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Goat milk somatic cell counts have been collected for several years in France by the national milk recording organization. Information is used for health management, because repeatedly elevated somatic cell counts are a good indirect predictor of intramammary infection. Genetic parameters were estimated for 67,882 and 49,709 primiparous goats of the dairy Alpine and Saanen breeds, respectively, with complete information for milk somatic cell counts and milk production traits. About 40% of the goats had additional information for 11 udder type traits scored by official classifiers of the breeders' association CAPGENES. Estimates were obtained by REML with an animal model. The studied trait was lactation somatic cell score (LSCS), the weighted mean of somatic cell score (log-transformed SCC) adjusted for lactation stage. Heritability of LSCS was 0.20 and 0.24 in the Alpine and Saanen breeds, respectively. Relationships with milk production and udder type traits were additionally estimated by using multitrait analyses. Heritability estimates in first lactation ranged from 0.30 to 0.35 for lactation milk, fat, and protein yields; from 0.60 to 0.67 for fat and protein contents; and from 0.22 to 0.50 for udder type traits. Genetic correlations of somatic cell score with milk production traits were generally low, ranging from -0.13 to 0.12. Slightly more negative correlations were estimated for fat content: -0.18 and -0.20 in Saanen and Alpine breeds, respectively. Lactation somatic cell score was genetically correlated with udder floor position (r g = -0.24 and -0.19 in the Alpine and Saanen breeds, respectively), and, in Saanen, teat length, teat width, and teat form (r g = 0.29, 0.34 and -0.27, respectively). These results suggest that a reduction in somatic cell count can be achieved by selection while still improving milk production and udder type and teat traits.

INTRODUCTION

Milk SCC has been used widely in dairy ruminants as an indirect predictor of udder health status. Indeed, milk SCC mainly reflects the number of neutrophils that migrate from blood to the mammary gland in response to infection. As in dairy cattle or sheep, an increase in SCC has been reported in goat as a consequence of infection [START_REF] Poutrel | Control of intramammary infections in goats: Impact on somatic cell counts[END_REF][START_REF] Paape | Milk somatic cells and lactation in small ruminants[END_REF]Bergonier and Berthelot, 2003;Bergonier et al., 2003;[START_REF] Luengo | Influence of intramammary infection and non-infection factors on somatic cell counts in dairy goats[END_REF][START_REF] Moroni | Risk factors for intramammary infections and relationship with somaticcell counts in Italian dairy goats[END_REF][START_REF] Koop | Short communication: Repeatability of differential goat bulk milk culture and associations with somatic cell count, total bacterial count, and standard plate count[END_REF]. Because the frequency of clinical mastitis is very low in dairy goats, relationships between SCC and mastitis were established using milk bacteriology examination. [START_REF] Contreras | Physiological threshold of somatic cell count and California Mastitis Test for diagnosis of caprine subclinical mastitis[END_REF], for instance, reported that 500,000 cells/mL was a useful threshold to discriminate between infected and uninfected udder halves. It is difficult, however, to interpret single SCC measures and to define fixed infection thresholds because numerous factors influence the SCC of infected and noninfected animals, such as age and physiological status of the host, infection stage, and pathogen [START_REF] Paape | Milk somatic cells and lactation in small ruminants[END_REF]Bergonier et al., 2003;[START_REF] Luengo | Influence of intramammary infection and non-infection factors on somatic cell counts in dairy goats[END_REF][START_REF] Moroni | Risk factors for intramammary infections and relationship with somaticcell counts in Italian dairy goats[END_REF][START_REF] Koop | Short communication: Repeatability of differential goat bulk milk culture and associations with somatic cell count, total bacterial count, and standard plate count[END_REF]. Distributions of SCC of infected or noninfected animals overlap considerably. Furthermore, the ability of milk SCC to predict intramammary infection is lower in goat than in cattle and sheep [START_REF] Poutrel | Cell content of goat milk: California Mastitis Test, Coulter counter, and Fossomatic for predicting half infection[END_REF]Boettcher et al., 2005). Accordingly, prediction rules would be better based on repeated SCC measures over a lactation, as proposed by De Crémoux and Poutrel (2001). The latter authors suggest using several SCC measures over lactation and 2 thresholds, of 750,000 and 1,750,000 cells/mL, to discriminate between uninfected animals, animals infected with minor pathogens, and animals infected with major pathogens. With these rules, they achieved a sensitivity of 61 to 83% and a specificity of 61 to 80%. Such prediction, although imperfect, can be used efficiently for prophylactic purposes, including culling of persistently infected animals.

Somatic cell count can be recorded at low cost in routine milk recording, whereas direct mastitis diagnosis is more expensive. Recording of SCC has been extensively developed in dairy cattle and in several dairy sheep populations. In those species, evidence is accumulating that SCC is under genetic control [START_REF] Mrode | Genetic and statistical properties of somatic cell count and its suitability as an indirect means of reducing the incidence of mastitis in dairy cattle[END_REF][START_REF] El-Saied | Genetic parameters of lactation cell counts and milk and protein yields in dairy ewes[END_REF][START_REF] Rupp | Genetics of resistance to mastitis in dairy cattle[END_REF]Rupp et al., 2003). Accordingly, many countries [START_REF] Rupp | Selection for mastitis resistance in French dairy sheep[END_REF][START_REF] Miglior | Selection indices in Holstein cattle of various countries[END_REF] have updated their breeding objective to include a linear decrease of milk SCC as a tool to decrease both subclinical and clinical intramammary infections. Results from a divergent selection experiment in dairy sheep suggest that SCC-based selection can efficiently decrease the rate, duration, and severity of intramammary infections with staphylococci [START_REF] Rupp | Response to somatic cell count-based selection for mastitis resistance in a divergent selection experiment in sheep[END_REF]. Considering SCCbased selection in dairy goat for improved udder health, however, requires accurate estimates of genetic parameters for goat milk SCC that are not currently available in peer-reviewed papers.

The objective of this study was to estimate heritability for milk SCC and genetic correlations between SCC and currently selected traits (milk production and udder type) in Alpine and Saanen goats.

MATERIALS AND METHODS

Data

Data originated from Alpine and Saanen goats first kidding between September 1, 1998, andAugust 31, 2003. Only SCC data collected in A-type sampling schemes as part of the official milk recording system were used; that is, milk samples from evening and morning milkings were mixed before chemical analysis. Somatic cell counts were measured by using a Fossomatic cell counter (Foss Electric, Hillerød, Denmark) at interprofessional milk analysis laboratories. The SCC data were stored in regional genetic information centers and were extracted for the present genetic analysis. The SCC information consisted of an average of 6 individual SCC per lactation collected on a monthly basis. Data on SCC were then merged with pedigree and milk production information from the national goat database of the CTIG (Processing Centre of Genetic Information, Jouy en Josas, France).

As natural mating is predominant in goats, edits were applied to maximize connections between flocks. Disconnectedness affects the estimates of variance components, especially when the genetic level is variable among flocks [START_REF] Clément | Simulation analysis to test the influence of model adequacy and data structure on the estimation of genetic parameters for traits with direct and maternal effects[END_REF]. In the goat populations studied, several groups of farms were identified with different genetic levels given by their mating and replacement policies. Sires could be from the national AI scheme or sons of AI bucks or sons of natural mating bucks. Dams could be daughters of AI bucks, granddaughters of AI bucks, or unrelated to AI bucks. Connected flocks by year were defined as flock-by-year combinations with at least one daughter sired by a connecting AI buck. Connecting bucks had to have at least 20 daughters raised in at least 5 different flock-years. Accordingly, 67,882 and 49,709 Alpine and Saanen goats from 1,814 and 1,324 flock-years, respectively, were selected. Alpine and Saanen goats were sired by 2,624 and 2,125 bucks, respectively, 7% of them ensuring connection among flocks via AI.

Of those selected animals, 24,388 Alpine (36%) and 18,741 Saanen (44%) goats were scored by official classifiers of the breeders' association CAPGENES (Mignaloux Beauvoir, France) for 11 udder type traits during first or second lactation: fore udder, udder profile, udder floor position, teat length, teat width, teat form, teat angle, teat placement, teat orientation, rear udder, and rear udder attachment, as was previously detailed by [START_REF] Manfredi | Genetic parameters of type appraisal in Saanen and Alpine goats[END_REF].

Definition of SCC, Milk Production, and Udder Type Traits

Test-day SCC were transformed to SCS by a classical logarithmic transformation [START_REF] Ali | An optimum transformation for somatic cell concentration in milk[END_REF] to achieve normality of distribution. A mean lactation somatic cell score (LSCS) was computed as the weighted arithmetic mean of test-day SCS adjusted for DIM, following the procedure developed for French dairy cattle [START_REF] Boichard | Genetic analysis and genetic evaluation for somatic cell score in French dairy cattle[END_REF]. Briefly, adjustment factors for DIM at each test were estimated using a quadratic function of time for a subset of goats likely to be unaffected by mastitis. Unaffected goats were selected according to diagnosis rules established by De Crémoux and Poutrel (2001); that is, with all test-day SCC (between 1 and 235 DIM), except 1, below 750,000 cells/mL. Adjustment factors should therefore mainly reflect the dilution effect of DIM. They were estimated independently for the 2 breeds. Adjusted test-day SCS were then averaged using the ratio R d /σ d as weighting factor, where d was the lactation stage in months (d = 1 to 8 stages, up to 240 d in milk), R d was the correlation between test-day SCS at stage d and the average of the other SCS measured during first lactation, and σ d was the standard deviation of SCS at stage d. The highest R d /σ d ratios were for SCS collected between 60 and 180 DIM. Those weights and adjustments should accommodate a lack of strict periodicity in the recording design and the variability in the number of records available.

Milk production traits were those considered for genetic evaluation [START_REF] Clément | Genetic evaluation of French goats for dairy and type traits[END_REF]: 250-d lactation for milk, fat, and protein yields (kg) and fat and protein contents (g/kg). Udder type traits were linear scores from 1 to 9, and included measured traits such as teat length and teat width [START_REF] Manfredi | Genetic parameters of type appraisal in Saanen and Alpine goats[END_REF]. They were considered as continuous quantitative traits with a single measure per animal. Characteristics of the data set are summarized in Table 1.

Method

Variance components for LSCS were estimated separately in the Saanen and Alpine breeds with REML applied to multitrait animal models, using the VCE package [START_REF] Neumaier | Restricted maximum likelihood estimation of covariances in sparse linear models[END_REF]. Genetic and environmental correlations of LSCS with production traits and udder type traits were estimated by multivariate REML using 2-trait analyses because of computing requirements. Four generations of ancestors were traced back with the relationship matrix, resulting in a total number of animals of 162,121 and 121,411 for the Alpine and the Saanen goats, respectively.

For LSCS and the 5 milk production traits recorded in first lactation, the model included, as fixed effects, the combination between year of kidding and flock (1,814 and 1,324 levels in Alpine and Saanen breeds, respectively), the combination between age at kidding and year (25 levels), and the combination between kidding month and year (28 levels), and the random effect of animal.

For udder type traits, the model included, as fixed effects, the interaction between flock, year, and parity (1,646 and 1,225 levels in Alpine and Saanen breeds, respectively), the interaction between age at scoring and year (73 levels), the interaction between lactation stage and year (84 levels), and the random effect of animal. The flock-year-parity interaction included the classifier effect as scoring of each flock-year was done by a single classifier.

RESULTS AND DISCUSSION

Descriptive Statistics

Averages of milk somatic score (LSCS) in primiparous goats were 5.1 (±1.4) and 5.3 (±1.2) in the Alpine and Saanen breeds, respectively (Table 1), corresponding to an average SCC of about 1,000,000 cells/mL. Those levels are in the range of SCC values usually reported in dairy goats, as reviewed by Bergonier et al. (2003) in 3 Spanish, Italian, and French dairy goat populations. Lower values are reported in various sheep breeds (Bergonier et al., 2003) and in dairy cattle. For instance, average values of LSCS in French primiparous Holstein [START_REF] Rupp | Genetic parameters for clinical mastitis, somatic cell score, production, udder type traits, and milking ease in first lactation Holsteins[END_REF] and French primiparous Lacaune dairy sheep (Rupp et al., 2003) were 2.6 (1.2) and 3.1 (1.5), respectively.

The prevalence of intramammary infections and the type of pathogens (mainly staphylococci) are rather similar in the 3 dairy species, except for the higher frequency of clinical mastitis in dairy cattle (Bergonier et al., 2003). High SCC levels in goat are probably due, at least to some extent, to the importance of lentiviral mastitis and to noninfectious factors of inflammation such as parity, stage of lactation, or season [START_REF] Paape | Milk somatic cells and lactation in small ruminants[END_REF].

Genetic Parameters for LSCS

Genetic parameters for LSCS are reported in Table 2. Heritability was 0.20 and 0.24 for the Alpine and Saanen breeds, respectively. The higher value for the Saanen breed resulted from a lower environmental variance. To our knowledge, this is the first published report on genetic parameters for SCC in goat. Conversely, in dairy cattle and sheep, estimates of genetic parameters for SCC have been published over the past 2 decades. Heritability of LSCS in goat was slightly higher than the published heritability for cattle, around 0.15, as reviewed earlier [START_REF] Mrode | Genetic and statistical properties of somatic cell count and its suitability as an indirect means of reducing the incidence of mastitis in dairy cattle[END_REF]; [START_REF] Rupp | Genetics of resistance to mastitis in dairy cattle[END_REF] and for dairy sheep, around 0.13 [START_REF] El-Saied | Genetic parameters of lactation cell counts and milk and protein yields in dairy ewes[END_REF][START_REF] Barillet | Genetic analysis for mastitis resistance and milk somatic cell score in French Lacaune dairy sheep[END_REF]Rupp et al., 2003;[START_REF] Serrano | Genetic analysis of somatic cell count and milk traits in Manchega ewes Mean lactation and test-day approaches[END_REF][START_REF] Legarra | Genetic parameters of udder traits, somatic cell score, and milk yield in Latxa sheep[END_REF][START_REF] Riggio | Parameters for milk somatic cell score and relationships with production traits in primiparous dairy sheep[END_REF]. This higher heritability in goats might be the consequence of a higher true genetic variability (genetic variances in Table 2 were higher than corresponding typical values for cows). In addition, the choice of connected data prevented biases, under-or overestimation, of true genetic parameters as shown in simulation studies [START_REF] Clément | Simulation analysis to test the influence of model adequacy and data structure on the estimation of genetic parameters for traits with direct and maternal effects[END_REF]. Environmental variances were lower than those reported in other studies on small ruminants (e.g., [START_REF] Barillet | Genetic analysis for mastitis resistance and milk somatic cell score in French Lacaune dairy sheep[END_REF]Rupp et al., 2003). One explanation is the standardized conditions of the field data used here, evening and morning sampling each month, and the consequent amount of information on each goat, with an average of 6 records per lactation. Including later lactations could have yielded somewhat lower heritabilities than those reported here. In this regard, we plan to expand on the present study to include lactations >1 and random regression models of analysis [START_REF] Reents | Estimation of genetic parameters for test day records of somatic cell score[END_REF]. Moreover, an ongoing experiment in the experimental farm of INRA Bourges (France) is designed to study the relationships between SCS, clinical mastitis, and infectious status for divergent lines selected for extreme LSCS.

Relationships with Production Traits

Heritabilities for milk production traits (Table 3) were close to previous French estimates in the same breeds [START_REF] Bélichon | Genetic parameters of dairy traits in the Alpine and Saanen goat breeds[END_REF]. Genetic correlations between LSCS and milk production traits were generally low (Table 3). In the Alpine breed, genetic correlations with milk yield and protein yield were not significantly different from zero (P > 0.05). Genetic correlations, however, were slightly positive, and therefore unfavorable, in the Saanen breed (0.06 to 0.12). On the contrary, correlations with fat content and with fat yield (only in the Alpine breed) were significantly (P < 0.05) negative and favorable.

Genetic antagonism between milk yield and SCS has been consistently reported in dairy cattle [START_REF] Mrode | Genetic and statistical properties of somatic cell count and its suitability as an indirect means of reducing the incidence of mastitis in dairy cattle[END_REF] and in some sheep breeds (Rupp et al., 2003;[START_REF] Riggio | Parameters for milk somatic cell score and relationships with production traits in primiparous dairy sheep[END_REF], but the antagonism found in goats was limited, especially in the Alpine breed.

Relationships with Udder Type Traits

Genetic parameters for udder type traits and genetic correlations (r g ) with LSCS are summarized in Table 4. Heritabilities for udder type traits were in close agreement with 2 previous reports in French Saanen and Alpine goats [START_REF] Manfredi | Genetic parameters of type appraisal in Saanen and Alpine goats[END_REF][START_REF] Clément | Elaboration of a total merit index combining dairy and udder type traits[END_REF]. In general, genetic associations of LSCS with udder and teat traits were moderate.

Genetic correlations were significantly (P < 0.05) negative for udder floor position in the 2 breeds (r g = -0.24 in Alpine and r g = -0.19 in Saanen), indicating that better attached udders were associated with lower cell counts. Consistently, udder depth has generally shown the most reliable results across species, breeds, and studies, indicating that higher and more tightly attached udders are associated with lower SCC (review by [START_REF] Rupp | Genetics of resistance to mastitis in dairy cattle[END_REF]. Udder depth can therefore be considered as an easy-to-collect predictor of udder health. In addition, higher udder floor position was genetically associated with lower milk production in previous studies [START_REF] Manfredi | Genetic parameters of type appraisal in Saanen and Alpine goats[END_REF][START_REF] Clément | Elaboration of a total merit index combining dairy and udder type traits[END_REF]. Accordingly, a trade-off has been made to select simultaneously for udder floor position and milk production traits [START_REF] Clément | Elaboration of a total merit index combining dairy and udder type traits[END_REF].

Except for udder depth, genetic correlations between cell counts and udder type traits are highly inconsistent in dairy cattle and sheep literature [START_REF] Rupp | Genetics of resistance to mastitis in dairy cattle[END_REF], which complicates comparisons across species.

In the present goat study, genetic correlations between 
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LSCS and type traits were highest for teat length, teat width, and teat form in the Alpine breed (Table 4), showing that, in this breed, the shortest and tightest teats are associated with the lowest LSCS. Teat length and width are strongly correlated with teat form: schematically, short and tight teats are cylindrical, whereas long and large teats are conic. Accordingly, goats with cylindrical teats have lower LSCS than goats with conic teats. Teat external anatomy might be associated with prevalence of mammary infections. However, further bacteriological status information of the mammary gland will be necessary to confirm this hypothesis. Correlations with teat traits were significantly (P < 0.05) lower in the Saanen breed than in the Alpine breed (Table 4).

CONCLUSIONS

In the present study, genetic parameters for the weighted lactation mean of somatic cell scores (LSCS) in Alpine and Saanen primiparous goats were reported. Estimates of heritability for SCS at the lactation level obtained in this study will allow implementation of genetic evaluation in the short term. Genetic correlations between LSCS and production traits were generally low. The LSCS trait was genetically favorably associated with tightly attached udders and, in the Saanen breed, with some teat characteristics. A reduction in SCS can be achieved by selection, with minor consequences on present genetic gains in milk production and udder type traits. 

Table 1 .

 1 Structure and descriptive statistics of the data set (goats kidding betweenSeptember 1, 1998, and August 31, 2003) 

	Item
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Table 2 .

 2 Genetic parameters (± SE) for lactation SCS in primiparous Saanen (n = 49,709) and Alpine (n = 67,882) goats (means of five 2-trait analyses including each 1 of the 5 milk production traits)

	Parameter	Saanen	Alpine
	Heritability	0.24 ± 0.01	0.20 ± 0.01
	Genetic variance	0.30 ± 0.01	0.31 ± 0.01
	Environmental variance	0.93 ± 0.01	1.26 ± 0.01

1 In a 250-d lactation. Journal of Dairy Science Vol. 94 No. 7, 2011 GENETIC PARAMETERS FOR SOMATIC CELL SCORE IN GOAT

Table 4 .

 4 Mean and heritability (h 2 , ± SE) of udder type traits, and genetic correlation (r g , ± SE) with lactation SCS (LSCS) in 24,388 and 18,741 Alpine and Saanen goats

		Mean (SD)	h 2		r g with LSCS
	Udder type trait 1	Alpine	Saanen	Alpine	Saanen	Alpine	Saanen
	Fore udder Rear udder 1 Udder floor position 1 Udder profile 1 Rear udder attachment 1	3.33 (1.10) 5.57 (1.23) 6.34 (1.06) 5.81 (1.33) 4.96 (1.36)	3.49 (1.20) 5.19 (1.16) 6.17 (1.14) 6.21 (1.28) 5.35 (1.49)	0.30 ± 0.014 0.29 ± 0.015 0.34 ± 0.015 0.40 ± 0.016 0.23 ± 0.015	0.25 ± 0.018 0.24 ± 0.017 0.37 ± 0.018 0.28 ± 0.017 0.29 ± 0.016	-0.16 ± 0.034 -0.16 ± 0.034 -0.24 ± 0.032 0.11 ± 0.030 -0.10 ± 0.039	-0.01 ± 0.040 -0.08 ± 0.040 -0.19 ± 0.036 -0.11 ± 0.037 -0.10 ± 0.039
	Teat length, cm	5.52 (1.49)	6.20 (1.73)	0.50 ± 0.014	0.46 ± 0.017	0.29 ± 0.029	0.15 ± 0.030
	Teat width, cm	2.96 (0.93)	3.16 (1.07)	0.41 ± 0.015	0.45 ± 0.016	0.34 ± 0.030	0.11 ± 0.030
	Teat form	4.90 (1.30)	4.92 (1.40)	0.27 ± 0.016	0.26 ± 0.016	-0.27 ± 0.034	-0.07 ± 0.038
	Teat placement	3.61 (0.99)	4.13 (0.92)	0.38 ± 0.016	0.30 ± 0.017	0.15 ± 0.030	-0.00 ± 0.036
	Teat angle	5.02 (0.87)	5.10 (0.80)	0.22 ± 0.015	0.20 ± 0.016	0.04 ± 0.039	-0.08 ± 0.041
	Teat orientation	3.67 (0.89)	4.07 (0.84)	0.35 ± 0.016	0.32 ± 0.016	0.13 ± 0.032	0.06 ± 0.007

Udder type trait currently included in the goat udder type index.
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