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Abstract: The purpose of this study has been to investigate the influence of both a supplementary fish oil diet on 
conjugated linoleic acid (CLA) and n6 and n3 fatty acids on intramuscular fat in Mediterranean buffalo meat. Twenty 
animals were randomly divided into two groups and fed with Brachiaria brizantha, 3Kg rice bran, 500 g corn and 500 g 
sunflower pellets for 60 days. Group I received this diet only while in group II each animal received additional 100 ml fish 
oil daily. Results indicated a significant decrease of palmitic fatty acid in group II (232.67 mg/g fat) in relation to group I 
(254.73 mg/g fat). Among unsaturated acids (AGI), the 9c 11t CLA value of group II (21.23 mg/g fat) showed an increase 
in relation to group I (15.80 mg/g fat), while the linoleic acid content of group II (28,85 mg/g fat) decreased significantly in 
relation to group I (47,00 mg/g fat). However, the alpha linolenic acid showed no significant difference between the 
supplemented diet group and the control group (10.31 and 10.70 mg/g fat, respectively). Group II n6/n3 ratio was 
narrower (2.69:1) than that of group I (4.55:1). Summing up, group II diet, which included fish oil, increased the CLA 
content in intramuscular fat and decreased the n6 fatty acids, improving the n6/n3 ratio. 
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INTRODUCTION 

For some time to date, products including 
substances with healthy effects for the prevention and 
treatment of different diseases in their composition, or 
incorporating higher amounts than those naturally 
present, are increasingly being introduced in the food 
market. These products are called functional or 
nutraceutical food [1-12].  

It is well-known that fat in bovine food products, 
both in milk and meat, is in many cases considered 
unhealthy due to their high content of saturated fat 
acids (SFA). But, in the last years, it has been found 
that the conjugated linoleic acid (CLA) has anti-
carcinogenic properties [8] apart from its lipolytic and 
hypocholesterolemic activity, which prevent 
arteriosclerosis and diabetes [4]. Hence, ruminant food 
products are one of the major sources of CLA for 
human beings, with a potential significance in 
functional food production [13-19]. 

CLA is a natural substance typical of ruminant fat 
tissue formed in rumen as an intermediary, resulting 
from the linoleic acid bio-hydrogenation, by the 
isomerase linoleic acid, produced by Butyrivibrio  
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anaerobic bacteria among others, which transforms 
said fat acid in 9-cis 11-trans isomer [10]. 

Milk and meat, which primarily contain 9-cis, 11-
trans C18:2 (rumenic acid) and 9-trans, 11-cis C18:2, 
are the main sources of ruminant CLA, and 9-cis 
contributes with 60% of total CLA in muscle [7]. 

Current research in MERCOSUR determined CLA 
content and fatty acid profiles in Brazilian cattle 
buffaloes [9], while in Argentina only buffalo meat yield 
and nutritional value were studied [17]. 

In Argentina, buffalo population is estimated in 
100,000 animals found mainly in the North-East (NEA) 
wet subtropical region, in the Provinces of Corrientes, 
Chaco, Formosa and Misiones, and Northern Santa Fe. 
Of all these provinces, Corrientes has the largest 
number of animals – approximately 45,000. In 
Tucumán, Buenos Aires, Entre Ríos, San Luis, La 
Pampa, Salta, Santiago del Estero and Mendoza, 
buffaloes are found in a smaller number. The main 
purpose for breeding buffaloes in Argentina is meat, 
and it is to point out the sale of buffalo calves at 
weaning or as heavy 30-month-old bubillo buffalo [15, 
16]. 

The purpose of this paper has been to research 
whether the bubillo buffalo fed with Brachiaria brizantha 
strategically supplemented by a fish oil portion can 
increase the CLA content and modify the n 6/n 3 fatty 
acid ratio in intramuscular fat. 
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MATERIALS AND METHODS 

Twenty bubillos from Florencia ranch, located at 
General Paz, Province of Corrientes, Argentina, were 
used. The animals were castrated at weaning (6 month 
old) and were 11- month-old average age at the time of 
the experiment. They were all Mediterranean race, 
identified in caravans and randomly distributed in two 
groups of 10 animals each. All the animals were fed 
with Brachiaria brizantha and a daily portion of 3Kg rice 
bran, 500 g corn and 500 g sunflower during the 60 
days of the experiment. Animals in group I were fed 
with Brachiaria brizantha plus the daily portion of rice 
bran, corn and sunflower while animals in group II were 
similarly fed but received additional supplement of 100 
ml fish oil. The liquid fish oil in the diet was partially 
accepted by the bubillos during the first days of the 
experiment, probably due to the limited adaptation 
period they had to this oil supplement.  

The poly-unsaturated fatty acids (PUFA) 
composition of the fish oil used in the diet contained 
85% Argentine hake (Merluccis hubbsi) and 15% 
anchovy (Anchoa marinii), as shown in Table 1. 

Table 1: Fish Oil Composition 

Fatty acid composition Proportion (%) 

Alpha linoleic acid 18:3 n-3  1.10 

Stearidonic acid 18:4 n-3 2.58 

Eicosatrienoic acid 20:3 n-3 and n-6 0.16 

Arachidonic acid 20:4 n-3 0.62 

Eicosapentaenoic acid EPA 20:5 n-3  7.18 

Eneicosapentaenoic acid 21:5 n-3 0.23 

Docosapentanoic acid DPA 22:5 n-3  0.70 

Docosahexaenoic acid DHA 22:6 n-3  16.47 

Total fatty acids n-3 29.04 

Total fatty acids n-6 3.52 

Total free poly-unsaturated fatty acids  32.56 

 
The bubillos received the diet portion and the fish oil 

in individual feeding boxes so as to give them 
independence. 

Samples (n=20), one per animal, were taken from 
the Longissimus dorsi muscle, located between the 10th 
and 11th rib and were collected on day 60 of the 
experiment, between February and March 2011. The 
samples were stored in disposable containers, frozen 
at -20ºC, and kept in polyurethane boxes till they 
reached the laboratory. 

To obtain the lipid profile each sample was 
processed twice. To extract the total lipids a mixture of 
chloroform and methanol was used, following the 
technique [14] and keeping the nitrogen atmosphere. 
Fatty acids conversion into methyl esters was done 
using NaOH and 14 % methanolic BF3, and boiling 
them for 8 minutes. The methyl esters were extracted 
with hexane and analyzed with a gas chromatograph. 
Methyl esters standards of 99% purity fatty acids (Lipid 
Standard 189-19 Sigma-Aldrich) were used. The fatty 
acid composition was obtained in an Agilent gas 
chromatograph equipped with a 60 mm long and 0.25 
mm internal diameter capillary column (Supelco 2340), 
and a flame ionization detector. The gas 
chromatograph method used (GC-FID) was adjusted to 
ISO 15304 norm [3].  

In order to make an evaluation of the sample 
estimators for each treatment (average, standard 
deviation, variation coefficient, and minimal and 
maximal range) a descriptive statistics was applied. 
Prior to the analysis the descriptive behavior of the 
sample was evaluated applying confidence intervals 
and box & whisker graphs. In addition, the basic 
assumptions of variance analysis - homogeneity and 
normality - were checked. In order to make differences 
upon the diet effects a randomized supplementary 
design, using the ( Xij =μ+ j + eij ) additive lineal model, 
was carried out. Calculations were done using Infostat 
(2009) software of the School of Veterinary Sciences of 
the National University of the North East. 

RESULTS AND DISCUSSION 

Fatty acid compositions of intramuscular fat of 
buffalo’s meat are shown in Table 2. Regarding the 
palmitic acid content, although no differences were 
significant, the average value reached for buffaloes fed 
fish oil supplemented (group II) was lower (189.05 
mg/g fat) with regard to the results of group I diet fed 
without fish oil (206.97 mg/g fat). This result is of a 
great significance since palmitic acid is believed to 
have hypercholesterolemic properties. 

The content of fatty acids in buffaloes fed 
supplemented diet was lower to than that found in 
Brazil [9] (244.0 and 255.5 mg/g fat) when Murrah 
buffaloes (15-month-mean-age) when fed with diets 
including soybean oil and integral soybean grains, 
respectively. But the mean value for control group (I) of 
Corrientes was higher than that of buffaloes with no 
additional lipid diets in Brazil (250.4 mg/g fat). 
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Regarding 9c 11t CLA (18:2) content, the group II, 
which included fish oil in the diet showed an increase in 
CLA (17.09 mg / g fat) values compared to group I 
(11.56 mg / g fat). The high CLA content found in this 
study was greater than that obtained in Brazil [9], which 
presented a 2.20-4.60 mg/g fat variation, the highest 
value being that of the soybean oil supplemented diet. 
The 1.27 mg/g fat values found in Venezuela [5], who 
worked with Murrah  Mediterranean cross buffaloes, 
fed with unsupplemented Brachiaria sp, were also 
higher. 

The CLA content increased in the Longissimus dorsi 
muscle fat in animals fed fish oil supplement is of great 
significance due to the beneficial effects its 
consumption may produce on human health for anti-
obesity, anti-oxidizing and anti-carcinogenic properties 
among others [20]. 

At the end of the experiment the n6 fatty acid 
contents (linoleic acid 18:2 n6) for group II, 
supplemented with fish oil, were 23.45 mg/g fat, 
significantly lower (p <0.05) than the average values 
found for group I (38.19 mg/g fat). These results were 
lower than those reported in Brazil [9] who found 
values between 40.7 and 51.5 mg / g fat where the 
highest value was obtained from diet with soybean oil.  

The n3 acid contents found (18:3 n3) were 8.37 and 
8.69 mg fat/ g for group I and group II, respectively, not 
showing significant differences (p <0.05) between the 

groups. These values were higher than those reported 
in Brazil [9], who found 3.5 and 4.4 mg/g fat, where the 
highest value was obtained from diet free of lipid 
supplement.  

In our experiment the reduction of n6 fatty acids 
concentration allowed for a much narrower ratio 
between n6 and n3 acids, which is more adequate for 
the prevention of certain degenerative diseases. The 
n6/n3 ratio for intramuscular fat of group II (2.49:1) was 
significantly increased than that obtained for group I 
(1.89:1), (p <0.05); but was even lower than the ratio 
found in Brazil [9], who obtained 14.82: 1 to 19.03: 1 
values. 

The proportions of saturated, unsaturated, 
monounsaturated and polyunsaturated fatty acids for 
each group are illustrated in Table 3. 

Table 3: Fatty Acid Composition Percent in the 
Intramuscular Fat of Both Groups 

Fatty acids Group I (pasture) Group II (fish) 

Saturated 55.92 58.08 

Unsaturated 44.08 41.92 

Monounsaturated 39.29 36.43 

Polyunsaturated 4.79 5.49 

 
Regarding the unsaturated fatty acids (AGI) / 

saturated fatty acids (AGS) ratio, in group I was 0.87 

Table 2: Fatty Acid Profile (mg/g fat) in Intramuscular Fat in both Groups 

Group I (fodder) Group II (fish) CV (%) 
Fatty acids 

n mean EE n mean EE  

(14:0) Myristic 10 15.48a 1.54 10 16.98a 1.54 27.56 

(15:0) Pentadecanoic 4 1.72a 0.38 6 2.23a 0.31 16.98 

(16:0) Palmitic 10 206.97a 11.20 10 189.05a 11.20 17.71 

(17:0) Heptadecanoic 10 13.82a 1.49 10 14.34a 1.49 27.73 

(18:0) Stearic 10 299.42a 32.83 10 293.83a 32.83 27.24 

Saturated 

(20:0) Arachidic 5 2.28a 0.50 7 3.32a 0.42 23.47 

Unsaturated M (16:1) Palmitoleic 10 17.67a 1.55 10 17.46a 1.55 23.74 

M (17:1) Heptadecenoic 10 7.59a 0.80 10 6.29a 0.80 32.38 

M (18:1) n9 t Vaccenic 9 9.14a 0.25 10 14.13a 0.25 49.27 

M (18:1) n9 c Oleic 10 366.22a 23.55 10 308.44a 23.55 21.57 

P (18:2) n6 c Linoleic 10 38.19a 4.72 10 23.45b 4.72 46.64 

P (18:3) n3 Alpha Linolenic 10 8.37a 0.94 10 8.69a 0.94 32.64 

P (18:2) 9 c,11t CLA 9 11.56a 2.23 10 17.09a 2.36 46.30 

M: mono-unsaturated, P: poly-unsaturated, EE: standard error, CV: variation coefficient; difference: (different letters indicate significant differences among mean p 
<0.05. 
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while in group II was 0.81. These values were lower 
than those reported by other authors, who found values 
ranging from 0.1 and 1.00 [9], and 1.16 [11] in Brazil; 
while in Italy, a mean 1.27 value was obtained with 
Mediterranean buffaloes [2].  

Since there is a direct correspondence between 
AGS content and blood cholesterol levels in human 
beings [18], this AGI /AGS ratio is of great interest for 
the health area. The great difference found in fatty acid 
profile in our study and the results found in Brazil [9] 
can be due to the fact that the bubillos of the Province 
of Corrientes (Argentina) were fed in fields with 
Brachiaria brizantha pasture supplemented by fish oil, 
while the Brazilian animals were kept within a limited 
area and fed a diet supplemented with soybean grains 
and oil. 

CONCLUSSION 

In our working conditions, the fish oil supplemented 
in the diet of bubillos increase the CLA levels in 
intramuscular fat and decreased n6 fatty acid values, 
hence decreasing the n6/n3 ratio. In our region, where 
animals are fed with nutritionally deficient natural 
pasture, the use of implanted pastures such as 
Brachiaria brizantha as well as fish oil supplement is an 
excellent strategy to increase fatty acid values. 

Further research is needed in which the duration of 
the diet supplemented with fish oil should be 
lengthened. This would permit to detect the most 
appropriate period of time for the implementation of 
such diet. Besides, the challenge in feeding and 
nutritional technology is that it has to be economically 
profitable and easy to administer, without altering the 
organoleptic properties of meat fat.  
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