferences, and is not dependent on specific colour combinations or pattern of markings.  

The trait scores used to create this image can easily be adapted to suit any alternative consensus or to 
create the ideal conformation model for other breeds or groups. 

ate su fficient contrast betwe en shade an d l ight to reveal 
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Andrews et al. 

2.1.2 Individual scoring traits  

Switching to Individual Scoring Traits means the 
user can select any on the 16 key linear scoring 

ondition for 

of i

oving the slider up or down its linear scale adapts 

 see the 
effects of any change in the degree of the trait see 

he user relate any 
ait to the bull’s linear type profile, helping to 

visualise that score and see the impact of a breeding 

is by definition a dynamic action. This 
resents the problem of depicting the movement 
dequately for viewers to understand each score. 

elect 
any score and play, pause or repeat the video. 

menting the written description of the 
scores.  

g to a long 
term reduction in lameness. 

traits, plus Locomotion and Body C
individual focus.  

Choosing any one trait moves to a high-resolution 
view of that area of the cow’s anatomy. 

 

  

 

Each trait is described in detail with an explanation 
ts own linear scores. 

M
the feature immediately to the morphology 
appropriate to the score. The user can

what impact this has on the cow. 

 

Direct links to a bull’s Fact Sheet, showing linear 
scores in graphical format, allow t
tr

decision on the structure of the animal. So aiding 
bull selection and ultimately, breed improvement 
across the national dairy herd.  

 

 

 

 

Locomotion 
p
a

The Virtual Cow overcomes this by embedding 
video clips of real cows into the model.  

There is a separate, 30-second sequence, for each 
locomotion score from 1 to 9 (with the median 
scores 5 & 6 combined). The viewer can s

Each video is complete with its own audio 
commentary explaining the features of the cow’s 
gait and why she achieves that score. 
Comple

This helps improve the understanding and 
importance of locomotion scores, leadin
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The Virtual Cow – A World 1st from Holstein-UK 

Body Condition Score is illustrated to a series of 
 Three 
re of 

rbed more easily. 

3D animations, each similar to the Ideal Cow.
scores are available, at the extremes and cent
the 1-9 scoring range. 

As the cow rotates to view all areas of her 
conformation at the chosen score, the animation 
can be paused or re-started, so the impact of the 
score value can be abso

 

 

 

 

 

 

2.2 Further developments 

Feedback from early users is already leading to a series of valuable suggestions for the further 
enhancement of the Virtual Cow’s functionality.   

tore the model showing all the linear scores for a 
articular bull the breeder is considering? 

. 

 

Items such as the ability to build a user’s own view 
of an Ideal Cow have been requested, or perhaps 
s
p

Plans are already underway to incorporate recent 
results from the CDI on the effect that any trait 
score has on the typical herd life achieved by 
animals who were first classified as heifers

 

3.0 Benefits summary 
Existing and Potential Users include a number of UK agricultural colleges and universities, individual 
breeders and students, breeding advisors, breed associations, AI companies and Milk Records 

value. 

 

those traits which need to be 

The a  
the n  
The Virtua tution to lead a long, 
com rt  

Organisations. 

Several key benefits of the Virtual Cow have been mentioned already. In summary these include: 
  Can be used in a wide variety of locations from classroom and lecture theatre to home and office.  

(With a laptop even car, cowshed or field?) 
  Removes the need for a large number of live cows to be assembled to illustrate each score 
  Enables numeric scores to be visualised interactively. 
 Promotes better understanding of linear scores and classification. 

  Breeders can assess a bull by viewing the likely impact of each trait on his daughters. 
  Changes in trait scores are easy to follow. 
  Promotes breed improvement through enhanced understanding of 

carried forward. 
fferent breeds.   Adapts to all preferences and can cater for di

 sh pe and conformation of the dairy cow has changed dramatically over the last 100 years, thanks to
co certed efforts of breeders, associations, societies, advisors and breeding organisations of all types.

l Cow can help to ensure that the dairy animal of the future has the consti
fo able, and trouble free productive life in any herd or situation.
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Report of Animal Identification Sub-Committee 

 
Chair In transition from Ole Klejs Hansen to Kaivo Ilves 
Members 1. Kaivo Ilves, Estonian Animal Recording Centre, Estonia 

Joined 2010, Chair 2010; Confirmation 2014 
kaivo.ilves@ikkeskus.ee 

2. Erik Rehben, France 
Genetique Elevage, France 
Joined 2010 Confirmation due 2014 
Erik.Rehben@inst-elevage.asso.fra 

3. Ken Evers, Department of Primary Industries, Australia 
Joined 2009 Confirmation due 2013 
ken. Evers@nre.vic.gov.au 

4. Jay Mattison, National Dairy Herd Improvement Association, USA 
Joined 2004, Confirmed due 2012 
imattison@requestltd.com 

5. Henry Richardson, The Centre for Dairy Information, United Kingdom
Joined: 2002, Confirmation due 2010 
henryrichardson@thecdi.co.uk 

6. Folkert Onken, Arbeitsgemeinschaft Deutscher Rinderzuchter, 
Germany 
Joined 2007 Confirmation due 2011 
folkert.onken@adt.de 

7. Ole Klejs Hansen, Danish Cattle Federation, Denmark, 
Joined 1994, Chair 2006, Resigning 2010 
okh@landscentret.dk 

Members left Louise Marguin, louise.marguin@inst-elevage.asso.fr 
Meetings Last: 17. - 19. November 2009, Paris Next: ICAR Conference 2010, 

Riga 
Participation P articipants: 

Ole Klejs Hansen 
Jay Mattison 
Folkert Onken 
Henry Richardson 
Louise Marguin 

Absence: 
Ken Evers 

Key Agenda Issues At or after the SC meeting in Paris the following issues have come up: 
1. The ISO 24631-3 performance test of transponders has been much used 

probably for manufacturers to qualify themselves for the EU market for 
electronic tags to be used in sheep and goats. 
The original performance criteria, which were published as an ISO TWG 
document on the ICAR website, seems to have been used as intended 
by manufacturers and competent authorities. 

2. The chairman attended a meeting with the EU Commission early 
November to discuss a review of the EU documents to adapt to the 
situation now the ISO standard has been published. ISO and ICAR had 
the opinion that EU should for transponders make reference to the full 
ISO 24631, parts 1 and 3. This would close a gap for countries to 
approve products which might not be ICAR approved. However, this did 
not happen. EU in its decision still makes reference to the test 
procedures of the ISO tests but does not include demands for approval 
by the ISO Registration Authority (which is ICAR).  
The current situation is exactly as before the ISO standard when EU 
made reference to the test procedures of the ICAR test protocols. Also 
EU stepped up the approval criteria requiring a minimum activation field 
strength of maximum 1.2 A/m where the ISO TWG ha d suggested 
1.2 A/m with a latitude of 0.3, effectively setting the requirement at 
1.5 A/m. 

3. The field test of conventional plastic tags finally got started in USA in 
May 2010. 
The ICAR secretariat and the SC chairman have set up contracts with 
manufacturers and the ICAR member organisations performing the field 
tests. A contract has also been set up for the data centre to do the 

mailto:folkert.onken@adt.de
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calculation of the test results. This means that the rest of the first round 
of field tests should now be on the right track. 
The second round of testing should be starting as soon as possible and 
the delays seen in the first round should be avoided so that the full test 
procedure could be finished within about 24 months. This requires strict 
time limits for all parties involved in the testing. 
At the November 2009 SC Meeting we visited the CETIM test centre in 
Nantes, France, which has made the laboratory testing of plastic ear 
tags. The test centre indicated that they might propose some 
amendments in the testing and the SC invited such proposals. However 
we did not receive any proposals, even after asking again for proposals 
in due time before the upcoming SC meeting. 

4. The role of ICAR as Registration Authority of ISO for 11784/11785 
conforming devices is under discussion in the ISO groups. The 
subcommittee has presented a draft for a new administrative option 
where manufacturers can contract approved test centres themselves 
and where economic transactions regarding the testing itself are 
handled directly between manufacturer and test centre without 
Service-ICAR involvement.  
The proposal was well received in the ISO TWG and has been forwarded 
by ICAR to the ISO Central Secretariat in order that it can be part of the 
renegotiating of the ISO - ICAR agreement. The proposal ensures ICAR's 
ability to 

a. Check that the manufacturer asks, for the relevant test 
b. Securing the tested devices for ICAR collection  
c. Securing that ICAR is formed in case of any problems with 

tests and that ICAR has the right at any time to inspect the 
testing even if ICAR is not the contractor. 

In case the proposal is accepted the conditions for ICAR approval of test 
centres has to be amended also. Proposal for this has been prepared. 

5. A discussion about retesting of electronic ID devices has started in the 
IS0 groups. The main points are if all products must be periodically 
retested (e.g. every 5 years) or retesting should be made on indication 
of problems or maybe just randomly with at certain percentage of tags 
per year. ICAR agrees that retesting to some extend is needed but that 
the financing of retesting has to be agreed also. ICAR currently has no 
reserve funds that could be used for that purpose. 

6. A discussion about how to monitor that manufacturers keep required 
databases and how to follow up on alleged duplicate codes has started 
after cases found in the market. The manufacturers ask that the 
Registration Authority (ICAR) takes a more active role and that 
sanctions could be administered by ICAR. 

7. A wish that the ICAR website could provide links to databases with 
ID codes not only for farm animals but also for pets. 

8. 2009 was the busiest year ever for conformance testing. 
45 transponders were conformance tested during 2009. During the last 
four calendar years (2006-2009) ICAR conformance tested more than 
half of all the transponders tested during the 15 year period with 
conformance testing available. By mid May 2010 another 23 new 
transponders had been tested and approved. 
By the end of 2009 ICAR had conformance tested and approved 
243 transponders from 100 manufacturers. 
In 2009 performance tests had a very high priority for ISO -ICAR, for 
manufacturers and for competent authorities. During 2009 ICAR 
performance tested 26 products. By mid May 2010 another 15 
transponders had been performance tested, bringing the total number of 
performance tested transponders to 41.  

9. SC members visited in January 2010 the DLG Testzentrum, Gross 
Umstadt, Germany, to discuss ICAR approval of this centre. DLG has 
been preparing for approval over the last couple of years and were very 
active in seeking approval in late 2009. SC members found the test 
facilities valid for approval and first documents from the ISO certification 
and auditing were presented by DLG. The DLG centre is able to make 
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both the ISO 24631 tests and the ICAR laboratory tests on plastic ear 
tags. 
A draft contract was discussed at the January visit and DLG was invited 
to amendments if needed. By mid May we have not received the 
response expected, and so we have not yet been able to use the test 
centre. 

10. By the end of April 2010 all administrative work regarding test 
applications and approvals of devices was moved to the Service-ICAR 
Secretariat in Rome. The secretariat already had taken over the 
contracting and economic transactions, so by now all the administrative 
tasks are in the secretariat. The Secretariat is taking over also the 
contact with manufacturers asking technical questions and the task to 
follow up on cases when there is doubt if standards are not followed, 
duplicate numbers are found, etc etc. This takes a big workload from the 
SC Chair, who can then concentrate on policy matters. This new split of 
work makes it necessary that the secretariat is represented at the 
SC meetings and presents a report on activities (number of tests and 
activities regarding cases). 

Important Decisions  
Cooperation and links 
to other WG/TF/SC 

 

Issues to be handled 
b the Board & 
Deadlines 

1. Discuss with the ISO Central Secretariat about new administrative 
routines and the impact on the ICAR-ISO agreement. This should be 
done as soon as possible to avoid useless discussions for the SC chair 
attending meetings in ISO Working Group and Technical Working 
Group. 
Discuss with ISO Central Secretariat about copyright issues and 
ICAR's possibilities to make ISO standards available to ICAR members. 
It was OK to publish ICAR test procedures after the ICAR Conference 
in 2008 because at that time the ISO 24631 was not published as 
international standard. Now we are no longer using ICAR test 
protocols but ISO standards for testing of EID-devices. 

2. ISO has a very strict regime on copyright for ISO Documents whereby 
copies of ISO standards are only available for purchase,,- not for free. 
This means that ICAR needs consent from ISO before making ISO 
standards freely available 

Top 5 Issues for 
WG/TF/SC 

1. Implementing the new work structure of Sub-Committee chair and 
Secretariat  

2. Test of tissue sampling tags of test of conventional plastic tags 
3. Progress on the field test 
4. Retesting of previously approved EID devices  
5. Review of test protocol for laboratory test of plastic tags (including 

preliminary assessment to be made at test centres) 
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Report of Interbull Sub-Committee 

 
Chair Reinhard Reents 
Members 1. Reinhard Reents (Chairman) 

rreents@vit.de 
Vereinigte Informationssysteme Tierhaltung w.V. 
Heideweg 1, 27283 Verden / Aller, Germany  

2. Brian Van Doormaal   

vandoorm@cdn.ca 
Canadian Dairy Network 
150 Research Lane, Suite 307, Guelph, N1G4T2, Ontario, Canada 

3. Gert Pedersen Aamand   

GAP@landscentret.dk 
Nordisk Avelsvärdering 
Udkærsvej 15, Skejby,DK-8200 Århus N, Denmark  

4. Bevin Harris 

bevinharris@me.com 
Animal Evaluation Unit, Private Bag 3016, Hamilton, New Zealand  

5. Marjorie Faust 

MFaust@absglobal.com 
ABS Global, Inc. 
P.O. Box 459, 1525 River Rd., DeForest, WI 53532, USA 

6. Sophie Mattalia  

sophie.mattalia@jouy.inra.fr 
France Génétique Élevage INRA-SGQA 
Domaine de Vilvert, 78352 JOUY en JOSAS cedex, France  

7. Enrico Santus   

enrico.santus@anarb.it 
Assoc. nazionale allev. bovini razza Bruna   
Loc. Ferlina, 204, 37012 Bussolengo (Verona), Italy  

8. Hans Wilmink   

Wilmink.H@cr-delta.nl 
NRS   
PO Box 454, 6800 AL Arnhem, The Netherlands 

9. Juraj Candrák 

Slovak University of Agriculture in Nitra 
Juraj.candrak@uniag.sk 
956 13 Korniarovce 153, Slovak Republic 

10. Jan Philipsson (Secretary) 
Jan.philipsson@hgen.slu.se 
SLU – Department of Animal Breeding and Genetics 
SE-750 07 Uppsala, Sweden 

Members left Paul Van Raden (USA), Bill Montgomerie (NZL) 
Meetings Last:Riga, Latvia, May 31-June4, 

2010 
 

Next:Guelph,Canada,February27-
March 2, 2011 
 

Participation Full +: all members attended  
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Key Agenda Issues 1. Interbull Centre report  
2. Nomination of new Steering Committee members  
3. Discussion with North American Consortium 
4. Interbull strategic plan  
5. Interbull Scientific Advisory Committee report 
6. Nomination of a new SACmember 
7. Future fee structure including new services 
8. Interbull Technical Committee report  
9. Developments on genomic analyses 
10. Future events  
11. Patents 

Important Decisions 1. The strategic plan for future activities was discussed to give 
priority to the urgent developments in the area of international 
genomic evaluations.  

2. It was decided to revise the fee structure for the Interbull services 
to accommodate also for inclusion of genomic information in future 
international genetic evaluations. 

3. A joint session of ICAR and Interbull on genomics applied in 
livestock showed that genomic information is rapidly introduced 
into systems used for selection in dairy cattle.  

4. Chairman Reinhard Reents had asked A. Eggen from Illumina to 
inform about latest developments in SNP chip technology. Paul van 
Raden, USA, reported about the implications of using chips with 
different marker densities for genomic evaluation and Theo 
Meuwissen, Norway, reported about the impact of using genomic 
information on genetic gain and inbreeding for breeding programs. 
Interbull Centre Director João Dürr summarised the ongoing 
genomic developments within Interbull. 

5. Implementation of genomic information in the Interbull portfolio 
got a large attention. As a first step, the Interbull Centre will offer 
a test for validation of protein yield effective August 9, 2010. Two 
research runs on a validation procedure have been conducted in 
early 2010 and the necessary refinements are incorporated in a 
final version that will be distributed from Interbull to national 
genetic evaluation centres on June 14. Results can then be sent 
back until July 5 and will be analysed by Interbull until August 9, 
2010. The genomic evaluation systems that pass the test will then 
be displayed on the ICAR webpage in order to fulfil the 
requirements of the EC regulation 427/2006 for wide use of semen 
also from young sires. 

6. Validation of all other traits of the Interbull portfolio will be added 
for a research later in the year 2010 for a review of the technical 
bodies and the Interbull steering committee in early  2011. It is 
intended to offer a validation test for all traits in the future and the 
results will then be made public for general information. 
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7. The research runs for GMACE (MACE including genomic 
information) showed larger challenges than expected. It was 
therefore decided to first proceed with a simplified version of 
GMACE and test its properties, until the technical issues with the 
full GMACE system are solved.  

8. The research and development work on genomics at the Interbull 
Centre has been facilitated by support from EU and in collaboration 
with scientists of a number of countries. New methods are tested 
in a collaborative project involving Brown Swiss breed data from 
seven countries around the world. 

9. It was also agreed that Interbull facilitates the exchange of 
genotyping information via a list of bulls, that displays in which 
location data on a given bull is stored. Through this list, bilateral 
exchange of DNA data is facilitated in order to avoid multiple 
genotyping of the same bull.  

10. In conjunction with these development an urgent need for 
standardisation of genotypic data formats was identified and 
Interbull / ICAR will work on standardised protocols in agreement 
with the providers of genotyping systems. 

11. At the meeting results of a pilot project on international 
evaluations of beef cattle, Interbeef, were discussed. This project 
has primarily been sponsored by organizations in Ireland, France, 
UK and the Nordic countries and is driven by the beef working 
group of ICAR. A business plan for the future research and possible 
services is under development. 

12. Due to the rapid developments in genomic evaluation and the 
applications in practical breeding programs the next meeting of 
Interbull will be organized as a workshop end of February 2011 in 
Guelph, Ontario, Canada. 

Cooperation and 
links to other 
WG/TF/SC 

Interbull Centre has been asked to provide the pertinent documentation 
whenever there is a ICAR member requesting the certificate of quality in 
genetic evaluation. The interaction has been smooth. 

Issues to be 
handled by the 
Board & Deadline 

1. Nomination of new Interbull Steering Committee members 

Top 5 Issues 
for WG/TF/SC  

1. Improve international genetic evaluations of cattle (MACE) 
2. Develop national and international methods for genomic evaluation 

of cattle 
3. Improve communication with members and final beneficiaries 
4. Provide harmonization, monitoring and quality assurance 
5. Provide services that are accurate, independent, timely, 

transparent, unbiased and cost effective 
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Report of the Milk Analysis Sub-Committee 

 
Introduction 
 
The terms  o f reference f or the sub committee i nclude every aspect r elated to mi lk anal ysis. Thi s covers 
analytical methods, devi ces and syst ems for appli cation to t he every ani mal speci es of i nterest to ICA R 
whatever the location analyses are performed.  
 
At the date of the present report the sub-committee is composed of 11 members: 
 

1. Christian Baumgartner (Germany) 
2. Egil Brenne (Norway) 
3. Roberto Castañeda (Argentina) 
4. Jan Floor (South Africa) 
5. Marina Gips (Israel) 
6. Olivier Leray (France), Chair 
7. Silvia Orlandini (Italy) 
8. George Psathas (Cyprus) 
9. John Rhoads (United States) 
10. Gavin Scott (New Zealand) 
11. Harrie Van den Bijgaart (The Netherlands) 

 
From the last ICAR session the foreseen extension of the membership to the African area was concretised with 
Jan Floor’s nomination (manager of LactoLab, ZA) as a new member. Further membership extensions to Asia 
is still underconsideration to enlarge worldwide representation in MA SC.  
The activities were carried out thanks t o email communication and regular meetings either of the whol e sub-
committee or of part of it (project groups) as follows:  
 
Milk Analysis Sub-Commiittee: 

1. Niagara Falls (USA), 17 June 2008, 36th Biennial ICAR Session 
2. Sochi (Russia) , 17 May 2009, IDF/ISO Analytical Week 2009 
3. Montreal (Canada), 16 May 2010 ,IDF/ISO Analytical Week 2010 
4. Riga (Latvia), 2 June 2010, 37th Biennial ICAR Session 

 
Joint IDF-ICAR project on Reference system on SCC:  

1. Paris (FR):  9 April 2009  
2. Sochi (RU) :   22 May 2009 
3. Berlin (DE) :   22 September 2009 (IDF World Dairy Summit: communication and poster) 
4. Montreal (CA) :  18 May 2010 

 
Meetings on On-farm Milk Analysis: 

1. Niagara Falls (USA), 17 June 2008 (Working Party on OMA) 
2. Paris (FR), 21 April 2009 
3. Riga (LV), 1 June 2010 

 
ICAR promotion: (Chair and ICAR General Secretary) 

1. Moscow (RU), 18 March 2010: Russian Dairy Union,. 
2. Moscow (RU), 18 March 2010: Russian Federation of Milk Producers (Soyuz Moloko) 
3. Moscow (RU), 19 March 2010: Laboratory of All-Union Dairy Research & Design Institute 

 
 
Working programme and current activities 
 
The status of current activities and progress are reported in the minutes of MA SC meeting in Sochi (RU) 2009 
and Montreal (CA) 2010. 

 
Key issues - Milk Analysis on-farm 
 
An horizontal working group cal led Working Party on On -farm Milk Analysis (OMA WP) worked out guidelines 
suitable for milk analysers installed on-farm from 2007 till 2010.  
A draft gui delines document was presente d and di scussed in N iagara Fall s 2008.  It was upgrad ed a nd 
completed ti ll the end 2009.  Between  2008 and 2 009 two meetings were hel d to consider the com ments 
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received fro m the manu facturers. Th e document  was propos ed for scruti ny to ICAR member or ganisation 
before their approval in the General Assembly of 4 June 2010 in Riga.  
 
 
Key issues - Milk analyser approval by ICAR 
 
Launching of the process was made in July 2006.  
Since 2003 a new international standard, ISO 8196-3 | IDF 128-3, based on the ICAR evaluation protocol has 
been prepared by IDF/ISO from the ICAR protocol and was published in end 2009. In 2010 MA SC hold it and 
approved the replacement of the former ICA R protocol of 2002 by that new i nternational standard. Besides, 
specific adaptations have been agreed upon for manual instruments that may serve as master instrument for 
calibration and for i nstrument deriving closely from a former approved i nstrument of the same manufacturer.  
This will be stated in an updated approval procedure (under preparation). 
 
 
Key issues - International reference systems 
 
The ICAR anal ytical quality assurance system i nvolving the ICAR Referenc e Laboratory  Network ha s shown 
evidence fo r a  s trong potential in t he h armonisation o f a nalytical r esults t hrough in ternational r eference 
materials. Such an ap proach i s bei ng thought  th rough and  d eveloped j ointly by ICA R and ID F i n an ID F 
project on somatic cel l counting. Five experts of MA SC participate tightly in the proj ect as project leaders. 
The aim will be to provide reference materials for SCC internationally recognised and used for both regulatory 
and pri vate purpose s i n a sustai nable way.  Launc hing of the project was made i n 2009 and an ID F-ICAR 
Project Grou p was creat ed. S ince then four meeti ngs were he ld. A  communi cation p lan i s bei ng run wi th 
already a newsl etter regul ar c irculated, communi cation in ever y possi ble e vent (e.g. Worl d Da iry Summit 
2009, ICA R S ession 2010) whereas t echnical devel opment are carri ed out wi th si gnificant i nputs from the  
outcomes of ICAR Reference Laboratory Network meeting of Niagara Falls 2008. 
 
 
Key issues - Annual international proficiency testing programme : 
 
It was renewed i n 2009 and 2010 for cow mil k wi th no change and re newal for 2011 was appr oved i n 
Montreal. The conventi on between S ervice-ICAR and the organ iser (Actilait/Cecalait, France) wi ll be updated 
and the n ew proposal s for 2011 di spatched wi th the usual  annual  i nformation/announcement l etter i n 
December.  
Proficiency s tudies i n sheep and goat mil k anal ysis are still  not propose d i n 2008 b ut the possi bility is 
maintained if sufficient number of laboratories expressed such a need for 2011.  
An update of the l aboratory network s ituation and proficiency s tudy acti vities was made i n R iga during the 
meeting of ICAR Reference Laborat ory Network and are reported i n t he proc eedings. A  de crease i n 
participation occurred i n 2009  and th e need  was stressed to promote the se tri als and thei r technical  and  
political i nterest fo r t he in ternational milk r ecording d ata eq uivalence r ecognition. A r eview o f a nalytical 
performances and overal l preci sion measured wi thin the network through ICAR tri als showed continuous 
improvement along time and compliance with standard pr ecision figures thus bringing proof of the effi ciency 
of the system and work done. 
 
 
Key issues - Education and training 
 
This is sue i s o f ma jor imp ortance i n a nalytical h armonisation. T oday it  is  d eveloped ma inly t hrough 
communication i n dedi cated workshops as for i nstance the r egular meeti ngs of ICA R Reference Laboratory 
Network during biennial ICAR sessions. 
Basically, the international level cannot provide education and training directly to testing laboratories in ICAR 
countries for evi dent rea son of workload and l anguage, what  necessi tates rel ays. S o the pri nciple lies i n 
education and trai ning actions to be made through l ab network members. The international level, ICAR MA 
SC, s hould promote r egular r ealisation o f n ational/local a ction, g uidance fo r e ssential items, s tandard 
documents or tools. A harmonised training programme could be drafted. 
The possibility to d evelop vi deo cl ips as su pports to anal ytical method standards k eeps b eing under 
consideration by both ICAR MA SC and IDF.  
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Information to ICAR and ICAR members 
 
Regular i nformation i s gi ven by e-mail through the annual  l etter on referen ce l aboratory network act ivities 
and the updates of th e l ist of networ k members, through the website of I CAR where r eport, survey results, 
protocol, procedures, etc are posted, and thanks to  open meetings of MA SC and ICAR Reference Laboratory 
Network held during international events such as ICAR sessions and IDF/ISO analytical weeks. As an example, 
the la st laboratory wo rkshop h eld in  Riga wa s m ade t o p romote t he in ternational r eference s ystems a nd 
inform on new analytical developments of interest for milk recording and farmers.  
Presentations and findings will be all reported and posted on the website of ICAR. 
Development of tools to improve the access to information is underway (on-line questionnaire on laboratory 
situation) or under consideration (ICAR laboratory data base in milk recording). 
 
 
Co-operation and links to other WG/TF/SC  
 
MA SC is connected to other expert groups of ICAR but also technical bodies or working groups of IDF-ISO for 
joint actions: 

1. Working Party on On-farm Milk Analysis (WP OMA) and RD SC 
2. Regular acti vity through participation as experts i n IDF/ISO proj ect groups ( e.g. WDS Be rlin 2009, 

IDF-ISO analytical week) 
3. Liaison to IDF Method Standard Steering Group  
4. ICAR contribution in IDF/ISO symposium in Sochi (RU) in 2009 and Montreal (CA) in 2010 
5. Joint IDF/ICAR new work item on an international reference system for somatic cell counting (SCC RS) 

launched and presented during the World Dairy Summit in Berlin on 23/09/2009.  
 
 
Key points to address 
 

1- As worldwide recognition is a general issue, it is expected that every ICAR dairy organisation has an 
expert laboratory nominated as member of ICAR Reference Laboratory Network and that every 
network member can participate in ICAR PT schemes. Entering in the system is indeed a individual 
voluntary demarche from which each member organisation can then get much benefit in return 
together with ICAR community. In a global worldwide economy the international anchorage so 
provided is an additional assurance for compliance and recognition of analytical equivalence 
worldwide. 

2- For the evaluation and approval of new milk analysers by member organisations it must be taken care 
that the ICAR protocol should be used as a minimum requirement since it is a piece of ICAR 
guidelines. Indeed the protocol makes evaluations comparable worldwide, everywhere, every time, 
with same degrees of confidence in the outcomes which is the only condition that ICAR could grant an 
international approval. 

3- Provision of knowledge and service development. The development of international reference system 
requires to acquire further knowledge on the precision of methods of milk analysis used within ICAR. 
FTMIR has brought larger variety of possible compounds to be measured and potentially significant 
improvement for classical compounds like fat and protein. Fat and protein fine compositions were 
sources of discrepancy in precision and accuracy for milk analysers with limited filter numbers. Large 
spectrum analysis brought good promises to optimise centralised calibration. Till now this have still 
not been evaluated at the international level. An experiment to evaluate worldwide regional effect on 
MIR calibration within ICAR is foreseen for 2011-2012, which would require a financial support. 

 
 
Next meetings 
The next meetings will be organised during the next IDF and ICAR international events as follows 

1. Lyon (FR), 23-27 May 2011, IDF/ISO Analytical Week 2011 
2. Bourg-en-Bresse (FR), 20-24 June 2011, ICAR Technical Session 
3. Parma (IT), 15-19 October 2011, IDF World Dairy Summit 

 
 
Conclusion 
 
MA SC is in expansion for worldwide representativeness (regions, sectors), carry on its regular activities (work 
programme), consol idate exi sting ICAR AQA system and br oaden i ts re cognition, strengthen IDF/ICAR 
collaboration fo r c ommon in terests, b roaden fo cus onto milk a nalysis out o ff la boratories (with o ther ICAR 
technical bodies), aim to develop adequate tools and future services for laboratories 
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Four Yearly Programme of Sub-Committee on Milk Analysis (MA SC) 2007-2010 
 

Work item 1 2 3 4 5 6 7 8 9 10 11 
Theme Analyt ical QA  

(toolbox) 
Analytical QA  

(toolbox) 
Analytical QA  

(toolbox) 
Analytical QA  

(toolbox) 
Analytical QA  

(toolbox) 
Laboratory 
network & 

harmonisation 

Laboratory 
network & 

harmonisation 

Laboratory 
network & 

harmonisation 

Laboratory 
network & 

harmonisation 

Laboratory 
network & 

harmonisation 

International 
co-ordination 
& consistence 

Title Gu idelines on 
organising 
proficiency 

study 

Guidelines on 
organising  
centralised 
calibration 

Guidelines on 
on-farm 

analytical 
devices 

Reference 
materials 
 Reference 
systems 

ICAR approval 
of new milk 
analysers 

On-line 
questionnaire 
on laboratory 

situation 
within ICAR 

Website data 
base on 

laboratories of 
ICAR countries

International 
proficiency 

studies 

Reference 
Laboratory 
Network 
meeting 

Education & 
training on 
analytical 
matters 

Liaison to 
other 

(international) 
groups of 
experts 

Experts 
 

O Leray       
G Psathas    
S Orlandini 

C 
Baumgartner 

O Leray       
S Orlandini 

C 
Baumgartner 
H v d Bijgaart   

M Gips        
O Leray       
E Brenne 

C 
Baumgartner 
H v d Bijgaart   

O Leray       
S Orlandini 

3 examiners 
 + All 

G Psathas     
G Scott   

+ ICAR HO 

O Leray       
G Psathas 
+ ICAR HO 

O Leray 
S Orlandini 

All C 
Baumgartner 
S Orlandini 
+ ICAR HO 

H v d Bijgaart 
O Leray 

Objectives ICAR 
guidelines and 
IDF/ISO IS 

ICAR 
guidelines and 
IDF/ISO IS 

ICAR 
guidelines 

To be 
considered 

Eval. report 
examination / 
advising ICAR 

Two-yearly 
information 

Regular 
updated 
information 

Evaluation 
services 

Two-yearly 
information 

Improving 
laboratory 
testing 
performances 

Information 
and feed-back 
/ Horizontal 
work 

2007 - Introduction 
- Outlines 

- Introduction 
- Outlines 

- Introduction 
- Outlines 

Consideration 
for interest : 
- Provision of 
information 
- Guidelines 
on RM 
Qualification 
- Qualifying 
RMs  

On-going 
process 

  Annual 
Programme 

Programming Elaboration of 
supports for 
teaching/traini
ng(movies on 
methods)  

Setting up of a 
horizontal 
ICAR working 
party on on-
farm testing 
(composition, 
work 
programme, 
meeting) 
Liaison 
persons with 
IDF MCM & 
QASADS SC 

2008 Working draft Working draft Working draft SCC reference 
system 

On-going 
process 

Definition of 
content, 

structure, 
reporting 

Content & 
design 
definition 
IDF completed 
ICAR   

Annual 
Programme 

Organising On-going 
process  
Video clip 
project 

OMA WP 
meeting 
MSSG/ICAR 
SCC reference 
system 

2009 Del ayed 
(ref system) 

Delayed 
(ref system) 

- Reviewed 
draft 
- MO draft 

SCC reference 
system  

On-going 
process 

Implementatio
n delayed 

delayed Annual 
Programme 

Programming On-going 
process  
Video clip 
project 

OMA WP 
meeting 
MSSG/ICAR 
SCC reference 
system 

2010 Del ayed 
(ref system) 

Delayed 
(ref system) 

Final draft: 
- G.A. 
approval 
- Inclusion in 
ICAR 
guidelines 

SCC reference 
system 

 

On-going 
process 
Process 
update 
Protocol 
update 

Implementatio
n delayed 

delayed Annual 
Programme 

Organising On-going 
process  
Video clip 
project 

OMA WP work 
(MASC & 
RDSC) 
MSSG/ICAR 
SCC reference 
system 
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Report of Recording Devices Sub-Committee 

 
Chair Uffe Lauritsen  ufl@landscentret.dk 
Members 

1. Mark Adam (USA) adamm@northstarcooperative.com  

2. Martin Burke (Ireland) mburke@icbf.com  

3. Allain Clement (France) Allain.Clement@inst-elevage.asso.fr  

4. Andrew Fear (New Zealand) afear@liv.co.nz  

5. Manfed Hammel (Germany) dr.hammel@lkvbb.de  

6. Pascal Savary, pascal.savary@art.admin.ch  

7. Vladimir Tancin (Slovak Republic) tancin@scpv.sk 

Members left  
Meetings  Last:  16-17.02 2010 

 
Next: June 01 2010 
 

Participation Full + TC directors and P. 
Huijsmans and G.van Logtenstinj, 
The Netherlands 

Absence:   
 

Key Agenda Issues Guideline  revisions for 2010 (buffalo and SR); draft new protocols for 
testing of in-line analysers, device approvals and devices in test; 
improvements in SC presentation on web; coding of multi-species meters’ 
SW; relations SC and ISO, on-farm test day procedures 

Important Decisions 1. Revision of Guideline Section 11 circulated for member comments 
and for presentation to ICAR GA for endorsement in Riga. 

2. SC decided to hold a WS in Riga open to manufacturers to discuss 
"Milk recording systems and services in the 21st century" 

Cooperation and 
links to other 
WG/TF/SC 

Close collaboration with SC for Milk Analysis in finalization of new  
protocols for testing of in-line analysers. 

Issues to be 
handled by the 
Board & Deadline 

Routine endorsement of meter approvals: MDS Saccomatic IDC 3 (done) 

Top 5 Issues  
for SC  

1. In-line analyser pre-test with Afilab system;  
2. System testing   
3. ICAR - MF agreement on sampling in automatic milking systems  
4. Carry-over in sampling  
5. Review of guidelines link to ISO and IDF 

 
 



mailto:gabriel.blanco@conafe.es
mailto:gabriel.blanco@conafe.es
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Report of the Animal Fibre Working Group 

 
Chair Marco Antonini 
Members 1. Marco ANTONINI (Italy) ENEA / University of Camerino - 2007 - 

marco.antonini@enea.it  
2. LOU Yujie (China) Jilin Agricultural University – 2007 - 

louyujie2003@yahoo.com.cn  
3. Claudio TONIN (Italy) CNR Italian National Research Council – 

2007 - c.tonin@bi.ismac.cnr.it  
4. Hugh GALBRAITH (United Kingdom) University of Aberdeen – 

2007 - h.galbraith@abdn.ac.uk  
5. Oscar TORO (Peru) Ong DESCO – 2007 otoro@descosur.org.pe 

(cpachecomg@gmail.com )  
6. Eduardo FRANK (Argentina) Catholic University of Cordoba – 2007 

- frank@uccor.edu.ar  
7. Moises ASPARIN (Peru) Michell Group – 2008 - 

masparrint@hotmail.com / mallkini@michell.com.pe  
8. Malcolm FLEET (Australia) SARDI Research Scientist (Wool) – 

2007 - Fleet.Malcolm@saugov.sa.gov.au  
9. Fabrizio CASTAGNETTI (Italy) Ermenegildo Zegna Group – 2008 - 

Fabrizio.Castagnetti@zegna.com  
10. David Barboza (USA) Alpaca Owners and Breeders Association 

(AOBA) – 2009 - Ranchonc@hughes.net 
11. Ian Davison Australian Alpaca Association Ltd. – 2010 - 

ian@illawarraalpacas.com  
Members left Malcolm FLEET (Australia)- SARDI Research Scientist (Wool) – 2007 

(Changed company)  
Meetings  Last:  Next:  
Participation Full +:  Absence: Mone 
Important Decisions 1. ICAR Animal Fibre Working Group in Riga has been deleted 

because it was decided that it was much more useful to meet in a 
meeting more visited by Animal fibre experts. It was decided so to 
disseminate the ICAR activities to those who, although might be 
interested, are not really aware of ICAR. For Riga we received 4 
papers on Alpaca and one on Chinese Cashmere. 

2. For Riga we received 4 papers on Alpaca and one on Chinese 
Cashmere even if in the same time of Icar Riga Event the 
International Alpaca Congress will be held in Madrid from 4th to 
6th of June 2010 

Cooperation and 
links to other 
WG/TF/SC 

 

Issues to be 
handled by the 
Board & Deadline 

Agree with the Icar Board, we decided to move cancel the session in Riga 
to the III SiMPOSIUM  INTERNACIONAL  DE INVESTIGACIONES SOBRE 
CAMELIDOS SUDAMÉRICANOS   
(http://simposiumcamelidos.wordpress.com/ ) to be held in Arequipa 8 – 
10 September 2010.  

Top 5 Issues  
for WG/TF/SC  

In Arequipa will be discussed all the main parameter to define objectivly 
the Alpaca Huacaya and Suri differences in animal characteristices and in 
fibre production. 

 
 





 

Page 317 

Report of the Animal Data Recording Working Group 

 
Chair Erik Rehben 
Members Suzanne Harding – Holstein UK – UK – 2007 
Members left Dick Koorn – NRS – The Netherlands – 2010 (Change of position) 

Norbert Wirtz – VIT – Germany – 2009 (Change of position) 
Meetings  Last: Porec May 2009 Next: not yet planned 
Participation Full  Absence: none 
Key Agenda Issues The following items are the major results of the task force whose terms 

of reference are very wide. 
The activity of the task force was focused on a strategic approach of the 
standardisation of animal data including a beginning of implementation 
of this strategy. 
Animal data recording is in relation with increasing challenges and more 
and more complexity mainly due to technological innovation: captor, 
RFID… Beside classical issues of data exchange between breeding 
organisations, data standardisation should now be considered as a global 
issue from the animal to the data base of breeding organisations. Beside 
classical pedigrees, records and breeding values, many non conventional 
data should be considered: health data, data from captors, new 
technologies for milk analysis… 
The driving ideas of this strategic approach are: 

1. The mission of ICAR with regard of data standardisation is to act 
in order to create conditions which allow its members to provide 
the farmers with efficient and relevant services. Not necessarily 
to establish standards which is only one of the possible means to 
reach this objective.  

2. Needs for data standardisation are increasing, too much bodies 
are in charge of data standardisation with poor results and a 
waste of time for the limited number of experts who could 
contribute in this activity 

3. A better coordination between the key players, ICAR, ISO, 
Interbull Center, World Holstein Federation is a pre requisite to 
any efficient animal data standardisation. 

4. International Animal Data standardisation is the final stage of a 
process, not the starting point. 

5. The process for international data standardisation should start 
with limited projects involving only the stakeholders who have 
an interest in the project and who will invest in the 
implementation of the standards. The sponsors of these projects 
could commit with ICAR to produce their standards in order to 
meet some requirements, for instance ISO-ADED compatible, 
make the results available for an international body, ICAR, ISO 
and ICAR or ISO… and communicate through ICAR web site. 

Important Decisions 1. Changes in the ICAR web site are planned in june 2010 for: 
2. Periodical survey about the state of art for animal data exchange 

among ICAR members. 
3. Interoperability of codification for breeds and coat colours. 
4. Meeting with CEN / UNCEFACT in Brussels in September 2009. 
5. Meeting in March 2010 with the World Holstein Frisean 

Federation. 
6. Strategy implementation: 
7. Cooperation with World Holstein Frisean Federation according to 

the draft for discussion from Suzanne Harding. 
8. In collaboration with animal recording devices an initiative for a 

project with a limited number of manufacturers of milking 
equipment. 

9. In collaboration with EFFAB an initiative for animal Health Data 
Management. 

10. Proposal from the EU / AgriXchange project led by the University 
of Wageningen (NL) for ICAR to become member of the advisory 
committee. The objective of this project is to establish a network 
about data exchange in agriculture and to provide the payers 
with a frame work relevant for these problems. 
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Issues to be 
handled by the 
Board & Deadline 

11. Recording devices Sub Committee. 
12. To be established with the Interbull Center.  
13. Endorse the strategy of the task force. 
14. Endorse the proposal to transform the task force in a network 

with a large number of people and with non ICAR participants 
such as WHHF, ISO or UNCEFACT as a result of this strategy. 

15. Endorse the common WHFF initiative as a beginning of 
implementation of this strategy. 

16. Endorse the initiative for a common project with a limited 
number of milk equipment manufacturers and ICAR members 
(Danish Catlle Federation and France Genétique Elevage at the 
moment) 

17. Endorse the ICAR participation in the AgriXchange project in the 
advisory committee and appoint a representative in oder to 
increase the size . 

Top 5 Issues  
for WG/TF/SC  

1. ICAR strategy for animal data records in order to meet its 
member requirements. 

2. Coordination of international animal standards players. 
3. Through the web site share information with its members about 

the state of art and the current initiatives in regards with animal 
data standardisation. 

4. Through the website provide ICAR members with material for 
international data communication. 

 
 

mailto:jennie.pryce@dpi.vic.gov.au
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Report of Artificial Insemination and Relevant technologies Working Group 

 
WG/TF/SC name Artificial Insemination and Relevant technologies 
Chair Laurent Journaux, UNCEIA, France, 2008, Laurent.journaux@unceia.fr 
Members 
 

1. Dario Passeti, ANAFI, Italy, 2008 
dariopas@tin.it 

2. Ulrich Witschi, Swissgenetics, Swizerland 
uwi@swissgenetics.ch 

3. Gerben De Jong, CR Delta, The Netherlands 
jong.g@cr-delta.n 

4. Gordon Doak, NAAB, USA 
gdoak@naab-css.org 

5. Ulrich Janowitz, RUWEG, Germany 
ujanowitz@ruweg.de  

6. Jan-Ake Erikson, Svenskmjolk, Sweden 
jan-ake.eriksson@svenskmjolk.se 

Members left  
Meetings  Last: Niagara Falls, 17th of June 

2008 
Next: (dates and location here) 

Participation Mr. Laurent Journaux UNCEIA 
(Chairman) 
 
Gordon Doak 
Jan-Ake Eriksson 
Ulrich Janowitz 
U.Witschi 
G.De Jong 
 
Invited : Alain Malafosse UNCEIA 

Absence: 

Key Agenda Issues 1. Semen traceability developments in bar-code: proposal of the AI vets 
group 

2. Other development in straw labelling and /or automatic reading 
systems (chips...) 

3. Organisation of a technical session on AI matters during the ICAR 
congress in Niagara Falls 

Important Decisions 1.  Adoption of recommendation for bar code 
Cooperation and 
links to other 
WG/TF/SC 

   

Issues to be handled 
by the Board & 
Deadline 

1. Continue it’s activities 
2. Reflexion about sexed semen (identification, tracability) 

Top 5 Issues  
for WG/TF/SC  

1. Develop necessary tools (SCC registration) for use of international bar-
code in accordance with ICAR recommendation 

2. To keep watch new development in straw labelling and / or automatic 
reading systems 

3. To update existing recommendation 
 

 





 

Page 321 

Report of Interbeef Working Group 

 
Chair  Brian Wickham, Ireland 
Members Working Group: 

1. Interbull Centre - Joao Durr (Joao.DurrLhgen.slu.se) 
2. Beef Working Group - Clara Diaz (cdiazginia.es) 
3. France - Laurent Griffon (Laurent.Griffonginst-elevaee.asso.fr) 
4. UK - Mike Coffey (mike.coffeygsac.ac.uk) 
5. Nordic Countries - Anders Fogh (ADF@landscentret.dk) 
6. Ireland-Brian Wickham bwickham@icbfcom 

Scientific Advisory Committee: 
1. Roel Veerkamp - Wageningen (Roel.Veerkamp@wur.nl) 
2. Dorian Garrick - Iowa State University (dorian@iastate.edu) 

Research Team 
1. INRA - Eric Venot (eric.venotgjot@inra.fr), Denis Laloe 

(laloe@dga2.jouy.inra.fr ga2.jouy.inra.fr 
2. ICBF - Thierry Pabiou (tpabiou @icbfcom), Andrew Cromie 

(acromie@icbf.com) 
3. Interbull Centre - Flavio Forabosco (Flavio.Forabosco @hgen.slu.se) 

New Members from merging with ICAR Beef WG: 
1. Australia - Hans Graser (hgraser@une.edu.au) 
2. Italy - Mauro Fioretti (fioretti.m@aia.it) 
3. Germany -Friedrich Reinhardt (friedrich.reinhardt@vit.de) 
4. Austria –Birgit-Furst-Waltl (birgit.fuerst-waltl@boku.ac.at) 
5. South Africa -Japie Van der Westhuizen (japie@arc.agric.za) 
6. USA - Darrh Bullock(dbullock@uky.edu) 

Members left Isabelle Boulesteix, France 
Meetings Last: January in Telford, UK- 

Monda 25`" January, 2010. 
Next: June in Riga, Latvia-Tuesday 1st 
June 2010 

Participation Full +: All members participating.  
Key Agenda Issues 
(as contained in 
Interbeef Strategic 
Plan developed 
during meetings in 
Barcelona) 

1. Extend time period & review Governance - see draft report to ICAR 
Board dated 10th Feb 2010. 

2. Resolve integration with national evaluations - progressed at Telford 
3. meeting - ideally all data is assembled at the Interbull Centre. 
4. Finalize and launch the service - transfer from INRA nearing 

completion. 
5. Extend range of traits - calving and carcass have been chosen. 
6. Extend to use data on cross bred animals - database to be extended 

to record breed composition. 
7. Support genomics research 
8. Funding - approach to DG Sanco being made for funding to Interbull 

Centre as reference laboratory 
Important Decisions 1. Review of governance & integration with Beef WG - final report with 

recommendations attached for ICAR Board decision. 
2. Business plan -to be considered further in Riga WG meeting. 
3. Funding - seeking development funding from EU. 
4. Recommendations from Scientific Advisory Committee - considered at 

Telford meeting and actions decided. 
Cooperation and 
links to other 
WG/TF/SC 

1. Interbull Sub Committee provided by Interbull Centre and joint 
activities. 

Issues to be handled
b the Board & 
Deadline 

1. Extension of term - May 2010 
2. Review of Governance - Ma 2010. 

Top 5 Issues 
for WG/TF/SC 

1. Development of service for international evaluations of beef breeds 
and traits. 

2. Continue research on method development for international beef 
evaluations. 

3. Collaboration to facilitate use of genomic data in national and 
international beef evaluations. 

4. International survey of beef recording. 
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Report of the Conformation Recording Working Group 

 
Chair Gerben de Jong, Netherlands, Gerben.de.Jong@crv4all.com  
Members 
Name,  
organization, country 
and 
year joined, email 
contact 

 
László Bognár               Hungary      bognar@holstein.hu    
Gabriel Blanco              Spain           gabriel.blanco@conafe.es   
Lucy Anrdrews              UK               lucyandrews@holstein-uk.org 
Bethany Muir                Canada         bmuir@holstein.ca 

Meetings  Last:  
10 December 2009 
3 March 2010 

Next:  
October 2010 (skype) 

Participation Full +:  Absence 
Key Agenda Issues 1. Update of recommendations on 18 standard traits. 

2. Survey among non HF dairy/dual purpose breeds -> adding 5 new 
traits to document with recommendations to improve further 
harmonisation. 

3. Description on how to improve data quality and transparency. 
Important Decisions 1. New document with recommendations. 
Cooperation and 
links to other 
WG/TF/SC 

 

Issues to be handled 
by the Board & 
Deadline 

1. Approval of the new recommendations. 

Top 5 Issues  
for WG/TF/SC  

1. Survey among beef breeds and come up with list of standard traits 
for beef breeds. 

2. Extend group with people from beef breed societies. 
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Report of Developing Countries Working Group 

 
The Task Force for Developing Countries (TF-DC) was launched in March 2008. Its overall objective 
is to assist developing countries in planning and implementing sound and sustainable animal 
Identification and Recording systems. 
The task force is composed of 8 members from (Namibia, South Africa, Argentina, Uruguay, India, 
Hungary and France) and is chaired by Badi Besbes (FAO). Only one member (Alexander Toto, 
Namibia) is from an organization which is not an ICAR member. The composition of the TF has 
changed over time. Gyula Meszaros (LPT, Hungary) did not contribute at all and was replaced by 
Mr Ben Jamaa (OEP, Tunisia). On his request, Mr Jean Noel Bonnet (IE, France) was replaced by 
his colleague Beatrice Balvay. 
The task force combined e-mail discussions and physical meetings. Two meetings were organized 
in Budapest (Hundary, 2008) and in Porec (Croatia, 2009). The TF conducted a survey to assess 
the current status of animal identification and recording (AI&R) systems in 33 developing countries. 
Some of the results will be presented in Riga. A background paper was also prepared and will be 
submitted to ANG (previously AGRI). Outlines of decision-support guidelines for animal 
identification and recording in low and medium input production systems were discussed and 
drafted. 
Despite these achievements, the chairman would like to express his concerns about the future of 
the TF. Despite all the efforts, the group suffers from a lack of motivation of some members. The 
attempt to attract new ones has not been successful so far. However, the major concern is the lack 
of financial resources. Most of the members would not have come to the meetings without financial 
support. Unfortunately, FAO will not be able to continue such a support. 
The chairman of the TF-DC presents his apologies for not being able to participate to the board 
meeting and kindly seeks advice from the members of the board on how to sustain the activities of 
this TF. 
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Report of the Recording, Evaluation and Genetic Improvement  
of Functional Traits in Dairy Cattle Working Group 

 
Chair Erling Strandberg, Dept of Animal Breeding & Genetics, SLU, Sweden. 

Erling.Strandberg@hgen.slu.se 
Members 
Name,  
organization, country 
and 
year joined, email 
contact 

4. Lucy Andrews, Holstein UK, Scotsbridge House Rickmansworth, Herts, 
WD3 3BB (joined 2006) lucyandrews@holstein-uk.org 

5. Christa Egger-Danner, ZuchtData EDV-Dienstleistungen GmbH, 
Vienna, Austria (joined 2006)  
egger-danner@zuchtdata.at 

6. Nicholas Gengler, Gembloux Agricultural University, Belgium (original 
member) gengler.n@fsagx.ac.be 

7. Jennie Pryce, Dr Jennie Pryce, Senior Research Scientist, Biosciences 
Research Division, Department of Primary Industries,  Victorian 
AgriBiosciences Centre, 1 Park Drive, Bundoora Victoria 3083, 
Australia (joined 2006) jennie.pryce@dpi.vic.gov.au  

8. Kathrin Friederike Stock  
VIT, Vereinigte Informationssysteme Tierhaltung w.V. 
Heideweg 1, 27283 Verden (Germany) Joined 2010.  
friederike.katharina.stock@vit.de  

9. Dr. John B. Cole, Research Geneticist 
Animal Improvement Programs Laboratory 
10300 Baltimore Avenue 
BARC-West, Building 005, Room 306 
Beltsville, Maryland 20705-2350. Joined 2010. 
john.cole@ars.usda.gov 

10. Andrew John Bradley; Stoke House, Stoke Street, Rodney Stoke, 
Cheddar, Somerset. BS27 3UP 
A.J.Bradley@bris.ac.uk 

Members left Ab Groen (original chairman); Johann Sölkner (original member) 
Meetings  Last:  

ICAR meeting Kuopio 2006 
Next: part of group: in Riga 2010 
 

Participation Full +:  Absence: None 
Key Agenda Issues 11. Status of female fertility guidelines. 

12. Plan for feet and legs guidelines. 
Important Decisions  
Cooperation and 
links to other 
WG/TF/SC 

None 

Issues to be 
handled by the 
Board & Deadline 

 

Top 5 Issues  
for WG/TF/SC  

13. Circulating female fertility guidelines and getting them approved 
14. Writing feet and legs guidelines (FLG) 
15. Circulating FLG and getting them approved  
16. Writing calving ease and stillbirth guidelines (CESG) 
17. Circulating CESG and getting them approved 

 
 



http://www.icar.org/pages/working_groups/wg_sheep_milk.html
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Report of Genetic Analysis Working Group  

 
Chair Paolo Ajmone Marsan (IT; chair) 
Members 1. Marie-Yvonne Boscher (FR) 

2. Brent Woodward (US) 
3. Elena Genzini (IT) 
4. Wim Van Haeringen (NL) 
5. Marco Winters (UK) 
6. Bianca Lind (DE) 
7. Kevin Lang (CA) 

Activity 2009-2010 Below are schematically described news and activities of the WG in 2009 
and 2010 

1. Bianca Lind from FBF, DE has joined the Working Group 

2. Applications for ICAR accreditation of laboratories running 
parentage testing in cattle with microsatellites have been 
evaluated. In total 10 applications were examined and 10 
positively evaluated. These laboratories have ICAR accreditation 
for years 2009 and 2010 

3. Questionnaires and Instructions for application have been revised 
and updated. New versions have been uploaded on the web site. 
Starting from 2010 call for application lab certification is 
considered a minimum requirement. 

4. The call for application for year 2010 has been launched on 
24/2/2010. Nine applications have been received and are to be 
evaluated. 

5. The use of SNP in paternity test has been discussed. The ISAG 
SNP ring test is under constant monitoring and proposals on how 
ICAR will accreditate the use of SNPs in paternity testing will be 
formulated after the presentation of the ring test results at the 
next ISAG conference in Edinburgh (July 26-30, 2010). 

6. Contact has been maintained by conference call and by mail. A 
meeting is now planned during the Edinburgh ISAG meeting, after 
the presentation of the results of the ISAG SNP ring test. 

7. A proposal under discussion is to have ICAR set up an on-line 
database for SSR marker profile and data storage and exchange 
between accredited labs. Input and output of data should be 
allowed in different formats. Access to profiles and data should be 
regulated in agreement with data owners. The initiative is in line 
with ICAR mission of facilitating the exchange of information 
around the world. 

 

http://faostat.fao.org/
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Report of the Lactation Calculation Methods Working Group 

 
Chair Filippo Miglior, Agriculture and Agri-Food Canada, miglior@cdn.ca, 

since 1998 
Members 
Name, 
organization, country 
and 
year joined, email 
contact 
 

1. Zengting Liu, VIT, Germany, zliu@vit.de 
2. Sophie Mattalia, Institute de l’Elevage, France, 

sophie.mattalia@dga.jouy.inra.fr, since 2004 
3. Larry Schaeffer, University of Guelph, Canada, lrs@uoguelph.ca 
4. Mauro Fioretti, AIA, Italy, fioretti.m@aia.it, since 2010 
5. Paul VanRaden, AIPL – USDA, United States, 

paul@aipl.arsusda.gov, since 1998 
6. Gerben de Jong, NRS, The Netherlands, Jong.G@nrs.nl, since 

2008 
Members left Alessia Tondo, AIA, Italy, tondo.a@aia.it, 2004-2009, replaced by 

Mauro Fioretti, AIA, Italy, fioretti.m@aia.it, since 2010 
Meetings Last: 

June 2008, Niagara Falls, US 
Next  
June 2010, Latvia 

Participation Full +: All present 
Key Agenda Issues 1. Development of guidelines for milk recording from on-line 

sampling at farm 
2. Development of guidelines for milk recording from Electronic Milk 

Meters 
3. Update of guidelines for milk recording from alternate milk 

recording from regular milking parlors and from robotic systems 
Important Decisions 1. To perform additional research using data from Electronic Milk 

Meters 
2. Obtain data from herds where Afilab has been installed 

Cooperation and links 
to other WG/TF/SC 

Full cooperation with Sub-committee of recording device and with 
newly formed Working Party on On-Farm Milk Analysis 

Issues to be handled 
by the Board & 
Deadline 

 

Top 5 Issues for 
WG/TF/SC 

Analyze data from on-farm analyzers in order to draft guidelines for 
milk recording in farms with daily milkings and analysis 

 
 



http://faostat.fao.org/
http://www.icar.org/Documents/Rules%20and%20regulations/Guidelines/Guidelines_2009.pdf
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Report of Goat Milk Recording Working Group 

 
Chair Zdravko Barac, Croatian Agriculture Agency, Croatia 
Members 1. Drago Kompan, University of Ljubljana (2004); 

Drago.Kompan@bfro.uni-lj.si  
2. Jean-Michel Astruc, Institut de l'Elevage - INRA-SAGA (France, 2004); 

astruc@germinal.toulouse.inra.fr   
3. Christina Ligda, National Agricultural Research Foundation (N.AG.RE.F.) 

(Greece, 2004); chligda.arsc@nagref.gr  
Members left  
Meetings  Last: (dates & location here)  

17. June, Niagara Falls,  
16.00-18.00  

 Next: (dates and location here)  
June, 2. 2010, Riga  

Participation Full +: 
Marija KLOPCIC+ Andreas 
GEORGOUDIS + Klemen POTOCNIK  

Absence: 
 Christina LIGDA  

Key Agenda Issues 1. To prepare “on line” database to fill in his own results for each 
countries 

2. To promote information on goat milk recording practice 
3. To continue harmonize the milk recording method 
4. To include other characteristic, like litter size, management 
5. To include non milked goat breed for meat production 
6. To establish the standards for meat recording in goat breed? 

Important Decisions We are discussing all topics. 
1. On-line data collection the Tables proposed on WG meeting 17. 
June was: 

1. Total number of population and recorded population by breed in 
    country 
2. Recording methods 
3. Methods of lactation calculation and milk yield by breeds 
4. Recording of non-milking traits 
5. Equipment for recording 
6. Type of production (organic, conventional) and type of milking  
    (machine, by hand) 
7. Traits, which are included in breeding goals 

Conclusions 
Increasing importance of simplification of milk recording was discussed and 
the great diversity in lactation calculation between the countries 
Big differences in milk yield between breeds and countries 
The development of optional recordings: milk composition and non-3. 
milking traits are important  
It is necessary closely cooperation with other ICAR WG  
We are proposed to include of meat traits (daily gain, classification by 
slaughtering or some other meat traits and preparing some draft guidelines 
for meat traits by meat goats  
Discussion was to include the fertility and health traits in data sets and 
some other traits (morphology, functional traits…)?  
To establish Inter-goat centre for EBW of bucks (for example Boer breed) 
was proposed?  

Cooperation and 
links to other 
WG/TF/SC 

Collaboration with WG Milk recording on sheep and Working group on AI 
and other relevant technologies  

Issues to be handled 
by the Board & 
Deadline 

1. To help secretariat on establish goat database for country/breed data on 
milk recording and milk quality  
2. To manage the database with restricted online data management  

Top 5 Issues  
for WG/TF/SC  

1. Changes in the constitution of the working group - Renewal of the 
    members of the group. 
2. Discussion about preparing “on line” database to fill in his own 
    results for each countries  
3. Enhance members’ interest to the yearly enquiry 
4. Tackle the problem of some point of the guidelines 
5. To establish the standards for meat recording in goat breed? 
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Report of Milk Recording in Sheep Working Group 

J.M. Astruc1, F. Barillet, A. Carta, E. Gootwine, D. Kompan, F.J. Romberg, 
A. Tondo, E. Ugarte 

1Institut de l’Elevage, BP 27, 31326 Castanet-Tolosan, France 

Working group members: Jean-Michel Astruc (France-chairman), Francis Barillet 
(France), Antonello Carta (Italy), Alessia Tondo (Italy), Elisha Gootwine (Israel), Drago 
Kompan (Slovenia), Franz-Josef Romberg (Germany), Eva Ugarte (Spain) 

Abstract 

The report o f the worki ng group on milk recording in sheep presents an overlook of i ts activities 
over the l ast two years, in rel ation with the term s of reference of the group. The mai n activities 
have concerned the on-l ine enqui ry, which is open to every ICA R members whi ch would li ke to 
enter data. The report  focuses on the valorization of the data base, using data from 11 countries. 
Emphasis is  g iven o n t he in creasing u se o f s implified me thods o f q uantitative a nd q ualitative 
recording. Another i mportant acti vity is the co-ope ration wi th other bodi es of ICA R, especially i n 
relation with recordi ng devi ces, about the requ irements of the accuracy of the devices. New  
prospects are on-going, related to the gui delines (relevance of the guidelines in some s ituations, 
inclusion of udder morphology in the guidelines). 

Keywords : dairy sheep, milk sheep, milk recording, guidelines, ICAR. 

1.0 Introduction 
The terms o f reference of the Worki ng Group on  M ilk R ecording in  Sheep ( MRS W G) may be 
synthesized i n fo ur ma in items: e volution o f t he guidelines, c ooperation wit h r elevant b odies of 
ICAR, dairy sheep enquiry, contact with non-ICAR organizations in the dai ry sheep field. The main 
activities of the MRS W G during the l ast 2 year s have focused,  fi rstly on the cooperati on wi thin 
ICAR, especi ally wi th the sub-commi ttee i nvolved i n recordi ng devi ces, se condly on the on-l ine 
enquiry implemented since May 2006, and thirdly on the perspectives of work. A valorization of the 
on-line enquiry i s presented i n this report, permitting to establ ish the state of the art on di fferent 
topics rel ated to the ter ms of reference of the w orking group.  Basi cally, a key obj ective of th e 
group is to spread simplified methods of recording, especially qualitative recording, while keeping 
the relevance of the mea sures for genetic purposes. The objective is also to cope with new trai ts, 
such as udder morphology. 

2.0 Main activities of the working group during the last two years 

2.1 Constitution of the Working Group 
We started 2  years ago a  process for renewing the members of  the Worki ng Group, after some  
“historical” members have retired or left the group. In this context, Antonello Carta and Eva Ugarte 
entered the group in 2008. In 2010, Alessia Tondo from AIA is proposed to replace Mauro Fioretti. 
Moreover, as the chai r of the Goats Working Group has changed (Zdravko Barac from Croatia has 
replaced Drago Kompan from Sl ovenia), Zdravko Barac naturally shoul d become member . Finally, 
discussions are on-goi ng to i ntroduce a Greek member,  i n order to have a representa tive of the  
larger European country regarding the dairy sheep population. The actual members are: 

 -Jean-Michel Astruc, Institut de l’Elevage, France 

 -Zdravko Barac, Croatian Agricultural Agency, Croatia 
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 -Francis Barillet, INRA, France 

 -Antonello Carta, AGRIS Sardinia, Italy 

 -Alessia Tondo, AIA, Italy 

 -Elisha Gootwine, Volcani Center, Israel 

 -Drago Kompan, University of Ljubljana, Slovenia 

 -Franz-Josef Romberg, Dienstleistungszentrum Ländlicher Raum Westpfalz, Germany 

 -Eva Ugarte, Neiker, Spain 

2.2 Meetings involving the Working Group of Milk Recording in 
Sheep 
Meetings of the Worki ng Group - The last meeting of the MRS WG was held in Niagara Falls (USA) 
on 17th of J une 2008 wi th 5 attendi ng parti cipants. The main i ssues of the agenda were the 
changes in the consti tution of the Wo rking Group, the overview of the mai n activities of the group  
over the l ast 2 years,  the  presenta tion of the re sults of the on- line dai ry sheep enquiry, the co-
operation wi th other IC AR bodi es ( recording d evice, mi lk anal ysis, recordi ng of go ats), the  
perspectives of work. 

The next meeting will be held in Riga on the 1st of June 2010. Between two biennial sessions, the 
exchanges are mainly done by e-mail. 

Meeting of the ICAR Board wi th Chairperson in Porec (Croati a) on 11th May  2009 – The chairman 
of the Working Group di d not attend thi s meeting. A synthesis of the work of the group had bee n 
sent before. 

2.3 Updating the ICAR Guidelines of sheep milk recording 
The last evolutions date b ack to 20 05 and are r eported in the guidelines published in the booklet 
“International Agreement of Recording Practices” (ICAR guidelines, 2008), in the section 2.2. 

A new issue was raised at Niagara Falls by Antonello Carta, about difficulties to meet the guidelines 
in s ome c onditions: ( a) due t o d ifficulties in  o rganizing t he milk r ecording a nd r eproduction 
activities for a l arge number of ewe s, some l arge si ze fl ocks have a par t of the ewes  whi ch are  
registered and another pa rt non-registered (there is no evi dence of preferen tial treatments of the 
registered part of the fl ock) ; (b) som e farmers ar e used to mi lking part of the fl ock twi ce and 
another part only once ; thi s practice is parti cularly spread at the end of th e milking period (May-
June-July) when pri miparous ewes  are al ways mil ked twi ce whil e adul t ewes are often  
progressively dried-off by decreasing the milking frequency. 

These two points make the AC recordi ng di fficult to i mplement an d might exi st i n other  
situations/countries and must therefo re be  tackl ed by the MRS WG. To go further, it has been 
demanded to Antonello Carta a short report to present the problem at the meeting of Riga, in order 
to propose i f necessary emendati ons of the gui delines, or at least recommendati on or  
experimentations/studies to face this situation. 

In addi tion, it was i ntended to devel op a gl ossary of the main  terms speci fically rel ated to dai ry 
sheep. This task has not yet been completed. 

2.4 Co-operation with the relevant Sub-Committees and Working 
Groups of ICAR 
The MRS WG co-operated over the last 2 years with the following bodies of ICAR: 

-Cross-participation wit h the W G o n M ilk R ecording in  G oats, t he c hairman o f e ach g roup 
participating at the work of the other group. 

Co-operation with the Sub-Committee on Milk Recording Devices about the requirements for sheep. 
As the requirements in cattle has been relaxed, the concern is about the opportunity to relax or not 
the requirements of the meters in sheep as well. Up to now, and regarding the fact that two meters 
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have been agreed for sheep over the  last 4 years, the group c onsiders the gui delines as relevant. 
Nevertheless, this issue must be discussed at the next meeting of the group in Riga. 

2.5 Dairy sheep enquiry on-line 
Since May 2006, the on-l ine database has been re ady to accept submission of data. The database 
has been d eveloped wi th the hel p of ICA R S ecretariat. The purpose was to get dat a about the 
situation of milk recordi ng i n sheep,  and r elated connecte d i ssues such  as bre eding schemes, 
selection criteria, molecular information in sheep, recording devices. This annual survey constitutes 
one of the main terms of reference of the MRS WG.  

The dairy sheep enquiry is divided in 7 tables, representing 7 different topics. 

 -Basic information on population, recording methods and percentages 

 -Milk yield: type of lactation calculation + milk yield results 

 -Optional test for milk composition 

 -Recording of non-milking traits 

 -Milk recording equipment used in case of machine milking 

 -Breeding programs using insemination (AI) 

 -Molecular information 

The raw data of the survey will be put on the ICAR Website. 

The fi rst res ults of the on-li ne enqu iry were pre sented at th e Ni agara F alls S ession: general  
presentation at the Technical Sessi on on Su b-Committees, Task Force s and Worki ng Group s, 
detailed pres entation at the meeti ng of the WG.  Moreover, the sli des synthesi zing the data are  
available on the ICA R website, i n the pa ge dedicated to the Mi lk Recordi ng of S heep WG 
(http://www.icar.org/pages/working_groups/wg_sheep_milk.html). 

Basically, a ll ICAR members shoul d have answere d the enqui ry, even to decl are no dairy sheep  
breeding. Finally, members wi th no dairy sheep m ilk recording do not answered the enquiry. More 
disappointing, some countri es wi th substantial popul ation of dai ry sheep do not a nswer the 
questionnaire, despite sometimes several recalls. 

On the whol e, since 2008, 10 countries have answered the on-line enquiry at l east once, a 1 1th 
country sending information without using the ICAR si te. We acknowledge these countries for thi s 
co-operation and for thei r help to have an update d overview of the si tuation of dai ry sheep mi lk 
recording. 

The main results of the on-li ne enquiry are descri bed below. Additional tables which could not be 
included in this report are available on the ICAR website. 

3.0 Dairy sheep enquiry on-line: situation of milk recording in 
dairy sheep 

3.1 Situation of milk recording in dairy sheep 
The table 1 summarizes the impact of milk recording in the countries having answered the on-line 
enquiry over the last 3 years. 

Official milk recording is carried out in every country and represents on the whole 1,209,305 ewes. 
If we l ook at the countri es with the l argest dairy sheep population, situated in the Medi terranean 
area (Greece, Ital y, Spain, France), the i mpact of milk recording is quite different: high in France 
(57.6% on the whole, 20.9% when considering only offi cial milk recording), medium in Spain and 
Italy (respecti vely 10. 0% and 8. 5%), l ow in Greece (1. 3%). Ital y has the hi ghest recorde d 
population (480, 000 ew es). Ital y, France and  S pain represent  89%  of al l sheep  i n offici al mi lk 
recording. 

In the other  countri es, wi th small er popul ation, milk recordi ng repr esents few fl ocks and ewes,  
from 488 ewes in Belgium to 18,600 ewes in Israel. The other countries are (ordered by ascending 
number of recorded ewes): Germany, Czech Republic, Slovenia, Croatia, Slovak Republic. 

http://www.icar.org/pages/working_groups/wg_sheep_milk.html�
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Table 1. Size of population of dairy sheep, impact of quantitative recording and recording designs 
in ICAR member countries. 
 

Quantitative recording (official 
milk recording) 

Countries Year 
Size of 

population 
Number of 

recorded ewes 
% recorded 

ewes Methods used 
Belgium 2009 593 488 82.0 AT 
Croatia 2009 34,500 7,770 22.5 AT 
Czech Rep. 2009 821 - AT (part), E (part) 
France 2009 1,445,000 301,8231 20.9 AC 
Germany 2009 8,204 638 7.8 A4 (34%), AT (29%),  E 

(37%) 
Greece 2007 7,034,0002 90,834 1.3 A4 
Israel 2007 35,000 18,600 53.1 On-farm, daily basis 
Italy 2009 5,617,0002 479,897 8.5 AT, AC 
Slovak Rep. 2009 220,0002 17,884 8.1 AC 
Slovenia 2009 4,900 3,749 76.5 AT 
Spain 2008 3,064,000 305,402 10.0 AT (77%),  A C (18%),  

A4 (5%) 
1 In addit ion, 531,299 ewes are recorded with D method (non official milk recording) without qualitative 
recording 
2 Figure from http://faostat.fao.org/ 

 
The table 2 i llustrates the increasing impact of official milk recording in most of the countr ies over 
the last 20 years. This growth has be en favored by the st eadily increasing adoption of s implified 
design of official milk recording, such as AT or AC method. Whereas in 1988, 2 countries only used 
simplified method (Franc e wi th AC m ethod, Spai n wi th AT me thod i n Latxa breed), thi s number 
reached up to 6 countri es in 1998, and 8 countri es in 2009. Promoting simplified methods of mil k 
recording has been a leitmotiv of the Working Group since it has been created in the eighties, with 
the aim to compensate as far as possible the high cost of recording in small ruminants by reducing 
the number of measures. 

The use o f the D me thod, wh ich is  a  non-official and “free-of-rules” mi lk recording, is  described 
only in France. In Franc e, thi s very simplified method c onsisting i n 2 to 4 fl ock-visits per  year,  
whatever the visit intervals (monthly to bimonthly), is implemented out of the nucleus scheme and 
is ma inly d evoted t o a  within-flocks va lorization to hel p the breeder  to  opti mize culli ng and 
replacement. D method is a quantitative recording. 

The additional tabl es, avail able on the ICA R webs ite, show that three br eeds are u p t o 100,000 
recorded ewes: S arda an d V alle de B elice (Ital y), Lacaune  (Fr ance). S arda bre ed has t he more  
important population with nearby 250,000 recorded ewes. 

 
Table 2. Evolution of official milk recording over the last 20 years in ICAR member countries. 
 

 1988 1998 2010 
 Record ed 

ewes 
(official) % Method 

Recorded 
ewes 

(official) % Method 

Recorded 
ewes 

(official) % Method 
Italy 140, 000 2.8 A4 331,024 5.0 A4 479,897 7.8 AT /AC 
France 202, 000 16.8 AC 281,070 20.9 AC 301,823 20.9 AC 
Spain 110, 000 2.8 AT 141,044 6.2 AT 305,402 10.0 AT/AC/A4
Greece 37, 000 0.5 A4 26,600 0.3 A4 90,834 0.8 A4 
Portugal 7, 600 1.5 A4 38,571 15.2 A4/AT - - - 
Croatia - - - - - - 7,770 22.5 AT 
Israel - - - 6,200 12.4 B4/AC 18,600 53.1 - 
Slovak R. - - - 5,100 2.3 A4/AC/AT 17,883 8.3 AC 
Slovenia - - - 1,474 19.8 A4 3,749 76.5 AT 
Germany 356 2.2 A4 836 3.3 A4/B4 638 7.8 A4/AT/E 
Czech R. - - - 177 35.0 AT 821  AT/E 
Total 496, 956   832,096   1,227,417   
 

http://faostat.fao.org/�
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Table 3. Qualitative recording in ICAR member countries. 
 
 Q ualitative recording 

Countries Yes/Not 
Recorded 

ewes 

% of the 
recorded 

ewes Method used 
Categories of ewes 

(lactation) 
Belgium N o - -   
Croatia Yes 4,619 59% AT  
Czech Republic Yes 821 100% AT/E  
France Yes 84,166 28% Part-lactation 

sampling (AC) 
Lacaune : L1/L2 
Pyrenean breeds : L1 

Germany Yes 602 100% A4/AT/E  
Greece Yes ? ?   
Israel No - -   
Italy Yes  25,108 5% Part-lactation 

sampling (AC) 
Sarda : L1 

Slovak Republic Yes 17,883 100% AC L1/L2/L3 
Slovenia Yes 3,749 100% AT  
Spain Ye s  ? ? AT,AC  

3.2 Simplification of qualitative recording in dairy sheep 
Conversely to dairy cattle, qualitative milk recording is optional in official milk recording in sheep, 
as establ ished i n the ICA R gui delines (ICA R gu idelines, 2008),  consi dering that the  cost of 
qualitative mi lk r ecording ma y be  crippling a nd t hat q ualitative r ecording be comes useful a nd 
necessary o nly when s election on  mil k yi eld i s effi cient. Si mplified desi gns ar e strongl y 
recommended to reach some cost-e ffectiveness. The mai n features of the tabl e 3  can be  
summarized as following: 

 -The imp act o f q ualitative r ecording a mong t he r ecorded po pulation is  high o nly in  
countries with a quite small population (from 59% in Croatia to 100% in Czech Republic, 
Germany, Slovak Republic and Slovenia). 

 -In countries with a l arge population, the impact reaches 41% in Spain, 28% i n France 
and 6% i n Ital y. Qualitati ve recordi ng concerns onl y some bree ds, some pari ties 
(lactation 1 or l actation 1 and 2).  It  i s implemented wi thin a simplified de sign of mil k 
recording, with one sample per test-day (AC or AT method). 

3.3 Definition of milk traits (see additional table on www.icar.org) 
Regarding the diversity in the exploitation of the lactation through milking ([a] milking-only period 
preceded by  a 1-2 mont h suckli ng peri od before  the weani ng of the l amb(s) i n most bree ding 
systems; [b]  mil king from lambing in some othe r systems as  in Germany, Israel , and more and 
more in Spain), the guidelines have precisely described the different terms of lactation calculation 
according to the system. Moreover, wi thout r uling out a ny type of cal culation, ICAR has  
recommended to compute the lactation at the milking-only period (TMM = total milked milk) in the 
system [a] and the total milk yield (TMY) in the system [b]. 

Actually, the yields given in the enquiry still show a large diversity in the methods of computation, 
preventing from any comparison between breeds/countries. 

3.4 Milk recording equipment (see additional table on 
www.icar.org) 
ICAR has recently agreed two on-farm milk meters  for sheep. No  portable meter has been  agreed 
until now.  The enqui ry underlines wi de vari ety of  devices (jars or met ers, measuring volume or  
weight, with or without sampler, from local or multinational manufacturers) used in the different 
countries. The questi onnaire shoul d be adapt ed, a t l east to enhance the i mpact of these newl y-
agreed meters that cannot be detected with the current answers.  
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3.5 Breeding schemes, objective and selection criteria 
Breeding programs based on progeny-test of rams by AI or by combining AI and controlled natural 
mating are implemented in a few breeds, in France, Italy and Spain (table 4). AI is not widespread 
(at the exce ption of France) and i s mostl y reali zed i n fresh semen.  573, 570 A I are r ealized in 
France, Ital y and Spai n, 84% of th em i n France. AI i s practi ced wi th a l ow di lution and wi th 
synchronization of the he at (one AI per ewe, what ever the result, return being realized by natura l 
mating). The selection criteria are still based on milk yield on most situations, with, in addition, fat, 
protein (Churra), udder morphology (Sarda). Only the Lacaune breed has i ncluded in its selection 
criteria somatic cell count  (SCC) and udder morphology in addition to the producti on traits, giving 
the same wei ght on the one hand to producti on traits and on th e other hand to udder functi onal 
traits (SCC and udder morphology).  

The strate gy of implementing effi cient breedi ng program for local  breeds seems to have had 
different kind of achievements, according to the countries / breeds. Indeed, some “foreign” breeds 
are more an d more s pread in more a nd more cou ntries: East Fri esian in the northern a nd central 
European co untries, Ass af parti cularly i n Spai n, Lacaune everywhere. Both Lacaune a nd East  
Friesian are mentioned as recorded in Spain, Italy, Slovak Rep., Germany, Czech Rep. For the first 
time in 2008, recording of Assaf and Lacaune breeds are reported in Spain, with a quite important 
recorded population of 76,000 ewes (one fourth of all recorded ewes in Spain). 

3.6 Other topics 
Other additional tables (www. icar.org) present in formation about the follo wing topics: molecular 
information in sheep and recording of other traits. 

 
Table 4. Importance of breeding programs and selection criteria 1. 
 

Country Breed 
AI progeny-
tested rams AI Selection criteria 2 

France 
(2009) 

Lacaune 445 395,812 (FY+PY+F%+P%) + .5 SCC + .5 
Udder 

 Manech Red face 151 56,760 FY+PY+F%+P% 
 Manech Black face 36 7,869 FY+PY+F%+P% 
 Basco-Béarn aise 52 14,128 FY+PY+F%+P% 
 Corse 31 6,336 MY 
Italy 
(2007) 

Sarda 60 13,500 MY + Udder 

Spain Latxa blond faced 30 9,210 MY 
(2008) Latxa black faced 50 15,103 MY 
 Karrantzana 2 300 MY 
 Manchega 150/175 35,764 MY 
 Churra 

Assaf 
51 
60 

12,300
6,488

MY + P% 

1 MY=milk yield, FY=fat yield, PY=protein yield, F%=fat content, P%=protein content,  
SCC=somatic cell count, Udder=udder morphology 
2 most of the breeding schemes include selection for scrapie resistance (PrP gene) 

4.0 Conclusion 
Over the last two years, the Milk Recording o f Sheep WG has ma inly focused, apart the on-line 
enquiry and its val orization, on starting new topics and maintaining co-operation with other bodies 
of ICAR, especially in the fi eld of recordi ng devices. Among the new topi cs, the group m ust cope 
with t he s pecific s ituation wh ere me eting t he guidelines is  d ifficult. I t s hould b e proposed 
emendations of the guidelines in the next few years.  Moreover, it is intended to prepare a glossary 
of the main specific terms of the guidelines for sheep, to descr ibe in the gui delines the scori ng of 
udder morphology made by different countries. The issue of the requirements about the agreement 
of recording devices is  recurrent and is  s till d iscussed. Relaxing the requirements is  not relevant 
with the chall enge of the group which encourages simplified methods of reco rding, especially for 
qualitative r ecording, wh ile ke eping e nough r elevance to ea ch i ndividual measure.  Finall y, the 



 

Page 341 

on-line enquiry is a useful and collective tool that should be filled in by all the countries with dairy 
sheep population. 
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http://www.icar.org/Documents/Rules%20and%20regulations/Guidelines/Guidelines_2009.pdf 
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1. SNP Parentage Verification Timeline 
2. Survey results 
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Year Country 
Total number of 

dairy cows 
Total number of 

dairy herds 
Average of cows 

per herd 

Average milk 
production per 

cow per year (kg) 

Percent of fat 
production per 

cow per year (%) 

Percent of protein 
production per 

cow per year (%) 
2008 Australia 1,700,000 7,953 214 5,414 4.10 3.32 
2008 Austria 530,221 48,362 11.0 6,059 4.10 3.35 
2009 Austria 532,976 47,499 11.2  
2008 Belgium (Wallonia Region) 217,716 5,150 42.3 5,905 4.00 3.09 
2009 Belgium (Wallonia Region) 218,920  
2008  Canada  988,500 13,587 72.8 8,456 3.84 3.24 
2009  Canada  978,400 13,214 74.0 8,458 3.85 3.23 
2008 Chile 483,041 18,900 26 5,306 3.59 3.35 
2009 Chile 476,077 18,522 26 4,845 3.91 3.36 
2008 Croatia 202,920 27,632 7.3 3,950 4.09 3.32 
2008 Czech Republic 403,638 6,959 3.86 3.35 
2009 Czech Republic 394,122 7,055 3.85 3.33 
2008 Denmark 555,000 4,600 120 8,200 4.26 3.41 
2009 Denmark 560,000 4,300 130 8,700 4.29 3.44 
2008 England 174,055 1,077 161 7,733 4.07 3.33 
2009 England 185,000 1,158 159 7,876 4.10 3.30 
2008 Estonia 103,000 5,621 18.3 6,765 4.00 3.30 
2009 Estonia 99,617 4,781 20.8 6,849 4.10 3.30 
2008 Finland 288,800 12,270 23.5 8,185 4.20 3.44 
2008 France 3,758,600 92,000 40.1 6,105 4.14 3.49 
2009 France 3,793,600 86,000 44.1  
2008 Germany1 4,229,138 99,431 42.3 6,827 4.14 3.39 
2009 Germany2 4,169,349 95,766 43.5 6,900 4.13 3.40 
2008 Hungary 264,000 188,00 14.0 6,788 3.68 3.24 
2009 Hungary 249,000 175,00 14.5 6,920 3.67 3.29 
2008 Iran3 450,000 77,273 6 3.61 3.25 
2008 Ireland 1,104,800 22,010 50.2 4,720 3.81 3.34 
2008 Israel4 103,895 689 151 11,461 3.62 3.20 
2009 Israel5 97,921 675 145 11,653 3.60 3.20 
                                                 
1 Number of dairy cows out of the national database; modified  method of counting 
2 Production estimated 
3 Cross-bred mainly native x holstein 
4 Cows in herdbook 
5 Cows in herdbook 
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Year Country 
Total number of 

dairy cows 
Total number of 

dairy herds 
Average of cows 

per herd 

Average milk 
production per 

cow per year (kg) 

Percent of fat 
production per 

cow per year (%) 

Percent of protein 
production per 

cow per year (%) 
2008 Italy6 1,831,000 40,207 45.5  
2008 Japan 985,200 22,300 44.2  
2008 Latvia 170,361 35,739 4.7 4,822  
2008 Lithuania 392,897 111,668 3.5  
2009 Lithuania 367,449 102,260 3.6  
2008 New Zealand 4,252,881 11,618 366 3,829 4.87 3.64 
2008 Norway 249,000 12,244 20 6,921 4.19 3.39 
2009 Norway 249,080 12,270 20.3 7,057 4.22 3.37 
2008 Poland 2,696,934 4,621 3.97 3.23 
2009 Poland 2,606,094 486,470 5.4 4,714 4.02 3.23 
2008 Slovak Republic 172,300 1,039 166 6,025 3.74 3.29 
2009 Slovak Republic 162,485 1,236 131 5,770 3.73 3.33 
2008 Slovenia 107,239 8,608 12.5 4,985 4.08 3.33 
2009 Slovenia 106,500 8,565 12.4 4,955 4.07 3.31 
2008 South Africa 521,750 3,665 142 4,964 4.18 3.33 
2009 South Africa 535,500 3,458 155 4,975 4.05 3.28 
2008 Spain 888,286 38,900 22.8 6,644 3.72 3.22 
2009 Spain 838,000 36,700 22.8  
2008 Sweden 365,561 6,562 54.4 8,372 4.21 3.28 
2009 Sweden 356,776 6,137 58.1 8,321 4.24 3.40 
2008 Switzerland 726,875 39,564 18.4 5,717 3.97 3.29 
2008 The Netherlands 1,466,134 20,746 71 7,926 4.37 3.50 
2008 Turkey 4,080,243 2,074,439 2 2,679  
2008 UK (England & Wales) 774,493 5,306 146 9,010 4.03 3.21 
2009 UK (England & Wales) 716,107 4,782 150 9,090 4.00 3.30 
2009 UK Jersey Island 2,996 29 103 4,311 5.22 3.90 
2008 UK Northern Ireland 101,679 790 128 6,764 4.02 3.32 
2009 UK Northern Ireland 92,285 722 127 6,570 4.15 3.34 
2008 UK Scotland (by Holstein UK) 104,555 626 167 7,451 3.93 3.31 
2009 UK Scotland (by Holstein UK) 104,287 619 168 7,563 3.99 3.29 
2008 UK Wales 19,586 148 132 7,263 4.21 3.35 
2009 UK Wales 21,928 156 140 7,517 4.22 3.33 

                                                 
6 Total number of dairy herds: data from BDN (National Bovine Data Bank) 
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Year Country 
Total number of 

dairy cows 
Total number of 

dairy herds 
Average of cows 

per herd 

Average milk 
production per 

cow per year (kg) 

Percent of fat 
production per 

cow per year (%) 

Percent of protein 
production per 

cow per year (%) 
2009 USA (by AgSource) 610,307 4,319 141 10,744 3.70 3.10 
2009 USA (by NDHIA) 9,201,000 54,942 9,353  
2008 USA (by NDHIA) 9,315,000 57,127 9,271 3.68  
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Year Country 

Number 
of 

recorded 
cows 

Percent 
of 

recorded 
cows 

Number 
of 

recorded 
herds 

Percent 
of 

recorded 
herds 

Average 
number 
of cows 

per 
recorded 

herd 

Percent 
of 

recorded 
herds per 
method 

A3 

Percent 
of 

recorded 
herds per 
method 

A4 

Percent 
of 

recorded 
herds per 
method 

A6 

Percent 
of 

recorded 
herds per 
method 

AT 

Percent of 
recorded 
herds per 
method B Notes 

2008 Australia 785,462 46 3,966 50 198       
2008 Austria 385,411 72.7 23,991 49.6 16.1    100   
2009 Austria 390,031 73.2 23,676 49.8 16.5    100   
2008 Belgium 

(Wallonia 
Region) 

76,460 35.1 1,263 24.5 60.5 0   0   

2009 Belgium 
(Wallonia 
Region) 

71,042 32.5 1,138   62.4 0      

2008  Canada  706,957 71.5 10,025 7.38 70.5       
2009  Canada  711,810 72.8 9,859 74.6 72.4       
2008 Chile 127,224 26.3 535 2.8 237  94.8   5.2  
2009 Chile 125,452 26.4 595 3.2 211  40.6  33.3 26.1  
2008 Croatia 120,001 59.1 9,122 33.0 7.6    60.5 39.5  
2008 Czech Republic 390,129 96.7 2,181  179  99.3  0.7   
2009 Czech Republic 373,199 94.7 2,039  183  99.3  0.7   
2008 Denmark 525,000 94 4,000 92 127  10   90  
2009 Denmark 516,441 92 3,817 89 135 0 10 0  100  
2008 Estonia 94,671 91.9 1,276 22.7 74.2     100  
2009 Estonia 92,282 92.6 1,136 23.8 81.2     100  
2008 Finland 227,876 78.9 8,725 71.1 26.1  0   97.3 C4-2.7 
2008 France 2,665,684 71 58,409 63 45.6  44.7 6.9 AT4=10% 

AT5=5% 
AT6=1.8% 

B4-5-6-7=3% 
BT4-5-6=0.1% 
BR4-5-6-7=1.1% 
BZ4-5-6=0.2% 

A5=20.9% 
A7=3.7 
AR4-5-6-7=0.7% 
CZ4-5-6=2% 

2009 France 2,561,748 68 55,621 65 46.1  42.6 7.2 AT4=10.6% 
AT5=5.1% 
AT6=2% 

B4-5-6-7=3.6% 
BT4-5-6=0.1% 
BR4-5-6-7=1.9% 
BZ4-5-6=0.2% 

A5=19.4% 
A7=4% 
AR4-5-6-7=1% 
CZ4-5-6=2.3% 

2008 Germany 3,534,548 83.6 64,524 64.9 54.8  44.2  26.5 28.2 1.1 
2009 Germany 3,492,652 83.8 62,017 64.8 56.3  42.4  26.4 29.3 1.9 
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Year Country 

Number 
of 

recorded 
cows 

Percent 
of 

recorded 
cows 

Number 
of 

recorded 
herds 

Percent 
of 

recorded 
herds 

Average 
number 
of cows 

per 
recorded 

herd 

Percent 
of 

recorded 
herds per 
method 

A3 

Percent 
of 

recorded 
herds per 
method 

A4 

Percent 
of 

recorded 
herds per 
method 

A6 

Percent 
of 

recorded 
herds per 
method 

AT 

Percent of 
recorded 
herds per 
method B Notes 

2008 Hungary1 1,923,666 72.8 566 3.1 340  100     
2009 Hungary2 181,085 72.7 515 3.0 352  100     
2008 Iran 160,000 40 2,000 19 80 0 100 0 0 0  
2008 Ireland 467,029 42.3 6,567 29.8 71.1 0 16 54  30% EDIY  
2008 Italy 1,337,872 73.06 20,970 52.2 63.8       
2009 Italy 1,344,733  20,606  65.3       
2008 Japan 569,782 57.8 10,142 45.5 56.2  61.5  37.5 1.0 B=B4 
2009 Jersey Island 2,996 29 103    79 0 21   
2008 Latvia 121,549 71.3 8,659 24.2 14.0          
2008 Lithuania 183,406 48 8,495 7.6 21.5          
2009 Lithuania 156,773 43 6,245 6 25   9   91   
2008 Luxembourg 33,215 83 678 78 49.0   17.7   27.3 50.4 4.6 
2009 Luxembourg 33,968 82.6 678 79 50.1   17.4   27.1 48.6 6.9 
2008 New Zealand 3,039,850 71.5 8,589 73.9 354 null null null null 77 23 
2008 Northern Ireland 101,679  790  128   44 5 23 16 11 
2009 Northern Ireland 92,285  722  127   46 5 24 15 10 
2008 Norway 233,187 97 11,794 97 20        100  
2009 Norway 206,223 98 10,067 98 20        100  

             
             

                                                 
1 December 2008 
2 December 2009 
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Year Country 

Number 
of 

recorded 
cows 

Percent 
of 

recorded 
cows 

Number 
of 

recorded 
herds 

Percent 
of 

recorded 
herds 

Average 
number 
of cows 

per 
recorded 

herd 

Percent 
of 

recorded 
herds per 
method 

A3 

Percent 
of 

recorded 
herds per 
method 

A4 

Percent 
of 

recorded 
herds per 
method 

A6 

Percent 
of 

recorded 
herds per 
method 

AT 

Percent of 
recorded 
herds per 
method B Notes 

2008 Poland 567,477 21.3 19,090  29.73   18.1  66.5  Percent of 
recorded herds per 
method  
A8=15.34;  
Percent of 
recorded cow per 
method:  
A4=31.02;  
AT4=59.54.  
A8=9.44 

2009 Poland 579,910 22.4 19,299 4.0 30.05  16.60  70.6  Percent of 
recorded herds per 
method  
A8=12.78; 
Percent of 
recorded cow per 
method:  
A4=29.14;  
AT4=62.92.  
A8=7.94 

2008 Scotland 104,555  626  167  65 8 9 14 4 
2009 Scotland 104,287  619  168  65 6 11 14 4 
2008 Slovak Republic 148,124 86 717  207   4.0   96   
2009 Slovak Republic 133,668 84.5 587  228   4.1   95.9   
2008 Slovenia 82,875 77.3 4,864 56.5 17.0     100  AT4 method 
2009 Slovenia 85,000 79.9 4,800 55.5 17.7     100  AT4method 
2008 South Africa 128,894 25 658 18 196      100  
2009 South Africa 118,140 22 627 18 188      100  
2008 Spain 524,318 59 8,731 30.7 59.6  69  31   
2009 Spain 520,981 62.1 8,508 23.1 60  59.3  40.5 0.1  
2008 Sweden 305,957 86 5,020 80 58.2       B4=100  
2009 Sweden 300,935 86 4,622 80 61.7       B4=100  
2008 Switzerland 436,804 100 25,440 100 17.2 0 52.5 0 47.5 0  
2009 Switzerland 451,389 100 24,680 100 18.3 0 50.9 0 49.1 0  
2008 The 

Netherlands 
1,284,231 87.6 17,103 82.4 75.1 1.8 55.4 36.7    
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Year Country 

Number 
of 

recorded 
cows 

Percent 
of 

recorded 
cows 

Number 
of  

recorded 
herds 

Percent 
of 

recorded 
herds 

Average 
number 
of cows 

per 
recorded 

herd 

Percent 
of  

recorded 
herds per 
method 

A3 

Percent 
of  

recorded 
herds per 
method 

A4 

Percent 
of  

recorded 
herds per 
method 

A6 

Percent 
of  

recorded 
herds per 
method 

AT 

Percent of  
recorded 
herds per 
method B Notes 

2008 Turkey 819,825 17.4 78,349 3.8 10.5 0 0 0 0 100  
2009 Turkey 974,133 23.9 84,915 4.1 11.5 0 0 0 0 100  
2008 UK (England & 

Wales) 
501,345 64 5,243  148 0.04 81.8 2.3  13.0 2.1 

2009 UK (England & 
Wales) 

475,303 66.3 4,970  150 0.04 79.8 2.2  15.0  

2008 UK England 174,055   1,077  161   32 11 19 37 1 
2009 UK England 185,000   1,158  159   32 10 20 37 1 
2008 UK Wales 19,586  148  132   26 6 16 52 0 
2009 UK Wales 21,928  156  140   24 4 21 50 1 
2009 USA  

(by AgSource) 
610,307  4,319  141 12.4 34 0 83.7 37.5  

2008 USA 
(by NDHIA) 

4,414,821  23,005  192          

2009 USA 
(by NDHIA) 

4,478,447  23,013  195          
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Year Country 

Cost price of 
milk 

recording per 
cow and per 

year - A4 

Cost price of 
milk 

recording per 
cow and per 

year - A6 

Cost price of 
milk 

recording per 
cow 

and per year - AT 

Cost price of 
milk 

recording 
per cow and 
per year - B 

Part of the 
cost price 

paid by  
the 

producer  % 
- A4 

Part of the 
cost price 

paid by  
the 

producer % 
- A6 

Part of the  
cost price 

paid by  
the 

producer % 
- AT 

Part of the  
cost price 
paid by the 
producer % 

- B 
2008 Austria   52.9€    58.3  
2008 Belgium (Wallonia Region)1         
2009 Chile 12.3€  9.7€ 9.0€ 100  100 40 
2008 Croatia   35 30   50 50 
2008 Czech Republic 46.2  38.0  86  100  
2009 Czech Republic 57.7  42.0  88  100  
2008 Denmark 70   50 100   100 
2009 Denmark 75   55 100   100 
2008 Estonia    20.0    62.0 
2009 Estonia    27.3    75.0 
2008 France 45.6 €  38.9 € 35 € 100  100 100 
2008 Hungary 37.4    100    
2009 Hungary2 50.5        
2008 Iran 6US$    80    
2008 Ireland3 16.5€ 14€  10€    100 
2008 Italy n.a.4 n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
2009 Italy n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
2008 Latvia 6.36   6.36 0  - 0 
2009 Latvia 6.24   6.24 0   0 
2008 Lituania 33.3  33.3  33  31  
2009 Lituania 38  34  39  32  
2008 New Zealand5    16.4     
2008 Norway    70    100 
2009 Norway    70    100 
2008 Slovak Republic 55.00  43.00  67  67  
2009 Slovak Republic 37.57  36.7  36.7  36.7  

                                                 
1 All methods: depends on many factors: time on farm, tru-tests or not, number of samples etc..., if interested please contact: jf.duckerts@mrw.wallonie.be  
2 low milk price 
3 A8 - €12, A8 Compact Spring - €10 
4 Not available 
5 NZ has no subsidies 100% cost price paid by producer 

mailto:jf.duckerts@mrw.wallonie.be
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Year Country 

Cost price of 
milk 

recording per 
cow and per 

year - A4 

Cost price of 
milk 

recording per 
cow and per 

year - A6 

Cost price of 
milk 

recording per 
cow 

 and per year - 
AT 

Cost price of 
milk 

recording 
per cow and 
per year - B 

Part of the 
cost price 

paid by  
the 

producer  % 
- A4 

Part of the 
cost price 

paid by  
the 

producer % 
- A6 

Part of the  
cost price 

paid by  
the 

producer % 
- AT 

Part of the  
cost price 
paid by the 
producer % 

- B 
2008 Slovenia6   120    15 - 20  
2009 Slovenia6   120    15 - 20  
2008 Spain 117.93 (milk 

kg) 
 117.93 (milk kg)  70  70  

2009 Spain 119.11 (milk 
kg) - 35.74€ 

 119.11 (milk kg)- 
35.74€ 

 70  70  

2008 Sweden    B4: 43 kg 
milk 

   100 

2009 Sweden    B4: 50 liters 
of milk 

   100 

2008 Switzerland 66 - 45.75 - 31.8 - 31.8  
2009 Switzerland 66 - 45.75 - 31.8 - 31.8 - 
2008 Turkey 0 0 0 13.98€ 0 0 0 100 
2009 Turkey 0 0 0 17.38€ 0 0 0 100 
2008 UK (England & Wales)     100 100 100 100 
2009 UK (England & Wales)     100 100 100 100 
2008 UK England         
2009 UK England         
2008 UK Northern Ireland     100 100 100 100 
2009 UK Northern Ireland     100 100 100 100 
2008 UK Scotland (by Holstein UK)     100 100 100 100 
2009 UK Scotland (by Holstein UK)     100 100 100 100 
2008 UK Wales         
2009 UK Wales         
2009 USA (by AgSource)     100 100 100 100 
2008 USA (by NDHIA)     100  100 100 
2009 USA (by NDHIA)     100  100 100 
 

                                                 
6 Costs for AT4 method are mention in kg of milk (average milk price on the national level) 
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Year Country 
Number of 
lactations 

Length of the 
lactations 

(days) 

Milk yield per 
recorded cow 

(kg) 
Milk per cow in 
305 days (kg) 

Percent fat 
content (%) 

Percent 
protein content 

(%) 
Calving 

interval (days) 
2008 Australia 578,263 321 6,827 6,827 4.00 3.30  
2008 Austria 320,707 299  6,830 4.15 3.40  
2009 Austria 325,738 299  6,828 4.13 3.38  
2008 Belgium (Wallonia Region) 53,662 360 8,238 3.98 3.36  
2008  Canada  295,275 305    9,642 3.78 3.23 432  
2009  Canada  305,746 305    9,592 3.81 3.22 433  
2008 Chile 83,714 345 8,236 8,810 3.99 3.36 400 
2009 Chile 82,481 344 8,013 8,504 3.91 3.36 402 
2008 Croatia 72,598  5,164 4.09 3.32 422 
2008 Czech Republic 313,366 297 7,537 7,689 3.88 3.33 412 
2009 Czech Republic 305,378 297 7,659 7,813 3.87 3.32 411 
2008 Denmark1 507,000 365 8,922 4.26 3.41  
2009 Denmark1 516,441 365 9,022 4.29 3.44  
2008 Estonia 92,698 337 7,390 7,378 4.07 3.31 422 
2009 Estonia 89,389 338 7,447 7,570 4.07 3.33 421 
2008 Finland 227,876 305 8,755 8,802 4.22 3.45 410 
2008 France 2,665,684 340 8,185 7,129 3.99 3.39 412 
2009 France 2,561,748 338 8,109 7,131 3.99 3.38 416 
2008 Germany 3,496,257 321 7,879 7,812 4.13 3.43 406 
2009 Germany 3,508,798 319 7,974 7,883 4.13 3.43 405 
2008 Hungary 146,516 299 8,554 3.60 3.21 441 
2009 Hungary 140,462 298 8,622 3.58 3.28 442 
2008 Iran 26 345 10,000 9,100 3.30 3.10 422 
2008 Ireland 455,129 302 6,695 3.85 3.41 383 
2008 Israel 69,524 358 12,782 11,302 3.62 3.20 421 
2009 Israel 68,620 354 12,874 11,484 3.61 3.21 416 
2008 Italy 838,369 305 8,579 8,579 3.67 3.32  
2009 Italy 838,341 305 8,423 8,423 3.67 3.34  

                                                 
1 365 days rolling average 
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Year Country 
Number of 
lactations 

Length of the 
lactations 

(days) 

Milk yield per 
recorded cow 

(kg) 
Milk per cow in 
305 days (kg) 

Percent fat 
content (%) 

Percent 
protein content 

(%) 
Calving 

interval (days) 
2008 Latvia 94,067 365 5,487 5,520 4.32 3.30  
2009 Latvia 93,781 365 5,785 5,704 4.34 3.30  
2008 Lithuania 149,528 305 5,900 5,796 4.29 3.35 412 
2009 Lithuania 130,312 305 6,119 6,049 4.36 3.35 415 
2008 Luxembourg 33,215 7,353 4.22 3.41 425 
2009 Luxembourg 33,968 7,451 4.17 3.40 422 
2008 New Zealand 2,203,560 216 3,936 4,970 4.61 3.63 370 
2008 Norway 158,556 300 6,921 6,428 4.19 3.37 382 
2009 Norway 152,405 299 7,057 6,731 4.19 3.38 382 
2008 Poland 567,477 305 6,817 6,817 4.14 3.34 429 
2009 Poland 579,910 305 6,935 6,935 4.17 3.33 427 
2008 Portugal 80,009 365 10,330 8,920 3.66 3.27 436 
2008 Slovak Republic 109,556 296 6,759 6,913 4.13 3.23 428 
2009 Slovak Republic 99,122 296 6,858 7,014 4.09 3.24 428 
2008 Slovenia 80,669 361 6,826 6,043 4.05 3.26 415 
2009 Slovenia 81,117 362 6,789 6,012 4.00 3.31 416 
2008 South Africa 128,894 321 6,730 6,730 4.16 3.42 424 
2009 South Africa 138,887 330 6,790 6,790 4.13 3.42 421 
2008 Spain 349,578 369 10,588 9,092 3.68 3.21 405 
2009 Spain 351,218 369 10,590 9,061 3.70 3.23 405 
2008 Sweden2 305,957 365 9,162 4.15 3.40 407 
2009 Sweden 300,935 365 9,285 4.16 3.43 407 
2008 Switzerland 338,793 316 7,261 7,066 3.97 3.29 400 
2009 Switzerland 353,183 317 7,337 7,124 4.03 3.32 400 
2008 The Netherlands 831,959 356 9,358 8,574 4.30 3.45 422 

                                                 
2 365 days rolling average 
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Year Country 
Number of 
lactations 

Length of the 
lactations 

(days) 

Milk yield per 
recorded cow 

(kg) 
Milk per cow in 
305 days (kg) 

Percent fat 
content (%) 

Percent 
protein content 

(%) 
Calving 

interval (days) 
2008 UK (England & Wales) 510,110 361 9,010 7,990 4.03 3.31 423 
2009 UK (England & Wales) 482,415 361 9,090 8,100 4.00 3.30 423 
2008 UK England 183,347 341 9,223 8,014 4.01 3.21 434 
2009 UK England 200,833 338 9,132 7,964 3.99 3.23 432 
2009 UK Jersey Island 3,190 326 4,780 4,345 5.22 3.77 413 
2008 UK Northern Ireland 99,071 327 8,128 7,170 3.92 3.22 416 
2009 UK Northern Ireland 94,695 327 8,051 7,130 4.00 3.25 420 
2008 UK Scotland (by Holstein UK) 113,161 335 8,741 7,698 3.88 3.21 429 
2009 UK Scotland (by Holstein UK) 112,951 336 8,756 7,710 3.85 3.22 427 
2008 UK Wales 20,048 341 8,628 7,490 4.18 3.24 435 
2009 UK Wales 22,968 343 8,907 7,582 4.13 3.24 432 
2009 USA (by AgSource) 337,556 372 12,532 10,865 3.71 3.05  
2008 USA (by NDHIA)3 4,478,447 305 10,088 10,088 3.70 3.10  
2009 USA(by NDHIA)3 4,469,906 305 10,125 10,125 3.69 3.09  
 

                                                 
3 NDHIA herd averages 
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Year Country 
Number of 
lactations 

Length of the 
lactations 

(days) 

Milk yield per 
recorded cow 

(kg) 
Milk per cow in 
305 days (kg) 

Percent fat 
content (%) 

Percent protein 
content (%) 

Calving interval 
(days) 

2008 Australia 87,558 342 7,630 7,630 3.98 3.32   
2008 Austria 311,927 299 6,848 4.15 3.40   
2009 Austria 316,021 299 6,849 4.13 3.39   
 Belgium (Wallonia 

Region)1
 

2008 Czech Republic 296,772 297 7,632 7,786 3.88 3.34 412 
2009 Czech Republic 287,559 297 7,752 7,908 3.88 3.33 411 
2008 Denmark2 507,000 365 8,922 4.26 3.41   
2009 Denmark2 516,441 365 9,022 4.29 3.44   
2008 Estonia 78,640 342 7,587 7,563 4.06 3.32 423 
2009 Estonia 76,117 343 7,635 7,755 4.06 3.33 422 
2008 Finland 36,401 305 9,758 4.07 3.40   
2008 France 2,665,684 340 8,185 7,129 3.99 3.39 412 
2009 France 2,561,748 338 8,109 7,131 3.99 3.38 416 
2008 Germany 2,529,502 321 8,154 8,056 4.12 3.44 402 
2009 Germany 2,555,854 320 8,255 8,129 4.11 3.43 408 
2008 Hungary 138,227 299 8,609 3.59 3.2 441 
2008 Italy 838,369 305 8,579 8,579 3.67 3.32   
2009 Italy 838,341 305 8,423 8,423 3.67 3.34   
2008 Latvia 18,203 355 6,540 4.40 3.33   
2009 Latvia 24,276 358 6,667 4.39 3.32   
2008 New Zealand (na)3 (na) (na) (na) (n.a.) (n.a.) (n.a.) 
 Norway4  
2008 Poland 428,721 305 6,802 6,802 4.12 3.27   
2009 Poland 448,693 305 6,988 6,988 4.10 3.28   
2008 Portugal 46,528 367 10,658 9,180 3.67 3.28   
2008 Slovak Republic 29,029 296 6,754 6,908 4.14 3.27 420 
2009 Slovak Republic 61,102 297 7,375 7,524 4.11 3.26 425 
2008 Slovenia 80,669 361 6,826 6,043 4.05 3.26 415 
2009 Slovenia 81,117 362 6,789 6,012 4.00 3.31 416 

                                                 
1 All cows in milk recording = All cows in herdbook 
2 365 days rolling average 
3 Information not available 
4 The National Member does not have any special statistics for Cows in Herdbook. The herdbook is incorporated with cows in milk recording 
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Year Country 
Number of 
lactations 

Length of the 
lactations 

(days) 

Milk yield per 
recorded cow 

(kg) 
Milk per cow in 
305 days (kg) 

Percent fat 
content (%) 

Percent protein 
content (%) 

Calving interval 
(days) 

2008 South Africa 71,294 7,025 7,025 4.19 3.42 423 
2009 South Africa 77,366 7,194 7,194 4.14 3.42  
2008 Spain 349,578 368 10,588 90,92 3.68 3.21 404 
2009 Spain 351,874 370 10,590 9,061 3.70 3.23 405 
2008 Switzerland 338,793 316 7,261 7,066 3.97 3.29 400 
2009 Switzerland 353,183 317 7,337 7,124 4.03 3.32 401 
2008 The Netherlands 737,979 357 9,480 9,480 4.36 3.51  
2008 Turkey 193,077 342 6,559 5,766 411 
2008 UK (England & Wales) 253,061 364 9,410 8,310 4.06 3.31 426 
2009 UK (England & Wales) 235,299 363 9,490 8,430 4.03 3.29 426 
2008 UK England 152,223 344 9,451 8,192 4.00 3.2 434 
2009 UK England 160,076 340 9,377 8,159 4.00 3.21 434 
2009 UK Jersey Island 3,190 326 4,780 4,345 5.22 3.77 413 
2008 UK Northern Ireland 51,842 337 8,795 7,697 3.92 3.21 424 
2009 UK Northern Ireland 50,322 333 8,655 7,615 4.01 3.24 429 
2008 UK Scotland 

(by Holstein UK) 
66,498 342 9,295 8,118 3.93 3.22 435 

2009 UK Scotland 
(by Holstein UK) 

65,310 342 9,315 8,134 3.88 3.21 434 

2008 UK Wales 17,614 345 8,779 7,604 4.18 3.24 436 
2009 UK Wales 19,970 347 8,908 7,730 4.15 3.23 435 
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Year Country Breed 
Number of 
lactations 

Length of the 
lactations 

(days) 

Milk yield per 
recorded cow 

(kg) 

Milk per cow 
in 305 days 

(kg) 

Percent of 
fat content 

(%) 

Percent of 
protein 

content (%) 

Calving 
interval 
(days) 

2008 Australia Australian Red 
Breed 

6,263 310 5,838 5,838 4.09 3.47  

2008 Australia Ayrshire 2,710 311 5,524 5,524 4.06 3.34  
2008 Australia Brown Swiss 3,301 326 6,207 6,207 4.15 3.49  
2008 Australia Holstein 392,581 325 7,280 7,280 3.87 3.28  
2008 Australia Illawarra 5,414 313 5,983 5,983 3.97 3.39  
2008 Australia Jersey 64,289 310 5,247 5,247 4.83 3.72  
2008 Austria Braunvieh 48,255 301 6,817 4.14 3.41  
2009 Austria Braunvieh 47,531 301 6,856 4.11 3.41  
2008 Austria Fleckvieh 227,666 298 6,702 4.17 3.43  
2009 Austria Fleckvieh 232,632 298 6,687 4.14 3.41  
2008 Austria Grauvieh 2,959 294 4,792 3.95 3.27  
2009 Austria Grauvieh 3,111 294 4,817 3.92 3.25  
2008 Austria Holstein 34,105 301 8,212 4.13 3.25  
2009 Austria Holstein 34,875 300 8,223 4.11 3.25  
2008 Austria Pinzgauer 6,811 297 5,441 3.90 3.26  
2009 Austria Pinzgauer 6,677 298 5,478 3.87 3.25  
2008 Belgium  

(Wallonia Region) 
Blanc-Bleu Belge 2,575 297 4,132 3,982 3.50 3.24  

2008 Belgium  
(Wallonia Region) 

Holstein 42,705 366 8,670 7,603 3.97 3.35  

2008 Belgium  
(Wallonia Region) 

Montbéliarde 817 343 7,049 6,422 3.92 3.44  

2008 Belgium  
(Wallonia Region) 

Normande 420 340 6,149 5,608 4.22 3.54  

2008 Belgium  
(Wallonia Region) 

Red Holstein 7,145 353 7,394 6,676 4.15 3.42  

2008 Canada Ayrshire 8,830 305 7,561 3.99 3.36  
2009 Canada Ayrshire 9,205 305 7,468 4.04 3.35  
2008 Canada Brown Swiss 1,661 305 8,366 4.04 3.48  
2009 Canada Brown Swiss 1,974 305 8,127 4.08 3.35  
2008 Canada Canadienne 190 305 5,415 4.25 3.59  
2009 Canada Canadienne 187 305 5,761 4.32 3.56  
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Year Country Breed 
Number of 
lactations 

Length of the 
lactations 

(days) 

Milk yield per 
recorded cow 

(kg) 

Milk per cow 
in 305 days 

(kg) 

Percent of 
fat content 

(%) 

Percent of 
protein 

content (%) 

Calving 
interval 
(days) 

2008 Canada Guernsey 415 305 6,820 4.51 3.45  
2009 Canada Guernsey 419 305 6,812 4.56 3.43  
2008 Canada Holstein 274,581 305 9,836 3.74 3.20  
2009 Canada Holstein 283,762 305 9,793 3.76 3.19  
2008 Canada Jersey 9,301 305 6,435 4.84 3.81  
2009 Canada Jersey 9,874 305 6,371 4.87 3.81  
2008 Canada Milking shorthorn 297 305 6,656 3.62 3.32  
2009 Canada Milking shorthorn 325 305 6,566 4.87 3.81  
2008 Croatia Brown 1,680 5,376 4.07 3.40 436 
2008 Croatia Holstein 23,039 6,405 4.05 3.27 453 
2008 Croatia Simmental 47,879 4,559 4.11 3.34 407 
2008 Czech Republic Fleckvieh 137,892 295 6,466 6,630 4.02 3.43 401 
2009 Czech Republic Fleckvieh 120,609 294 6,457 6,637 4.02 3.43 399 
2008 Czech Republic Holstein 158,277 299 8,561 8,690 3.77 3.26 423 
2009 Czech Republic Holstein  171,936 299 8,586 8,715 3.78 3.26 421 
2008 Czech Republic Montbéliarde 1,252 295 7,758 7,954 3.72 3.39 396 
2009 Czech Republic Montbéliarde 1,206 295 7,785 7,982 3.74 3.40 399 
2008 Denmark1 Ayrshire 230 365 7,897 4.18 3.36  
2009 Denmark1 Ayrshire 246 365 9,084 4.22 3.46  
2008 Denmark1 Danish Holstein 367,875 365 9,379 4.07 3.33  
2009 Denmark1 Danish Holstein 373,333 365 9,504 4.10 3.36  
2008 Denmark1 Jersey 60,833 365 6,603 5.85 4.01  
2009 Denmark1 Jersey 63,421 365 6,623 5.90 4.06  
2008 Denmark1 Red Danish 40,053 365 8,668 4.21 3.46  
2009 Denmark1 Red Danish 39,851 365 8,750 4.27 3.49  
2008 Denmark1 Red Holstein 5,660 365 8,358 4.28 3.42  
2009 Denmark1 Red Holstein 5,801 365 8,442 4.31 3.44  
2008 Estonia Estonian Holstein 69,599 341 7,582 7,577 4.03 3.28 426 
2009 Estonia Estonian Holstein 68,059 341 7,615 7,755 4.03 3.30 427 
2008 Estonia Estonian Red 22,357 329 6,891 6,855 4.22 3.40 410 
2009 Estonia Estonian Red 20,577 328 6,995 7,057 4.23 3.40 407 

                                                 
1 365 days rolling average 
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Year Country Breed 
Number of 
lactations 

Length of the 
lactations 

(days) 

Milk yield per 
recorded cow 

(kg) 

Milk per cow 
in 305 days 

(kg) 

Percent of 
fat content 

(%) 

Percent of 
protein 

content (%) 

Calving 
interval 
(days) 

2008 Finland Finnish Ayrshire 152,416 305 8,564 8,609 4.33 3.48 411 
2008 Finland Finnish Cattle 2,602 305 6,223 6,422 4.38 3.50 400 
2008 Finland Holstein Friesian 72,728 305 9,251 9,290 3.99 3.40 407 
2008 Finland Jersey 22 305 7,922 7,401 5.16 3.90 389 
2008 France Abondance 21,528 295 5,129 4,872 3.69 3.47 395 
2009 France Abondance 22,031 298 5,152 4,872 3.68 3.97 397 
2008 France Brune 17,803 338 7,003 6,115 4.16 3.57 415 
2009 France Brune 17,606 335 6,938 6,113 4.18 3.57 420 
2008 France Montbéliarde 404,874 307 6,541 6,083 3.89 3.42 390 
2009 France Montbéliarde 407,223 310 6,575 6,103 3.89 3.43 392 
2008 France Normande 268,612 317 6,201 5,626 4.28 3.62 396 
2009 France Normande 247,200 319 6,203 5,655 4.28 3.61 398 
2008 France Pie Rouge des 

Plaines 
10,308 322 7,365 6,707 4.23 3.45 397 

2009 France Pie Rouge des 
Plaines 

9,915 323 7,303 6,697 4.25 3.45 403 

2008 France Prim'Holstein 1,847,614 353 8,993 7,695 3.98 33.6 420 
2009 France Prim'Holstein 1,758,394 349 8,894 7,700 3.97 3.35 425 
2008 France Simmental 

Française 
14,971 302 5,756 5,400 4.01 3.50 387 

2009 France Simmental 
Française 

15,308 305 5,789 5,436 4.00 3.50 390 

2008 Germany Braunvieh 178,358 324 6,824 6,770 4.23 3.59 416 
2009 Germany Braunvieh 175,635 324 7,040 6,931 4.23 3.59 416 
2008 Germany Fleckvieh 882,737 317 6,806 6,678 4.14 3.48 394 
2009 Germany Fleckvieh 882,205 316 6,881 6,716 4.14 3.47 395 
2008 Germany Holstein B&W 2,030,077 323 8,538 8,504 4.10 3.39 412 
2009 Germany Holstein B&W 2,042,989 321 8,641 8,573 4.09 3.40 414 
2008 Germany Holstein R&W 251,609 320 7,556 7,559 4.23 3.41 404 
2009 Germany Holstein R&W 248,359 317 7,672 7,649 4.24 3.42 408 
2008 Hungary Hungarian Holstein 

Friesian 
134,726 299 8,692 3.58 3.2 442 

2008 Hungary Hungarian Red 
Spotted 

3,503 294 5,412 3.86 3.38 410 
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Year Country Breed 
Number of 
lactations 

Length of the 
lactations 

(days) 

Milk yield per 
recorded cow 

(kg) 

Milk per cow 
in 305 days 

(kg) 

Percent of 
fat content 

(%) 

Percent of 
protein 

content (%) 

Calving 
interval 
(days) 

2008 Italy Castana 2,559 305 2,906 2,906 3.50 3.41  
2008 Italy Grey of Alps (Grigio 

Alpina, Grauvieh) 
5,590 305 4,908 4,908 3.71 3.35  

2009 Italy Grey of Alps (Grigio 
Alpina, Grauvieh) 

6,388 305 4,745 4,745 3.68 3.45  

2008 Italy Italian Brown (Bruna 
Italiana) 

65,964 305 6,837 6,837 3.95 3.50  

2009 Italy Italian Brown (Bruna 
Italiana) 

64,814 305 6,739 6,739 3.93 3.51  

2008 Italy Italian Friesian 
(Frisona Italiana) 

690,680 305 9,079 9,079 3.64 3.30  

2008 Italy Italian Red Spotted 
(Pezzata Rossa 
Italiana) 

33,401 305 6,472 6,472 3.89 3.43  

2009 Italy Italian Red Spotted 
(Pezzata Rossa 
Italiana) 

35,781 305 6,330 6,330 3.86 3.43  

2008 Italy Jersey 4,501 305 5,933 5,933 5.14 3.98  
2009 Italy Rendena 3,055 305 4,858 4,858 3.42 3.28  
2008 Italy Valdostana Red 

Spotted (Valdostana 
Pezzata Rossa) 

7,110 305 3,838 3,838 3.52 3.28  

2009 Italy Valdostana Red 
Spotted (Valdostana 
Pezzata Rossa)  

10,003 305 3,821 3,821 3.46 3.32  

2008 Latvia Holstein Black and 
White 

32,093 373 6,269 4.19 3.23  

2009 Latvia Holstein Black and 
White 

33,321 373 4,307 4.19 3.23  

2008 Latvia Latvian Blue 467 330 4,292 4.40 3.37  
2009 Latvia Latvian Blue 554 335 4,307 4.39 3.36  
2008 Latvia Latvian Brown 58,536 349 5,103 4.44 3.26  
2009 Latvia Latvian Brown 53,930 350 5,233 4.48 3.35  
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Year Country Breed 
Number of 
lactations 

Length of the 
lactations 

(days) 

Milk yield per 
recorded cow 

(kg) 

Milk per cow 
in 305 days 

(kg) 

Percent of 
fat content 

(%) 

Percent of 
protein 

content (%) 

Calving 
interval 
(days) 

2008 Lithuania Angler 442 305 6,052 5,908 4.62 3.61 430 
2008 Lithuania Ayrshire 927 305 6,754 6,433 4.30 3.40 435 
2009 Lithuania Ayrshire 1,489 305 6,462 6,505 4.29 3.43 435 
2008 Lithuania Danish Black & 

White 
261 305 7,300 6,973 4.50 3.38 446 

2008 Lithuania Danish Red 452 305 6,312 6,188 4.49 3.61 433 
2008 Lithuania Dutch Black & White 120 305 6,376 7,075 4.28 3.50 483 
2008 Lithuania German Black & 

white 
1,058 305 6,255 6,386 4.33 3.33 437 

2008 Lithuania German Red & 
White 

330 305 6,110 6,239 4.32 3.34 417 

2008 Lithuania Holstein 2,843 305 6,736 6,801 4.28 3.39 455 
2009 Lithuania Holstein 3,229 305 6,981 7,138 4.33 3.38 453 
2009 Lithuania Holstein R&W 6,865 305 6,657 6,865 4.28 3.38 436 
2008 Lithuania Lithuanian Black & 

White 
108,716 305 5,878 5,779 4.25 3.32 411 

2009 Lithuania Lithuanian Black & 
White 

91,912 305 6,125 6,022 4.33 3.31 414 

2009 Lithuania Lithuanian Native 
Ash-grey 

387 305 5,533 5,376 4.26 3.31 402 

2009 Lithuania Lithuanian R&W 28,087 305 5,935 5,927 4.46 3.44 409 
2008 Lithuania Lithuanian Red 31,972 305 5,768 5,659 4.39 3.47 409 
2008 Lithuania Native Ash - grey 375 305 5,522 5,281 4.14 3.30 407 
2008 Lithuania Native White- 

backed 
331 305 5,494 5,407 4.24 3.33 403 

2008 Lithuania Swedish Black & 
White 

190 305 7,405 8,172 4.42 3.34 494 

2008 Lithuania Swedish Red & 
White 

598 305 6,893 6,750 4.42 3.50 418 

2008 Luxembourg Holstein-RBT 5,995 6,588 4.37 3.46 419 
2009 Luxembourg Holstein-RBT 5,669 6,752 4.34 3.44 416 
2008 Luxembourg Holstein-SBT 26,039 7,591 4.18 3.41 427 
2009 Luxembourg Holstein-SBT 26,951 7,657 4.14 3.38 424 
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Year Country Breed 
Number of 
lactations 

Length of the 
lactations 

(days) 

Milk yield per 
recorded cow 

(kg) 

Milk per cow 
in 305 days 

(kg) 

Percent of 
fat content 

(%) 

Percent of 
protein 

content (%) 

Calving 
interval 
(days) 

2008 New Zealand Ayrshire 20,108 223 3,813 4,781 4.25 3.49 371 
2008 New Zealand Friesian 954,031 214 4,302 5,549 4.18 3.46 370 
2008 New Zealand Friesian/Jersey 871,930 217 3,893 4,975 4.74 3.70 370 
2008 New Zealand Jersey 357,491 217 3,070 3,923 5.51 3.98 370 
2008 Norway Jersey 1,047 297 4,971 6.00 3.90 391 
2009 Norway Jersey 1,006 305 5,290 5.96 3.92 392 
2008 Norway Norwegian Red 150,536 300 6,620 4.17 3.37 381 
2009 Norway Norwegian Red 144,825 299 6,756 4.17 3.38 382 
2008 Poland Jersey 1,020 305 5,347 5,347 5.29 3.89 403 
2009 Poland Jersey 1,054 305 5,426 5,426 5.26 3.81 422 
2009 Poland Montbeliarde 1,312 305 7,125 7,125 4.12 3.49 407 
2008 Poland Polish Black-White 1,502 305 4,894 4,894 4.12 3.27 404 
2009 Poland Polish Black-White 2,353 305 4,732 4,732 4.13 3.25 397 
2008 Poland Polish Holstein-

Friesian (HO) 
525,280 305 6,903 6,903 4.14 3.33 431 

2009 Poland Polish Holstein-
Friesian (HO) 

530,721 305 7,041 7,041 4.16 3.32 428 

2008 Poland Polish Holstein-
Friesian (RW) 

16,694 305 6,345 6,345 4.15 3.34 420 

2009 Poland Polish Holstein-
Friesian (RW) 

16,716 305 6,465 6,465 4.17 3.35 418 

2008 Poland Polish Red 2,030 305 3,927 3,927 4.25 3.35 394 
2009 Poland Polish Red 2,342 305 3,913 3,913 4.26 3.34 401 
2008 Poland Polish Red-White 2,406 305 4,911 4,911 4.05 3.27 404 
2009 Poland Polish Red-White 3,102 305 4,735 4,735 4.05 3.24 403 
2009 Poland Simmental 8,904 305 5,254 5,254 4.10 3.41 406 
2008 Poland Simmental 8,298 305 5,190 5,190 4.06 3.41 400 
2008 Portugal Holstein Frisia 80,089 365 10,330 8,920 3.66 3.27 436 
2008 Slovak Republic Cross breeds 68,264 295 6,505 6,670 4.15 3.24 427 
2009 Slovak Republic Cross breeds 58,245 295 6,576 6,742 4.12 3.25 422 
2008 Slovak Republic Holstein 27,542 299 8,109 8,231 4.04 3.18 442 
2009 Slovak Republic Holstein 27,578 298 8,169 8,313 4.02 3.20 435 
2008 Slovak Republic Slovak Pinzgauer 930 290 4,387 4,556 4.02 3.36 400 
2009 Slovak Republic Slovak Pinzgauer 1,035 289 4,545 4,732 4.07 3.37 414 
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Year Country Breed 
Number of 
lactations 

Length of the 
lactations 

(days) 

Milk yield per 
recorded cow 

(kg) 

Milk per cow 
in 305 days 

(kg) 

Percent of 
fat content 

(%) 

Percent of 
protein 

content (%) 

Calving 
interval 
(days) 

2008 Slovak Republic Slovak Simmental 12,820 294 5,377 5,527 4.25 3.30 415 
2009 Slovak Republic Slovak Simmental 12,264 294 5,395 5,546 4.16 3.34 414 
2008 Slovenia Brown 13,191 361 6,251 5,521 4.09 3.33 418 
2009 Slovenia Brown 12,740 365 6,249 5,476 4.06 3.38 419 
2008 Slovenia Holstein 30,048 377 8,385 7,247 3.98 3.21 426 
2009 Slovenia Holstein 30,575 376 8,295 7,188 3.93 3.25 425 
2008 Slovenia Simmental 34,907 349 5,812 5,238 4.11 3.31 408 
2009 Slovenia Simmental 32,928 350 5,707 5,156 4.07 3.35 409 
2008 South  Africa Ayrshire 6,873 6,873 6,079 4.03 3.34 418 
2009 South Africa Ayrshire 6,695 326 6,273 6,273 4.02 3.34 422 
2008 South Africa Guernsey 1,227 1,227 5,936 4.29 3.47 413 
2009 South Africa Guernsey 1,062 320 6,099 6,099 4.22 3.44 413 
2008 South Africa Holstein 59,412 8,210 8,210 3.85 3.21 442 
2009 South Africa Holstein 64,761 349 8,277 8,277 3.83 3.22 450 
2008 South Africa Jersey 56,600 5,411 5,411 4.66 3.75 422 
2009 South Africa Jersey 60,330 349 5,392 5,392 4.66 3.75 412 
2008 Spain Frisona 348,573 369 10,601 9,102 3.68 3.21  
2009 Spain Frisona 350,656 370 10,590 9,061 3.70 3.23 403 
2008 Spain Parda Alpina 1,005 312 6,892 6,372 3.76 3.53 403 
2009 Spain Parda Alpina 1,218 314 6,892 6,384 3.70 3.54 398 
2008 Sweden Swedih Red 131,958 365 8,730 4.30 3.49 398 
2008 Sweden Swedish Holstein 154,065 365 9,648 4.01 3.32 413 
2009 Sweden Swedish Holstein 144,365 365 9,778 4.02 3.35 413 
2008 Sweden Swedish Jersey 2,080 365 6,472 5.76 3.94 407 
2009 Sweden Swedish Jersey 1,904 365 6,758 5.77 3.96 407 
2008 Sweden Swedish Polled 1,330 365 5,590 4.45 3.54 410 
2009 Sweden Swedish Polled 1,254 365 5,420 4.39 3.53 407 
2009 Sweden Swedish Red 122,192 365 8,844 4.32 3.52 398 
2008 Switzerland Braunvieh 135,205 300 6,735 6,819 3.97 3.35 408 
2009 Switzerland Braunvieh 139,686 300 6,819 6,904 4.04 3.38 411 
2008 Switzerland Eringer 646 269 3,100 3,180 3.67 3.40 406 
2009 Switzerland Eringer 745 270 3,095 3,123 3.65 3.38 406 
2008 Switzerland Fleckvieh 160,548 334 7,561 7,054 3.97 3.26 390 
2009 Switzerland Fleckvieh 168,177 335 7,613 7,086 4.03 3.29 391 
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Year Country Breed 
Number of 
lactations 

Length of the 
lactations 

(days) 

Milk yield per 
recorded cow 

(kg) 

Milk per cow 
in 305 days 

(kg) 

Percent of 
fat content 

(%) 

Percent of 
protein 

content (%) 

Calving 
interval 
(days) 

2008 Switzerland Grauvieh 177 295 4,041 4,143 3.74 3.23 391 
2009 Switzerland Grauvieh 204 296 4,057 4,149 3.71 3.23 391 
2008 Switzerland Hinterwälder 107 297 3,983 4,063 3.93 3.38 374 
2009 Switzerland Hinterwälder 97 297 3,987 4,067 4.00 3.38 374 
2008 Switzerland Holstein 40,471 301 8,056 8,095 3.94 3.22 410 
2009 Switzerland Holstein 42,477 301 8,166 8,170 3.99 3.26 409 
2008 Switzerland Jersey 1,639 299 5,107 5,184 5.36 3.87 389 
2009 Switzerland Jersey 1,797 299 5,222 5,301 5.45 3.90 389 
2008 Tunisia Brown Swiss 576 341 4,817 4,647 438 
2008 Tunisia Holstein 18,595 346 5,733 5,581 443 
2008 Tunisia Tarantaise 143 284 3,453 3,939 415 
2008 UK (England & UK) Jersey 17,621 229 5,887 5,404 5.34 3.89 404 
2008 UK (England & 

Wales) 
Ayrshire 7,664 336 6,858 6,349 4.08 3.28 412 

2009 UK (England & 
Wales) 

Ayrshire 7,459 334 6,886 6,470 4.09 3.37 413 

2008 UK (England & 
Wales) 

British Friesian 5,679 336 7,193 6,695 4.12 3.40 404 

2009 UK (England & 
Wales) 

British Friesian 6,368 339 7,298 6,776 4.07 3.36 400 

2008 UK (England & 
Wales) 

Guernsey 5,246 350 6,189 5,540 4.74 3.61 418 

2009 UK (England & 
Wales) 

Guernsey 4,516 353 6,280 5,653 4.77 4.78 420 

2008 UK (England & 
Wales) 

Holstein 461,716 363 9,289 8,206 3.97 3.28 425 

2009 UK (England & 
Wales) 

Holstein 435,872 363 9,364 8,316 3.95 3.27 424 

2009 Uk (England & 
Wales) 

Jersey 15,329 339 6,065 5,617 5.31 3.88 406 

2008 UK (England & 
Wales) 

Shorthorn 4,650 323 6,297 5,956 3.80 3.33 402 

2009 UK (England & 
Wales) 

Shorthorn 4,615 323 6,328 5,996 3.78 3.32 399 
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Year Country Breed 
Number of 
lactations 

Length of the 
lactations 

(days) 

Milk yield per 
recorded cow 

(kg) 

Milk per cow 
in 305 days 

(kg) 

Percent of 
fat content 

(%) 

Percent of 
protein 

content (%) 

Calving 
interval 
(days) 

2008 UK England Ayrshire 1,451 294 6,440 5,944 4.12 3.33 419 
2009 UK England Ayrshire 1,449 315 7,032 6,468 4.19 3.37 416 
2008 UK England Brown Swiss 492 318 6,940 6,237 4.10 3.45 433 
2009 UK England Brown Swiss 578 315 6,926 6,227 4.00 3.45 422 
2008 UK England Friesian 2,349 316 6,736 6,142 4.12 3.35 419 
2009 UK England Friesian 2,876 319 6,684 6,129 4.11 3.39 409 
2008 UK England Guernsey 630 342 5,961 5,186 4.90 3.59 439 
2009 UK England Guernsey 828 328 5,952 5,240 4.90 3.61 430 
2008 UK England Holstein 171,174 343 9,449 8,192 3.97 3.19 435 
2009 UK England Holstein 186,573 340 9,360 8,145 3.95 3.20 434 
2008 UK England Jersey 6,100 307 5,579 5,086 5.47 3.87 406 
2009 UK England Jersey 7,198 313 5,691 5,157 5.49 3.92 406 
2008 UK England Montebeliarde 158 328 7,286 6,540 4.05 3.36 402 
2009 UK England Montebeliarde 291 301 6,625 6,036 4.04 3.41 409 
2009 UK England Shorthorn 549 308 6,267 5,795 3.74 3.31 398 
2009 UK Jersey Island Jersey 3,190 326 4,780 4,345 5.22 3.77 413 
2008 UK Northern Ireland Ayrshire 1,982 301 6,116 5,693 4.06 3.30 406 
2009 UK Northern Ireland Ayrshire 2,057 299 6,140 5,725 4.16 3.34 413 
2008 UK Northern Ireland Friesian 645 295 6,151 5,675 4.05 3.31 441 
2009 UK Northern Ireland Friesian 864 307 6,468 5,889 4.11 3.33 399 
2008 UK Northern Ireland Holstein 93,814 329 8,239 7,255 3.90 3.21 416 
2009 UK Northern Ireland Holstein 89,001 328 8,167 7,218 3.99 3.26 421 
2008 UK Northern Ireland Jersey 1,100 312 5,544 4,932 5.01 3.79 399 
2009 UK Northern Ireland Jersey 1,033 311 5,441 4,855 5.07 3.81 414 
2009 UK Northern Ireland Montbeliarde 380 315 6,421 5,944 3.82 3.35 383 
2008 UK Northern Ireland Montebeliarde 348 296 6,081 5,735 3.80 3.37 382 
2009 UK Northern Ireland Other Breeds 362 297 6,313 5,934 3.99 3.40 391 
2008 UK Northern Ireland Shorthorn 698 313 7,228 6,644 3.87 3.27 407 
2009 UK Northern Ireland Shorthorn 942 303 6,974 6,448 3.95 3.32 409 
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Year Country Breed 
Number of 
lactations 

Length of the 
lactations 

(days) 

Milk yield per 
recorded cow 

(kg) 

Milk per cow 
in 305 days 

(kg) 

Percent of 
fat content 

(%) 

Percent of 
protein 

content (%) 

Calving 
interval 
(days) 

2008 UK Scotland  
(by Holstein UK) 

Ayrshire 9,974 318 7,269 6,675 4.07 3.34 422 

2009 UK Scotland  
by Holstein UK) 

Ayrshire 9,717 323 7,391 6,748 4.05 3.36 418 

2008 UK Scotland  
by Holstein UK) 

Brown Swiss 281 355 7,874 6,840 4.08 3.46 435 

2009 UK Scotland  
by Holstein UK) 

Brown Swiss 291 326 7,301 6,301 3.94 3.51 430 

2008 UK Scotland  
by Holstein UK) 

Friesian 1,536 301 6,383 5,876 4.02 3.34 412 

2009 UK Scotland  
by Holstein UK) 

Friesian 1,866 322 6,763 6,175 4.08 3.4 400 

2008 UK Scotland  
by Holstein UK) 

Holstein 98,873 338 9,003 7,895 3.85 3.18 430 

2009 UK Scotland  
by Holstein UK) 

Holstein 98,718 338 8,992 7,888 3.83 3.18 429 

2008 UK Scotland  
by Holstein UK) 

Jersey 1,692 309 5,610 4,943 5.42 3.99 427 

2009 UK Scotland  
by Holstein UK) 

Jersey 1,383 322 6,091 5,370 5.29 3.97 419 

2009 UK Scotland  
by Holstein UK) 

Montbeliarde 414 322 6,941 6,236 3.90 3.32 406 

2008 UK Scotland  
by Holstein UK) 

Montebeliarde 249 292 6,221 5,808 3.93 3.34 400 

2009 UK Scotland  
by Holstein UK) 

Other Breeds 346 317 6,730 6,248 3.99 3.33 406 

2008 UK Scotland  
by Holstein UK) 

Shorthorn 190 291 5,634 5,312 3.75 3.48 395 

2009 UK Scotland  
by Holstein UK) 

Shorthorn 199 280 5,311 5,056 3.88 3.46 389 
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Year Country Breed 
Number of 
lactations 

Length of the 
lactations 

(days) 

Milk yield per 
recorded cow 

(kg) 

Milk per cow 
in 305 days 

(kg) 

Percent of 
fat content 

(%) 

Percent of 
protein 

content (%) 

Calving 
interval 
(days) 

2008 UK Wales Ayrshire 148 311 7,116 6,513 4.73 3.38 416 
2008 UK Wales Brown Swiss 123 291 5,523 4,769 4.70 3.67 593 
2008 UK Wales Friesian 228 331 6,807 6,240 4.01 3.32 413 
2009 UK Wales Friesian 268 324 6,714 6,067 4.17 3.36 365 
2008 UK Wales Holstein 18,892 343 8,774 7,603 4.14 3.22 435 
2009 UK Wales Holstein 21,650 344 8,849 7,694 4.11 3.22 434 
2008 UK Wales Jersey 531 311 5,812 5,271 5.37 3.89 421 
2009 UK Wales Jersey 593 310 5,862 5,438 5.28 3.88 409 
2008 USA (by NDHIA)2 Ayrshire 5,622 305 7,027 7,027 3.89 3.18  
2009 USA (by NDHIA)2 Ayrshire 5,108 305 6,942 6,942 3.94 3.17  
2009 USA (by NDHIA)2 Ayrshire 585 371 8,748 7,744 3.93 3.17  
2008 USA (by NDHIA)2 Brown Swiss 14,353 305 8,281 8,281 4.08 3.39  
2009 USA (by NDHIA)2 Brown Swiss 3,158 381 10,465 8,863 4.09 3.36  
2009 USA (by NDHIA)2 Brown Swiss 13,089 8,323 8,323 4.09 3.39  
2008 USA (by NDHIA)2 Guernsey 7,220 305 6,962 6,962 4.52 3.37  
2009 USA (by NDHIA)2 Guernsey 1,222 378 8,699 7,467 4.59 3.36  
2009 USA (by NDHIA)2 Guernsey 6,184 305 6,891 6,891 4.56 3.37  
2008 USA (by NDHIA)2 Holstein 4,027,514 305 10,336 10,336 3.65 3.07  
2009 USA (by NDHIA)2 Holstein 312,928 373 12,760 11,059 3.68 3.03  
2009 USA (by NDHIA)2 Holstein 3,938,546 305 10,403 10,403 3.64 3.06  
2008 USA (by NDHIA)2 Jersey 208,251 305 7,451 7,451 4.62 3.60  
2009 USA (by NDHIA)2 Jersey 12,225 364 8,933 7,815 4.65 3.60  
2009 USA (by NDHIA)2 Jersey 204,826 305 7,419 7,419 4.64 3.61  
2008 USA (by NDHIA)2 Milking Shorthorn 2,109 305 5,980 5,980 3.56 3.10  
2009 USA (by NDHIA)2 Milking Shorthorn 339 359 8,109 7,298 3.93 3.11  
2009 USA (by NDHIA)2 Milking Shorthorn 1,972 305 6,001 6,001 3.52 3.10  
 

                                                 
2 NDHIA Herd Averages 
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Year Country Breed 
Number of 
lactations 

Length of 
the 

lactations 
(days) 

Milk yield 
per 

recorded 
cow (kg) 

Milk per cow 
in 305 days 

(kg) 

Percent of 
fat content 

(%) 

Percent of 
protein 

content (%) 

Calving 
interval 
(days) 

2008 Australia Australian Red Breeds 793 341 7,480 7,480 3.86 3.55  
2008 Australia Ayrshire 700 332 5,908 5,908 4.05 3.29  
2008 Australia Brown Swiss 950 341 6,689 6,689 4.05 3.45  
2008 Australia Holstein 67,178 347 8,158 8,158 3.77 3.21  
2008 Australia Illawarra 2,179 313 6,237 6,237 3.89 3.34  
2008 Australia Jersey 15,377 323 5,716 5,716 4.89 3.73  
2008 Austria Braunvieh 47,346 301 6,834 4.14 3.41  
2009 Austria Braunvieh 46,608 301 6,874 4.11 3.41  
2008 Austria Fleckvieh 223,113 299 6,722 4.17 3.43  
2009 Austria Fleckvieh 227,196 298 6,710 4.14 3.41  
2008 Austria Grauvieh 2,897 295 4,803 3.96 3.27  
2009 Austria Grauvieh 3,054 294 4,820 3.92 3.25  
2008 Austria Holstein 31,114 301 8,312 4.13 3.26  
2009 Austria Holstein 31,852 300 8,328 4.10 3.25  
2008 Austria Pinzgauer 6,636 297 5,447 3.89 3.26  
2009 Austria Pinzgauer 6,486 298 5,481 3.87 3.25  
 Belgium (Wallonia Region) All breeds All cows in milk recording = All cows in herdbook 
2008 Czech Republic Fleckvieh 132,889 295 6,438 6,601 4.02 3.43 400 
2009 Czech Republic Fleckvieh 126,475 294 6,519 6,701 4.01 3.43 399 
2008 Czech Republic Holstein 163,883 299 8,601 8,730 3.77 3.26 422 
2009 Czech Republic Holstein 161,084 299 8,720 8,851 3.77 3.25 421 
2008 Denmark1 Ayrshire 230 365 7,897 4.18 3.36  
2009 Denmark1 Ayrshire 246 365 9,084 4.22 3.46  
2008 Denmark1 Danish Holstein 367,875 365 9,379 4.07 3.33  
2009 Denmark1 Danish Holstein 373,333 9,504 4.10 3.36  
2008 Denmark1 Jersey 60,833 365 6,603 5.85 4.01  
2009 Denmark1 Jersey 63,421 365 6,623 5.90 4.06  
2008 Denmark1 Red Danish 40,053 8,668 4.21 3.46  
2009 Denmark1 Red Danish 39,851 365 8,750 4.27 3.49  
2008 Denmark1 Red Holstein 5,660 365 8,358 4.28 3.42  
2009 Denmark1 Red Holstein 5,801 365 8,442 4.31 3.44  

                                                 
1 365 days rolling average 
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Year Country Breed 
Number of 
lactations 

Length of 
the 

lactations 
(days) 

Milk yield 
per 

recorded 
cow (kg) 

Milk per cow 
in 305 days 

(kg) 

Percent of 
fat content 

(%) 

Percent of 
protein 

content (%) 

Calving 
interval 
(days) 

2008 Estonia Estonian Holstein 58,839 347 7,778 7,774 4.01 3.29 428 
2009 Estonia Estonian Holstein 57,803 348 7,798 7,948 4.01 3.31 428 
2008 Estonia Estonian Red 19,399 330 7,068 7,007 4.21 3.32 410 
2009 Estonia Estonian Red 17,943 330 7,173 7,218 4.23 3.41 406 
2008 Finland Finnish Ayrshire 22,204 305 9,569 4.20 3.43  
2008 Finland Finnish Cattle 1,222 305 6,349 4.35 3.48  
2008 Finland Holstein Friesian 12,962 305 10,407 3.86 3.35  
2008 France Abondance 21,528 295 5,129 4,872 3.69 3.47 395 
2009 France Abondance 22,031 298 5,152 4,872 3.68 3.47 397 
2008 France Brune 17,803 338 7,003 6,115 4.16 3.57 415 
2009 France Brune 17,606 335 6,938 6,113 41.8 3.57 420 
2008 France Montbéliarde 404,874 307 6,541 6,083 3.89 3.42 390 
2009 France Montbéliarde 407,223 310 6,575 6,103 3.89 3.43 392 
2008 France Normande 268,612 317 6,201 5,626 4.28 3.62 396 
2009 France Normande 247,200 319 6,203 5,655 4.28 3.61 398 
2008 France Pie Rouge des 

Plaines 
10,308 322 7,365 6,707 4.23 3.45 397 

2009 France Pie Rouge des 
Plaines 

9,915 323 7,303 6,697 4.25 3.45 403 

2008 France Prim'Holstein 1,847,614 353 8,993 7,695 3.98 3.36 420 
2009 France Prim'Holstein 1,758,394 349 8,894 7,700 3.97 3.35 425 
2008 France Simmental Française 14,971 302 5,756 5,400 4.01 3.50 387 
2009 France Simmental Française 15,308 305 5,789 5,436 4.00 3.50 390 
2008 Germany Braunvieh 143,780 319 7,015 6,938 4.23 3.60 415 
2009 Germany Braunvieh 142,767 319 7,228 7,095 4.23 3.60 415 
2008 Germany Fleckvieh 645,124 317 7,020 6,864 4.13 3.49 393 
2009 Germany Fleckvieh 650,063 316 7,096 6,903 4.13 3.48 393 
2008 Germany Holstein B&W 1,549,431 324 8,783 8,724 4.09 3.39 405 
2009 Germany Holstein B&W 1,569,468 322 8,887 8,794 4.07 3.40 415 
2008 Germany Holstein R&W 149,627 322 7,979 7,927 4.22 3.42 403 
2009 Germany Holstein R&W 149,592 320 8,107 8,013 4.21 3.42 409 
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Year Country Breed 
Number of 
lactations 

Length of 
the 

lactations 
(days) 

Milk yield 
per 

recorded 
cow (kg) 

Milk per cow 
in 305 days 

(kg) 

Percent of 
fat content 

(%) 

Percent of 
protein 

content (%) 

Calving 
interval 
(days) 

2008 Hungary Hungarian Holstein 
Friesian 

134,724 299 8,692 3.58 3.2 442 

2008 Hungary Hungarian Red 
Spotted 

3,503 294 5,412 3.86 3.38 410 

2008 Italy Castana 2,559 305 2,906 2,906 3.50 3.41  
2008 Italy Grey of Alps  

(Grigio Alpina, 
Grauvieh) 

5,590 305 4,908 4,908 3.71 3.35  

2009 Italy Grey of Alps  
(Grigio Alpina, 
Grauvieh) 

6,388 305 4,745 4,745 3.68 3.45  

2008 Italy Italian Brown  
(Bruna Italiana) 

65,964 305 6,837 6,837 3.95 3.50  

2009 Italy Italian Brown  
(Bruna Italiana) 

64,814 305 6,739 6,739 3.93 3.51  

2008 Italy Italian Friesian 
(Frisona Italiana) 

690,680 305 9,079 9,079 3.64 3.30  

2009 Italy Italian Friesian 
(Frisona Italiana) 

681,098 305 8,965 8,965 3.63 3.31  

2008 Italy Italian Red Spotted  
(Pezzata Rossa 
Italiana) 

33,401 305 6,472 6,472 3.89 3.43  

2009 Italy Italian Red Spotted  
(Pezzata Rossa 
Italiana) 

35,781 305 6,330 6,330 3.86 3.43  

2008 Italy Jersey 4,501 305 5,933 5,933 5.14 3.98  
2009 Italy Rendena 3,055 305 4,858 4,858 3.42 3.28  
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Year Country Breed 
Number of 
lactations 

Length of 
the 

lactations 
(days) 

Milk yield 
per 

recorded 
cow (kg) 

Milk per cow 
in 305 days 

(kg) 

Percent of 
fat content 

(%) 

Percent of 
protein 

content (%) 

Calving 
interval 
(days) 

2008 Italy Valdostana Red 
Spotted 
(Valdostana Pezzata 
Rossa) 

7,110 305 3,838 3,838 3.52 3.28  

2009 Italy Valdostana Red 
Spotted 
(Valdostana Pezzata 
Rossa) 

10,003 305 3,821 3,821 3.46 3.32  

2008 Latvia Holstein B&W 6,098 372 7,440 4.19 3.23  
2009 Latvia Holstein B&W 8,892 373 7,550 4.18 3.25  
2008 Latvia Latvian Brown 10,932 346 6,034 4.51 3.38  
2009 Latvia Latvian Brown 13,479 348 6,093 4.52 3.37  
2008 New Zealand Ayrshire  16,509 246 4,244 4,968 4.27 3.50 (n.a.) 
2008 New Zealand Friesian (n.a.)2 (n.a.) (n.a.) (n.a.) (n.a.) (n.a.) (n.a.) 
2008 New Zealand Jersey (n.a.) (n.a.) (n.a.) (n.a.) (n.a.) (n.a.) (n.a.) 
 Norway The National Member does not have any statistics for Cows in Herdbook. The Herdbook is incorporated with cows in milk recording 
2009 Poland Polish Black-White 1,603 305 4,904 4,904 4.12 3.24  
2008 Poland Polish Holstein-

Friesian (Ho) 
397,108 305 6,897 6,897 4.11 3.26  

2009 Poland Polish Holstein-
Friesian (Ho) 

411,441 305 7,101 7,101 4.09 3.27  

2008 Poland Polish Holstein-
Friesian (RW) 

12,708 305 6,292 6,292 4.17 3.29  

2009 Poland Polish Holstein-
Friesian (RW) 

13,028 305 6,526 6,526 4.10 3.30  

2008 Poland Polish Red 1,619 305 3,926 3,926 4.24 3.31  
2009 Poland Polish Red 1,863 305 3,916 3,916 4.26 3.34  
2009 Poland Polish Red-White 2,229 305 4,937 4,937 4.01 3.22  
2008 Poland Simmental 6,284 305 4,944 4,944 4.04 3.38  
2009 Poland Simmental 6,932 305 5,208 5,208 4.08 3.40  
2008 Portugal Holstein Frisian 46,528 367 10,658 9,180 3.67 3.28  

                                                 
2 Not available 
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Year Country Breed 
Number of 
lactations 

Length of 
the 

lactations 
(days) 

Milk yield 
per 

recorded 
cow (kg) 

Milk per cow 
in 305 days 

(kg) 

Percent of 
fat content 

(%) 

Percent of 
protein 

content (%) 

Calving 
interval 
(days) 

2008 Slovak Republic Holstein 7,559 299 8,541 8,669 4.00 3.19 437 
2009 Slovak Republic Holstein 23,065 299 8,312 8,437 4.05 3.22 433 
2008 Slovak Republic Slovak Pinzgauer 1,112 289 4,631 4,821 4.00 3.35 400 
2009 Slovak Republic Slovak Pinzgauer 918 289 4,574 4,762 4.02 3.38 406 
2008 Slovak Republic Slovak Simmental 2,448 295 5,917 6,067 4.20 3.34 407 
2009 Slovak Republic Slovak Simmental 1,831 293 5,797 5,974 4.14 3.35 405 
2008 Slovenia Brown 13,191 361 6,251 5,521 4.09 3.33 418 
2009 Slovenia Brown 12,740 365 6,249 5,476 4.06 3.38 419 
2008 Slovenia Holstein 30,048 377 8,385 7,247 3.98 3.21 426 
2009 Slovenia Holstein 30,575 376 8,295 7,188 3.93 3.25 425 
2008 Slovenia Simmental 34,907 349 5,812 5,238 4.11 3.31 408 
2009 Slovenia Simmental 32,928 350 5,707 5,156 4.07 3.35 409 
2008 South Africa Ayrshire 6,240 6,578 6,578 3.97 3.30 418 
2009 South Africa Ayrshire 6,299 6,836 6,836 3.92 3.31  
2008 South Africa Guernsey 438 6,449 6,449 4.32 3.47 424 
2009 South Africa Guernsey 406 6,697 6,697 4.21 3.45  
2008 South Africa Holstein 29,091 9,331 9,331 3.81 3.18 440 
2009 South Africa Holstein 33,654 9,508 9,508 3.78 3.19  
2008 South Africa Jersey 35,525 5,745 5,745 4.66 3.74 411 
2009 South Africa Jersey 37,007 5,738 5,738 4.64 3.73  
2008 Spain Frisona 348,573 369 10,601 9,102 3.68 3.21  
2009 Spain Frisona 350,656 370 10,590 9,061 3.70 3.23 403 
2008 Spain Parda Alpina 1,005 312 6,892 6,372 3.76 3.53 403 
2009 Spain Parda Alpina 1,218 314 6,892 6,384 3.70 3.52 398 
 Sweden The National Member does not have any special statistics for Cows in Herdbook. The herdbook is incorporated with cows in milk 

recording 
2008 Switzerland Braunvieh 135,205 300 6,735 6,819 3.97 3.35 408 
2009 Switzerland Braunvieh 139,686 300 6,819 6,904 4.04 3.38 411 
2008 Switzerland Eringer 646 269 3,100 3,180 3.67 3.40 406 
2009 Switzerland Eringer 745 270 3,095 3,123 3.65 3.38 406 
2008 Switzerland Fleckvieh 160,548 334 7,561 7,054 3.97 3.26 390 
2009 Switzerland Fleckvieh 168,177 335 7,613 7,086 4.03 3.29 391 
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Year Country Breed 
Number of 
lactations 

Length of 
the 

lactations 
(days) 

Milk yield 
per 

recorded 
cow (kg) 

Milk per cow 
in 305 days 

(kg) 

Percent of 
fat content 

(%) 

Percent of 
protein 

content (%) 

Calving 
interval 
(days) 

2008 Switzerland Grauvieh 177 295 4,041 4,043 3.74 3.23 391 
2009 Switzerland Grauvieh 204 296 4,057 4,149 3.71 3.23 391 
2008 Switzerland Hinterwälder 107 297 3,983 4,063 3.93 3.38 374 
2009 Switzerland Hinterwälder 97 297 3,987 4,067 4.00 3.38 374 
2008 Switzerland Holstein 40,471 301 8,056 8,095 3.94 3.22 410 
2009 Switzerland Holstein 42,477 301 8,166 8,170 3.99 3.26 409 
2008 Switzerland Jersey 1,639 299 5,107 5,184 5.36 3.87 389 
2009 Switzerland Jersey 1,797 299 5,222 5,301 5.45 3.90 389 
2008 Turkey Brown Swiss 7,695 330 4,996 4,476 n.a. n.a. 405 
2008 Turkey Holstein Friesian 

(Black and White) 
179,445 343 6,670 5,858 n.a. n.a. 412 

2008 Turkey Holstein Friesian 
(Red and White) 

383 342 6,620 5,828 n.a. n.a. 411 

2008 Turkey Simmental 5,554 329 5,115 4,593 n.a. n.a. 410 
2008 UK (England & Wales) Ayrshire 4,812 335 7,025 6,514 4.09 3.38 414 
2009 UK (England & Wales) Ayrshire 4,812 335 7,011 6,588 4.41 3.37 414 
2009 UK (England & Wales) British Friesian 2,892 335 7,271 6,804 4.08 3.35 402 
2008 UK (England & Wales) Guernsey 4,253 351 6,323 6,151 3.79 3.32 407 
2009 UK (England & Wales) Guernsey 3,629 352 6,373 5,747 4.81 3.63 420 
2008 UK (England & Wales) Holstein 223,374 367 9,818 8,628 3.97 3.26 428 
2009 UK (England & Wales) Holstein 208,620 366 9,868 8,732 3.94 3.25 428 
2008 UK (England & Wales) Jersey 13,258 339 5,905 5,409 5.40 3.90 405 
2009 UK (England & Wales) Jersey 11,266 340 6,169 5,657 5.43 3.91 408 
2008 UK (England & Wales) Shorthorn 2,752 320 6,492 6,151 3.79 3.32 407 
2009 UK (England & Wales) Shorthorn 2,528 323 6,492 6,098 3.77 3.31 402 
2008 UK (England & Wales0 British Friesian 3,056 334 7,319 6,842 4.22 3.39 410 
2008 UK England Ayrshires 1,163 296 6,559 6,063 4.07 3.32 420 
2009 UK England Ayrshires 1,083 316 7,004 6,429 4.17 3.36 418 
2008 UK England Brown Swiss 239 316 6,995 6,246 4.15 3.46 447 
2009 UK England Brown Swiss 313 315 7,071 6,358 4.04 3.48 426 
2008 UK England Friesian 1,737 324 6,857 6,333 4.11 3.36 412 
2009 UK England Friesian 1,947 322 6,849 6,323 4.11 3.38 410 
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Year Country Breed 
Number of 
lactations 

Length of 
the 

lactations 
(days) 

Milk yield 
per 

recorded 
cow (kg) 

Milk per cow 
in 305 days 

(kg) 

Percent of 
fat content 

(%) 

Percent of 
protein 

content (%) 

Calving 
interval 
(days) 

2008 UK England Guernsey 560 344 6,005 5,226 4.88 3.58 441 
2009 UK England Guernsey 692 331 6,083 5,346 4.86 3.59 435 
2008 UK England Holstein 142,904 346 9,678 8,371 3.97 3.18 435 
2009 UK England Holstein 149,745 342 9,603 8,339 3.95 3.19 436 
2008 UK England Jersey 5,548 307 5,518 5,026 5.51 3.90 407 
2009 UK England Jersey 6,198 314 5,657 5,126 5.56 3.94 407 
2009 UK Jersey Island Jersey 3,190 326 4,780 4,345 5.22 3.77 413 
2008 UK Northern Ireland Ayrshire 1,553 300 6,093 5,682 4.08 3.31 408 
2009 UK Northern Ireland Ayrshires 1,577 301 6,148 5,757 4.17 3.34 417 
2008 UK Northern Ireland Friesian 394 322 6,724 6,233 4.19 3.35 391 
2009 UK Northern Ireland Friesian 355 314 7,046 6,608 4.25 3.39 398 
2008 UK Northern Ireland Holstein 49,218 338 8,940 7,811 3.90 3.2 425 
2009 UK Northern Ireland Holstein 47,771 334 8,792 7,720 3.99 3.24 430 
2008 UK Northern Ireland Jersey 649 320 5,585 4,865 5.10 3.84 408 
2009 UK Northern Ireland Jersey 600 314 5,357 4,707 5.16 3.87 421 
2008 UK Scotland 

(by Holstein UK) 
Ayrshires 6,666 321 7,528 6,905 4.10 3.33 423 

2009 UK Scotland 
(by Holstein UK) 

Ayrshires 6,520 322 7,532 6,881 4.05 3.36 420 

2008 UK Scotland 
(by Holstein UK) 

Brown Swiss 177 352 7,959 6,934 4.04 3.49 440 

2009 UK Scotland 
(by Holstein UK) 

Brown Swiss 196 331 7,463 6,368 3.86 3.53 444 

2008 UK Scotland 
(by Holstein UK) 

Friesian 710 287 6,296 5,835 4.11 3.43 412 

2009 UK Scotland 
(by Holstein UK) 

Friesian 514 319 7,062 6,563 4.14 3.41 401 

2008 UK Scotland 
(by Holstein UK) 

Holstein 57,764 346 9,606 8,347 3.89 3.19 437 

2009 UK Scotland 
(by Holstein UK) 

Holstein 57,162 345 9,592 8,339 3.86 3.19 436 
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Year Country Breed 
Number of 
lactations 

Length of 
the 

lactations 
(days) 

Milk yield 
per 

recorded 
cow (kg) 

Milk per cow 
in 305 days 

(kg) 

Percent of 
fat content 

(%) 

Percent of 
protein 

content (%) 

Calving 
interval 
(days) 

2008 UK Scotland 
(by Holstein UK) 

Jersey 1,122 327 6,057 5,287 5.56 4/03 428 

2009 UK Scotland 
(by Holstein UK) 

Jersey 855 335 6,364 5,522 5.45 4.00 429 

2008 UK Wales Ayrshires 144 311 7,159 6,542 4.74 3.38 418 
2009 UK Wales Ayrshires 151 342 8,115 7,013 4.72 3.39 408 
2009 UK Wales Brown Swiss 118 363 7,404 5,644 4.68 3.61 393 
2008 UK Wales Friesian 217 334 6,840 6,266 4.02 3.32 415 
2009 UK Wales Friesian 213 330 6,885 6,276 4.22 3.36 398 
2008 UK Wales Holstein 16,650 346 8,921 7,712 4.15 3.22 437 
2009 UK Wales Holstein 18,970 348 9,028 7,829 4.11 3.22 436 
2008 UK Wales Jersey 507 312 5,841 5,294 5.38 3.91 422 
2009 UK Wales Jersey 446 317 6,064 5,535 5.42 3.94 421 
 



Cow milk enquiry 2008-2009 – Responsible for the National submission 
 

The following, are the accounts of the National Responsibles for the submission to the cow on-line database. 
 

Country E-mail account 
Australia dabernethy@adhis.com.au 
Austria rehling@zuchtdata.at 
Belgium (Wallonia Region) JeanFrancois.Duckerts@pw.wallonie.be 
Canada slafontaine@valacta.com 
Chile clo@cooprinsem.cl 
Croatia hpa@hpa.hr 
Czech Republic bucpav@centrum.cz 
Denmark UFL@landscentret.dk 
Estonia aire.pentjarv@jkkeskus.ee 
Finland sanna.nokka@proagria.fi 
France michel.douguet@inst-elevage.asso.fr 
Germany folkert.onken@adt.de 
Hungary gymeszaros@atkft.hu 
Iran abci@abc.org.ir 
Ireland mburke@icbf.com 
Israel hmb-efraim@icba.org.il 
Italy fioretti.m@aia.it 
Japan webmaster@liaj.or.jp 
Latvia ldc@ldc.gov.lv 
Lithuania egidijusz@zum.lt 
Luxembourg armand.braun@convis.lu 
New Zealand nwilson@lic.co.nz 
Norway per.sigve.lien@tine.no 
Poland d.radzio@pfhb.pl 
Portugal jaimemachado2007@gmail.com 
Scotland suzanne@holstein-uk.org 
Slovak Republic stefanryba@pssr.sk 
Slovenia Marija.Klopcic@bfro.uni-lj.si 
South Africa jill@arc.agric.za 
Spain amartinr@mapa.es 
Sweden Nils-Erik.Larsson@svenskmjolk.se 
Switzerland info@asrbern.ch 
The Netherlands w.koops@pz.agro.nl 
Tunisia dg.oep@email.ati.tn 
Turkey onur@dsymb.org.tr 
UK (England and Wales by NMR) Richardn@nmr.co.uk 
UK England, Jersey Island, Northern Ireland, Scotland, Wales suzanne@holstein-uk.org 
USA (by AgSource) jmarshall@agsource.com 
USA (by NDHIA) melvin.tooker@ars.usda.gov 

 



Sheep milk enquiry 2008-2009 
 

Table 1 - Basic information on population, recording methods and percentages 
 

 Page 379

Dairy sheep breeds or populations recorded 
in ICAR member countries 

Breeds or populations recorded in ICAR member 
countries in other type of milk recording4

Size of the population 
(Estimation) 

Recorded 
population 

Milk yield: methods and recording intervals (according to 
international regulations for milk recording in sheep) 

Information on the management of 
the flocks subject to official milk 

recording 
Size of the population 

(Estimates) 
Recorded population 

(Estimation) 

Year Country Breed or population (Name) 
Number 
of flocks 

Number 
of ewes1

Number 
of flocks 

Number 
of 

ewes1

Percentage 
of A4, A5, A6, 

B4, B5, B6, 
C4, C5, C6 
(precise if 

necessary)2

Percentage 
of AT , BT, 
CT (precise 

if 
necessary)2

Percentage 
of AC, BC, 

CC (precise 
if 

necessary)2

Percentage 
of E4, E5, 
E6, ET, EC 
(precise if 

necessary)2

Breeding 
system3 

(1) 
Milking 

from 
lambing 

(2) 
Milking 
after a 

suckling 
period 

If 
system 

2). 
Average 
length 
of the 

suckling 
period 

(in 
days) 

Percentage 
of official 
recorded 
flocks in 
machine 
milking 

Number of 
flocks 

Number of 
ewes5

Number of 
flocks 

Number of 
ewes5

2008
-
2009 

Belgium (Wallonia 
Region)1

Sheep Mouton Laitier Belge 21 593 19 488            

2008 Croatia East Friesian 50 2000 34 1490  100% AT   2 47      
2009 Croatia East Frisian 50 2000 32 1375   100% AT     2 61           
2008 Croatia Istrian sheep 40 2500 34 2261  100% AT   2 53      
2009 Croatia Istrian sheep 40 2500 39 2142   100% AT     2 62           
2008 Croatia Paska sheep 600 30000 30 2390  100% AT   1 31      
2009 Croatia Paska sheep 600 30000 55 4253   100% AT     2 32           
2008 Czech Rep. All breeds     22 549  AT  ET 1 and 2 40      
2009 Czech Rep. All breeds     23 821   AT   ET 1 and 2 40           
2008 Czech Rep. Bohemian Forest sheep     1 39            
2009 Czech Rep. Bohemian Forest sheep     1 68                       
2009 Czech Rep. East Friesian     18 350                       
2008 Czech Rep. East riesian      18 318            
2009 Czech Rep. Improved Valachian      1 1                       
2008 Czech Rep. Lacaune     3 192            
2009 Czech Rep. Lacaune     3 402                       
2008 France Basco-Béarnaise 420 80000 76 21434   AC   2 35 90% 420 80000 24 6534 
2009 France Basco-Béarnaise 420 80000 78 21984     AC   2 35 90% 420 80000 23 5427 
2008 France Corse 420 95000 71 21087   AC   2 35 85% 420 95000 9 1829 
2009 France Corse 420 95000 72 21050     AC   2 35 80% 420 95000 10 1982 
2008 France Lacaune 2600 900000 383 171211     AC   2 25 100% 2600 900000 1322 508235 
2009 France Lacaune 2600 900000 376 173568     AC   2 25 100% 2600 900000 1268 504081 
2008 France Manech Tête Noire 500 100000 54 15424     AC   2 35 85% 500 100000 7 1496 
2009 France Manech Tête Noire 500 100000 52 14509     AC   2 35 85% 500 100000 4 881 
2008 France Manech Tête Rousse 1150 270000 210 71900     AC   2 35 90% 1150 270000 73 28461 
2009 France Manech Tête Rousse 1150 270000 203 70712     AC   2 35 90% 1150 270000 64 18928 
2008 Germany Lacaune 1 118 1 39       100 1   100         
2009 Germany Lacaune 1 104 1 36       100 1   100         
2008 Germany Ostfriesisches Milchschaf 530 8300 57 686 54 14   32 (1) 90% 

(2) 10% 
50-70 39         

2009 Germany Ostfriesisches Milchschaf 510 8100 53 602 34 29   37 (1) 88% 
(2) 12% 

50-70 46         

2008 Italy Altamurana     1 34   AT AC   2 30           
2009 Italy Altamurana     2 92   AT AC   2 30           
2008 Italy Barbaresca     16 1.335   AT AC   2 30           
2009 Italy Barbaresca     16 1162   AT AC   2 30           
2009 Italy Brigasca     8 1421   AT AC   2 30           
2008 Italy Comisana     579 54.931   AT AC   2 30           
2009 Italy Comisana     581 50505   AT AC   2 30           
2008 Italy Delle Langhe     90 3.154   AT AC   2 30           
2009 Italy delle Langhe     86 2661   AT AC   2 30           
2009 Italy Frisona     4 41   AT AC   2 30           
2009 Italy Lacaune     10 1365   AT AC   2 30           

                                                 
1 Detailed information on demand 



Dairy sheep breeds or populations recorded in 
ICAR member countries 

Breeds or populations recorded in ICAR member 
countries in other type of milk recording4

Size of the population 
(Estimation) 

Recorded 
population 

Milk yield: methods and recording intervals (according to 
international regulations for milk recording in sheep) 

Information on the management of 
the flocks subject to official milk 

recording 
Size of the population 

(Estimates) 
Recorded population 

(Estimation) 

Year Country Breed or population (Name) 
Number 
of flocks 

Number 
of ewes1

Number 
of flocks 

Number 
of 

ewes1

Percentage 
of A4, A5, A6, 

B4, B5, B6, 
C4, C5, C6 
(precise if 

necessary)2

Percentage 
of AT , BT, 
CT (precise 

if 
necessary)2

Percentage 
of AC, BC, 

CC (precise 
if 

necessary)2

Percentage 
of E4, E5, 
E6, ET, EC 
(precise if 

necessary)2

Breeding 
system3 

(1) 
Milking 

from 
lambing 

(2) 
Milking 
after a 

suckling 
period 

If 
system 

2). 
Average 
length 
of the 

suckling 
period 

(in 
days) 

Percentage 
of official 
recorded 
flocks in 
machine 
milking 

Number of 
flocks 

Number of 
ewes5

Number of 
flocks 

Number of 
ewes5

2008 Italy Massese     60 4.473   AT AC   2 30           
2009 Italy Massese     59 4764   AT AC   2 30           
2008 Italy Moscia Leccese     9 651   AT AC   2 30           
2009 Italy Moscia Leccese     8 618   AT AC   2 30           
2009 Italy Nera di Arbus     2 22   AT AC   2 30           
2008 Italy Pinzirita     302 41.895   AT AC   2 30           
2009 Italy Pinzirita     234 30051   AT AC   2 30           
2008 Italy Sarda     1.126 260.098   AT AC   2 30           
2009 Italy Sarda     1095 249072   AT AC   2 30           
2008 Italy Valle del Belice     884 127.110   AT AC   2 30           
2009 Italy Valle del Belice     970 138123   AT AC   2 30           
2008 Slovak Rep. East Friesian     5 65     AC   2 51 -         
2009 Slovak Rep. East Friesian     5 76     100% AC   2 547 53         
2008 Slovak Rep. Hybrids     13 1 595     AC   2 49 7 %         
2009 Slovak Rep. Hybrids     19 2676     100% AC   2 568 39         
2008 Slovak Rep. Improved Valachian     44 8 008     AC   2 60 20 %         
2009 Slovak Rep. Improved Valachian     46 8497     100% AC   2 526 45%         
2008 Slovak Rep. Lacaune     9 545     AC   2 49 -         
2009 Slovak Rep. Lacaune     13 714     100% AC   2 622 98         
2008 Slovak Rep. Tsigai     30 5 059     AC   2 41 17 %         
2009 Slovak Rep. Tsigai     36 5920     100% AC   2 511 524         
2008 Slovenia Bovec sheep 75 2700 27 2178   100     1 and 2 41 100         
2009 Slovenia Bovec sheep 75 2700 26 2292   100     1 and 2 42 100         
2008 Slovenia Improved Bovec sheep 25 1100 10 552   100     1 and 2 48 100         
2009 Slovenia Improved Bovec sheep 25 1100 10 556   100     1 and 2 42 100         
2008 Slovenia Istrian Pramenka 15 1100 5 935   100     1 and 2 67 100         
2009 Slovenia Istrian Pramenka 15 1100 5 901   100     1 and 2 / 100         
2008 Spain Assaf   592949 126 66500   AT4-100%     1)-60%; 

(2)-40% 
28 100%         

2008 Spain Carranzana 696 12401 7 3424   AT-100%     2) Milking 
after a 

suckling 
period 

30           

2008 Spain Churra 950 480000 85 40010   100%AT     2) Milking 
after a 

suckling 
period 

25 98         

2008 Spain Colmenareña 10 2810 3 2085 A4-100% AT-100%      1) 
Milking 

from 
lambing 

  33%         

2009 Spain Colmenareña 11 3039 4 2231 A4-100% AT-100%       1) 
Milking 

from 
lambing 

  25%         
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airy sheep breeds or populations recorded in 
ICAR member countries 

Breeds or populations recorded in ICAR member 
countries in other type of milk recording4

Size of the population 
(Estimation) 

Recorded 
population 

Milk yield: methods and recording intervals (according to 
international regulations for milk recording in sheep) 

Information on the management of 
the flocks subject to official milk 

recording 
Size of the population 

(Estimates) 
Recorded population 

(Estimation) 

Year Country Breed or population (Name) 
Number 
of flocks 

Number 
of ewes1

Number 
of flocks 

Number 
of 

ewes1

Percentage 
of A4, A5, A6, 

B4, B5, B6, 
C4, C5, C6 
(precise if 

necessary)2

Percentage 
of AT , BT, 
CT (precise 

if 
necessary)2

Percentage 
of AC, BC, 

CC (precise 
if 

necessary)2

Percentage 
of E4, E5, 
E6, ET, EC 
(precise if 

necessary)2

Breeding 
system3 

(1) 
Milking 

from 
lambing 

(2) 
Milking 
after a 

suckling 
period 

If 
system 

2). 
Average 
length 
of the 

suckling 
period 

(in 
days) 

Percentage 
of official 
recorded 
flocks in 
machine 
milking 

Number of 
flocks 

Number of 
ewes5

Number of 
flocks 

Number of 
ewes5

2008 Spain Lacaune 52 46751 9 9500 100%A4        1) 
Milking 

from 
lambing 

  100%         

2008 Spain Latxa Cara Negra 4146 173237 123 59279   AT-47% AC-53%   2) Milking 
after a 

suckling 
period 

30 72.5%         

2008 Spain Latxa Cara Rubia 4266 217165 67 32964   AT-46% AC-54%   2) Milking 
after a 

suckling 
period 

30 88%         

2008 Spain Manchega 1025 600000 111 90000   100% AT     2) Milking 
after a 

suckling 
period 

30 99%         

2008 Spain Merina de Grazalema 36 4690 9 1092 100%A4 AT-100%     (1)-5%; 
(2)-95% 

56 77.77%         

2009 Spain Merina de Grazalema 34 4673 8 983 100%A4 AT-100%     (1)-5%; 
(2)-95% 

55 75%         

2008 Spain Rubia del Molar 10 1305 3 519   AT-100%     2) Milking 
after a 

suckling 
period 

35           

2009 Spain Rubia del Molar 11 1267 3 511   AT-100%     AT-100% 35 0%         
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Milk yield: type of lactation calculation (quantity of milk) Milk yield: results (quantity of milk) 
Lactation calculation1 Production of reference (for lactation) Average milk yield per recorded ewe (length) 

Year Country 

Breed or 
population 

(Name) TSMM2 (Yes/No) TMM3 (Yes/No) TMY4 (Yes/No) TSMM1 (Yes/No)
TMM2 (Yes/No) If yes, standard 

length (days) 

TMY3 (Yes/No) 
If yes, standard length 

(days) 

Yearlings 
(12-18 

months) 

Adults 
(> 18 

months) All ewes 
2008 Croatia East Friesian Yes Yes No No No No 14193 21303 19219 
2009 Croatia East Friesian Yes Yes No No No No 15238 17513 16755 
2008 Croatia Istrian Sheep Yes Yes No No No No 13749 13603 13617 
2009 Croatia Istrian sheep Yes Yes No No No No 11038 13801 13229 
2008 Croatia Paska Sheep Yes Yes No No No No 8733 10468 10511 
2009 Croatia Paska sheep Yes Yes No No No No 8471 10002 10027 
2008 Czech 

Rep. 
All breeds         213 

2009 Czech 
Rep. 

All breeds         263 

2008 France Basco-Béarnaise No Yes No No No No   161 litres (146 days) 
2009 France Basco-Béarnaise No Yes No No No No   164 (146) 
2008 France Corse No Yes No No No No   140 litres (183 days) 
2009 France Corse No Yes No No No No   133 (182) 
2008 France Lacaune No Yes No No No No   269 litres (165 days) 
2009 France Lacaune No Yes No No No No   272 (164) 
2008 France Manech Tête 

Noire 
No Yes No No No No   133 litres (140 days) 

2009 France Manech Tête 
Noire 

No Yes No No No No   134 (139) 

2008 France Manech Tête 
Rousse 

No Yes No No No No   176 litres (151 days) 

2009 France Manech Tête 
Rousse 

No Yes No No No No   180 (155) 

2008 Germany Lacaune   100 %   Yes 150 d   300 
2009 Germany Lacaune   100 %   Yes 150 d   283 
2008 Germany Ostfriesisches 

Milchschaf 
 10 % 90 %  Yes 150 d Yes 150 d   313 

2009 Germany Ostfriesisches 
Milchschaf 

 12 % 88 %  Yes 150 d Yes 150 d   283 

2009 Italy Altamurana1 Yes Yes No No  No  38 38 
2009 Italy Barbaresca1 Yes Yes No No  No 99 166 161 
2009 Italy Brigasca1 Yes Yes No No  No 72 93 93 
2009 Italy Comisana1 Yes Yes No No  No 97 187 182 
2009 Italy delle Langhe1 Yes Yes No No  No 113 161 157 
2009 Italy Frisona1 Yes Yes No No  No 162 213 172 
2009 Italy Massese1 Yes Yes No No  No 112 132 131 
2009 Italy Moscia Leccese1 Yes Yes No No  No 84 128 127 
2009 Italy Nera di Arbus1 Yes Yes No No  No  156 156 
2009 Italy Pinzirita1 Yes Yes No No  No 67 118 115 
2009 Italy Sarda1 Yes Yes No No  No 191 196 188 
2009 Italy Valle del Belice1 Yes Yes No No  No 119 209 202 

                                                 
1 From day 30 from lambing to reference length 
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Year Country 

Breed or 
population 

(Name) 

Milk yield: type 
of lactation 
calculation 
(quantity of 

milk) 

Milk yield: 
results 

(quantity of 
milk) Year Country Breed or population (Name) 

Milk yield: type of lactation 
calculation (quantity of milk) 

Milk 
yield: 

results 
(quantity 
of milk) Year Country 

2008 Slovak 
Rep. 

East Friesian No Yes No No Yes 160 No   19615 

2009 Slovak 
Rep. 

East Friesian No Yes No No Yes 160 No   18303 

2008 Slovak 
Rep. 

Hybrids No Yes No No Yes 150 No   15243 

2009 Slovak 
Rep. 

Hybrids No Yes No No Yes 150 No   13792 

2008 Slovak 
Rep. 

Improved 
Valachian 

No Yes No No Yes 150 No   10401 

2009 Slovak 
Rep. 

Improved 
Valachian 

No Yes No No Yes 150 No   10726 

2008 Slovak 
Rep. 

Lacaune No Yes No No Yes 150 No   20988 

2009 Slovak 
Rep. 

Lacaune No Yes No No Yes 150 No   20463 

2008 Slovak 
Rep. 

Tsigai No Yes No No Yes 150 No   10303 

2009 Slovak 
Rep. 

Tsigai No Yes No No Yes 150 No   9774 

2008 Slovenia Bovec sheep Yes Yes Yes No No No   TSMM 238 kg, 
TMM 175 kg, 

suckled 63 kg, l 
actation length 214 days 

2009 Slovenia Bovec sheep Yes Yes Yes No No No   TSMM 237 kg, 
TMM 183 kg, 
suckled 55 kg, 

lactation length 215 days 
2008 Slovenia Improved Bovec 

sheep 
Yes Yes Yes No No No   TSMM 261 kg, 

TMM 198 kg, 
suckled 64 kg, l 

actation length 208 days 
2009 Slovenia Improved Bovec 

sheep 
Yes Yes Yes No No No   TSMM 279 kg, 

TMM 219 kg, 
suckled 60 kg, 

lactation length 217 days 
2008 Slovenia Istrian Pramenka Yes Yes Yes No No No   TSMM 142 kg, 

TMM 87 kg, 
suckled 56 kg, l 

actation length 202 days 
2009 Slovenia Istrian Pramenka Yes Yes Yes No No No   TSMM 137 kg, 

TMM 87 kg, 
suckled cca. 50 kg, 

lactation length 198 days 
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Year Country 

Breed or 
population 

(Name) 

Milk yield: type 
of lactation 
calculation 
(quantity of 

milk) 

Milk yield: 
results 

(quantity of 
milk) Year Country Breed or population (Name) 

Milk yield: type of lactation 
calculation (quantity of milk) 

Milk 
yield: 

results 
(quantity 
of milk) Year Country 

2008 Spain Assaf No No Yes   150-210 370 420 400 
2008 Spain Carranzana Yes Yes Yes Yes 120  148 175  
2008 Spain Churra Yes Yes No No Yes (30-120 DAYS) No 85 91 90 
2008 Spain Colmenareña No No Yes No No Yes/120 73.1 72.98 72.9 
2008 Spain Colmenareña No No Yes No No Yes/120 65.5 63.7 64.0 
2008 Spain Lacaune No No Yes No No Yes/200 287 399 361 
2008 Spain Latxa Cara Negra Yes Yes Yes Yes 120  131 158  
2008 Spain Latxa Cara Rubia Yes Yes Yes Yes 120  144 152  
2008 Spain Manchega Yes Yes No Yes 120 No 150 160 154 
2008 Spain Merina De 

Grazalema 
No Yes No No Yes/150 No 75.310 126.297 122.769 

2009 Spain Merina De 
Grazalema 

No Yes No No Yes/155 No 68.999 124.755 122.595 

2008 Spain Rubia del Molar Yes Yes N Yes Yes/120 No  84 84 
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Year Country Breed or population (Name) 

Categories or classes of age or parity 
concerned (number of ewes in the 

reference year) 
Method used for recording 

milk composition1

Milk analysis in laboratory 
Fat content (Yes/No) 

Protein content (Yes/No) 
Somatic Cells Counts (Yes/No) 

Other analysis (Lactose… Describe it) 
2008-2009 Belgium (Wallonia Region) Mouton Laitier Belge (Belgian Dairy Sheep) Detailed information on demand 
2008 Croatia East Friesian 747 AT Fat content (Yes) 5,760%, Protein content (Yes) 4,96%, 

Somatic Cells Counts (Yes), Lactose(Yes) 4,46% 
2009 Croatia East Friesian 621 AT Fat content (Yes)5,35%, Protein content (Yes)5,09%, 

Somatic Cells Counts (Yes), Lactose(Yes) 4,49% 
2008 Croatia Istrian sheep 1157 AT Fat content (Yes) 7,44%, Protein content (Yes) 6,04%, 

Somatic Cells Counts (Yes), Lactose(Yes) 4,22% 
2009 Croatia Istrian sheep 1298 AT Fat content (Yes) 7,18%, Protein content (Yes)6,04%, 

Somatic Cells Counts (Yes), Lactose(Yes) 4,59% 
2008 Croatia Paska sheep 1645 AT Fat content (Yes) 7,83%, Protein content (Yes) 6,00%, 

Somatic Cells Counts (Yes), Lactose(Yes) 4,58% 
2009 Croatia Paska sheep 2700 AT Fat content (Yes) 7,35%, Protein content (Yes) 6,03%, 

Somatic Cells Counts (Yes), Lactose(Yes) 4,39% 
2008 Czech Rep. All breeds  AT, E Fat, Protein, SC, Lactose 
2009 Czech Rep. All breeds  AT, E Fat, Protein, SC, Lactose 
2008 France Basco-Béarnaise, Manech Tête Noire, Manech 

Tête Rousse 
Parity 1 (18,571) part-lactation sampling Fat, Protein, SCC 

2009 France Basco-Béarnaise, Manech Tête Noire, Manech 
Tête Rousse 

Parity 1 (19,269) part-lactation sampling Fat, Protein, SCC 

2008 France Lacaune Parities 1 & 2 (63,420) part-lactation sampling Fat, Protein, SCC 
2009 France Lacaune Parities 1 & 2 (64,897) part-lactation sampling Fat, Protein, SCC 
2008 Germany Ostfriesisches Milchschaf 686 A4, B4, AT4, E4 Fat content, Protein content, Somatic Cells, 

Lacose content, Urea 
2009 Germany Ostfriesisches Milchschaf 602 A4, B4, AT4, E4 Fat content, Protein content, Somatic Cells, 

Lacose content, Urea 
2009 Italy1 Sarda Primiparous - 25108 Lactations Fat-Protein  
2008 Italy1 Sarda Primiparous (27.476 lactations)  Fat - Protein 
2008 Slovak Rep. East Friesian Parity 1 to 3, 65 ewes AC Fat content Yes, Protein content Yes, Somatic Cells No, 

Other analysis (Lactose) 
2009 Slovak Rep. East Friesian Parity 1 to 3, 76 ewes AC Fat content Yes, Protein content Yes, Somatic Cells No, 

Other analysis (Lactose) 
2008 Slovak Rep. Hybrids Parity 1 to 3, 1595 ewes AC Fat content Yes, Protein content Yes, Somatic Cells No, 

Other analysis (Lactose) 
2009 Slovak Rep. Hybrids Parity 1 to 3, 2676 ewes AC Fat content Yes, Protein content Yes, Somatic Cells No, 

Other analysis (Lactose) 
2008 Slovak Rep. Improved Valachian Parity 1 to 3, 8008 ewes AC Fat content Yes, Protein content Yes, Somatic Cells No, 

Other analysis (Lactose) 
2009 Slovak Rep. Improved Valachian Parity 1 to 3, 8497 ewes AC Fat content Yes, Protein content Yes, Somatic Cells No, 

Other analysis (Lactose) 
2008 Slovak Rep. Lacaune Parity 1 to 3, 545 ewes AC Fat content Yes, Protein content Yes, Somatic Cells No, 

Other analysis (Lactose) 
2009 Slovak Rep. Lacaune Parity 1 to 3, 714 ewes AC Fat content Yes, Protein content Yes, Somatic Cells No, 

Other analysis (Lactose) 
2008 Slovak Rep. Tsigai Parity 1 to 3, 5059 ewes AC Fat content Yes, Protein content Yes, Somatic Cells No, 

Other analysis (Lactose) 
2009 Slovak Rep. Tsigai Parity 1 to 3, 5920 ewes AC Fat content Yes, Protein content Yes, Somatic Cells No, 

Other analysis (Lactose) 

                                                 
1 Numbers referred to lactations, not ewes 
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Year Country Breed or population (Name) 

Categories or classes of age or parity 
concerned (number of ewes in the 

reference year) 
Method used for recording 

milk composition1

Milk analysis in laboratory 
Fat content (Yes/No) 

Protein content (Yes/No) 
Somatic Cells Counts (Yes/No) 

Other analysis (Lactose… Describe it) 
2008 Slovenia All milk breeds All milk ewes under control AT Fat content (Yes), Protein content (Yes), Lactose (Yes), 

Somatic Cell Count (Yes) 
2009 Slovenia All milk breeds All milk ewes under control AT Fat content (Yes), Protein content (Yes), Lactose (Yes), 

Somatic Cell Count (Yes) 
2008 Spain Assaf  AT4 Fat, Protein, Somatic Cells, Lactose 
2008 Spain Carranzana  AC Fat, Protein, Dry Matter, Somatic Cells, Lactose 
2008 Spain Churra  AT Fat, Protein, Somatic Cells, Lactose 
2008 Spain Colmenareña  A4 Fat, Protein, Dry Matter, Somatic Cells, Lactose 
2009 Spain Colmenareña  A4 Fat, Protein, Dry Matter, Somatic Cells, Lactose 
2008 Spain Lacaune  A4 Fat, protein, somatic cells 
2008 Spain Latxa Cara Negra  AC Fat, Protein, Dry Matter, Somatic Cells, Lactose 
2008 Spain Latxa Cara Rubia  AC Fat, Protein, Dry Matter, Somatic Cells, Lactose 
2008 Spain Manchega  AT Fat, Protein, Dry Matter, Somatic Cells 
2008 Spain Merina De Grazalema  AT4 Fat, Protein, Dry Matter, Somatic Cells, Lactose 
2009 Spain Merina De Grazalema  AT4 Fat, Protein, Dry Matter, Lactose 
2008 Spain Rubia del Molar  AT4 Fat, Protein, Dry Matter, Somatic Cells, Lactose 
2008 Spain Rubia del Molar  AT4 Fat, Protein, Dry Matter, Somatic Cells, Lactose 
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Reproductive traits, weights & growths, udder score, longevity 

Year Country Breed or population Traits 
On-farm recording 

(Yes/No) 
Breeding evaluation 

(Yes/No) 
Use in selection 

(Yes/No) 
2008 Croatia East Friesian Reproductive traits and birth weight (10 years, 

number of controlled ewes in 2008:990) 
Yes No Yes 

2009 Croatia East Friesian Reproductive traits and birth weight (10 years, 
number of controlled ewes in 2009:931) 

Yes No Yes 

2008 Croatia Istrian sheep Reproductive traits and birth weight (10 years, 
number of controlled ewes in 2008:1775) 

Yes No Yes 

2009 Croatia Istrian sheep Reproductive traits and birth weight (10 years, 
number of controlled ewes in 2009:1768) 

Yes No Y 

2008 Croatia Paska sheep Reproductive traits and birth weight (10 years, 
number of controlled ewes in 2008:1919) 

Yes No Yes 

2009 Croatia Paska sheep Reproductive traits and birth weight (10 years, 
number of controlled ewes in 2009:3518) 

Yes No Yes 

2008 Czech Republic All breeds weight, reproductive traits Yes   
2009 Czech Republic All breeds weight, reproductive traits Yes Yes Yes 
2008 France all breeds reproductive traits, udder score (Lacaune only), 

longevity 
Yes Udder score (Lacaune only) udder score (Lacaune only) 

2009 France all breeds reproductive traits, udder score (Lacaune only), 
longevity 

Yes Udder score (Lacaune only) udder score (Lacaune only) 

2008 Germany Ostfriesisches Milchschaf Reproductive traits, longevity, weights, appearance 
and udder score, wool quality 

Yes Some Yes 

2009 Germany Ostfriesisches Milchschaf Reproductive traits, longevity, weights, appearance 
and udder score, wool quality 

Yes Some Yes 

2008 Italy All breeds reported in year 2008 Udder score, morphological evaluation yes No No 
2009 Italy All breeds reported in year 2009 Udder score, morphological evaluation  yes no no 
2008 Slovak Rep. all breeds Reproductive traits, weight Yes Yes Yes 
2009 Slovak Rep. all breeds Reproductive traits, weight Yes Yes Yes 
2008 Slovenia All breeds Litter size and other data on reproductive cycle, 

daily gain to weaning (on farm), daily gain to 
puberty (test station) 

Yes No Yes 

2009 Slovenia All breeds Litter size and other data on reproductive cycle, 
daily gain to weaning (on farm), daily gain to 
puberty (test station) 

yes no yes 

2008 Spain Assaf Reproductive traits; weights and growths); udder 
score, longevity, 

No (except reproductive traits) No No 

2008 Spain Carranzana Udder score, longevity, prolificity, mortality, weights 
and growths  

Yes (except weights and growths) No (except udder score)  

2008 Spain Churra Udder score Yes Yes Yes 
2008 Spain Lacaune Udder score, morphology No SI SI 
2008 Spain Latxa Cara Negra Udder score, longevity, prolificity, mortality Yes (except weights and growths) No (except udder score)  
2008 Spain Latxa Cara Rubia Udder score, longevity, prolificity, mortality, weights 

and growths  
Yes (except weights and growths) No (except udder score)  

2008 Spain Manchega Udder score Yes Yes Yes 
2008 Spain Merina de Grazalema Weights and growths; resistance scrapie Yes No Yes (except weights and growths) 

2009 Spain Merina de Grazalema Resistance scrapie Yes No Yes 
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Use of jars Use of milk meters 

Year Country 
Breed or population  

(Name) 
Name of the 

manufacturer 
Measurement (weight/volume) 

Sampler (yes/no) 
Approximate 

number in use Name of the manufacturer 

Measurement 
(weight/volume)Sampler 

(yes/no) 
Approximate 

number in use 
2008 Croatia East Friesian Cartel Germany Measurement - volume, Sampler - no 4    
2009 Croatia East Friesian Cartel Germany Measurement - volume, Sampler - no 6    
2008 Croatia Istrian Sheep Cartel Germany Measurement - volume, Sampler - no 9    
2009 Croatia Istrian Sheep Cartel Germany Measurement - volume, Sampler - no 12    
2008 Croatia Paska Sheep Cartel Germany Measurement - volume, Sampler - no 10    
2009 Croatia Paska Sheep Cartel Germany Measurement - volume, Sampler - no 15    
2009 France All breeds Établissements Gély 

(ex. Dintilhac) 
Volume - Sampler ,000    

2008 Germany Ostfriesisches Milchschaf    TruTest   
2009 Germany Ostfriesisches Milchschaf    TruTest   
2008 Slovak Rep. All breeds  Volume 20 Berango, Milkovis Volume, sampler no Berango 251, Milkovis 84 
2009 Slovak Rep. All breeds Fisher Slovakia Volume 20 Berango, Milkovis volume, sampler no Berango 226, Milkovis 144 
2008 Slovenia All milk breeds  Volume/Yes 2 True test, Girotech Weight/Yes 45 
2009 Slovenia All milk breeds  Volume/Yes 2 True test, Girotech Weight/Yes 45 
2008 Spain Assaf    Esneder Volume/Yes 425 
2008 Spain Carranzana    Mibo Volume/Yes 50 
2008 Spain Churra    Berango Volume/Yes 150 
2008 Spain Lacaune    Westfalia Volume/Yes 25 
2008 Spain Latxa Cara Negra    Mibo Volume/Yes 216 
2008 Spain Latxa Cara Rubia    Mibo Volume/Yes 166 
2008 Spain Manchega  Volume/Yes 1 DeLaval, Westfalia, Flaco Volume/Yes 820 
2008 Spain Merina de Grazalema    ref:EE 120416 Volume/Yes 3 
2009 Spain Merina de Grazalema    ref:EE 120416 Volume/Yes 4 
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AI Progeny test 

Year Country 
Breed or population 

(Name) Fresh semen Frozen semen Selection criteria 
AI progeny-tested  

rams per year 
Number of AI per progeny-

tested ram 
2008 France Basco-Béarnaise 14464  Milk yield, fat and protein 49  
2009 France Basco-Béarnaise 14128  Milk yield, fat and protein 52  
2008 France Corse 7097  Milk yield 30  
2009 France Corse 6336  Milk yield 31  
2008 France Lacaune 399885  Milk yield, fat and protein; SCC  and udder score 445 120 
2009 France Lacaune 395812  Milk yield, fat and protein; SCC  and udder score 445  
2009 France Manech Tête Noire 7869  Milk yield, fat and protein 36  
2008 France Manech Tête Rousse 59221  Milk yield, fat and protein 158  
2009 France Manech Tête Rousse 56,760  Milk yield, fat and protein 151  
2008 France ManechnTête Noire 9440  Milk yield, fat and protein 40  
2009 Italy All1 15000     
2008 Slovenia2  No No No No No 
2009 Slovenia2  No No No No No 
2008 Spain Assaf 6488 160  60 200 
2008 Spain Carranzana 300 0 Morphology 2 120 
2008 Spain Churra 8850 3454 Milk Production, Fat, Protein, Lactose, SCS, Tse Resistance, Udder Score 51 170 
2008 Spain Latxa Cara Negra 15103 0 Fat, Protein, Lactose, SCS, Dry Matter, Udder Score, Morphology 50 120 
2008 Spain Latxa Cara Rubia 9210  Fat, Protein, Lactose, SCS, Dry Matter, Udder Score, Morphology 30 120 
2008 Spain Manchega 35764  Milk Production, Tse Resistance, Udder Score 150/175 200/250 
 

                                                 
1 Not available if fresh or frozen semen - mainly on Sarda sheep 
2 Slovenia do not use AI 
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Year Country Breed or population Type of genotyping1 Number of analysis, Number of flocks involved 
Use in experimental 

program 
Effective use in 

selection program 
2008 Belgium (Wallonia Region) Sheep (all breeds) PrP 185 an.  185 
2009 Belgium (Wallonia 

Region)1
Sheep (all breeds) Filiation tests 673 an. (A, F, M)  2 

2009 Belgium (Wallonia Region) Sheep (all breeds) PrP 206 an.  206 
2008 Belgium (Wallonia Region) Sheep (Belgian Milk Sheep) Microsatellite markers for genetic diversity studies 121 / 12 Cryo-preservation program  
2008 Belgium (Wallonia 

Region)2
Sheep (all breeds) Filiation tests 977 an. (A,F,M)  252 

2008 Croatia      
2009 Croatia      
2008 Czech Rep. All breeds PrP   Yes 
2009 Czech Rep. All breeds PrP   Yes 
2008 France all breeds Filiation tests 1473 animals (all rams progeny-tested and some ewes)  Yes 
2009 France all breeds Filiation tests 1466 animals (all rams progeny-tested and some ewes)  Yes 
2009 France all breeds Filiation tests 1466 animals (all rams progeny-tested and some ewes)  Yes 
2008 France Basco-Béarnaise PrP 1688  Yes 
2009 France Basco-Béarnaise PrP 1461  Yes 
2008 France Corse PrP 1950  Yes 
2009 France Corse PrP 2016  Yes 
2008 France Lacaune PrP 6704  Yes 
2009 France Lacaune PrP 6337  Yes 
2008 France Manech Tête Noire PrP 648  Yes 
2009 France Manech Tête Noire PrP 745  Yes 
2008 France Manech Tête Rousse PrP 5943  Yes 
2009 France Manech Tête Rousse PrP 4348  Yes 
2009 Italy all Scrapie 20000 analysis (estimated)   
2008 Slovak Rep. all breeds PrP genotyping 2251 analysis  Yes 
2009 Slovak Rep. all breeds PrP genotyping 2246 analysis  Yes 
2008 Slovenia All breeds PrP genotyping 5623 analyses, 410 flocks  Yes 
2009 Slovenia All breeds PrP genotyping 2255 analyses, 253 flocks  Yes 
2008 Spain Assaf Filiation test, GEN PNRP Filiation test: 23000/60; PNRP: 25468/127 No Yes 
2008 Spain Carranzana Filiation test  (9), PNRP Filiation test: 4/2, PNRP: 415/7 No Yes 
2008 Spain Churra PNRP 33435/170  Yes 
2008 Spain Colmenareña Filiation test; PNRP Filiation test: 753; PNRP: 6   
2009 Spain Colmenareña Filiation test; PNRP Filiation test: 502; PNRP: 6   
2008 Spain Lacaune PNRP PNRP:34000/29  Yes 
2008 Spain Latxa Cara Negra Filiation test (9), PNRP Filiation test: 103/54; PNRP: 9841/114 No Yes 
2008 Spain Latxa Cara Rubia Filiation test (9), PNRP Filiation test: 77/22, PNRP:8171/59 No Yes 
2008 Spain Manchega Filiation test (9-12), PNRP Filiation test: 8200/90; PNRP: 40739/139  Yes 
2008 Spain Merina de Grazalema Filiation test (11), PNRP Filiation test: 225/6; PNRP: 1632/35  Yes 
2009 Spain Merina de Grazalema Filiation test (11), PNRP Filiation test: 640/30; PNRP: 650/30  Yes 
2008 Spain Rubia del Molar PNRP; Filiation test PNRP: 176/10; Filiation test: 112/6  Yes 
  

                                                 
1 Most of the samples are collected but analyzed only if needed; more analysis in 2008 so very few in 2009 
2 Most of the samples are collected but analyzed only if needed 



The following, are the accounts of the National Responsibles for the submission  
to the sheep on-line database. 

 
 

Country E-mail 
Belgium (Wallonia region) jeanfrancois.duckerts@spw.wallonie.be  

Czeck rep. bucek@cmsch.cz  

France Jean-michel.astruc@toulouse.inra.fr  

Germany franz-josef.romberg@dlr.rlp.de  

Greece ve46u013@minagric.gr  

Hungary zbarac@hpa.hr  

Slovak Rep. martinarafajova@pssr.sk  

Slovenia drago.kompan@bfro.uni-lj.si  

Spain amartinr@mapya.es  
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