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Abstract: A study was carried out with 10 male lambs of Bulgarian dairy
synthetic population. The animals were divided in two groups- control and
experimental as the diet of the latter was supplemented with coconut oil in amount
20g/d per animal for a period of 90 days. After finishing the experiment, complete
slaughter analysis was done on the half carcasses of the animals from both groups
and pH 24h, colour, water holding capacity, content of myoglobin, fat, protein,
moisture and ash in m. Longissimus dorsi and m. Semimembranosus were
determined. The coconut oil supplementation led to significant increase of the
contents of the subcutaneous (P<0.001) and intermuscular fat (P<0.05) in the half
carcass and its individual parts as well, and influenced significantly the colour of
the muscles which was darker in the lambs of the experimental group. Specific
deposition of fats in dependence on the location in the carcass was observed. The
content of subcutaneous fat was lowest in the neck and highest in the loin, whereas
that of intermuscular fat was lowest in the leg and highest in the shoulder of the
lambs. Significantly higher water holding capacity (P<0.05) in m. Longissimus
dorsi and myoglobin content in m. Semimembranosus (P<0.01) were observed, due
to the differences in the type of the muscles.
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Introduction

In order to achieve high productivity and intensive growth the ruminant
animals need high energy diets. A way to increase the energy content of the diet is
the inclusion of various fat sources. The addition of fats prevents the development
of ruminal acydosis, facilitates the absorption of the fat-soluble nutrients (Perez et
al., 2002) and increases the energy efficiency by the possibility for direct inclusion
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of long chain fatty acids in the lipid synthesis (Clinquart et al., 1995; Machmiller
et al., 2000).

Coconut oil is an alternative source of fat, rich in energy that contains
about 921 g/kg saturated fatty acids, 62 g/kg monounsaturated fatty acids and 16
g/kg polyunsaturated fatty acids (Bhatt et al., 2011). Its addition to the diets of
ruminants has in some cases a negative effect on the digestibility, due to changes in
the population of the microorganisms in the rumen (Machmuller and Kreuzer,
1999).

The kind of fats, included in the diet has various effects on the digestion as
well as on the deposition and distribution of the carcass fat (Castro et al., 2005)
and meat quality. The aim of the present study is to determine the effect of the
coconut oil supplementation on the carcass composition and physicochemical
characteristics of muscles in lambs.

Materials and Methods

The study was carried out with 10 male lambs of Bulgarian dairy synthetic
population, divided in control and experimental group (5 animals each). The initial
live weight of the lambs from the control group was 18.04+2.6 kg, and that of the
animals from the experimental group - 18.12+2.74 kg. The lambs from both groups
were fed concentrate (20% maize, 30% barley, 50% soy meal and vitamin premix -
0.0013 g/ animal) and hay. The chemical composition of the diet and hay is
presented in Table 1 and 2 respectively.

Table 1. Chemical analyses of the diet

Group
Item, % Control Experimental
Crude protein 23.77 25.16
Crude fiber 12.76 9.98
Fat 247 6.19
Non-nitrogen compounds 54.26 53.6
Ash 6.74 5.08
Table 2. Chemical analysis of the hay

Item %

Crude protein 7.32
Crude fibers 31.98
Fats 2.05
Non-nitrogen compounds 51.49
Ash 6.65
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The lambs from the experimental group received additionally coconut oil
in amount 20 g/day/animal for a period of 90 days. After finishing the experiment
the animals from both groups were slaughtered and complete slaughter analysis
was done to the carcass halves. Two muscles - m. Longissimus dorsi (m.LD) and m.
Semimembranosus (m.SM) were carefully dissected from each left half of the
carcasses. Samples for physicochemical analysis were taken from both muscles and
the following traits were determined: pH 24h, colour (R/525nm), water holding
capacity (Grau and Hamm, 1952), myoglobin content (Hornsey et al., 1956), fat
content (Soxhlet), protein content (Kjieldal), moisture and ash.

The results were statistically evaluated by two-way ANOVA using the
JMP, v.7 (2007) software.

Results and Discussion

Carcass composition. The results of the two-way ANOVA concerning the
amount of the fats deposited in the carcass (Table 3) showed significant effect of
both factors-coconut oil supplementation and the location of the fats in carcass.
The content of the subcutaneous and intermuscular fat was significantly higher
(P<0.001; P<0.05) in the lambs from the supplemented group in both the half
carcass and its individual parts.

Table 3. Tissue content in the lamb carcasses in response to coconut oil supplementation and

location

Location Significance

Tissue Coconut oil

content, % | % carcass Leg Loin | Shoulder | Neck Abdomen | supplement [Location[nteraction SE
Treatment

C* |co°| ¢ |co| € |co| c |co| Cc |[cOo| C |cCO

Meat 60.84(59.64] 66 [66.36]63.14|58.98|58.48|56.59|55.41|57.44| 56.7 |53.72 NS NS NS 4.91

Bones 29.35|26.47|25.53| 23.6 [25.63|24.47|30.59|26.47|40.15 |34.93| 31.14 | 31.26 NS NS NS 5.4

[ntermuscular

fat 4.99 |6.21]2.82|3.00|3.58(5.74[7.76|9.15]2.20 | 4.53 | 5.79 | 6.98 * Hkk NS 2.31

Subcutaneous

fat 4.82 |7.68]5.64|7.03|7.64(10.80{3.17|7.782.23 |3.09 | 6.37 | 8.04 ok o NS 2.94

*Control group
® Experimental group supplemented coconut oil
* P<0.05; ** P<0.01; *** P<0.001

We observed specific deposition of the adipose tissue in dependence on the
location in the carcass for both subcutancous (P<0.01) and intermuscular fat
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(P<0.001). The content of subcutaneous fat was lowest in the neck and highest in
the loin. The lowest intermuscular fat content was determined in the leg whereas
the highest was in the shoulder.

The results obtained correspond with the tendencies that we observed (Popova
et al., 2011) for higher thickness of the subcutancous fat, measured in different
anatomical locations in lambs that received coconut oil supplemented diet, rich in
saturated fatty acids. Similar effect of the saturated fatty acids but palm oil was
reported by Solomon et al. (1992) and Lough et al. (1994) in lambs. Results from
experiments of others (Bhatt et al., 2011; Dutta et al., 2008; Castro et al., 2005)
show no effect of the saturated fatty acids from coconut oil on the fat deposition in
the carcass. Marinova et al. (2005) report increased subcutaneous fat in the leg,
thorax and shoulder and decreased in the loin when feeding kids with fish oil
supplemented diet.

Influence of the location on the subcutaneous and intermuscular fat deposition
in lambs was reported by Ignatova et al. (2005). Contrary to our results these
authors observe minimal changes in the fat deposition in the leg and shoulder, but
more pronounced in the abdomen and loin where there was higher content of
intermuscular fat.

No significant difference was observed in the percentage of the meat and bones
due to the coconut oil supplementation. We must notice that the changes in these
parameters are mainly associated to the intensity of growth and the age of the
animals (Huidobro and Caneque, 1994).

Physicochemical characteristics of the muscles. The values of pH, measured
24 h post mortem (Table 4) were not influenced by the inclusion of the coconut oil
in the diet and remained close in both muscles, showing normal development of
glycolysis post mortem.

The coconut oil supplementation led to significant differences (P<0.05) in the
colour, which was darker in the two studied muscles.

No significant influence of the coconut oil was observed on the water-holding
capacity, which is in accordance with the results reported by Bhatt et al. (2011). Its
values differed significantly (P<0.05) between the muscles, as they were higher in
m. Longissimus dorsi, compared to m. Semimembranosus. The water-holding
capacity is mainly influenced by the values of pH. In the present study we could
not find dependence between these two parameters. In the literature there exists
diverse data for the availability of such dependence in sheep, compared to pigs
(Marinova, 2000).

Differences depending on the metabolic type of the muscles were observed in
the myoglobin content. Its values were higher in m. Semimembranosus, compared
to m. Longissimus dorsi, in both control and supplemented group. This is a result of
the function of the muscles as the former is of more pronounced oxidative-

glycolytic type.
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Table 4. Physicochemical characteristics of m. Longissimus dorsi and m. Semimembranosus in
lambs in response to coconut oil supplementation and muscle

Muscle Significance
Items m.LD m.SM SE
Coconut oil
Coconut oil supplement supplement | Muscle | Interaction
¢t | co®"| ¢ | co
pH 24h 5.52 | 552 | 553 | 545 NS NS NS 0.11
Colour (R/525nm) 32.48 | 31.41 | 31.69 | 30.93 * NS NS 0.77
Waterholding capacity, % 3546 | 35.58 | 34.6 | 34.36 NS * NS 1.51
Moisture, % 76.07 | 75.71 | 76.54 | 75.71 NS NS NS 0.86
Myoglobin, mg/g 278 | 295 | 3.13 | 3.56 NS *x NS 0.35
Fats, % 338 | 297 | 25 2.45 NS NS NS 0.89
Protein, % 19.63 | 19.94 | 19.95 | 19.64 NS NS NS 0.49
Ash, % 1.03 | 1.06 | 1.06 | 1.04 NS NS NS 0.04

* Control group
® Experimental group supplemented coconut oil
*P<0.05; ** P<0.01

The content of intramuscular fat is an important factor associated with the
sensory and healthy parameters of meat. In this study we did not observe
significant difference in the fat content in the muscles due to coconut oil. This is
agreement with the results of Bhatt et al. (2011), who do not find significant
difference in the intramuscular fat content in lambs fed diets with different
percentage of coconut oil. Solomon et al. (1992) reported no effect of palm oil on
the fat content in lambs.

The content of protein, as well as the moisture and the ash in the muscles did
not change in response to coconut oil supplementation. Similar results are reported
by Manso et al. (2009), in lambs fed diet supplemented with palm oil.

Conclusion

The coconut oil supplementation led to significant increase of the content of
the subcutaneous (P<0.001) and intermuscular (P<0.05) fats in the half carcass as
well as in its individual parts and influenced significantly the colour of m.
Longissimus dorsi and m. Semimembranosus which was darker in the
supplemented group.

Specific deposition of fat in dependence on the location in the carcass was
observed. The content of subcutaneous fat was lowest in the neck and highest in
the loin, whereas that of intermuscular fat was lowest in the leg and highest in the
shoulder of the lambs
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The water holding capacity in m. Longissimus dorsi and the myoglobin
content in m. Semimembranosus were significantly higher (P<0.05; P<0.01) due to
the differences in the type of muscle.

Uticaj dodavanja kokosovog ulja na sastav trupa i fizi¢ko-
hemijske osobine miSi¢a jagnjadi

T. Popova, M. Ignatova, P. Marinova, D. Abadjieva
Rezime

Studija je sprovedena na 10 muskih jagnjadi bugarske mlecne
sinteti¢ke populacije. Zivotinje su bile podeljeneu dve grupe-kontrolnu i
eksperimentalnu, u ishranu je kasnije dodato kokosovo uljeu koli¢ini od 20
g/danpo  zivotinjiza  period 0od90  dana. Po  zavrSetku ogleda,
kompletnom analizom nakon klanja na polutkama iz obe grupe Zivotinja utvrdeni
su pH 24h, boja, sposobnost vezivanja vode, sadrzaj mioglobina, masti, proteina,
vlagei pepelau m. Longissimus dorsii m. Semimembranosussu. Dodavanje
kokosovog ulja je dovelo do znacajnog povecanja sadrzaja potkoznih (P <0,001)
i intermuskularnih masti (P<0.05) u polutkama i njihovim pojedinim delovima, kao
i do tamnije boje miSica kod ecksperimentalne grupe jagnjadi.
Specificno talozenje masti je primeceno u zavisnosti od lokacije u polutkama.
Sadrzaj potkozne  masti je bio najnizi  uvratu anajveéi  na slabinama,
a intermuskularne masti najnizi unogama inajve¢i uramenom pojasu jagnjadi.
Znatajno veca sposobnost vezivanja vode (P<0,05)u M.Longissimus dorsi i
sadrzaj mioglobinau M. Semimembranosus (P <0,01) su utvrdene, zbog razlike
u vrsti misica.

References

IGNATOVA M., RAICHEVA E., LAVILLE E., MARINOVA P. (2005):
Manipulating of the carcass and meat quality in lamb meat producing for the
European market. 1. Carcass composition and quality in lambs reared indoors and
outdoors, Animal Science 4, 68-73.

BHATT R.S., SOREN N.M., TRIPATHI M.K., KARIM S.A. (2011): Effects of
different levels of coconut oil supplementation on performance, digestibility,
rumen fermentation and carcass traits of Malpura lambs. Animal Feed Science and
Technology, 164, 29-37.



Effect of coconut oil supplementation on the carcass ... 1145

CASTRO T., MANSO T., MANTECON A.R., GUIRAO J., JIMENO V. (2005):
Fatty acid composition and carcass characteristics of growing lambs fed diets
containing palm oil supplements. Meat Science, 69, 757-764.

DUTTA T.K., AGNIHOTRI M.K., RAO S.B.N. (2008): Effect of supplemental
palm oil on nutrient utilization, feeding economics and carcass characteristics in
post weaned Muzafarnagari lambs under feedlot conditions. Small Ruminant
Research, 78, 66-73.

GRAU R., HAMM R. (1952): Eine einfache Methode zur Bestimmung der
Wasserbindung im Fleisch. Die Fleischwirtschaft, 4, 295-297.

HORNSEY H.C. (1956): The color of cooked cured pork. Estimation of the nitric
oxid haem pigments. Journal of the Science of Food and Agriculture, 7, 534-540.
HUIDOBRO F. R., CANEQUE V. (1994): Produccién de carne en corderos de la
raza Manchega. III. Composicion tisular de las canales y de las piezas.
Investigacion Agraria: Produccion y Sanidad Animal, 9, 57-70.

JMP, VERSION 7. SAS Institute Inc. 2007, Cary, NC.

LOUGH D.S., SOLOMON M.B., RUMSEY T.S., KAHL S., SLYTER L.L.
(1994): The effects of high-forage diets with added palm oil on performance,
plasma lipids, and carcass characteristics or ram lambs with initially high or low
plasma cholesterol. Journal of Animal Science, 72, 330-336.

MARINOVA P. (2000): Study on the post-natal development and breed
characteristics of the muscle tissue in pigs and sheep and on the relation between
its quantity and quality parameters, Resume, Thesis DSc, Sofia, 2000.
MARINOVA P., BANSKALIEVA V., TZETKOVA V. (2005): Body and carcass
composition, and meat quality of kids fed fish oil supplemented diet. Options
Mediteraneennes, Series A, 67, 151-156.

PEREZ JM., BORIES G., AUMAITRE A., BARRIER-GUILLET B,
DELAVEAU A., GUEGUEN L., LABRIER M., SAUVANT D. (2002):
Consequences en elevage et pour le consommateur du remplacement des farines et
des graisses animals. INRA Productions Animales, 15, 87-96.

POPOVA T. (2011): Fatty acid composition and oxidative stability of muscles in
lambs fed coconut oil supplemented diet. Bulgarian Journal of Agricultural
Science, (in press).

SOLOMON M.B., LYNCH G.P., LOUGH D.S. (1992): Influence of dietary palm
oil supplementation on serum lipid metabolites, carcass characteristics and lipid
composition of carcass tissues of growing ram and ewe lambs. Journal of Animal
Science, 70, 2746-2751.

Received 30 June 2011; accepted for publication 15 August 2011



