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ABSTRACT: Studies were conducted to determine 
the effects of feeding regimens on growth and carcass 
quality of the Creole goat, a genotype indigenous to 
the Caribbean. Forty kids weighing 9.0 ± 1.2 kg of 
BW were reared indoors after weaning. Four supple-
ment amounts were compared (10 kids per treatment): 
the G0 group received the basal diet (tropical forage, 
8.8 MJ of ME and 108 g of CP/kg of DM) without 
concentrate, whereas the G100, G200, and G300 groups 
were offered 130, 230, and 310 g/d of concentrate (13.6 
MJ of ME and 209 g of CP/kg of DM), respectively, in 
addition to the basal diet. The kids were slaughtered 
according to the standard procedure at 22 to 24 kg of 
BW for assessment of carcass traits and meat quality. 
Total DMI increased significantly, from 51 to 78 g/kg 
of BW0.75, for G0 to G300 kids, whereas their ADG 
doubled from 42 to 84 g/d (P < 0.01; P < 0.01, re-
spectively). The G:F values reached 125 to 130 for the 
G200 and G300 diets and were satisfactory compared 
with literature values. The carcass weight and dress-
ing percentage (P < 0.01) increased from group G0 to 
G300, from 9 to 13 kg and from 42 to 51%, respectively. 

The proportions of the different cuts (related to the 
carcass weight) did not vary by diet. The conformation 
score increased significantly (P < 0.05) among the 4 
groups from an average score of 3.2 to 4.0 (score/5). 
There was a significant effect (P < 0.01) of supplement 
amount on the accumulation of internal fat tissues: the 
kidney fat weight increased from 113 to 253 g from the 
G0 to the G300 group. Regardless of the feeding level 
and amount of internal fat, the carcasses had an ac-
ceptable fat cover score, which remained less than 2.6 
(score/5). A significant effect was not observed for the 
ultimate pH and the main color variables of the meat. 
The cooking loss and the shoulder DM content varied 
(P < 0.05) with the supplement amount. By increas-
ing the nutritional density of the diet, it was possible 
to obtain well-conformed and heavy carcasses, with no 
excessive fattening. Indigenous Creole goats have po-
tential as meat animals when fed to gain more than 80 
g/d. The optimal supplement supply with good-quality 
grass would be approximately 3.69 MJ of ME/d in our 
conditions. Further studies are required on meat sen-
sory parameters and fatty acid profiles.
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INTRODUCTION

Caribbean goat farming systems are mainly centered 
on the use of the Creole goat, a hardy genotype found 

throughout the region (Navès et al., 2001) that grazes 
pastures. The local demand for goat meat far exceeds 
local production (Alexandre et al., 2008), with a pur-
chase price of approximately 25 US $/kg of carcass. 
The Creole goat demonstrates increased weaner pro-
ductivity (Alexandre et al., 1999) and genetic resis-
tance to disease (Mandonnet et al., 2001). However, its 
medium size is considered a negative for meat produc-
tion (Alexandre et al., 2008). Even so, little work has 
been done in this regard. Thus, during the last decade, 
importations of exotic heavy breeds that are not well 
adapted to the farming conditions in the Caribbean 
have resulted in an indiscriminate crossing with the na-
tive goat (Alexandre et al., 2009), with a possible loss 
of biodiversity. Tropical pastures are productive, but 

Growth performance, carcass quality, and noncarcass components  
of indigenous Caribbean goats under varying nutritional densities1

L. Liméa,* M. Boval,* N. Mandonnet,* G. Garcia,† H. Archimède,* and G. Alexandre*2

*INRA UR 143 Unité de Recherches Zootechniques, Institut National de la Recherche Agronomique,  
Centre Antilles-Guyane, Domaine Duclos, 97170 Petit Bourg, Guadeloupe; and †Open Tropical Forage–Animal 

Production Laboratory, Department of Food Production, Faculty of Science and Agriculture,  
The University of the West Indies, St. Augustine, Trinidad and Tobago, West Indies

1	The valuable comments of editors and anonymous referees are 
acknowledged. The authors thank R. Arquet, B. Bocage, S. Calif, O. 
Coppry, and T. Silou (INRA URZ, Domaine Duclos, Guadeloupe) 
for their technical help, and G. Garcia (Faculty of Science and Ag-
riculture, The University of the West Indies, St. Augustine Trinidad 
and Tobago, West Indies) for English corrections to the manuscript. 
This study was supported by the “Region Guadeloupe” and the “Eu-
ropean Community” (Fonds Européens d’Orientation et de Garan-
ties Agricole, Brussels, Belgium).

2	Corresponding author: gisele.alexandre@antilles.inra.fr
Received January 26, 2009.
Accepted July 15, 2009.

3770

 at INRA Institut National de la Recherche Agronomique on August 14, 2013www.journalofanimalscience.orgDownloaded from 

http://www.journalofanimalscience.org/


their increased content of structural elements is poorly 
digestible (Humphreys, 1991). They are classified as a 
medium-quality diet (Aumont et al., 1991) unless man-
aged at the right stage of maturity (>1 mo; Archimède 
et al., 2000) and could be a limiting factor for finishing 
kids. When fed a high level of nutrition, the growth 
performance of hardy goats is poor, relative to meat 
genotypes (Dhanda et al., 1999; Cameron et al., 2001). 
However, their voluntary intake is similar to those of 
exotic breeds (Luo et al., 2004). Consequently, it was 
hypothesized that the nutritional density of the diet 
required to optimize the performance of tropical kids 
would be different from that for exotic animals. Sahlu 
et al. (2004) tabulated the energy requirements of dif-
ferent genotypes (including indigenous ones), and the 
BW ranged from 15 to 55 kg and ADG ranged from 50 
to 250 g/d. These tabulated data could not be appro-
priated for the indigenous Caribbean goat, given that it 
is weaned at 8 to 9 kg and is slaughtered at 18 to 20 kg 
of BW, with an average 35 g/d of ADG (Liméa et al., 
2009). With the purpose of improving this growth rate 
and increasing meat production, it appeared necessary 
to assess the meat-producing ability of this particular 
biotype under increasing levels of nutritional density of 
the diets.

MATERIALS AND METHODS

The study was conducted on the Experimental Farm 
of the INRA Animal Production Research Unit in Gua-
deloupe from June 9, 2006, to March 27, 2007. The 
area is characterized by a humid, tropical climate with 
an annual rainfall of 2,860 mm and an average tem-
perature of 25°C. All animal care, handling techniques, 
and slaughter procedures were approved by the Institut 
National de la Recherche Agronomique (INRA) Animal 
Care and Use Committee before the research was initi-
ated.

Experimental Design, Diets, and Animals

Forty intact male kids of the Creole genotype, weigh-
ing 9.0 ± 1.2 kg of BW (2.5 mo old), were used in this 

study. Four groups of kids (10 replicates per group) 
were raised indoors. Each kid was raised in an individu-
al pen on a slatted floor. The 4 treatments (G0, G100, 
G200, and G300) were based on amount of concen-
trate in the diet. The G0 group received the basal diet 
without concentrate, the G100 group received the basal 
diet plus 140 g (fresh material) of concentrate/kid per 
day, the G200 group received 240 g of concentrate/kid 
per day, and the G300 group received 340 g of concen-
trate/kid per day, respectively. Kids were blocked by 
BW and ADG between 30 and 70 d preweaning and 
were randomly assigned to treatments (Table 1).

The basal diet was green tropical forage (Digitaria 
decumbens Stent.). A 30-12-18 nitrogen-phosphorus-
potassium fertilizer was applied to the pasture. Grass 
was fertilized at a rate of 1 unit of nitrogen/ha per day 
of regrowth and was cut daily at 28 d of regrowth. The 
concentrate was a commercially available product with 
90% DM, consisting of corn (Zea mays; 68%), soybean 
cake (15%), wheat bran (11%), urea (1%), and vitamin 
and mineral supplement (5%). The chemical composi-
tion and nutritive value are given in Table 2.

The animals received the concentrate at 0630 h, and 
the concentrate intake was measured from Monday to 
Friday every week. The experimental conditions were 
maintained on Saturday and Sunday, but no measure-
ments were done because of a reduced workforce. The 
forage was delivered at 0830 h, and forage intake mea-
surements and analyses were carried out monthly based 
on the last 2 wk of the month.

Samples of offered forage (2 subsamples of 200 g) 
and refusals (10%) were taken every day from Monday 
to Friday. One of the subsamples was kept for daily 
DM determination. All the samples of the feed provided 
for 2 wk were mixed together for each kid and a new 
subsample (200 g) was used for chemical analyses. The 
refusals were composited for each individual, mixed, 
and subsampled. All measurements were assessed in-
dividually.

The experiment was carried out for a total of 292 d. 
The experimental growth period for each group is tabu-
lated in Table 1. After 1 mo of adaptation of the kids 
to the individual pen and the diet, the animals ate all 

Table 1. Weight and growth variables of Creole kids allotted to the different experi-
mental groups1 based on nutritional density 

Item G0 G100 G200 G300 SEM

Birth weight, kg 2.0 2.1 1.7 2.0 0.4
Weaning weight, kg 9.2 8.7 8.5 8.6 1.25
Age at weaning, d 84 79 81 82 8.5
ADG at weaning, g/d 85.7 83.5 84.0 81.2 13.50
Initial weight, kg 10.2 9.7 9.4 9.5 1.45
Slaughter weight, kg 22.5 23.6 22.6 23.3 1.80
Feeding trial duration, d 292a 228b 184c 164d 39.0
ADG feeding trial, g/d 42.1a 61.0b 71.7c 84.1d 10.53

a–dMeans within the same row with different superscripts differ significantly (P < 0.01).
1The G0 group received the basal diet (tropical forage ad libitum) without concentrate, the G100 group 

received the basal diet plus 140 g (fresh material) of concentrate/kid per day, the G200 group received 240 g 
of concentrate/kid per day, and the G300 group received 340 g of concentrate/kid per day. 
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the concentrate delivered in their group, except for the 
G300 kids. Intake values reported in this study do not 
include this adaptation period.

Slaughtering Procedure

Kids were slaughtered at 22 to 24 kg of BW. They 
were weighed the day before slaughter, and their fasted 
BW was taken just before slaughter. After slaughter, 
the full digestive tract (DT) was removed, weighed, 
and separated into its component parts. The peritoneal 
fat was removed and weighed. Dressed carcasses were 
weighed within 1 h (HCW), and were then chilled for 24 
h at 4°C and reweighed (cold carcass weight; CCW). 
Each cold carcass was rated (from 1 to 5) according to 
conformation, internal fat, and external fat based on 
a lamb BW grid (OFIVAL, 2005). The perirenal fat 
and the kidneys were removed and weighed separately. 
The carcass was then cut in half lengthwise, and the 
left side was cut according to the method of Colomer-
Rocher et al. (1987) into 5 joints (shoulder, neck, ribs, 
flank, long leg) and weighed.

Given that the shoulder is considered as an adequate 
and cost-effective joint on which to assess the carcass 
composition in kids (Arguello et al., 2001), the right 
shoulder was removed, frozen, and stored (−22°C) for 2 
mo. The shoulders were then cut frozen with a Magurit 
machine (Unitcut 545 SC model, Magurit Gefriersch-
neider GmbH, Remscheid, Germany), ground using a 
3-mm grid (Biro AFMG 48/52, Biro, Serris, France), 
and homogenized. Aliquots were freeze-dried and stored 
(−22°C) until the animals were slaughtered. The maxi-
mum storage times did not exceed 5 mo (groups G300 
and G200), 3.5 mo (group 100), and 2 mo (group G0) 
before chemical analysis.

Chemical Analyses and Physical 
Measurements

The DM contents of feeds were determined by oven-
drying (Type SE-79, Le Matériel Physico- Chimique 
Flam et Cie, MPC, Neuily S/Marine, France) to a con-
stant weight at 60°C for 48 h (AOAC, 1997), where-
as ash content was determined by heating samples at 
550°C for 12 h according to AOAC (1997); thereafter, 
the OM content was calculated by the difference. Dry 
samples were obtained for further chemical analyses 
and were ground (model SK100 confort Gußeisen, F. 
Kurt Retsch GmbH & Co, Haan, Germany) to pass 
through a 1-mm stainless steel screen. The CP content 
was calculated after nitrogen determination by combus-
tion using the micro-Dumas method (NA2100 Protein, 
CE Instruments, ThermoQuest S.p.A., Milan, Italy). 
The method of Van Soest et al. (1991) was followed 
to determine NDF and ADF (sequentially) on an ash-
free basis with an Ankom200 Fiber Analyzer incubator 
(Ankom Technology, Fairport, NY). The hemicellulose 
and cellulose contents of ingredients were calculated as 

the differences between NDF and ADF and between 
ADF and ADL, respectively.

Different evaluations were made on the cold carcass. 
The ribeye area of the fourth rib on the left side was 
removed to evaluate the color with a Minolta CR-300 
chromameter calibrated to a white standard, using the 
L*, a*, b* scale (CIE, 1986). Ultimate pH was measured 
on the sample used to analyze color with a Bioblock 
Scientific IP67 pH probe (Fischer Bioblock Scientific, 
Illkirch-Graffenstaden, France) calibrated to pH 4 and 
7 by using buffer standards.

Cooking loss was evaluated in refrigerated meat 
samples (rib area of the fifth rib) individually placed 
inside polyethylene bags in a water bath at 75°C. Sam-
ples were heated to an internal temperature of 70°C, 
monitored with thermocouples introduced in the core, 
and cooled for 15 min under running tap water. They 
were taken from the bags, dried with filter paper, and 
weighed. Cooking loss was expressed as the percentage 
of loss related to the initial weight.

The entire shoulder was ground, and a homogeneous 
sample was taken, freeze-dried, and stored (−22°C) as 
described above. The aliquots were finely ground in a 
ball grinder (Dangoumill 300, Prolabo, Paris, France) 
to determine DM, mineral matter, and CP, as described 
above. The total lipid (ether extract) was determined 
via the Soxhlet extraction method by using petroleum 
ether as the solvent and was determined gravimetri-
cally after evaporating the solvent (AOAC, 1997).

Data Calculations and Statistical Analyses

Empty BW (EBW) was computed by subtracting 
the weight of the gut content from the slaughter weight. 
Dressing percentage was calculated as the ratio of the 
HCW on BW at slaughter (HCW/slaughter weight) 
and cold carcass yield was the CCW related to the 
EBW (CCW/EBW).

The DM deposited in the shoulder was calculated as 
the shoulder weight multiplied by the DM content (%) 
in the shoulder. The protein and lipid deposits in the 
shoulder were then calculated by multiplying the DM 
deposited in the shoulder by the CP content (%) and 
the lipid content (%), respectively. According to the 
reports of Fraysse and Darré (1990), the caloric value 
of retained protein was assumed to be 23.79 MJ/kg 
of protein and that of retained fat was assumed to be 
39.20 MJ/kg of fat. These caloric values were multi-
plied by the protein and lipid deposits in the shoulder, 
respectively, to assess the caloric value retained in the 
protein and lipid deposits, respectively.

The experimental unit was the animal because intake, 
growth, and carcass traits were assessed individually. 
Data were analyzed using the GLM procedure (SAS 
Inst. Inc., Cary, NC) with level of nutritional regimen 
as the main effect in the model. Carcass traits, except 
those calculated as a proportion of BW, were studied 
with slaughter weight used as a covariable, which was 
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kept in the model only when significant (P < 0.05). 
Carcass quality scores and fat weights were studied with 
carcass weight used as a covariable, which was kept in 
the model only when significant (P < 0.05). The least 
squares means procedure (PDIFF option, SAS Inst. 
Inc.) was used to compare means when a significant F-
value was obtained. Significant effects were considered 
at P < 0.05 and trends were considered at P ≤ 0.10.

Regressions (linear and quadratic terms) were com-
puted (REG procedure, SAS Inst. Inc.) to predict BW 
gain according to supplement intake of the finishing 
kids and also to predict the different deposits (mass or 
caloric values) according to energy intake.

RESULTS

Intake

The chemical composition of the forage was 100, 686, 
328, and 35 g/kg of DM for CP, NDF, ADF, and ADL, 
respectively. After 1 mo of adaptation, the animals in 
groups G100 and G200 always ate all the concentrate, 
whereas the amount of intake in G300 varied and was 

310 g/d on average. Total DMI (Table 3) increased at 
the same time as the inclusion ratio of the concentrate 
in the diet, whereas forage DMI decreased (12% less) 
from forage-fed kids to supplemented ones. The forage 
intake then remained similar among groups G100 to 
G300. The energy and CP intakes varied significantly 
(P < 0.01) among feeding groups.

Nutrient Utilization for Growth

Growth (P < 0.01) increased from groups G0 to G300 
during the finishing period (Table 3). The prediction of 
ADG (g/d) in terms of percentage of concentrate (pc) 
in the diet was curvilinear:

ADG (g/d) = 41.40 (±0.909) + 1.662 (±0.4167)pc  

− 0.02004 (±0.0081)pc2, (n = 40; R² = 0.60;  

RSD = 12.36; P < 0.01),

where RSD = residual SD.
Prediction of ADG (g/d) in terms of concentrate 

DMI per kilogram of BW0.75 (DMICmw; g/BW0.75) was 

Table 2. Ingredient, chemical composition, and feeding value of the different compo-
nents of the diet 

Item Tropical forage Commercial pellet1

DM,2 % 23.3 88.9
Chemical composition,2 g/kg of DM
  CP 108 209
  Ether extract 14 25
  NDF 686 168
  ADF 328 47
  ADL 35 17
Tabulated value,3 per kg of DM
  GE, MJ 12.6 19.5
  ME, MJ 8.8 13.6

1Composition per kilogram (as-fed basis): 680 g of corn grain, 150 g of soybean cake, 110 g of wheat bran, 
10 g of urea, and 50 g of vitamin and mineral supplement.

2Nutrient composition based on laboratory analyses.
3Values from tabular nutrient values for tropical forages (Aumont et al., 1991) and pellet ingredients (Sau-

vant et al., 2002).

Table 3. Intake and growth performance of fattening Creole kids according to level of 
nutritional density1 

Item G0 G100 G200 G300 SEM

Total DMI, g/d 415a 498b 575c 655d 48.2
Forage DMI, g/d 415a 373b 363b 379b 34.4
Total DMI, g/kg of BW0.75 51.4a 53.8b 66.7c 78.3d 5.63
Forage DMI, g/kg of BW0.75 51.4a 41.2b 42.4b 42.7b 3.99
ME intake, MJ/d 3.35a 4.61b 6.02c 7.00d 0.45
ME intake, MJ/kg of BW0.75 2.56a 3.50b 4.61c 5.38d 0.31
Total lipid intake, g/d 6a 8a 11b 13b 0.9
Total CP intake, g/d 41a 62b 85c 98d 6.6
G:F, g/kg 101a 122b 125bc 127c 12.3

a–dMeans within the same row with different superscripts differ significantly (P < 0.01).
1The G0 group received the basal diet (tropical forage ad libitum) without concentrate, the G100 group 

received the basal diet plus 140 g (fresh material) of concentrate/kid per day, the G200 group received 240 g 
of concentrate/kid per day, and the G300 group received 340 g of concentrate/kid per day.
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linear (the quadratic terms were not significant P > 
0.05):

ADG (g/d) = 42.28 (±3.893) + 1.247 (±0.1649)  

× DMICmw (g/BW0.75), (n = 40; R² = 0.67;  

RSD = 12.76; P < 0.01).

Prediction of ADG (g/d) in terms of ME intake 
(MEI; MJ/d) was linear (the quadratic terms were not 
significant P > 0.05):

ADG (g/d) = 0.570 (±0.938) + 12.565 (±1.335)  

× MEI (MJ/d), (n = 40; R² = 0.76;  

RSD = 10.91; P < 0.01).

The G:F increased with the addition of concentrate 
to the ration (25 to 30 points more) between kids fed 
forage and those receiving concentrate as well (Table 
3). No difference was observed between the kids that 
received the 2 greatest amounts of concentrate (G200 
and G300).

Carcass and Noncarcass Components

Carcass weight and dressing percentage (Table 4) in-
creased (P < 0.01) with the addition of concentrate to 
the ration. The type of diet did not have a significant 
effect on the cold carcass yield. A difference (P < 0.01) 
was observed for the EBW (3 to 4 kg between kids fed 

forage and kids fed mixed diets) even though the ani-
mals were slaughtered at a statistically identical BW. 
The proportions of carcass cuts (Table 4) were similar 
(P > 0.05) regardless of the feeding groups of the kids.

Feeding system had an effect on abdominal fat de-
posits (P < 0.01; Table 5), mainly attributable to 
heavier peritoneal and kidney fat (P < 0.01) in G300 
kids, 2.3-fold more compared with their G0 counter-
parts. The main offal components, classified as DT, red 
organs (liver, heart, lungs, kidneys), and head, skin, 
feet (HSF), are presented in Table 5. As for the DT, 
forage-fed kids had a heavier reticulorumen (P < 0.01) 
and large intestine, whereas weights of the small in-
testine were less, but values for these last traits did 
not reach significance. Differences (P < 0.05) were ob-
served for the total weight of the white offal and the 
proportion of white offal relative to EBW for G0 kids 
as compared with the other 3 groups. In relation to 
red organs, concentrate-fed kids had heavier (P < 0.01) 
liver weights, whereas kidney, heart, and lung weights 
were not affected by the feeding system. The skin from 
supplemented kids was heavier (P < 0.01) than that 
from kids fed forage only.

The caloric values of the different deposits according 
to diet group are represented in Figure 1, in addition 
to the prediction equations of these traits in terms of 
ME intake (MJ/d). The quadratic terms of the equa-
tions did not reach significance. The rate of energy use 
was significantly (comparison of slopes, P < 0.01), 54-
fold, greater in the caloric value of abdominal fat tis-
sues than in the caloric value of protein deposits in 

Table 4. Carcass weights, yields, quality scores, and proportions of retail cuts of fat-
tening Creole kids according to level of nutritional density1 

Item G0 G100 G200 G300 SEM

Age at slaughter, d 402a 333b 290c 272d 58.4
Slaughter weight, kg 22.5 23.6 22.6 23.3 1.8
Cold carcass weight, kg 8.9a 10.6b 11.1b 12.3c 0.8
HCW, kg 9.3a 11.0b 11.6bc 12.9c 0.9
Empty BW, kg 15.3a 18.7b 18.4b 19.2b 1.5
Dressing,2 % 42a 47b 51c 51c 2.6
Carcass output,3 % 59 56 61 59 2.7
Conformation score4 3.2a 3.4a 4.0b 3.6b 0.5
External fat score4 2.0 2.1 2.6 2.4 0.8
Internal fat score4 2.4a 3.1b 3.7c 4.1c 0.7
Color score4 2.5a 2.3a 2.0b 2.1b 0.4
Shoulder proportion, % 19.3 19.8 19.7 19.5 0.98
Neck proportion, % 12.7 13.2 13.2 12.5 1.58
Breast proportion, % 14.2 15.1 15.0 15.0 1.17
Leg proportion, % 30.8 30.5 29.6 30.7 1.85
Rib + loin proportion, % 23.0 21.4 22.5 22.3 1.89

a–dMeans within a row without a common superscript letter differ (P < 0.01); the covariable slaughter weight 
in the GLM model was significant (P < 0.01) for most of the items except for carcass yields; the covariable 
carcass weight in the GLM model was significant (P < 0.01) for most of the items except for fat and color 
scores.

1The G0 group received the basal diet (tropical forage ad libitum) without concentrate, the G100 group 
received the basal diet plus 140 g (fresh material) of concentrate/kid per day, the G200 group received 240 g 
of concentrate, and the G300 group received 340 g of concentrate. 

2Dressing percentage = HCW/slaughter weight.
3Carcass output = cold carcass weight/empty BW.
4Conformation, fat, and color scores were determined according to OFIVAL (2005), on a scale from 1 to 5.
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the shoulder. The use of energy for the caloric value of 
protein deposits in the shoulder was 1.7-fold greater (P 
< 0.01) than for the caloric value of lipid deposits.

Carcass Quality

Nutritional level did not have a significant effect on 
fat cover score (Table 4). The quantity of concentrate 
in the ration significantly (P < 0.05) influenced the 
internal fat score. This was 1.5 points more from one 
extreme of the groups to the other. In addition, there 
was a significant (P < 0.01) effect of supplementing 
concentrates on the weight of the peritoneal, intestinal, 
and kidney fat tissues. The latter increased by 2.2-fold 
from the group without concentrate in the ration to the 
group that was fed the maximum percentage of concen-
trate. A significant variation (P < 0.05) was observed 
on carcass conformation scores, with the least score at-
tributed to forage-fed kids.

Diet had an effect (P < 0.01) on the ultimate pH 
and on the cooking loss of the meat (Table 6) but had 
no effect on the color variables L* (lightness) and b* 
(yellowness). The a* color parameter, accounting for 
redness, was less (P < 0.05) in group G300 compared 
with the 3 other treatments. The ash, lipid, and CP 
ratios for the carcasses did not vary significantly in 
relation to group (Table 6), whereas the DM content 
did (P < 0.05).

DISCUSSION

Intake

The increase in total feed intake with increasing 
amount of concentrate in the diet is in agreement with 

previous studies showing that the addition of energy 
and protein pellets resulted in improvements in total 
digestibility and DMI with goats fed temperate (Mo-
rand-Fehr, 1991) and tropical forages (Haddad, 2005).

The DMI of Creole kids fed mixed diets (groups 
G200 and G300) were similar to those reported for oth-
er tropical breeds when expressed relative to metabolic 
BW (Haddad, 2005; Phengvichith and Ledin, 2007; 
Sanon et al., 2008). However, these intakes were less 
than those reported by Fernandes et al. (2007) or Ryan 
et al. (2007) for Boer crossbred goats, likely because 
of the greater amounts of concentrate in the diets and 
greater BW.

Nutrient Utilization for Growth

Kid ADG increased progressively with the increasing 
nutritional density of the diet. The growth value (42 
g/d) observed for the G0 group (i.e., kids fed on grass 
alone) was greater than the values reported by Zem-
melink et al. (1991) in West Africa and by Alexandre 
et al. (1997) in Guadeloupe, with tropical kids raised 
on pasture. This could be explained by the exposure to 
parasitic infestations (Mandonnet et al., 2003) associat-
ed with pasture grazing compared with indoor feeding.

Analysis of the equation that predicted growth in 
terms of concentrate intake indicated that the growth 
potential of animals used in the experiment was 84 g/d. 
Greater growth values (120 g/d) were found previously 
for tropical goats (Mahgoub et al., 2005; Ryan et al., 
2007), but the animals were fed high-energy diets (60 to 
80% of concentrate in the diet). Moreover, the relative 
growth rate, calculated as the ratio of ADG to birth 
weight, reached 4.5% for Creole bucks and was very 
similar to rates reported in the cited studies (Omani, 

Table 5. Weights of offal and noncarcass components of fattening Creole kids accord-
ing to level of nutritional density1 

Item G0 G100 G200 G300 SEM

Gut fill, g 7,266a 4,828b 4,220c 4,186c 1,341
Reticulorumen, g 611a 541b 464c 521d 68
Omasum, g 70 64 60 57 12
Abomasum, g 120 124 100 82 18
Small intestine, g 274 242 383 396 88
Large intestine, g 449 445 398 375 45
Omental fat, g 190a 225b 319c 454d 106
Kidney fat, g 113a 139b 255c 253c 83
Intestinal fat, g 275a 277a 392b 388b 73
Head, g 1,731 1,803 1,849 1,837 77.4
Feet, g 516a 601b 608b 658c 39.2
Skin, g 1,312a 1,742b 1,783bc 1,856c 140.1
Heart + trachea + lung, g 387 473 474 472 68
Liver, g 304a 345b 352b 375c 36
Kidney, g 53 54 58 59 6

a–dMeans within a row without a common superscript letter differ (P < 0.01); the covariable slaughter weight 
in the GLM model was significant (P < 0.01) for most of the items except skin weight; the covariable carcass 
weight in the GLM model was significant (P < 0.01) for most of the items except for fat weights.

1The G0 group received the basal diet (tropical forage ad libitum) without concentrate, the G100 group 
received the basal diet plus 140 g (fresh material) of concentrate/kid per day, the G200 group received 240 g 
of concentrate/kid per day, and the G300 group received 340 g of concentrate/kid per day.
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Figure 1. Calculated caloric values (MJ) of abdominal fat tissues (CAFT; top panel), protein deposits in the shoulder (CPDS; middle panel), 
and lipid deposits in the shoulder (CLDS; bottom panel) according to the nutritional density of the diets and terms of regression of these traits 
against ME intake (MEI; MJ/d). The G0 group received the basal diet (tropical forage ad libitum) without concentrate, the G100 group received 
the basal diet plus 140 g (fresh material) of concentrate/kid per day, the G200 group received 240 g of concentrate/kid per day, and the G300 
group received 340 g of concentrate/kid per day. RSD = residual SD.
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4.1%; crossbred Boer, 4.3%). Based on these traits, 
there seemed to be some scope for improvement of meat 
production with the indigenous Caribbean goat reared 
under adequate feeding systems. In essence, the rela-
tively good levels of growth observed could be proof of 
the good quality of the diets, their effective utilization 
by the animal, or both. The G:F ratio could assess the 
biological efficiency of this tropical genotype, because it 
is a trait used in breed comparison or evaluation, given 
its economic impact (Urge et al., 2004; Mahgoub et 
al., 2005; Shrestha and Fahmy, 2007). The G:F ratios, 
which were calculated to be approximately 100, may be 
low but this could be explained by the fibrous nature of 
the basal diet made of tropical forage, which is known 
for its high fiber content (Humphreys, 1991) and which 
is frequently reported for goats fed an unbalanced diet 
(Mahgoub et al., 2005; Almeida et al., 2006). The val-
ues of 125 to 130 obtained in our study for diets with 
increased energy and protein intakes were satisfactory 
and were within the range of values available in the lit-
erature (n = 63 papers) reviewed by Luo et al. (2004). 
The values reported in tropical studies for goats reared 
in similar conditions were 125 (Crossbred Boer; Ryan 
et al., 2007) and 133 (Omani Batina; Mahgoub et al., 
2005).

Further studies are required to model the kid growth 
curve, as was done by Tsukahara et al. (2008), with 
more experimental data that could be implemented un-
der varying feeding conditions. Probably there could 
have been a curvilinear answer, which seemed to be 
reflected in the feed conversion ratio. The quadratic 
terms of the regression equation did not reach sig-
nificance. However, the G:F did not vary between the 
G200 and G300 groups. It could be deduced, from an 
economic point of view, that the supply of supplement 
with adequate-quality grass for optimal growth would 
be approximately 3.69 MJ of ME/d (achieved with 
240 to 310 g/d of concentrate in our experiment). This 
could make it possible to establish recommendations 
for intensive finishing systems for Creole kids in Carib-

bean zones. Given that the local demand for goat meat 
far exceeds local production, the potential exists for 
development of the local goat meat market (Alexandre 
et al., 2008). Consequently, there is a tendency toward 
intensification of production systems (Mahieu et al., 
2008) to increase the goat meat offered in the commod-
ity chain.

In fact, we had some difficulty assessing the nutrient 
requirements of indigenous kids because the literature 
on tropical goats is contradictory; the energy require-
ment (ME in kJ) for 1 g of ADG was estimated to 
be 38.1 (Zemmelink et al., 1991; West African Dwarf), 
24.3 (Mandal et al., 2005; Indian goats), and 19.8 (Luo 
et al., 2004; diverse indigenous goats).

Comparison of the different slopes in the regression 
equations for deposits and ME intakes would suggest 
that these hardy indigenous animals preferentially tend-
ed to deposit more abdominal fat tissue than protein 
mass, and finally lipid mass. This apparent differential 
use of energy for different deposits must be studied fur-
ther to have a better description of the composition 
of gain in growing Creole kids and to provide more 
adequate feed recommendations, as stated by Sahlu et 
al. (2004).

Carcass Yields and Cuts

The carcass weight and the dressing percentage of 
Creole kids improved with the progressive addition of 
concentrates in the diet, although the effect of slaugh-
ter weight was not a factor in our study. The greater 
dressing percentage for G200 and G300 animals was 
probably due to better body development as well as a 
lighter DT. Cold carcass output relative to EBW did 
not differ significantly from one group to another. The 
present yield (mean of 59%) was in the upper range of 
the values reported by Cameron et al. (2001), Mah-
goub et al. (2005), and Sen et al. (2004). This was 
an encouraging result for these first intensive finishing 
experiments with this hardy tropical genotype. Confor-

Table 6. Ultimate pH and instrumental color variables measured on LM and chemical 
composition of the shoulder of fattening Creole kids according to level of nutritional 
density1 

Item G0 G100 G200 G300 SEM

Physical measurement
  Cooking loss, % 33.0a 31.5a 24.4b 25.6b 4.5
  Ultimate pH 5.69a 5.84a 5.56b 5.52b 0.1
  L (lightness) 39.5 41.5 40.9 40.3 2.3
  a (redness) 17.0a 16.9a 16.7a 14.9b 1.7
  b (yellowness) 5.1 6.3 5.9 4.6 1.6
Chemical composition
  DM, % 31.2a 32.9b 33.7c 33.2bc 1.1
  Ash, g/kg of DM 9.4 11.1 10.2 10.6 0.9
  Total lipids, g/kg of DM 28.2 28.6 29.5 27.2 2.6
  CP, g/kg of DM 62.2 61.8 62.3 63.4 5.4

a–cMeans within a row without a common superscript letter differ (P < 0.05).
1The G0 group received the basal diet (tropical forage ad libitum) without concentrate, the G100 group 

received the basal diet plus 140 g (fresh material) of concentrate/kid per day, the G200 group received 240 g 
of concentrate/kid per day, and the G300 group received 340 g of concentrate/kid per day.
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mation scores were also affected by additional energy 
intake. These observations are in line with previous 
works demonstrating that the level of energy in the ra-
tion significantly affected carcass traits (Haddad, 2005; 
Mahgoub et al., 2005; Ryan et al., 2007; Sanon et al., 
2008).

The increase in weights of primal carcass cuts was 
directly related to the increase in carcass weight. The 
proportion of carcass in the total of the leg, shoulder, 
and neck remained similar (approximately 63%) regard-
less of the group. The leg represented 30% of the car-
cass and varied on the same scale as the well-conformed 
genetic breeds (28 to 33%), as reported by Sen et al. 
(2004), Webb et al. (2005), and Ryan et al. (2007).

Offal and Noncarcass Components

Determination of the weight of the offal and noncar-
cass components is of interest because of their large 
contribution (>50%) to maintenance energy expendi-
ture (Ortigues, 1991). The progressive inclusion of pel-
lets in the diet had an increasing effect on abdominal 
fat deposits as well as on the internal fat score, which 
is related to the kidney and pelvic fat. Similar con-
clusions have been reported in the literature on goats; 
however, the trend for increasing fat weights was less 
in the current study (2.3-fold more) than in other stud-
ies (3- to 4-fold more). For example, Phengvichith and 
Ledin (2007) reported 800 vs. 200 g of peritoneal fat, 
and Ryan et al. (2007) reported 760 vs. 250 g of peri-
renal fat for supplemented vs. nonsupplemented kids, 
respectively. In addition, the increase in fat weights was 
less in our study than in other studies because of the 
decreased concentrate level used in the present study 
(58% compared with 90%). The abdominal fat deposits 
represented 4% of the EBW, whereas other authors re-
ported 6 to 7% (Cameron et al., 2001; Sen et al., 2004; 
Phengvichith and Ledin, 2007). Regardless of the feed 
level and the internal fat weights, the Creole kid car-
casses had an acceptable fat cover score (from 2 to 2.6 
on a scale ranging from 1 to 5) because consumers in 
Guadeloupe value low-fat goat meat (Alexandre et al., 
2008). Goats are well known to have fat deposits main-
ly in the abdominal cavity (Kempster, 1981). We must 
maintain this apparent ability of Creole kids to deposit 
less external fat by using an adapted feed strategy in 
order not to depreciate the carcass and to avoid a detri-
mental long-term impact on human health. In addition, 
comparison of the slopes for use of energy intake in 
terms of different deposits and fat tissues showed that 
the Creole goat had a greater tendency to deposit fat 
tissues in the abdomen and had less tendency to de-
posit fat tissues in muscle. Further studies are required 
to increase the database for a better description of tis-
sue partitioning.

The feeding system influenced the weight of the red 
organs, DT, and HSF, but the proportions in relation to 
EBW were similar among kids fed mixed diets. Breed, 
age, sex, and slaughter weight are the main factors 

that influence the noncarcass weight (Warmington and 
Kirton, 1990). In the present study, breed and slaugh-
ter weight were fixed factors, whereas age at slaughter 
was determined by the ADG, depending on the feed-
ing system that affected noncarcass weight. Increasing 
concentrate amounts reduced reticulorumen weights 
and large intestine weights, whereas the weights of the 
small intestine increased. A possible explanation is that 
in kids fed forage diets, the large amounts of digesta 
present in the DT would give rise to net tissue growth 
(Wester et al., 1995). Digesta were not assessed per se, 
but the increasing gut fill would support this hypoth-
esis. Moreover, the DT could be affected by the physi-
cal characteristics of the diet. Kouakou et al. (1997) 
reported with sheep that the physical attributes of low- 
to moderate-quality tropical grasses affected mass and 
energy consumption by splanchnic tissues.

Regarding the red organs, forage-fed kids had lighter 
liver weights, whereas kidney, heart, and lung weights 
were not affected by the feeding system. These results 
are in line with the conclusions of Haddad (2005) in 
goats. Joy et al. (2008) reported in sheep that the 
weight of offal components with low metabolic activity 
varied slightly with diet, given that these components 
are early maturing and are less affected by dietary ef-
fects in growing, compared with mature, animals. On 
the other hand, the lighter liver weights would be in 
accordance with a decreasing plane of nutrition, elicit-
ing a reduced metabolic rate and mass of metabolically 
active tissue, such as the liver (Wester et al., 1995).

The weights of the head and feet were greater for 
the G300 kids, and this could be linked to their age at 
slaughter, which was younger than for their counter-
parts. These results are in agreement with the report 
of Hammond (1962), who found that bones develop 
quickly in the early stages of life to support muscle 
growth. The greater weights and proportions of skin in 
the G300 carcasses were similar to data reported else-
where (Ngwa et al., 2007; Sebsibe et al., 2007).

Carcass Quality

The cooking loss varied according to the feeding lev-
els of the kids, contrary to the conclusions of Kannan 
et al. (2006) and Madruga et al. (2008), who observed 
that dietary treatment did not have an effect on this 
trait. However, these authors did not have forage-fed 
kids in their experiment; in addition, variations attrib-
utable to genotype have been reported (Dhanda et al., 
1999; Kadim et al., 2004), which could explain the dif-
ferences between the cited studies. Differences in cook-
ing loss are often linked to differences in ultimate pH 
and fat content. In our study, decreased pH and greater 
fat proportions were observed for G300 kids, compared 
with G0 kids, and are in line with their decreased cook-
ing loss. The limited fat content in the meat of G0 
kids possibly exacerbated cooking losses, as reported by 
Webb et al. (2005). The values observed in the present 
study seemed to be less than those reported frequently 
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by others (Webb et al., 2005). The cooking loss of goat 
meat is of interest, because the water retained in the 
cooked product is the major contributor to the attri-
bute of juiciness (Webb et al., 2005). It is therefore 
recommended that in the future, the eating quality of 
Creole goat meat be assessed by way of sensory evalu-
ation.

The color variables recorded in the present study were 
within the range of values reported by Abdullah and 
Musallam (2007) and Lee et al. (2008). Values for the 
L* and b* parameters did not reach significance. This 
is in agreement with results in the native black goat 
of Jordan reported by Abdullah and Musallam (2007), 
who found that these variables were not affected by 
nutritional regimen. The a* parameter (redness) of the 
G300 meat was less than for the others. This effect of 
concentrate intake was probably an indirect effect via 
growth rate. In fact, the G300 kids were younger when 
slaughtered than the kids on other treatments, and a 
darker red color is associated with older animals, such 
as those consuming decreased amounts of supplement. 
It is generally reported that a red meat characterizes 
mature animals because of their greater concentration 
of muscle pigment (Fraysse and Darré, 1990).

The chemical composition of the carcass was within 
the values reported by Fraysse and Darré (1990). A 
similar increasing effect of supplement amount on DM 
content has been reported in the carcass (Mahgoub et 
al., 2005; Almeida et al., 2006; Fernandes et al., 2007) 
or in lean tissue (Abdullah and Musallam, 2007; Lee et 
al., 2008). Lipid content did not change in our experi-
ment because the amount of energy used was less than 
in other studies in which increased fat deposition was 
observed. In the present study, the kids were slaugh-
tered at a similar slaughter weight among treatments, 
whereas the slaughter weights were different within 
groups in the cited experiments (at least 10 kg differ-
ence), inducing different fattening levels. In addition, 
the different conclusions of the different experiments 
were linked to the kid breed. It is known that variations 
exist between goat genotypes in carcass composition 
and tissue partitioning (Dhanda et al., 1999; Oman et 
al., 1999).

The question with an indigenous hardy genotype 
such as the Caribbean Creole goat is how to increase 
the carcass weight and conformation with increasing 
energy density in the diet while producing lean and 
desirable meat. Under an adequate nutritional regimen, 
the Caribbean Creole goat appeared as an acceptable 
meat-producing animal, even though it is not selected 
for this trait. In this initial experimental phase, dose-
effect relationships were studied by using concentrate 
supplements for goats in confinement conditions to es-
tablish adapted recommendations for intensive finish-
ing of indigenous goats in the Caribbean basin zones. 
As prices of grain and other feedstuffs increase because 
of the global energy situation, nutrition research may 
be dominated by studies that optimize the feeding of 

by-products (Moore et al., 2002). An optimal supply of 
supplement with adequate-quality grass would be ap-
proximately 3.69 MJ/d of ME. By increasing the nutri-
tional density, it was possible to obtain desirable car-
casses, with no excessive fattening. However, increased 
concentrate consumption can alter the fatty acid profile 
in goat meat resulting from changes in the activity of 
rumen bacteria (Banskalieva et al., 2000). Bas et al. 
(2005) reported that the lipid and cholesterol content of 
muscles was greater in goats raised indoors and fed con-
centrate than in those raised outdoors under the harsh 
conditions of Morocco. In our conditions, the goat meat 
fatty acid composition deserves more research atten-
tion, especially when intensive systems of nutrition are 
being tested to increase goat meat production. For the 
group fed without the addition of concentrate, the daily 
growth rate was nevertheless significant, which means 
that when tropical forage is managed effectively (Ar-
chimède et al., 2000), it remains a good basal diet for 
native tropical goats.

LITERATURE CITED

Abdullah, A. Y., and H. S. Musallam. 2007. Effect of different lev-
els of energy on carcass composition and meat quality of male 
black goats kids.  Livest. Sci.  107:70–80.

Alexandre, G., S. Asselin de Beauville, E. Shitalou, and M. F. Zebus. 
2008. An overview of the goat meat sector in Guadeloupe: Con-
ditions of production, consumer preferences, cultural functions 
and economic implications. Livest. Res. Rural Dev. 20:article 
14.

Alexandre, G., G. Aumont, J. Fleury, O. Coppry, P. Mulciba, and A. 
Nepos. 1997. Semi intensive production of meat goat at pasture 
in the humid tropics: Creole goats on pangola (Digitaria decum-
bens) in Guadeloupe.  INRA Prod. Anim.  10:43–54.

Alexandre, G., G. Aumont, J. C. Mainaud, J. Fleury, and M. Naves. 
1999. Productive performances of Guadeloupean Creole goats 
during the suckling period.  Small Rumin. Res.  34:157–162.

Alexandre, G., F. Leimbacher, O. Maurice, D. Domarin, M. Naves, 
and N. Mandonnet. 2009. Goat farming systems in Martinique: 
Management and breeding strategies.  Trop. Anim. Health 
Prod.  41:635–644.

Almeida, A. M., L. M. Schwalbach, H. O. De Waal, J. P. C. Grey-
ling, and L. A. Cardoso. 2006. The effect of supplementation on 
productive performance of Boer goat bucks fed winter veld hay.  
Trop. Anim. Health Prod.  38:443–449.

AOAC. 1997. Official Methods of Analysis. 16th ed. Assoc. Off. 
Anal. Chem., Arlington, VA.

Archimède, H., M. Boval, G. Alexandre, A. Xande, A. Aumont, and 
C. Poncet. 2000. Effect of regrowth age on intake and digestion 
of Digitaria decumbens consumed by Black-belly sheep.  Anim. 
Feed Sci. Technol.  7:153–162.

Arguello, A., J. Capote, R. Gines, and J. L. Lopez. 2001. Prediction 
of kid carcass composition by use of joint dissection.  Livest. 
Prod. Sci.  67:293–295.

Aumont, G., I. Caudron, and A. Xande. 1991. Feeding value tables 
of tropical forages in the Caribbean area and La Reunion. [Ta-
bles des valeurs alimentaires de fourrages tropicaux de la zone 
Caraïbe et de la Réunion]. Edition SRZ, Petit-Bourg, Guade-
loupe.

Banskalieva, V., T. Sahlu, and A. L. Goetsch. 2000. Fatty acid com-
position of goat muscles and fat depots: A review.  Small Ru-
min. Res.  37:255–268.

Bas, P., E. Dahbi, A. El Aich, P. Morand-Fehr, and A. Araba. 2005. 
Effect of feeding on fatty acid composition of muscles and adi-

Feeding levels for finishing indigenous goats 3779

 at INRA Institut National de la Recherche Agronomique on August 14, 2013www.journalofanimalscience.orgDownloaded from 

http://www.journalofanimalscience.org/


pose tissues in young goats raised in the Argan tree forest of 
Morocco.  Meat Sci.  71:317–326.

Cameron, M. R., J. Luo, T. Sahlu, S. P. Hart, S. W. Coleman, 
and A. L. Goetsch. 2001. Growth and slaughter traits of Boer 
× Spanish, Boer × Angora and Spanish goats consuming a 
concentrate-based diet.  J. Anim. Sci.  79:1423–1430.

Commission Internationale de l’Eclairage. 1986. Colorimetry. 2nd ed. 
CIE Publ. No. 15.2. Commission Internationale de l’Eclairage, 
Vienna, Austria.

Colomer-Rocher, F., P. Morand-Fehr, and A. H. Kirton. 1987. Stan-
dard methods and procedures for goat carcass evaluation, joint-
ing and tissue separation.  Livest. Prod. Sci.  17:149–159.

Dhanda, J. S., D. G. Taylor, J. E. Mc Cosker, and P. J. Murray. 1999. 
The influence of goat genotype on the production of Capretto 
and Chevon carcasses. 1. Growth and carcass characteristics.  
Meat Sci.  52:355–361.

Fernandes, M. H. M. R., K. T. Resende, L. O. Tedeschi, J. S. Fer-
nandes Jr., H. M. Silva, G. E. Carstens, T. T. Berchielli, I. A. 
M. A. Teixeira, and L. Akinaga. 2007. Energy and protein re-
quirements for maintenance and growth of Boer crossbred kids.  
J. Anim. Sci.  85:1014–1023.

Fraysse, J. L., and A. Darré. 1990. How to produce meat. I. Econom-
ic and biological concepts. Agriculture d’aujourd’hui, Sciences 
Techniques Applications, Paris, France.

Haddad, S. G. 2005. Effect of dietary forage:concentrate ratio on 
growth performance and carcass characteristics of growing 
Baladi kids.  Small Rumin. Res.  57:43–49.

Hammond, J. 1962. Growth and Development of Mutton Qualities 
in the Sheep. Oliver and Boyd, Edinburgh, UK.

Humphreys, L. R. 1991. Tropical Pasture Utilization. Cambridge 
University Press, Cambridge, UK.

Joy, M., G. Ripoll, and R. Delfa. 2008. Effects of feeding system on 
carcass and non-carcass composition of Churra Tensina light 
lambs . Small Rumin. Res.  78:123–133.

Kadim, I. T., O. Mahgoub, D. S. Al-Ajmi, R. S. Al-Maqbaly, N. M. 
Al-Saqri, and A. Ritchie. 2004. An evaluation of the growth, 
carcass and meat quality characteristics of Omani goat breeds.  
Meat Sci.  66:203–210.

Kannan, G., K. M. Gadiyaram, S. Galipalli, A. Carmichael, B. 
Kouakou, T. D. Pringle, K. W. McMillin, and S. Gelaye. 2006. 
Meat quality in goats as influenced by dietary protein and 
energy levels, and postmortem aging.  Small Rumin. Res.  
61:45–52.

Kempster, A. J. 1981. Fat partition and distribution in the carcasses 
of cattle, sheep and pigs: A review.  Meat Sci.  5:83–98.

Kouakou, B., A. L. Goetsch, A. R. Patil, D. L. Galloway, and K. K. 
Park. 1997. Visceral organ mass in wethers diets with different 
forages and grain levels.  Livest. Prod. Sci.  47:125–137.

Lee, J. H., B. Kouakou, and G. Kannan. 2008. Chemical composi-
tion and quality characteristics of chevon from goats fed three 
different post-weaning diets.  Small Rumin. Res.  75:177–184.

Liméa, L., J. Gobardham, G. Gravillon, A. Nepos, and G. Alex-
andre. 2009. Growth and carcass traits of Creole goats under 
different pre-weaning, fattening and slaughter conditions. Trop. 
Anim. Health Prod.  41:61–70.

Luo, J., A. L. Goetsch, T. Sahlu, I. V. Nsahlai, Z. B. Johnson, J. E. 
Moore, M. L. Galyean, F. N. Owens, and C. L. Ferrell. 2004. 
Prediction of metabolizable energy requirements for main-
tenance and gain of preweaning, growing and mature goats.  
Small Rumin. Res.  53:231–252.

Madruga, M. S., T. S. Torres, F. F. Carvalho, R. C. Queiroga, N. 
Narain, D. Garrutti, M. A. Souza Neto, W. Mattos Carla, and 
R. G. Costa. 2008. Meat quality of Moxotó and Canindé goats 
as affected by two levels of feeding.  Meat Sci.  80:1019–1023.

Mahgoub, O., C. D. Lu, M. S. Hameed, A. Richie, A. S. Al-Halhali, 
and K. Annamalai. 2005. Performance of Omani goats fed diets 
containing various metabolizable energy densities.  Small Ru-
min. Res.  58:175–180.

Mahieu, M., H. Archimède, J. Fleury, N. Mandonnet, and G. Alex-
andre. 2008. Intensive grazing system for small ruminants in 

the Tropics: The French West Indies experience and perspec-
tives . Small Rumin. Res.  77:195–207.

Mandal, A. B., N. S. S. Paul, G. P. Mandal, A. Kannan, and N. N. 
Pathak. 2005. Deriving nutrient requirements of growing Indian 
goats under tropical conditions.  Small Rumin. Res.  58:201–
217.

Mandonnet, N., G. Aumont, J. Fleury, R. Arquet, H. Varo, L. 
Gruner, J. Bouix, and J. Vu Tien Khang. 2001. Assessment of 
genetic variability of resistance to gastrointestinal nematode 
parasites in Creole goats in the humid tropics.  J. Anim. Sci.  
79:1706–1712.

Mandonnet, N., V. Ducrocq, R. Arquet, and G. Aumont. 2003. 
Mortality of Creole kids during infection with gastrointestinal 
strongyles: A survival analysis.  J. Anim. Sci.  81:2401–2408.

Moore, J. A., M. H. Poore, and J. M. Luginbuhl. 2002. By-product 
feeds for meat goats: Effects on digestibility, ruminal environ-
ment, and carcass characteristics.  J. Anim. Sci.  80:1752–
1758.

Morand-Fehr, P. 1991. Goat Nutrition. Pudoc, Wageningen, the 
Netherlands.

Navès, M., G. Alexandre, F. Leimbacher, N. Mandonnet, and A. 
Menendez-Buxadera. 2001. Breeding programs and population 
management in domestic ruminants of the Caribbean.  Prod. 
Anim.  14:182–192.

Ngwa, A. T., L. J. Dawson, R. Puchala, G. Detweiler, R. C. Merkel, 
I. Tovar-Luna, T. Sahlu, C. L. Ferrell, and A. L. Goetsch. 2007. 
Effect of initial body condition of Boer × Spanish yearling 
goat wethers and level of nutrient intake on body composition.  
Small Rumin. Res.  73:13–26.

OFIVAL. 2005. Classifications des ovins. Guide technique et régle-
mentaire Pesée Classement Marquage. http://www.ofival.fr/
guide-pcm-ext/page-web/p-31a34.htm Accessed Jan. 1, 2005.

Oman, J. S., D. F. Waldron, D. B. Griffin, and J. W. Savell. 1999. 
Effect of breed type and feeding regimen on goat carcass traits.  
J. Anim. Sci.  77:3215–3218.

Ortigues, I. 1991. Adaptation du métabolisme énergétique des ru-
minants à la sous-alimentation. Quantification au niveau de 
l’animal entier et de tissus corporels.  Reprod. Nutr. Dev.  
31:593–616.

Phengvichith, V., and I. Ledin. 2007. Effect of a diet high in energy 
and protein on growth, carcass characteristics and parasite re-
sistance in goats.  Trop. Anim. Health Prod.  39:59–70.

Ryan, S. M., J. A. Unruh, M. E. Corrigan, J. S. Drouillard, and M. 
Seyfert. 2007. Effects of concentrate level on carcass traits of 
Boer crossbred goats.  Small Rumin. Res.  73:67–76.

Sahlu, T., A. L. Goetsch, J. Luo, I. V. Nsahlai, J. E. Moore, M. L. 
Galyean, F. N. Owens, C. L. Ferrell, and Z. B. Johnson. 2004. 
Nutrient requirements of goats: Developed equations, other 
considerations and future research to improve them.  Small Ru-
min. Res.  53:191–219.

Sanon, H. O., C. Kaboré-Zoungrana, and I. Ledin. 2008. Growth 
and carcass characteristics of male Sahelian goats fed leaves 
or pods of Pterocarpus lucens or Acacia senegal.  Livest. Sci.  
117:192–202.

Sauvant, D., J. M. Perez, and G. Tran. 2002. Tables de composi-
tion et de valeur nutritive des matières premières destinées aux 
animaux d’élevage. INRA, Paris, France.

Sebsibe, A., N. H. Casey, W. A. van Niekerk, A. Tegegne, and R. 
J. Coertze. 2007. Growth performance and carcass character-
istics of three Ethiopian goat breeds fed grainless diets vary-
ing in concentrate to roughage ratios.  S. Afr. J. Anim. Sci.  
37:221–232.

Sen, A. R., A. Santra, and S. A. Karim. 2004. Carcass yield, com-
position and meat quality attributes of sheep and goat under 
semiarid conditions.  Meat Sci.  66:757–763.

Shrestha, J. N. B., and M. H. Fahmy. 2007. Breeding goats for meat 
production. 3. Selection and breeding strategies.  Small Rumin. 
Res.  67:113–125.

Tsukahara, Y., Y. Chomei, K. Oishi, A. K. Kahi, J. M. Panandam, 
T. K. Mukherjee, and H. Hirooka. 2008. Analysis of growth pat-

Liméa et al.3780

 at INRA Institut National de la Recherche Agronomique on August 14, 2013www.journalofanimalscience.orgDownloaded from 

http://www.journalofanimalscience.org/


terns in purebred Kambing Katjang goat and its crosses with 
the German Fawn.  Small Rumin. Res.  80:8–15.

Urge, M., R. C. Merkel, T. Sahlu, G. Animut, and A. L. Goetsch. 
2004. Growth performance by Alpine, Angora, Boer and Span-
ish wether goats consuming 50 or 75% concentrate diets.  Small 
Rumin. Res.  55:149–158.

Van Soest, P. J., J. B. Robertson, and B. A. Lewis. 1991. Meth-
ods for dietary fiber, neutral detergent fibre and nonstarch 
polysaccharides in relation to animal nutrition.  J. Dairy Sci.  
74:3583–3597.

Warmington, B. G., and A. H. Kirton. 1990. Genetic and non-ge-
netic influences on growth and carcass traits of goats.  Small 
Rumin. Res.  3:147–165.

Webb, E. C., N. Casey, and L. Simela. 2005. Goat meat quality.  
Small Rumin. Res.  60:153–166.

Wester, T. J., R. A. Britton, T. J. Klopfenstein, G. A. Ham, D. T. 
Hickok, and C. R. Krehbiel. 1995. Differential effects of plane of 
protein or energy nutrition on visceral organs and hormones in 
lambs.  J. Anim. Sci.  73:1674–1688.

Zemmelink, G., B. J. Tolkamp, and N. W. M. Ogink. 1991. Energy 
requirements for maintenance and gain of West African Dwarf 
goats.  Small Rumin. Res.  5:205–215.

Feeding levels for finishing indigenous goats 3781

 at INRA Institut National de la Recherche Agronomique on August 14, 2013www.journalofanimalscience.orgDownloaded from 

http://www.journalofanimalscience.org/


References
http://www.journalofanimalscience.org/content/87/11/3770#BIBL
This article cites 47 articles, 7 of which you can access for free at: 

Citations
http://www.journalofanimalscience.org/content/87/11/3770#otherarticles
This article has been cited by 2 HighWire-hosted articles: 

 at INRA Institut National de la Recherche Agronomique on August 14, 2013www.journalofanimalscience.orgDownloaded from 

http://www.journalofanimalscience.org/



