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Abstract

In Mediterranean countries live weight at slaughter (LWS) for kid goats is lower than in Arabian or African countries.
Logically, increasing LWS could increase a farmer’s profit margin. Forty-five twin male kids from the Canary Caprine Group
breed were used to compare carcass and meat quality at 6, 10 and 25 kg LWS. Dressing percentage based on full weight was
lower for 25 kg LWS compared with LWS of 6 and 10 kg, although based on empty body weight dressing percentage for 25
kg LWS was similar to that with 6 and 10 kg LWS. Dressing percentage based on empty body weight was, however, lower
for 6 vs. 10 kg LWS. There were no significant differences among LWS in percentage contributions to the whole carcass of
primal cuts excluding the neck (lower proportion in 25 kg LWS kids). LWS did not affect tissue distribution in the carcass
except for intermuscular fat (higher for 25 vs. 6 kg LWS). Few differences between LWS were observed in relation to meat
quality parameters. Results suggest that increasing LWT from 6 to 10 and 25 kg for kids artificially reared does not have
negative effects on carcass or meat quality yet would result in more edible meat (pounds) to be marketed.
   2003 Elsevier B.V. All rights reserved.
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1 . Introduction production of around 3.7 million metric tonnes. In
India, the local community specifically seeks meat

´Naude and Hofmeyr (1981)described the goat from mature goats, whereas in France, Italy and
population as comprised of four types, i.e., fiber Latin America meat from young milk fed kids is

´goats (e.g. Angora, Cashmere), dairy goats (e.g. considered a delicacy (Naude and Hofmeyr, 1981).
Saanen, Toggenburg, Nubian), meat goats (e.g. Boer) Acceptability of meat is so much influenced by local
and feral goats. The world’s goat population was custom and preference that it is impossible to apply a
around 720 million in 2000, with annual meat universal standard for the quality of goat meat

´(Naude and Hofmeyr, 1981). The Canary Caprine
Group is a dairy goat population present in Canary*Corresponding author. Tel.:1 34-928-451-093; fax:1 34-
Island (Spain) with a mean production of over 500928-451-142.

¨E-mail address: aarguello@dpat.ulpgc.es(A. Arguello). kg of milk in 210 days of lactation (Fresno et al.,
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1994). Milk quality is high in comparison to other 2 . Materials and methods
Spanish and international breeds, due to the high
concentration of s1 casein (Jordana et al., 1991). 2 .1. Location of the study, animals and rearing
This excellent productive performance is matched by
the rusticity of the breed and its ability to adapt to a The study was conducted at the University of Las
wide range of climate conditions (Capote et al., Palmas de Gran Canaria, Canary Island, Spain,
1998). Traditionally, in the Mediterranean and Can- approximately 400 km from Morocco West Coast.
ary Island regions, kid goats are reared with their Forty-five Canary Caprine Group genotype twin
dams. This practice results in a decreased milk yield male kids were used in the study. Kids were random-
from the dams available for cheese manufacturing ly assigned to three different groups, with slaughter

´(Lopez, 1990). Therefore, goatkeepers remove the at live weights of 6, 10 or 25 kg. Kids were fed
kids from their dams very early postnatally (15 colostrum during the first 2 days of life. After that,
days-of-age, 5–6 kg live weight) and these kids are milk replacer (Table 1) was fed alone until 15
then harvested for their available meat. The carcasses days-of-age, and with ad libitum access to starting
from these kids are very light in weight (3 kg). concentrate pellets based on corn, soy 66 (crude

With the desire for leaner meat by consumers, protein 66%), dehydrated milk, dehydrate lucerne,
goat meat is attractive compared with other types of wheat straw and vit-mineral corrector (Chemical
red meat (Potchoiba et al., 1990). Development of composition inTable 1) and hay thereafter. Animals
subcutaneous fat is slow in goats (Warmington and were weaned when they reached 10 kg of live
Kirton, 1990), which is why they produce carcasses weight. The 25 kg LWS kids after weaning were
that are very lean, compared with sheep of similar raised indoors and feed according to INRA (Jarrige,
ages (Colomer-Rocher et al., 1992). 1990) with growth concentrate pellets based on corn,

Age has an influence on palatability, with the meat soy 66, dehydrate lucerne, dehydrate beetroot, wheat
from older goats regarded as being juicier (Smith et straw, and vit-mineral corrector, and ad libitum
al., 1978). Studies on chemical composition and access to hay. Kids were weighed every fortnight.
meat quality have suggested that goat meat is not
inferior to lamb, however, goat meat is darker red in 2 .2. Slaughtering
colour than lambs (Babiker et al., 1990).

There is little published information relating to the Kids were weighed after fasting for 12 h with free
potential of increased weight at slaughter in dairy access to water. The dressed carcass comprised the
goat kids to maximize meat production. The objec- body after removing the skin, head (at the occipito–
tive of the present study was to evaluate effects on atlantal joint), fore feet (at the carpal–metacarpal
carcass quality and meat quality factors of artificial joint), hind feet (at the tarsal–metatarsal joint) and
rearing of newborn kids raised on milk replacer to the viscera. Kidneys, kidney and pelvic fat were
different end point slaughter weights of 6, 10 or 25 retained in carcass, and testes and scrotal fat were
kg. also removed (accordingColomer-Rocher et al.,

T able 1
Chemical analysis of feedstuffs offered to the kids during the experimental period

Composition, dry matter basis (%)

Milk replacer Starting concentrate Growth concentrate

Dry matter 95.5 87.5 88.4
Ash 8.0 7.6 6.2
Crude protein 23.6 16.4 19.6
Crude fiber 0.1 4.5 4.3
Ether extract 22.7 2.5 2.1
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1987). Hot carcass weight and weights of the head, measured at the same sites, using a Minolta CR200
skin and some visceral organs (heart, liver, lungs Chroma-meter (whereL* depicts relative lightness,
plus trachea, kidney, spleen) were recorded. The a* indicates relative redness andb* represents
gastro-intestinal tract was also weighed full and after relative yellowness). Hue and croma were calculated
it was emptied. The results were expressed as usinga* and b* values according toWyszecki and
percentage of live weight at slaughter. Empty body Stiles (1982).The color was recorded 24 h after
weight (EBW) was calculated by deducting the slaughter. After that, mentioned muscles were ex-
weight of digesta. Dressing percentage was calcu- cised. Water holding capacity was performance ac-
lated based on full live weight and EBW. cordingGrau and Hamm (1953)modified bySierra

(1973).Cooked muscle cores with a cross section of
2 .3. Carcass characteristics 13 1 cm and at least 3 cm long were cut parallel to

the muscle fibers and shear force values were taken
After chilling the carcasses for 24 h at 48C, cold using a Warner–Bratzler shear force apparatus on a

carcass weight was recorded. Carcass measurements INSTRON Machine. Proximate analysis was per-
included, fore feet length: from the symphysis pubis formed. Moisture was determined by air drying
to the carpal–metacarpal joint; carcass length: from (AOAC, 1984;procedure 24.003) and fat by soxhlet
the symphysis pubis to the anterior edge of the extraction using petroleum ether (AOAC, 1984;
middle of the first rib; and diameters: between femur procedure 13.032) The kjeldahl procedure (AOAC,
trochanters and maximum width between ribs. The 1984; procedure 2.057) was used for nitrogen de-
carcass compactness index was calculated based in termination; the conversion factor of 6.25 was used
cold carcass weight and carcass length measure to convert nitrogen to percentage protein. The de-
(Thwaites et al., 1964). termination of ash was done according toAOAC

(1984);procedure 14.066), and collagen content and
2 .4. Carcass dissection solubility were determined according to procedures

of Bonnet and Kopp (1984)andHill (1966). Muscle
After chilling, the carcasses were split down the fiber population were determined according to the

dorsal midline. The left side was divided into five Brook and Kaiser (1970)histochemistry techniques.
primal cuts (neck, flank, ribs, shoulder and long leg)
and three minor cuts (kidney, kidney fat and tail) as 2 .6. Statistical analysis
described byColomer-Rocher et al. (1987).After
weighing, each cut was separated into dissectible For carcass and meat quality variables, effects of
muscle, bone and fat, with the subcutaneous and LWS were analyzed using the ANOVA procedure
intermuscular fat depots being recorded separately. (SPSS V. 8.0 programme), with birth weight as a
The results were expressed as percentage of side covariate. Correlation coefficients were computed
weight. According toColomer-Rocher et al. (1987), between measures.
primal cuts were grouped into three categories: extra
(long leg and ribs), first (shoulder) and second (neck
and flanks). 3 . Results and discussion

2 .5. Meat quality attributes 3 .1. Growth

The measures were performed on the right carcass Six (33.72-days-old), 10 (44.70-days-old) and 25
side. Muscle pH was determined using a Crisson 507 (153.50-days-old) kg LWS kids daily gains were
pH meter with a combined electrode, by insertion 99.77, 151.41 and 125.81 g/day, found statistical
into the longissimus (at the 12/13th rib site), differences (P ,0.008) between them. Six and 10
semimembranosus (central portion) and triceps LWS kids daily gains were in agreement with

¨brachii (central portion) muscle, immediately after previous results in the same breed (Arguello, 2000)
´slaughter and after chilling (24 h). Muscle color was and in Verata breed (Rodrıguez, 1989). Probably the
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different daily gain between these two groups were a 10 LWS did not yet have fully developed digestive
better ability to drink milk replacer in 10 kg LWS tract, whereas 25 kg LWS kids had more developed
kids and a higher intake capacity. LWS (25 kg) kids tracts with more than twice the gastro-intestinal tract
daily gain results were according toHadjipanayiotou contents of other LWS. Similar differences were
et al. (1991)in Damascus kids slaughtered at similar reported bySanz et al. (1987).DP2 of kids ranged
weight. from 50 to 53%, which is in agreement with the

´results ofLopez, 1990)and Potchoiba et al. (1990).
3 .2. Dressing percentage Chilling losses noted in the present study were

´similar to previous results ofLopez (1990).
Dressing percentage 1 (based on full live weight)

was in the range of 40–47% and was lowest among 3 .3. Offal percentages
treatments for 25 kg LWS (Table 2). In contrast to
dressing percentage 1, dressing percentage 2 (based There were significant differences among LWS for
on EBW) was lower for 6 vs. 10 kg LWS, with the all offal component tested (Table 3). For 25 kg LWS
mean for 25 kg LWS similar to those for 6 and 10 kg kids, percentage contributions to LWS of skin, liver,
LWS. One of the reasons for disparate treatment spleen, kidney, lung1 trachea and heart were sig-
differences in dressing percentages 1 and 2 was nificantly lower than for 6 and 10 kg LWS kids.
differences in the weight of gastro-intestinal tract Also, percentage contributions to LWS of the full
contents as a percentage of LWS (Table 3). Six and gastro-intestinal tract, empty gastro-intestinal tract,

T able 2
Dressing percentage

Live weight at slaughter

6 kg 10 kg 25 kg

Fasted live weight (kg) 6.146.32 10.046.42 23.486.25
a b cHot carcass weight (kg) 2.936.18 4.916.12 9.816.32
a b cCold carcass weight (kg) 2.836.19 4.746.12 9.576.28

a a bDressing percentage 1 (%) 46.0362.81 47.2361.87 40.7761.75
a b abDressing percentage 2 (%) 50.3461.75 52.9061.03 51.3362.11

a a bChilling looses (%) 3.606.73 3.546.85 2.416.31

Results expressed in mean6S.D.,n 5 45; data shown in the same row with a different letter denotes a significant difference (P , 0.001).
Dressing percentage 1 was calculated based on full live weight. Dressing percentage 2 was calculated based on empty body weight.

T able 3
Offal percentages (% on live weight at slaughter)

Live weight at slaughter

6 kg 10 kg 25 kg
a a bSkin 10.0860.30 9.7860.56 8.1060.53
a a bFull gastro-intestinal tract 14.0263.23 16.6462.67 30.6362.38
a a bEmpty gastro-intestinal tract 8.8260.71 9.1760.83 12.0661.37
a a bGastro-intestinal tract content 5.2063.13 7.4762.08 18.5662.96
a a bLiver 2.8060.25 2.6560.28 2.2160.20
a a bTestis 0.2460.04 0.2860.04 0.4760.07
a a bSpleen 0.2160.03 0.2160.02 0.1660.02
a a bKidney 0.4360.12 0.4460.14 0.1860.01
a b cHead 9.6160.94 8.1260.39 5.8860.82
a a bLung1 trachea 1.7360.23 1.6760.19 1.1160.04
a a bHeart 0.7060.07 0.6760.11 0.4460.11

Results expressed in mean6S.D.,n 5 45; data shown in the same row with a different letter denotes a significant difference (P , 0.001).
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T able 5gastro-intestinal tract contents and testis were sig-
Percentage contribution of different cuts to the carcassnificantly higher for 25 kg LWS vs. 6 and 10 kg. The

Live weight at slaughterpercentage contribution of the head to LWS sig-
nificantly decreased as LWS increased. Percentage(%) 6 kg 10 kg 25 kg
contributions of various visceral organs, the head and a a bKidney 1.5260.14 1.3760.28 0.8860.05

a a bskin reported in the present study were similar to Kidney fat 2.2760.73 2.9760.56 2.0160.92
those reported for different breeds at similar live Tail 0.4060.15 0.3860.07 0.4660.05

Shoulder 21.0861.57 20.4461.03 20.9361.54´weights (Lopez, 1990; Johnson et al., 1995). De-
a a bNeck 11.0961.67 10.5061.43 8.1361.05creases in percentages of head and skin with increas-

Long leg 33.8162.49 33.9262.50 33.5661.49ing age reported in the present study, were previous-
Flanks 9.6660.77 9.4261.83 11.1661.09

´ly observed byManfredini et al. (1988)and Lopez Ribs 21.6162.24 21.0561.84 23.3962.85
(1990). Extra category 55.4263.97 54.9762.28 56.9561.66

Second category 20.7561.59 19.9262.07 19.2961.54

3 .4. Carcass measurements Results expressed in mean6S.D.,n 5 45; data shown in the row
with a different letter denotes a significant difference (P , 0.001).

There were significant differences in long leg
length, carcass length, diameter between trochanters and byColomer-Rocher et al. (1992)with New
and maximum width between ribs, among 6, 10 and Zealand Saanen goats. There were no significant
25 kg LWS kids (Table 4), in agreement with results differences among LWS for the percentage contribu-
of Borghese et al. (1990).In dairy goat breeds as the tion of subcutaneous fat (3.4–5.2%), total fat (8.1–
carcasses are heavier, the width measures grow faster 10.4%), bone (28.1–31.5%) and muscle (55.5–
than length measures, thus the carcass compactness 58.7%) to carcass side weight (Table 6). Dairy
index is improved. breeds of goats tend to store more fat as visceral,

rather than as carcass adipose tissue (Gibb et al.,
3 .5. Carcass dissection 1993), which explains the low values present in

subcutaneous fat. LWS (25 kg) kids deposited
There were no significant differences among LWS significantly more intermuscular fat than 6 kg LWS

in percentage contributions of tail (0.38 –0.46%), kids. Fat carcass proportions in the present experi-
shoulder (20.4–21.1%), long leg (33.6– 33.9%), ment are in agreement with results ofTreacher et al.
flanks (9.4–11.2%) and ribs (21.0–23.4%) to carcass (1987) and Warmington and Kirton (1990)with
side weight (Table 5). In opposition to that, kidney, different goat breeds. Higher subcutaneous fat (Table
kidney fat and neck percentage contributions to 6) in 25 kg LWS, was one of the reasons for lower
carcass side weight were significantly lowest among chilling losses in 25 kg LWS kids (Table 2), in
LWS for 25 kg. At similar carcass weights, the agreement withKirton (1988). The contribution of
proportions of the weights of the primal cuts ex- bone to side carcass weight tends to be lower when
pressed as a percentage of side weight agree with LWS of kids was high. Bone deposition in animal

´those reported byLopez (1990)with the same breed development precedes deposition of muscle and fat,

T able 4
Carcass measurements

Live weight at slaughter

6 kg 10 kg 25 kg
a b cLong leg length (cm) 22.1060.75 24.2160.66 30.5561.41
a b cCarcass length (cm) 37.5963.96 43.3461.00 62.9865.49
a b cDiameter between trochanters (cm) 9.2760.68 11.1761.15 13.3062.30
a b cMaximum width between ribs (cm) 15.7061.58 17.9261.84 23.1360.25

a b cCarcass compactness index 76.28613.01 109.4463.46 152.91614.26

Results expressed in mean6S.D.,n 5 45; data shown in the same row with a different letter denotes a significant difference (P , 0.001).
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T able 6
Tissue carcass distribution

(%) Live weight at slaughter

6 kg 10 kg 25 kg

Subcutaneous fat 3.4561.39 4.1360.81 5.1962.12
a ab bIntermuscular fat 2.3360.71 2.7860.70 3.1860.86

Total fat 8.0562.35 9.8861.37 10.3963.30
Bone 31.4762.88 29.1762.26 28.1161.80
Muscle 55.9264.06 55.4961.83 58.6663.34

a ab b
]Muscle/bone ratio 1.7960.20 1.9160.17 2.0960.18

Results expressed in mean6S.D.,n 5 45; data shown in the same row with a different letter denotes a significant difference (P , 0.001).

T able 7which should be the reason for these bone results
Pearson correlation values between slaughter, and carcass tissue(Treacher et al., 1987).Percentages of bone in the
distribution

carcass observed in the present study were slightly
Correlation coefficientgreater than found for other dairy goat breeds like

Saanen (Warmington and Kirton, 1990), but agree LWS DP1 DP2 CCI

´with those reported byLopez (1990)for the same Subcutaneous fat ns ns ns 0.534**
breed but with different rearing techniques. LWS (25 Intermuscular fat ns ns ns ns

Total fat ns ns ns 0.546**kg) kids tended to have a higher muscle content than
Bone 2 0.425* ns ns 20.570**6 or 10 kg LWS kids, which contrasts the findings of
Muscle ns ns ns nsTreacher et al. (1987)and Sanz et al. (1990)
Muscle/bone ratio 0.526** ns ns 0.578**

involving a lower muscle carcass content in weaned
Significance level: **P , 0.01; *P , 0.05; ns, not significant.kids. Aggressive weaned management and post-

LWS, live weight at slaughter; DP1, dressing percentage 1; DP2:
weaning nutrition may be the reasons for these dressing percentage 2; CCI, carcass compactness index.

´differences.Lopez (1990)reported a similar muscle
side carcass content with comparable LWS and lower than for 6 kg LWS kids, although there were
rearing techniques. The muscle bone ratio differed no differences in pH in triceps brachii (5.7–5.8) or
between 6 and 25 kg LWS kids.Morand-Fehr et al. semimembranosus (5.5–5.6). The ultimate pH range
(1985)did not find a similar difference in Alpine and is acceptable in agreement withHedrick et al.
Saanen kids slaughtered at 15 and 22 kg LWS. The (1994), but lower than showed byFeidt and Bellut
muscle/bone ratio of 2.09 in 25 kg LWS kids of the (1996)in Alpine kids slaughtered at 24 kg. The LWS
present experiment differed considerably from meat difference in ultimate pH in longissimus muscle

´goat breeds like Boer with muscle/bone ratios agrees with the findings ofGonzalez et al. (1983).
around 3.0 (Birkammer, 1986). Lightness (L*) for all three muscles was lowest

Table 7 shows the principal correlation between among LWS for 25 kg.Chiofalo et al. (1983)and
¨slaughter and tissue carcass distribution. CarcassArguello et al. (1999)reported similar results. A

with high CCI present more subcutaneous fat and close relation between pH andL* reduction is the
subsequently more total fat, lower bone content and reason for these results. Muscle color is very im-
better muscle/bone ratio. portant in production of Capretto carcasses where it

should be pale or pink. In the present study there
3 .6. Meat quality were no statistical differences between 6 and 10 kg

LWS kids for L* values. The croma value of the
The initial pH of three tested muscles ranged from triceps brachii muscle for 25 kg LWS kids was

6.20 to 6.54 with minor differences among LWS greater than 6 and 10 kg LWS kids. The hue value of
(Tables 8–10). The ultimate (24 h) pH of longis- all muscles tested for 25 kg LWS kids was lower
simus muscle for 25 kg LWS kids was significantly than for 6 and 10 kg LWS. An inverse correlation
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T able 8
Longissimus meat quality characteristics

Live weight at slaughter

6 kg 10 kg 25 kg

pH 0 6.3060.31 6.2060.36 6.4760.11
a ab bpH 24 5.7360.09 5.5960.15 5.5460.17
a a bL 24 56.9363.96 52.0564.43 45.9261.95

Croma 24 16.1265.69 16.2566.45 20.7061.97
a a bHue 24 42.0866.09 37.7869.96 25.7263.49

a a bShear force (N) 55.71613.42 57.16614.10 80.9964.78
a a bWHC (g) 0.4660.10 0.4760.15 0.6960.10

Moisture (%) 78.4061.21 77.2460.45 76.3061.59
Protein (%) 19.0561.74 19.5960.91 20.7560.56
Muscle fat (%) 0.9660.45 1.6461.12 0.8860.78
Ash (%) 1.1260.06 1.1660.08 1.0860.05
Collagen (%) 0.4660.16 0.3960.10 0.5260.20
Collagen solubility (%) 85.62615.85 78.3669.45 87.3967.07
Muscle fiber Type I (%) 36.55626.31 27.4067.86 22.7461.68
Muscle fiber Type IIA (%) 28.0065.60 37.6762.03 24.7366.70
Muscle fiber Type IIB (%) 35.44621.67 36.9167.35 52.5266.18

2Muscle fiber area I (m ) 418.576133.33 540.946153.65 541.136241.05
2Muscle fiber area IIA (m ) 370.88667.47 497.00660.28 475.436105.78
2Muscle fiber area IIB (m ) 400.27668.34 544.936132.13 443.856135.03

Results expressed in mean6S.D.,n 5 45; data shown in the same row with a different letter denotes a significant difference (P , 0.001).
WHC, water holding capacity.

T able 9
Triceps brachii meat quality characteristics

Live weight at slaughter

6 kg 10 kg 25 kg

pH 0 6.5460.27 6.5260.18 6.5060.21
pH 24 5.8060.14 5.7560.08 5.6960.10

a a bL 24 55.4764.98 55.2465.48 45.3761.26
a ab bCroma 24 15.2661.76 16.2162.71 19.5662.48

a a bHue 24 38.29610.36 40.5669.03 24.6064.17
Shear force (N) 88.4066.85 90.7967.48 91.27611.71

a a bWHC (g) 0.3360.08 0.3160.06 0.4960.08
Moisture (%) 78.4760.45 78.5560.40 77.7860.79
Protein (%) 18.9060.45 18.5360.69 19.8461.25
Muscle fat (%) 1.0860.51 1.1260.45 0.9460.38
Ash (%) 1.1660.07 1.1160.06 1.0960.07

bCollagen (%) 0.4060.06 0.5360.06 0.3460.03
Collagen solubility (%) 83.90612.14 74.70610.53 92.88611.58
Muscle fiber Type I (%) 18.70615.32 25.3464.10 27.0862.94
Muscle fiber Type IIA (%) 29.58617.16 21.93610.35 16.5263.15
Muscle fiber Type IIB (%) 51.7064.82 52.63613.22 56.2562.58

2Muscle fiber area I (m ) 588.19666.51 889.356240.18 1353.466317.13
2Muscle fiber area IIA (m ) 665.256153.55 813.386143.28 1243.566276.86
2Muscle fiber area IIB (m ) 676.81648.73 910.616192.40 1336.236177.68

Results expressed in mean6S.D.,n 5 45; data shown in the same row with a different letter denotes a significant difference (P , 0.001).
WHC, water holding capacity.
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T able 10
Semimembranosus meat quality characteristics

Live weight at slaughter

6 kg 10 kg 25 kg

pH 0 6.3960.22 6.4160.33 6.4160.12
pH 24 5.6460.80 5.6260.07 5.4960.06

a a bL 24 54.4962.11 55.5464.80 44.1862.19
Croma 24 14.4663.64 16.4764.77 17.8262.43

a a bHue 24 41.2866.62 41.5667.29 24.3766.01
a ab bShear force (N) 43.6766.24 56.35612.66 68.42612.14

WHC (g) 0.6060.15 0.6060.16 0.6060.14
Moisture (%) 78.5160.88 78.2661.32 77.2160.86
Protein (%) 18.1061.65 18.5261.84 20.0961.11
Muscle fat (%) 1.1060.51 1.2060.47 1.2760.78
Ash (%) 1.1860.09 1.1160.08 1.0860.05
Collagen (%) 0.4260.09 0.4060.07 0.4560.07
Collagen solubility (%) 74.7068.77 77.37611.18 61.79627.84
Muscle fiber Type I (%) 31.40625.65 20.3164.17 26.1763.98
Muscle fiber Type IIA (%) 13.8267.59 23.1365.27 30.2666.22
Muscle fiber Type IIB (%) 54.77634.62 63.36631.96 43.55613.34

2Muscle fiber area I (m ) 528.046106.57 598.74659.53 912.736241.43
2Muscle fiber area IIA (m ) 598.646114.25 782.646168.26 1090.766198.57
2Muscle fiber area IIB (m ) 586.346129.95 664.186 150.99 866.776132.31

Results expressed in mean6S.D.,n 5 45; data shown in the same row with a different letter denotes a significant difference (P , 0.001).
WHC, water holding capacity.

¨between lightness–hue and myoglobin content was close to values seen byArguello et al. (1999)in
reported byDhanda et al. (1999). Canary Caprine Group kids. A decrease in WHC

´Shear force of longissimus was greatest for 25 kg with increasing age of lambs has been noted (Lopez,
LWS. Shear force of triceps brachii was similar 1987), although there have been no effects of age
among LWS, and of semimembranosus was greater observed as well bySolomon et al. (1980).In the
for 25 vs. 6 kg. Shear force values were in the range present experiment, lower WHC for 25 kg LWS vs. 6
of 43.7 to 91.3 N. These shear force values were and 10 kg LWS for longissimus and triceps brachii
high compared to 58.8 N observed in the adult might be due to higher ultimate pH values. LWS did
Florida native goat and its crosses with Nubian and not affect the moisture, protein, intramuscular fat,
Spanish breeds (Johnson et al., 1995) and similar to ash, collagen content or collagen solubility of un-
83.4 as reported byRiley et al. (1989)in Angora and cooked composite goat samples (Tables 8, 9 and 10).
Spanish breeds of goats. This variation might be due Moisture ranged from 77.2 to 78.5%, protein from
to differences in post-mortem carcass treatment, age, 18.1 to 20.7%, intramuscular fat from 0.9 to 1.3%,
live weight and the types of muscles used by these ash from 1.1 to 1.2%, collagen from 0.4 to 0.5% and
workers. A decrease in tenderness with age in goats collagen solubility from 61.8 to 92.9%. Moisture
has been reported (Warmington and Kirton, 1990). percentages reported byBabiker et al. (1990)and
This decrease appears associated with decreasedJohnson et al. (1995)for goats slaughtered at higher
collagen solubility in beef cattle (Cross et al., 1973). weights were lower than observed in the present
But, in the present study LWS did not impact. This study, due to during the animal growth the protein
variation might be due to differences in muscle fiber and fat percent increased, reducing moisture muscle
area as reported byCrouse et al. (1991). content. Protein and ash percentages in the present

The WHC values ranged from 0.3 to 0.7 expelled study were similar to reports ofKesava et al. (1984)
grams. These results are slightly lower than observed for goat kid meat. The intramuscular fat contents

˜by Sanudo et al. (1995)in adult Spanish goat, but found in kids slaughtered at 6, 10 and 25 kg were
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composition and quality attributes of goat meat and lamb. Meatsimilar to cited byKesava et al. (1984)for Black
Sci. 28, 273–277.Bengal kids slaughtered at 18 kg. Results of the

B irkammer, H., 1986. The Boer goat. A highly productive meat-
present experiment were slightly lower than reported ¨type breed. Tierzuchter 39, 465–475.
by Johnson et al. (1995)for a Florida goat breed B onnet, M., Kopp, J., 1984. Dosage du collagene dans les tissus

conjonctifs, la viande et les produits carnes. Cah. Tech. INRAslaughtered at 20 kg LWS, but were lower than
5, 19–30.reported byBabiker et al. (1990)in different breed

B orghese, A., Terzano, G.M., Bartocci, S., 1990. La produzione
slaughter at higher LWS. Collagen levels in muscles del capretto negli allevamenti intensiva. 6. Caratteristiche della
in the present study were similar to the findings of carcassa e della carne in soggetti Saanen e Camosciata delle

Alpi di 35 e 50 giorni di eta. Zootecnia e Nutrizione AnimaleVan Niekerk and Casey (1988)in Boer goats. Values
16, 167–178.of collagen solubility were higher than those found

B rooke, M.H., Kaiser, K.K., 1970. Muscle fiber types: How manyby Van Niekerk and Casey (1988)in Boer goats or
and what kind. Arch. Neurol. 23, 369–379.

Morbidini et al. (1999) in lamb. Different ages C apote, J., Delgado, J.V., Fresno, M., Camacho, M.E., Molina, A.,
should be the reason for these collagen solubility 1998. Morphological variability in the Canary goat population.

Small Rumin. Res. 27, 167–172.results, as reported byCross et al. (1973).
C hiofalo, L., Micari, P., Matassino, D., 1983. Comparison betweenLWS class did not affect muscle fiber proportions

Tibetan and Tibetan3Maltese goats. 1. Effect of electrostimu-
and areas (Tables 8–10). The muscle fiber inter- lation on some colour characteristic of 10 muscles. Produzione
conversion had been described bySwatland (1975), Animale 2, 61–78.
but in the first stages of mammal life, it is affected C olomer-Rocher, F., Morand-Fehr, P., Kirton, A.H., 1987. Stan-

dard methods and procedures for goat carcass evaluation,by several factors. The results found in the present
jointing and tissue separation. Livest. Prod. Sci. 17, 149–159.¨study are in agreement withArguello et al. (2001).

C olomer-Rocher, F., Kirton, A.H., Mercer, G.J.K., Duganzich,
In reference to muscle fiber areas, LWS class did not D.M., 1992. Carcass composition of New Zealand Saanen
affect it. A non-statistic significant tendency can be goats slaughtered at different weights. Small Rumin. Res. 7,
seen in Tables 8–10,when the LWS is high, in 161–173.

C ross, H.R., Carpenter, Z.L., Smith, C.C., 1973. Effects ofagreement with results shown bySwatland (1975).
intramuscular collagen and elastin on bovine muscle tender-
ness. J. Food Sci. 38, 998–1003.

C rouse, J.D., Koohmaraie, M., Seideman, S.D., 1991. The rela-
tionship of muscle fibre size to tenderness of beef. Meat Sci.4 . Conclusion
30, 295–302.

D handa, J.S., Taylor, D.G., Murray, P.J., McCosker, J.E., 1999.
Results suggest that increasing LWT from 6 to 10 The influence of goat genotype on the production of capretto

and 25 kg for kids artificially reared does not have and chevon carcasses. 2. Meat quality. Meat Sci. 52, 363–367.
F eidt, C., Bellut, B.J., 1996. Estimation of the free ion content ofnegative effects on carcass or meat quality but would

the 118–138 longissimus dorsi muscle during onset of rigorresult in more edible meat (pounds) to be marketed.
mortis in kid meat. Viandes et Produits Carnes 17, 319–321.

´F resno, M.R., Gomez, J., Molina, A., Darmanin, N., Capote, J.F.,
Delgado, J.V., 1994. Preliminary study of the Majorera milk
goat productive performance. Arch. Zoot. 43, 181–186.

R eferences H adjipanayiotou, M., Economides, S., Morand-Fehr, P., Landau,
S., Havrevoll, O., 1991. Postweaning feeding of young goats.

A OAC, 1984. Official Methods of Analysis, 14th Edition. As- In: Morand-Fehr, P. (Ed.), Goat Nutrition. Pudoc Wageningen,
sociation of Official Analytical Chemist, Arlington, VA, USA. Wageningen, pp. 284–291.
¨A rguello, A., 2000. Lactancia artificial de cabritos, encalostrado, G ibb, M.J., Cook, J.E., Treacher, T.T., 1993. Performance of

crecimiento, calidad de la canal y de la cerne. PhD Theys. Las British Saanen, Boer3British Saanen and Anglo-Nubian
Palmas de Gran Canaria University, Spain. castrated male kids from 8 weeks to slaughter at 28, 33 or 38
¨ ´ ´A rguello, A., Gines, R., Capote, J., Lopez, J.L., 1999. Estudio de kg live weight. Anim. Prod. 57, 263–271.

´ ´la dureza, pH y capacidad de retencion de agua en la carne de G onzalez, F.A.N., Owen, J.E., Cereceres, M.T.A., 1983. Studies
´cabritos de la Agrupacion Caprina Canaria, sacrificados a los 6 on the criollo goat of northern mexico: 2. Physical and

y 10 kg. O’Medico Veterinario 60, 30–36. chemical characteristics of the musculature. Meat Sci. 9, 305–
¨ ´ ´ ´A rguello, A., Lopez-Fernandez, J.L., Lopez-Rivero, J.L., 2001. 314.

Limb myosin heavy chain isoproteins and muscle fiber types in G rau, R., Hamm, R., 1953. Eine einfache methode zur bestim-
the adult goat (Capra hircus). Anat. Rec. (in press). mung der wasserbindug in muskel. Naturwissenschaften 40,

B abiker, S.A., El Khider, I.A., Shafie, S.A., 1990. Chemical 29–30.



256 A. Marichal et al. / Livestock Production Science 83 (2003) 247–256

H edrick, H.B., Aberle, E.D., Forrest, J.C., Judge, M.D., Merkel, 1989. Carcass grades, rack composition and tenderness of
R.A., 1994. Principles of Meat Science, 3rd Edition. Kendall sheep and goats as influenced by market class and breed. Small
and Hunt Publishing Co. Dubuque, Iowa. Rumin. Res. 2, 273–280.

´ ´H ill, F., 1966. The solubility of intramuscular collagen in meat R odrıguez, P. L., 1989. Contribucion al estudio de la cabra Verata.
animals of various ages. J. Food Sci. 31, 161–166. Tesis Doctoral. PhD Thesys. Extremadura University, Spain.

˜´J arrige, J., 1990. Alimentacion de Bovinos, Ovinos y Caprinos. S anz, M.R., Munoz, F.J., Lara, L., Gil, F., Boza, J., 1987. Efectos
˜ ´Mundi Prensa, Madrid, Espana. del nivel de alimentacion, clase de leche y edad en el desarrollo

´J ohnson, D.D., McGowan, C.H., Nurse, G., Anous, M.R., 1995. de cabritos de raza granadina. Investigacion Agraria, produc-
´Breed type and sex effects on carcass traits, composition and cion y Sanidad Animal 2, 93–103.

´tenderness of young goats. Small Rumin. Res. 17, 57–63. S anz, M.R., Hernandez-Clua, O.D., Naranjo, J.A., Gil, F., Boza,
´J ordana, J., Sanchez, A., Jansa, M., Mahe, M.F., Grosclaude, F., J., 1990. Utilisation of goat milk vs. milk replacer for

˜1991. Estudio comparativo de razas caprinas Espanolas en Granadina goat kids. Small Rumin. Res. 3, 37–46.
˜´relacion a las variants de caseina. ITEA II, 598–600. S anudo, C., Alvarez, F., Campo, M., Olleta, J.L., Delfa, R.,

´ ´K esava, R.V., Anjaneyulu, A.S.R., Lakshmanan, V., 1984. A note Gonzalez, C., 1995. Influence de la note d’etat corporel des
´ ´ ´on carcass and meat characteristics of Black Bengal male chevres adultes sur qualite de la viande. Options Mediter-
´goats. J. Food Sci. Tech. 21, 183–184. raneennes 27, 171–177.

´K irton, A.H., 1988. Characteristics of goat meat including carcass S ierra, I., 1973. Produccion de carne en Ganado ovino de raza
quality and methods of slaughter. In: Devendra, C. (Ed.), Goat Rasa Aragonesa. AYMA 14, 11–24.
Meat Production in Asia. International Development Research S mith, G.C., Carpenter, Z.L., Shelton, M., 1978. Effect of age and
Centre, Ottawa, pp. 87–99. quality level on the palatability of goat meat. J. Anim. Sci. 46,

´ ´L opez, J.L., 1990. Caracterizacion etnologica y productiva de la 1229–1235.
´Agrupacion Caprina Canaria. PhD Thesys. Zaragoza Universi- S olomon, M.B., Kemp, J.D., Moody, W.G., Ely, D.G., Fox, J.D.,

ty, Spain. 1980. Effect of breed and slaughter weight on physical,
´L opez, M. 1987. Meat production in Latxa breed. PhD Thesys. chemical and organoleptic properties of lamb carcasses. J.

Zaragoza University, Spain. Anim. Sci. 51, 1102–1107.
M anfredini, M., Massari, M., Cavani, C., Falaschini, A.F., 1988. S watland, H.J., 1975. Histochemical development of myofibres in

Carcass characteristics of male Alpine kids slaughtered at neonatal piglets. Res. Vet. Sci. 18, 253–264.
different weights. Small Rumin. Res. 1, 49–58. T hwaites, C.J., Yeates, N.T.M., Pogue, R.F., 1964. Objective

M orand-Fehr, P., Bas, P., Rouzeau, A., Hervieu, J., 1985. Develop- appraisal of intact lamb and mutton carcasses. J. Agr. Sci. 63,
ment and characteristics of adipose deposits in male kids 415–420.
during growth from birth to weaning. Anim. Prod. 41, 349– T reacher, T.T., Mowlem, A., Wilde, R.M., Butler-Hogg, B., 1987.
357. Growth, efficiency of conversion and carcass composition of

M orbidini, L., Sarti, D.M., Pollidori, P., Valigi, A., 1999. Carcass, castrate male Saanen3Angora kids on a concentrate diet. Ann.
meat and fat quality in italian Merino derived lambs obtained Zootech. 36, 341–342.

´ ´with ‘organic’ farming system. Options Mediterraneennes 46, V an Niekerk, W.A., Casey, N.H., 1988. The Boer goat. II Growth,
29–34. nutrient requirements, carcass and meat quality. Small Rumin.

´N aude, R.T., Hofmeyr, H.S., 1981. Meat production. In: Gall, C. Res. 1, 355–368.
(Ed.), Goat Production. Academic Press, London, pp. 285–307. W armington, B.G., Kirton, A.H., 1990. Genetic and non-genetic

P otchoiba, M.J., Lu, C.D., Pinkerton, F., Sahlu, T., 1990. Effects influence of growth and carcass traits of goats. Small Rumin.
of all-milk diet on weight gain, organ development, carcass Res. 3, 147–165.
characteristics and tissue composition, including fatty acids and W yszecki, G., Stiles, W.S., 1982. Color Science: Concepts and
cholesterol content, of growing male goats. Small Rumin. Res. Methods, Quantitative Data and Formulae. Wiley-Interscience
3, 583–592. publications, New York.

R iley, R.R., Savell, J.J., Johnson, D.D., Smith, G.C., Shelton, M.,


	Effects of live weight at slaughter (6, 10 and 25 kg) on kid carcass and meat quality
	Introduction
	Materials and methods
	Location of the study, animals and rearing
	Slaughtering
	Carcass characteristics
	Carcass dissection
	Meat quality attributes
	Statistical analysis

	Results and discussion
	Growth
	Dressing percentage
	Offal percentages
	Carcass measurements
	Carcass dissection
	Meat quality

	Conclusion
	References


