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Abstract: The objective of present research was to determine effects of Conjugated Linoleic Acid (CLA)
mclusion in milk replacer on artificial rearing of kids. CLA was fed to newborn kids as 1.2% of the diet. A
commercial CLA preparation (CLA 60) contaiming 60% CLA 1somers was included at 2% to provide 1.2% CLA
in the diet. The mclusion of CLA in diet was initiated at 2 days of life and fed until slaughter. Growth, carcass
and meat quality data were collected and analyzed. Treatment groups included two control diets, one
slaughtered at 6 kg (C6) Live Weight al Slaughter (LW 5) and another one slaughtered at 10 kg TLWS (C10) and
2 CLA supplementation at 1.2% of the diet for 6 (CLA6) and 10 (CLA10) kg LWS. Average Daily Gam (ADG)
was significantly (p<0.05) affected by the mclusion of CLA in the milk replacer. CLA 1.2%+milk replacer fed kids
grew at 156 g d™' while CLA 0%+milk replacer kids grew at 130.98 g d™'. Commercial Carcass Yield (CCY) and
Net Carcass Yield (NCY) were affected by CLA, where kids CT.A fed (CLA6 and CLA 10) presented lower CCY
and NCY than control kids. The statistical differences were slightly higher rising to p<0.05 in CCY and lower
m NCY. An increase 1 LWS had a statistical effect on CCY and NCY, because older kids presented higher
carcass yield values. A statistical interaction was observed in CCY and NCY parameters between two fixed
effects, however C6 and CLAG kids presented more differences in carcass yield than C10 and CLA10. These
results may suggest a relationship between CLA feed and early abomasum development, however the empty
gastro-intestinal tract was heavier m CLA6 and CLA10 than i control kids (p = 0.03). CLA mmilk replacer tends
to increase the total fat in the shoulder cut (p = 0.073) but no other effects are shown. There were significant
differences among LWS for the percentage contribution, increasing subcutaneous and intermuscular fat, total
fat and muscle and decreasing bone to carcass side weight. pH values were statistically affected by CLA
mclusion in the milk replacer, but a high interaction between CLA and LW S was observed in pH,,. Imtial and
final pH in the Longisimus toracis et lumborum and semimembranosus muscles was higher in CT.A6 than C6 but
these differences did not show 1n 10 kg LWS kids. The L, Croma and Hue values were wnaffected by CLA
addition in milk replacer. The L and Hue value was slightly higher in C6 than in CLA6 for the Longissimus
toracis et lumborum and Semimembranosus muscles.
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INTRODUCTION

Altering fatty acid composition of ruminant muscle
and adipose tissue may improve the animal's performance
and the nutritonal value of these food products. One
approach to improving the growth of kids, feed intake
and carcass and meat quality is the supplementation of
naturally occurring feed additives, such as Conjugated
Lmoleic Acid (CLA). Conjugated linoleic acid consists of
positional and geometric 1somers of linoleic acid, which
contain conjugated double-bond systems. The ¢-9, t-11
isomer was thought to be the biologically active form of

CLA because it was the only isomer found in the
phospholipid portion of tissue (Ha et al, 1990).
Conjugated lincleic acid has been shown to improve
growth rates of rats and act as an anticarcinogenic
compound. More recently, Park et al. (1999) reported
increased muscle and decreased fat in rats fed the t-10,
c-12 isomer. Fat supplemented diets either increased
(Brandt and Anderson, 1990; Bock et al., 1991) or did not
change (Andrae et al., 1998) backfat thickness and the
percentage of kidney, pelvic and heart fat i steers, but
enhanced the percentage of fat in the carcass in bulls
(Boucque et al., 1990) and lipid content in subcutaneous
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adipose tissue in lambs (Mir et al., 2000). Different
responses to CLA or fat supplemented diets were
probably related to the amount and type of fat and age
and species of animals. No data for comparison, however,
are available for kids. Tt has been established that dietary
linoleic acid reduced abdominal fat deposition and
lowered activities of some lipogenic enzymes (Sanz et al.,
2000). CLA was found to lower fat mass by reducing cell
size (Axain et al., 2000). The hypothesis tested in this
study was how a commercial CLA preparation (CLA 60)
at a constant level (1.2%) in the milk replacer diet fed for
2 different live weight at slaughter would improve growth,
decrease fat depots, increase carcass yield and increase
meat color. Thus, our objective was to determine the
effects of CL.A milk replacer feed on growth and carcass
and meat quality at two different Live Weights at
Slaughter (LWS).

MATERIALS AND METHODS

Animals: This project was carried out in accordance with
Las Palmas de Gran Canaria University Animal Care and
Use Committee guidelines. CLA-60 at 0 or 2% of the diet
and kids with live weight at slaughter of 6 and 10 kg were
used in a 2x2 factorial arrangement in four randomized
complete blocks, each block consisting of 10 male kids
(Canary Caprine Group breed). Kids were housed in a total
confimement, sawdust-floor facility m four pens (33 m).
Treatment groups included two control diets, one
slaughtered at 6 kg LWS (C6) and another 1 slaughtered
at 10 kg LWS (C10) and 2 CLA supplementation at 1.2%
of the diet for 6 (CLA6) and 10 (CLA10) kg LWS. A
commercial CLA preparation, CLA 60 (Grunau Gmbh,
Tlertissen, Germany; an oil containing 60% CL A isomers)
was meluded at 2% to provide 1.2% of supplemental CLA.
Kids were fed colostrum during the first 2 days of life
according to Argtello (2000). After that, milk replacer (see
composition in Table 1) was fed twice daly until
slaughter. Kids were weighed every fortnight.

Carcass and meat procedures: Kids were weighed
after fasting for 12 h with free access to water. The
dressed carcass comprised the body after removing the
skin, head (at the occipito-atlantal jomt), fore feet (at the

Table 1: Chemical analysis of milk replacer offered to the kids during the
experimental period

Ag fed Milk replacer Milk replacer+CLA-60
Dry matter (%6) 95.5 a5.5

Ash (%0 8.0 8.0

Crude protein (%6) 23.6 23.6

Crude fiber (%) 0.1 0.1

Ether extract (%6) 22.7 24.7

CLA-60 (%) 0.0 2.0

MjME kg™! 19.45 19.85

Carpal-metacarpal joint), hind feet (at the tarsal-metatarsal
jomt) and the viscera. Kidneys, kidney and pelvic fat were
retained in carcass and testes and scrotal fat were also
removed (in accordance with Colomer-Rocher et al., 1987).
Hot Carcass Weight (HCW) and weights of the head, skin
and some visceral organs (heart, liver, lungs plus trachea,
kidney, spleen) were recorded. The gastro-mtestinal tract
was also weighed full and empty. The results were
expressed as percentage of live weight at slaughter.
Empty Body Weight (EBW) was calculated by deducting
the weight of digesta. Dressing percentage was calculated
based on full live weight (Commercial Carcass Yield, CCY)
and EBW (Net Carcass Yield, NCY).

After chilling the carcasses for 24 h at 4°C, Cold
Carcass Weight (CCW) was recorded. After chilling, the
carcasses were split down the dorsal midline. The left side
was divided into 5 primal cuts (neck, flank, ribs, shoulder
and long leg) and three minor cuts (kidney, kidney fat and
tail) as described by Colomer-Rocher et al. (1987). After
weighing, shoulder was separated into dissectible muscle,
bone and fat, with the subcutaneous and intermuscular fat
depots being recorded separately in accordance with
Arguello et al. (2001).

Muscle pH was determined using a Crisson 507 pH
meter with a combined electrode, by insertion into the
longissimus toracis et lumborum (at the 12/13th b site)
and semimembranosus (central portion) muscle,
immediately after slaughter and after chilling (24 h).
Muscle color was measured at the same sites, using a
Minolta CR200 Chroma-meter (where L* depicts relative
lightness, a* indicates relative redness and b* represents
relative yellowness). Hue and Croma were calculated
using a* and b* values according to Wyszecki and Stiles
(1982).

Statistical analysis: Growth statistical analysis was
performed with the linear regression procedure of SPSS
(SPSS Inc., IL, UUSA). Least squares regression slopes
were compared using (Martin and Luna, 1994):

= [By = Dy /[S75 {(1/(ex0), )+H(1Axx)p} 1

Where, b, and b; are the slopes of the treatments i-eth
and j-eth, respectively, 3%, is the average variance and
{(xx), and (xx); are the square sums of the treatments i-eth
and j-eth, respectively. Carcass and meat data were
analyzed as a randomized complete block design using the
GLM procedure of SPSS. The randomized complete block
statistical model included fixed effects of CLA mclusion
and weight at slaughter.
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RESULTS AND DISCUSSION

Growth: Average Daily Gams (ADG) were sigmficantly
(p<0.05) affected by CLA mclusion in the milk replacer
(Fig. 1). CLA 1.2%+milk replacer fed kids grewat 156 g d ™'
while CLA 0%-+milk replacer grew at 130.98 g d ™. O’ Quinn
et al. (2000), Weber ef al. (2001) and Wiegand ef al. (2001)
did not find differences in ADG between pigs fed with
CLA and those not fed it, indeed Szymcezylk et al. (2001)
observed that body weight gains of broiler chickens were
significantly reduced, particularly at the 1.5% dietary CLA
level. Although rats fed CLA responded by significantly
mnproved body mass gains, however this effects was
observed only with the 1.0% CLA-supplemented diet
(Szymezyk et al., 2000) or pigs bomn to and reared by the
sow fed CLA had greater ADG then pigs reared by sows
fed linoleic acid as supplementary to the diet (Bee, 2000).
The experimental design of this study did not allow us to
mclude 1soenergetic diets. However, because energetic
value of CLA+ milk replacer is not as high as milk replacer,
we consider the results should not be confused by not
including iscenergetic diets. Additionally, the concept of
CLA as a nutrient with growth-promoting effects might be
supported by the observation that CLA had insulin-
sensitizing effects in Zucker rats (Houseknecht et al.,
1998).

Table 2 results of lkid’s

Carcass traits: shows

performance and carcass traits. Weight parameters 10000
(LWS, EBW, HCW, CCW) were lughly affected by weight

. . = 8000
at slaughter, no statistical effects of CLA milk replacer g
inclusion were found. On the contrary, CCY and NCY 6000+

were affected by CLA, where kids fed CLA (CLA6 and
CLA 10) presented lower CCY and NCY than control kids.
The statistical differences were slightly higher going to
0.05 in CCY and lower in NCY. An increase in LWS had a
statistical effect on CCY and NCY, because older kids
presented higher carcass yield values (Warmington and
Kirton, 1990). A statistical interaction was observed in
CCY and NCY parameters between two fixed effects,

however C6 and CLAG6 kids presented more differences in
carcass yield than C10 and CLA10. These results may
suggest a relationship between CLA feed and early
abomasum development, however empty gastro-intestinal
tract were heavier m CLAG6 and CLA10 than control kids.
No information 1s given about CLA effects on carcass
yield m young ruminants but Szymezyk et of. (2001) did
not observe effects of CLA diet inclusion in broiler
chickens dressing percentage. CCY and NCY of control
kids ranged from 46-50%, which coincides with the
results of Lépez (1990) and Potchoiba et al. (1990).
Chilling losses noted in the present study were similar to
the previous results of Lopez (1990) using the same breed.

Non carcass trait results are shown m Table 3. CLA
inclusion statistically affects empty gastro-intestinal tract
as previously related. No other effects of CLA m milk
replacer were checked. The percentage contribution of the
fore feet and head to LWS significantly decreased as
LWS imncreased. Percentage contributions of various
visceral organs, the head and fore feet reported in the
present study were similar to those reported for different
breeds at similar live weights (Lopez, 1990, Tohnson et al.,
1995). Decreases in percentages of head and fore feet
with increasing age reported in the present study, were

14000 ¢ A 1.29%——Weight (in grams) =2,361.46 + 156.24 = days
CLA 0% -—-Weight {in grams) = 2,835.25 + 130.98 * days
12000- ‘

40004
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Fig. 1. Weight evolution trough experiment from control
(CLA 1.2%, @) and CLA (CLA (0%, A)

Table 2: Effects of Conjugated Linoleic Acid (CLA) in milk replacer on kid's performance and carcass traits

P-value
C6 C10 CLAG CLALO D W D=W
WS (g) 6.062+605 10.469+1038 6.285+223 10.318+1433 NS 0.001 NS
EBW (g) 5.476+361 9. 703+1065 5.499+459 9.50941475 NS 0.001 NS
HCW (2) 2.8154242 4.978+446 2.728+154 4.985+751 NS 0.001 NS
CCW (g) 2.7244260 4.829+450 2.6374£139 4.830+£750 NS 0.001 NS
CL (%) 3.29+1.99 3.00+0.92 3.34+1.24 3.16+0.81 NS NS NS
CCY (%) 46.50+1.72 47.58+1.28 43.40+1.64 48.28+2.13 0.09 0.001 0.01
NCY (%0) 49.62+1.24 50.824+2.40 46.32+£1.72 50.79+0.91 0.03 0.001 0.02

LWS: Live Weight at Slaughter. EBW: Empty Body Weight. HCW: Hot Carcass Weightt CCW: Cold Carcass Weight CL: Chilling Losses.
CCY: Commercial Carcass Yield. NCY: Net Carcass Yield. CLA: Conjugated Linoleic Acid. D: Diet effect. W: Weight at slaughter effect DxW: Effects
interaction. NS: Non Statistic differences
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Table 3: Effects of Conjugated Linoleic Acid (CL.A) in milk replacer on non-carcass traits

P-value
(% on LWS) Cé C190 CLAS CLA10 D W DxW
Skin 9.32+3.48 10.22+0.89 10.23+0.80 10.09+1.35 NS NS NS
Fore feet 4.06+0.36 3.3540.19 3.78+0.22 3.35+0.31 NS 0.001 NS
Full gastro-intestinal tract 16.84+4.53 16.62+4.17 18.4443.37 16.56+3.92 NS NS NS
Empty gastro-intestinal tract 7.49+1.34 7.934+0.72 9.02+0.69 8.62+0.81 0.03 NS NS
Gastro-intestinal tract content 9.35+3.92 8.68+3.93 9.41+2.80 T.95+3.98 NS NS NS
Liver 3.04+0.55 2.7440.19 2.91+0.15 2.89+0.26 NS NS NS
Spleen 0.20+0.04 0.2040.02 0.23£0.04 0.19+0.03¢ NS NS NS
Kidneys 0.38+0.13 0.3340.10 0.39+£0.06 0.31+£0.02 NS NS NS
Head 9.24+0.48 7.8840.51 9.52+0.55 7.96+0.74 NS 0.001 NS
Lungs plus trachea 1.74+0.23 1.57+0.26 1.57+£0.20 2.14£1.90 NS NS NS
Heart 0.68+0.14 0.5940.04 0.60+0.06 0.64+0.08 NS NS NS
Thymus 0.17+0.05 0.2740.05 0.20+0.04 0.20+0.10 NS NS NS

LWS: Live Weight at Slaughter. CLA: Conjugated Linoleic Acid. D: Diet effect. W: Weight at slaughter effect. DxW:

ditferences

Effects interaction. NS: Non Statistic

Table 4: Effects of Conjugated Linoleic Acid (CLA) in milk replacer on shoulder tissue distribution

P-value
(% on shoulder weight) Co clo CLAG CLA1D D W D=W
Bone 34.5242.42 29.09+2.07 35.76+3.45 29.07+2.08 NS 0.001 NS
Muscle 58.29+0.91 62.23+£2.17 56.18+2.69 60.67+£3.67 NS 0.001 NS
Subcutaneous fat 1.15+0.39 2.21+0.48 1.84+0.55 2.67+£0.49 NS 0.031 NS
Intermuscular fat 2.38+0.96 4,2240.82 2.60+0.62 4.624+1.03 NS 0.001 NS
Total fat 3.53+0.68 6.43+0.94 4.44+0.60 7.29+0.95 0.073 0.001 NS
Remainders 1.6440.26 1.4640.43 2.134£0.95 1.63E0.73 NS NS NS

CLA: Conjugated Linoleic Acid. D: Diet effect. W: Weight at slaughter effect. D=W: Effects interaction. WS: Non Statistic differences

previously observed by Manfredim ef al. (1988) and
Lépez (1990). In the present study, CLA inclusion in milk
replacer did not affect liver weight, but the liver weight
exhibited a slight increase m the CLA-fed rats, although
the difference was not significant. Lipid accumulation
in the hepatocytes of CLA-fed rats was also
demonstrated by electron microscopic
(Yamasaki ef al., 2000).

In reference to shoulder tissue distribution, the
results are shown in Table 4. CLA in milk replacer tends to
increase the total fat in the shoulder (p = 0.073) and no
other effects are shown. The total fat values in control

observation

groups are similar to those reported by Argtiello (2000) for
the same breed at similar LWS. Feeding CLA reduces
subcutaneous fat and increases lean in total saleable pork
cuts (Dugan and Aalhus, 1999). However, Carroll ef al.
(1999) and Weigand ef al. (2001) have reported that
dietary CLA supplementation in pigs increased
intramuscular fat levels. A study by Dunshea et al. (1998)
found no significant difference mn intramuscular fat
between control and CLA fed pigs when visual
assessment was used, however when intramuscular fat
level were chemically determined CLA fed pigs had lower
mtramuscular fat compared with the control pigs. These
data are on the contrary to results reported in this
experiment, where higher fat levels in CLA kids were
observed. At present, the exact mechanism of CLA
induced fat-to-lean repartitiomng 1s not known. Park et al.
(1997) indicated that it may act m rats by increasing
lipolysis while reducing lipoprotein lipase activity in
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adipose tissue and enhancing fatty acid oxidation in both
muscle and adipose tissue. The main reason for increase
fat levels in the present study may be the high-energy
intake in CLA ammals, because the diets were not
isoenergetic. There were significant differences among
LWS for the percentage contribution of subcutaneous
and intermuscular fat, total fat, bone and muscle to
carcass side weight (Table 4). Dairy breeds of goats tend
to store more fat as visceral, rather than as carcass
adipose tissue (Gibb et al., 1993) which explains the low
values present in subcutaneous fat. Fat carcass
proportions in the present experiment are in agreement
with results of Treacher ef ol (1987) and Warmington and
Kirton (1990) with different goat breeds. The contribution
of bone to side carcass weight was lower when LWS of
kids was high. Bone deposition in animal development
precedes deposition of muscle and fat, which should be
the reason for these bone results (Treacher et al., 1987).
Percentages of bone in the carcass observed in the
present study were slightly greater than found for other
dairy goat breeds like Saanen (Warmington and Kirton,
1990), but coincide with those reported by Lépez (1990)
for the same breed but with different rearing techniques.
10 kg LWS kids tended to have a higher muscle content
than 6 kg LWS kids, which is in contrast to the finding of
Treacher et al. (1987) and Sanz ef al. (1990) involving a
lower muscle carcass content in weaned kids. Aggressive
weaning management and post-weaning nutrition in these
articles may be the reasons for these differences. Lopez
(1990) reported a similar muscle side carcass content with
comparable LWS and rearing techmques.
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Table 5: Effects of Conjugated Linoleic Acid (CLA) in milk replacer on muscle pH

P-value

Cé C10 CLA6 CLA1Q D W DxW
Longisimus toracis et lumborum
pH, 5.96+0.15 6.25+0.44 6.87+0.16 6.26+0.31 0.001 NS 0.002
pH, 5.49+0.13 5.63+0.25 6.14+0.46 5.44+0.08 0.039 0.013 0.001
Semimembranosus
PHy 6.06+0.09 6.20+0.51 6.79+0.20 6.38+0.30 0.005 NS 0.069
pH, 5.50+0.17 5.55+0.28 6.03+0.37 5.5140.11 0.022 0.027 0.010
CLA. Conjugated Linoleic Acid. D. Diet effect. W. Weight at slaughter effect. D=W. Effects interaction. WS, Non Statistic differences
Table 6: Effects of Conjugated Linoleic Acid (CLA) in milk replacer on muscle pH

P-value
Cé Cl10 CLA6 CLALO D W D=xW

Longisimus toracis et lumborum
Lo 57.25£3.03 51.08+3.19 50.3342.85 52.57+3.97 NS NS NS
Cromag 10.60+1.69 10.59+2.90 9.94+0.90 9.25+2.63 NS NS NS
Hue, 36.86+9.28 31.56+7.28 29.29+5,57 36.75+11.54 NS NS NS
L, 59.86+2.40 57.13+£3.91 55.09+2.75 58.08+3.78 NS NS NS
Croma, 11.30+2.87 15.63+4.10 11.72+1.29 12.12+2.11 NS 0.053 NS
Hue, 35.14+7.69 39.68+8.80 27.59+3.02 41.65+12.17 NS NS NS
Semimembranosus
Lo 55.40<1.18 52.49+3.30 51.86+2.76 55.08+3.41 NS NS NS
Cromag 7.79£1.61 10.1341.80 9.91+2.49 8.30+2.12 NS NS NS
Huey 33.36+16.71 33.17+6.33 32.18+7.19 41.08+13.62 NS NS NS
L, 59.47+£2.47 56.74+2.98 55.95+2.38 57.76+3.88 NS NS NS
Croma, 9.02+2.23 13.18+3.54 10.85+2.43 11.4943.31 NS 0.066 NS
Hue, 36.51£10.57 41.8448.64 28.89+7.49 36.7449.45 NS NS NS

LWS: Live Weight at Slaughter. CLA: Conjugated Linoleic Acid. D: Diet effect. W: Weight at slaughter effect. DxW. Interaction effects. NS: Non Statistical

ditferences

pH and color meat: pH values were statistically affected
for CLA inclusion in milk replacer, but a high interaction
between CLA and LWS was observed in pH, (Table 5).
Imitial and final pH m both muscles was higher m CLA6
than C6 but these differences did not show in 10 kg LWS
kids. The use of CLA in diets has been reported to
mcrease pH values in chicken (Lee ef al., 1999) and pigs
(D’ Souza and Mullan, 2002), or not affect pH values in
pigs (Dugan and Aalhus, 1999; Wiegand et al., 2001 ). The
reason for the results of the present experiment is not
clear, it may be a that a high energy intake n CLA kids
produced a high glycogen level in muscle in 6 kg LWS
kids and the metabolization of this 15 lugher in 10 kg LWS
kids producing similar pH values in C10 and CLA10.
The ultimate pH range of control groups are acceptable
according to Hedrick ef al. (1994), but lower than shown
by Feidt and Bellut (1996) in Alpine kids slaughter at
24 kg. The LWS difference in ultimate pH in longissimus
muscle agrees with the finding of Gonzalez et al. (1983).

The 1., Croma and Hue values were unaffected by
CLA addition in milk replacer (Table 6). 1. and Hue value
was shightly increase in C6 than m CLA®6 for Longissimus
toracis et lumborum and Semimembranosus muscles.
Subjective scores for color were not affected by CLA in
plgs (Wiegand et al., 2001) and L values were unaffected
by CLA, however CLLA-fed pigs had slightly higher Croma
values (Dugan and Aalhus, 1999). Park et al (2000)
hypothesized that CLA mhibits myoglobin oxidation due
to delayed lipid oxidation, but had only small effects on
meat color.
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CONCLUSION

The results of this study show that dietary
supplementation of milk replacer with CLA-60 improves
the ADG and fat carcass content and reduces carcass
yield by an early development of the abomasum. An
interesting interaction between CLA and LWS was seen
in pH values. Detailed investigations concerning
observed interactions and carcass yield reduction are
needed as well as the mcorporation of CLA n different
tissues.

REFERENCES

Andrade, 1.G., S K. Duckett, C'W. Hunt, M.A. McGuire,
(3.T. Pritchard and P. Feng, 1998. Effects of high o1l
corn feeding on carcass traits, tenderness and fatty
acid composition of feedlot steers. J. Anim. Sci.,
76: 334,

Argtello, A., 2000. Lactancia artificial de cabritos:
Importancia del encalostrado, crecimiento, calidad de
la canal y de la carme. Ph.D. Diss., Las Palmas de Gran
Canaria University, Las Palmas, Spain.

Argtiello, A., J. Capote, R. Ginés and I.1.. Lopez, 2001.
Prediction of kid carcass composition by use of jomnt
dissection. Livest. Prod. Sci., 67: 293-295.

Axain, M.T., DB. Hausman, M.B. Sisk, W P. Flatt and
D.E. Tewell, 2000. Dietary conjugated linoleic acid
reduces rat adipose tissue cell size rather than cell
number. J. Nutr., 130: 1548-1554.



J. Anim. Vet. Adv., 7 (2): 196-203, 2008

Bee, G., 2000. Dietary conjugated linoleic acid
consumption during pregnancy and lactation
influences growth and tissue composition in weaned
pigs. J. Nutr., 12: 2981-2989.

Bock, B.J., DL. Harmoen, R.T. Brandt and I.E. Schneider,
1991. Fat source and calcium level effects on
finishing  steer performance, digestion and
metabolism. J. Amm. Sci., 69: 2211-2224.

Boucque, C.V., L.O. Fiems, B.G. Cottyn and F.3{. Buysse,
1990. Effects of dietary fats on animal performance,
carcass quality and lipid composition of kidney
fat in beef bulls. . Anim. Physiol. Anim. Nutr.,
63: 213-219.

Brandt, R.T. and S.J. Anderso., 1990. Supplemental fat
source affects feedlot performance and carcass traits
of finishing yearling steers and estimated diet net
energy value. I. Amm. Sci., 68: 2208-2216.

Carroll, M.E., I.M. Eggert, A.P. Schinckel and B.T. Richert,
1999, Effects of high oil com and duration of
Conjugated Linoleic Acid (CLA) supplementation on
pig growth, pork quality and carcass composition.
http:/iwww.ansc. purdue. edu/swine/swineday/sday
59/psd06-99 it

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

D’Souza, DN. and B.P. Mullan, 2002. The effect of
genotype, sex and management strategy on the
eating quality of pork. Meat Sci., 60: 95-101.

Dugan, M.ER. and I.I.. Aalhus, 1999. Feeding CLA to
pigs: Effects on feed conversion, carcass
composition, meat quality and palatability. In:
Advances in conjugated linoleic acid research,
Yurawecz, M.P., MM. Mossoba, JK.G. Kramer,
M.W. Pariza and G.J. Nelson. AOCS Press,
Champaign, 1T., USA, Vol. 1.

Dunshea, F.R., E. Ostrowska, M. Mularitharan, R. Cross,
D.E. Bauman, M.W. Pariza and C. Scarie, 1998.
Dietary conjugated linoleic acid decreases backfat in
growing gilts. J. Amim. Sci., 76: 131-138.

Feitd, C. and B.]T. Bellut, 1996. Estimation of the free ion
content of the 11-13° longissimus dorsi muscle

>

during onset of rigor mortis in kid meat. Viandes et
Produits Carnes, 17: 319-321.

Gibb, M.T,I.E. Cook and T.T. Treacher, 1993. Performance
of Pritish Saanen, BoerxBritish Saanen and
Anglo-Nubian castrated male kids from 8 weeks to
slaughter at 28, 33 or 38 kg live weight. Anim. Prod.,
57: 263-271.

Gonzalez, FAN., I.E. Owen, M.T.A. Cereceres, 1983.
Studies on the criollo goat of northern Mexico:
Part 2. Physical and chemical characteristics of the
musculature. Meat Sci., 9: 305-314.

201

Ha, Y.L, . Storkson and M.W. Pariza, 1990. Inhibition of
benzo(a)-pyrene-induced  mouse forestomach
neoplasia by conjugated dienoic derivatives of
linoleic acid. Cancer Res., 50: 1097-1101.

Hedrick, H.B., ED. Aberle, J.C. Forrest, M.D. Judge
and R.A. Merkel, 1994, Principles of meat science.
3rd Edn. Kendall and Hunt Publishing Co.

Houseknecht, K.I.., I.P. Vanden Heuvel, S.Y. Moya-
Camarena, C.P. Portocarrero, L. W. Peck, CK. Nickel
and M.A. Belury, 1998. Dietary conjugated linoleic
acid normalizes impaired glucose tolerance in the
Zucker diabetic fatty fa/fa rat. Biochem. Biophys.
Res. Commun., 244: 678-682.

Johnson, D.D., CH. McGowan, . Nurse and
MR. Anous, 1995. Breed type and sex effects on
carcass traits, composition and tenderness of young
goats. Small Rumin. Res., 17: 57-63.

Lee, JI, S.T. Joo, B.D. Choi, YI. Ha, ] K. Haand
G.B. Park, 1999. The effect of Conjugated Linoleic
Acid (CLA) feeding period on CLA content and fatty
acid composition of chicken. Korean J. Anim. Sci.,
41: 375-386.

Lépez, I.1.., 1990. Caracterizacion etnologica y productiva
de la Agrupacion Caprina Canaria. Ph.D. Diss.,
Zaragoza University, Spain.

Manfredini, M., M. Massari, C. Cavani and
AF. Falaschini, 1988. Carcass characteristics of male
Alpine kids slaughtered at different weights. Small
Rumin. Res., 1: 49-58.

Martin, A. and J. TLuna, 1994, Biocestadistica para las
ciencias de la salud. Ediciones Norma, Madrid, Spain.

Mir, Z., M.L. Rushfeld, P.S. Mir, L.J. Paterson and
R.J. Weselake, 2000. Effects of dietary
supplementation with either Conjugated Linoleic
Acid (CLA) or linoleic acid rich oil on the CLA
content of lamb tissues. Small Rumin. Res., 36: 25-31.

O'Quinn, PR, I.L.. Nelssen, R.D. Goodband, T.A. Unruh,
T.C. Woodwoth, J.8. Smith and M.D. Tokach, 2000.
Effects of modified tall oil versus a commercial source
of conjugated linoleic acid and increasing levels of
modified tall oil on growth performance and carcass
characteristics on growing-finishing pigs. J. Anim.
Sci., 78: 2359-2368.

Park, GB., BH. Ye, S.5. Moon, SK.Jin, L. Lee and
S.T. Joo, 2000. Effects of conjugated linoleic acid on
oxidation of myoglobin in meat. Korean I. Anim. Sci.,
42: 905-914.

Park, Y., K.J. Albright, W. Liu, IM. Storkson, ML.E. Cook
and M.W. Pariza, 1997. Effects of conjugated
linoleic acid on body composition in mice. Lipids,
32: 853-858.

Park, Y., IM. Storkson, K.J. Albright, W. Liu and
MW. Pariza, 1999. Evidence that the trans-10, c1s-12
1somers of conjugated linoleic acid induces body
composition changes in mice. Lipids, 34: 235-241.



J. Anim. Vet. Adv., 7 (2): 196-203, 2008

Potchoiba, M.J., CD. Lu, F. Pinkerton and T. Sahlu, 1990.
Effects of all-milk diet on weight gain, organ
development, carcass characteristics and tissue
composition, including fatty acids and cholesterol
content, of growing male goats. Small Rumin. Res.,
3: 583-592.

Sanz, MR, O.D. Heméndez-Clua, J.A. Naranjo, F. Gil
and . Boza, 1990. Utilization of goat milk vs. milk
replacer for Granadina goat kids. Small Rumin. Res.,
3. 37-46.

Sanz, M., C.J. Lopes-Bote, D. Menoyo and I.M. Batista,
2000. Abdominal fat deposition and fatty acid
synthesis are lower and B-oxidation is higher in
broiler clickens fed diets contaimng unsaturated
rather than saturated fat. J. Nutr., 130: 3034-3037.

Szymezyk, B., P.M Pisulewski, W. Szczuwrek and
P. Hanczakowski, 2000. The effects of feeding
Conjugated Linoleic Acid (CLA) on rat growth
performance, serum lipoproteins and subsequent
lipid composition of selected rat tissues. J. Sci. Food
Agric., 80: 1553-1558.

Szymezyk, B., PM. Pisulewski,
P. Hanczakowsky, 2001.
linoleic acid on growth performance, feed conversion

W. Szeawrek and
Effects of comjugated

efficiency and subsequent carcass quality in broiler
chickens. Br. I. Nutr., &85: 465-473.

202

Treacher, T.T., A. Mowlem, R.M. Wilde and B. Butler-
Hogg, 1987. Growth, efficiency of conversion and
carcass composition of castrate male Saanen>Angora
kids on a concentrate diet. Ann  Zootech.,
36: 341-342.

Warmington, B.G. and A H. Kirton, 1990. Genetic and
non-genetic influence of growth and carcass traits of
goats. Small Rumin. Res., 3: 147-165.

Weber, TE., AP. Schinckel, K.I.. Houseknecht and
B.T. Richert, 2001. Evaluation of conjugated linoleic
acid and dietary antibiotics as growth promotants 1n
weanling pigs. I. Amim. Seci., 79: 2542-2549.

Wiegand, B.R., I.E. Swan, F.C. Parrish and T.J. Baas, 2001.
Influence of dietary Conjugated linoleic acid on meat
quality and sensory traits of stress-genotype pigs. T.
Amm. Sci., 78 157,

Wiegand, BR., F.C. Parrish, J.E. Swan, S.T. Larsen and
T.J. Baas, 2001. Conjugated linoleic acid improves
feed efficiency, decreases subcutaneous fat and
improves certain aspects of meat quality in
stress-genotype pigs. J. Anim. Sci., 79: 2187-2195.

Wyszecki, G. and W.S. Stiles, 1982. Color science:
concepts and methods, quantitative data and
formulae. Wiley-Interscience Publications, New York.

Yamasalki, M., K. Mansho, H. Mishima, G. Kimura,
M. Sasaki, M. Kasai, H. Tachibana and K. Yamada,
2000. Effects of dietary conjugated linoleic acid on
lipid peroxidation and histological change in rat liver
tissues. J. Agric. Food Chem., 48: 6367-6371.



