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SUMMARY

A study was carried out in the Department of Animal Nutrition at LUVAS, Hisar, in the year
2015. This study was aimed to investigate the effect of replacing sunflower oil with linseed oil on
carcass traits and meat quality of broiler chickens. Atotal of 300 day-old commercial broiler chicks were
procured and randomly distributed into five treatments, each treatment had six replicates with ten chicks
in each. Growth trial of 6 weeks was conducted in a complete randomized design comprising five dietary
treatment groups. The control group (T,) was on basal diet with sunflower oil as per BIS 2007 specification,
while T,, T, T, and T, were fed with linseed oil replacing sunflower oil of control group @ 25, 50, 75
and 100%, respectively. Treatment groups with linseed oil had no significant effect on dressing percentage
and eviscerated yield compared to control group. Giblet percentage of all dietary treatments with linseed
oil was significantly lower (P<0.05) than the control group. Moisture and crude protein of the breast and
thigh muscle were not affected by inclusion of different levels of linseed oil. Whereas, the fat content of
breast muscle with 50, 75 and 100%; and of thigh muscle with 75 and 100% linseed oil supplementation
was significantly lower (P<0.05) than the control group. Result showed significant (P<0.05) difference
in saturated fatty acid (SFA) and Poly unsaturated fatty acid (PUFA) content of breast and thigh muscle
as compared to the control group. The SFA (palmitic acid and stearic acid) content of thigh muscle in
dietary treatment group with 75 and 100% replacement with linseed oil decreased significantly (P<0.05)
as compared to control group. However, the SFA content of breast muscle in each level of linseed oil
decreased significantly (P<0.05) as compared to control group. Mono unsaturated fatty acid (MUFA),
the oleic acid decreased (P<0.05) in group having linseed oil at the level of 50,75 and 100% as compared
to control group in both muscles. The n-6 PUFA linoleic acid and arachidonic acid content in both breast
and thigh muscles decreased at the level of 50, 75 and 100% sunflower oil replacement with linseed oil
than the control group. The n-3 PUFA linolenic acid content increased significantly (P<0.05) in all
groups with different linseed oil (25, 50, 75 and 100%) levels as compared to the sunflower oil group. A
significant increase in poly-unsaturated FA (PUFA), n-3 FA and a significant decrease in n-6:n-3 were
noticed in breast and thigh muscle due to dietary incorporation of linseed oil in the diets, the effect
being more pronounced at the highest level of supplementation. The results of study inferred that
supplementation of linseed oil in ration of broilers improves the quality of meat in terms of increased n-
3 PUFA proportion with lean meat production which is beneficial for human health.
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It has been shown that consumers prefer
poultry meat and its products for several reasons. Fats
in poultry diets constitute the basic nutrient and fulfill
a number of significant functions in the body. The
addition of lipid sources to diets is one option that can
improve the birds’ performance due to the high energy
density and high metabolisable energy of oils, which
can also confer better palatability to the feed. The
beneficial health effects of dietary omega-3 (n-3)
polyunsaturated fatty acids (PUFA) have been well

documented and emphasise the importance of
increasing the consumption of these fatty acid in
human diet. The main reason for incorporating linseed
oil in mixtures for broiler chicken is favourable effect
of polyunsaturated fatty acid (PUFA) on animal and
human health. The first effect of adding linseed oil is
a high increase in ?-linolenic acid content and a
possible increase in other n3 PUFA (Zelenka et al.,
2008). There is increasing recognition of the health
benefits of PUFA in general, and of n3 fatty acids in
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particular, because these fatty acids are essential for
humans. Several studies have shown that the utilization
of oils rich in polyunsaturated fatty acids (PUFAS),
such as sunflower and flaxseed oils , improves broiler
performance compared to animal fats and oils rich in
monounsaturated fatty acids (e.g. palm and olive). The
presence of balanced omega-6: omega-3 fatty acids in
poultry diets are essential for normal growth and
development and other biological functions (FAO,
2010). Mostly broiler diets include high level of n-6
fatty acids in their fat sources, which directly affects
the omega-6:omega-3 fatty acids ratio. Omega-3
(PUFAS) is essential for playing important role in the
prevention of coronary heart disease, hypertension,
inflammatory, autoimmune disorders and cancer in
human being. Wang et al. (2013) observed that feeding
laying chickens diets rich in n-3 PUFA promoted the
growth of the thymus, spleen, and bursa up to 4 wk of
age. Dietary fatty acids are absorbed by monogastric
animals and deposited in their tissues, n-6 and n-3
PUFAs are competitively metabolized by the same
pathway (Luo et al. 2009). So, there is a huge potential
in manipulation of the fatty acid profiles of poultry
tissue through diets. Dietary fat addition enhances the
performance of broilers in terms of body composition
and meat characteristics. It has been reported that
feeding omega-3 enriched diets to poultry increases
the omega-3 content of eggs and meat and thus
enriched poultry products offer consumers an
alternative to enhance their omega-3 daily intake.
Feeding oil rich in omega-3 fatty acid also improve
the quality of egg yolk by improving its n-3 fatty acid
concentration ( Nanjappan et al. 2013)

Flaxseed is rich in omega-3 polyunsaturated fatty acids
(PUFA), alpha linolenic acid (ALA). ALA constitutes
about 57% of the total fatty acids in flaxseed, making
flaxseed one of the richest natural sources of ALA.
Therefore, the present investigation was carried out
to study the effect of linseed oil supplementation on
meat quantity and quality parameters in broiler
chicken.

MATERIALS AND METHODS

The present investigation was carried out in
the Department of Animal Nutrition at LUVAS, Hisar,
in the year 2015, with feeding trial period of 45 days.
Three hundred day-old commercial broiler chicks were
procured and randomly distributed into five treatment
groups viz. T, T,, T,, T, and T, with six replicates of
ten chicks in each. All the chicks were offered with
starter ration from 0 to 21 days and finisher ration from

22 to 42 days of age as per BIS (2007) specifications.
The experimental diets (Table 1) were formulated to
meet the nutrient recommendations (BIS, 2007). The
Chemical composition (%DM basis) and
metabolizable energy of starter and finisher diet are
given in table.1 and 2. The control group (T,) was
offered basal diet having sunflower oil. While chicks
in treatment groups T, T, T, and T, in the basal diet
sunflower oil was replaced with linseed oil @ 25, 50,
75 and 100%, respectively. The chicks were kept
hygienically on floor litter system in well ventilated
separate pens. All the birds were reared adopting
uniform management conditions. The chicks were
brooded at 35°C during the first week. The birds were
vaccinated against prevailing diseases adopting a
standard protocol. The birds were constantly observed
for any kind of stress or different behavior from normal
one. At the end of the experiment, one bird from each
replicate was slaughtered ethically by mechanical
stunning followed by exsanguinations and thigh and
breast muscle sample were collected. Samples of breast
and thigh muscles were taken from each of the
slaughtered birds and stored in deep-freeze separately
for further analysis. These samples were analyzed for
moisture; protein and ether extract as per AOAC
(2007). For carcass evaluations, immediately after

TABLE 1
Ingredient (%) and chemical composition (% DM basis) of
basal diet
Feed ingredient Starter  Finisher
diet diet
Maize (kg) 53 57
Soybean meal (kg) 19 16
Ground nut cake (kg) 12 11
Rice police (kg) 3 4
Fish meal (kg) 7 5
*Sunflower oil (kg) 4 5
Mineral mixture (kg) 2.0 2.0
**Feed additives (kg) 0.29 0.29
Chemical composition (% DM basis)
Crude protein % 22.04 20.04
Crude fibre % 3.61 3.29
Ether extract % 8.90 8.91
Total ash % 5.66 5.84
***Metabolizable energy (Kcal/kg) 3056 3163

*InT,, T, T,and T, treatment groups sunflower oil was replaced
with linseed oil @ 25, 50, 75 and 100%, respectively, in starter
and finisher diets.

** Feed additives include Vitamin Mixture-1-10 g, Vitamin,
Amino acid and Ca mixture-Il 20 g, Coccidiostat (Dinitro-0-
Toluamide)-50 g, Choline chloride-50 g, Lysine-50 g, DL-
methionine-80 g and Chlortetracycline -33.5g/100kg

*** Calculated values - BIS (2007).
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recording their live weights, the birds were killed by
severing the jugular vein and allowed to bleed
completely following ‘Halal’ method. Dressed weight
was calculated by deducting blood, feathers, head,
shank and skin losses from live weight. Dressing
percentage was calculated as: Dressed weight/Live
weightx 100. The eviscerated and drawn weights were
recorded and eviscerated was calculated as: Dressed
weight — weight of viscera. Also eviscerated
percentage as Eviscerated weight/ Live weightx 100.
Separate weights of liver, gizzard, heart, abdominal
fat were also recorded. Total lipids from samples of
breast and thigh muscles were extracted according to
the method of Angelo et al. (1987). After that methyl
esters were prepared by the method of Luddy et al.
(1968). Methyl esters of fatty acids were separated in
a Nucon-5765 gas chromatograph equipped with flame
ionization detector. Stainless steel column (10”x1/8)
was packed with 20% diethylene glycol succinate
(DEGS) on 60-80 mesh chromosorb-W. The column
temperature was 190° C and the flow of the nitrogen
carrier gas was maintained at 35 ml/minute. The peak
was identified by comparison of its retention time with
that of standard fatty acid. The area under peak was
calculated by triangulation and converted directly into
relative percentage.

The data were analyzed using general linear
model procedure of statistical package for social
sciences 20" version (SPSS) and comparison of means
tested using Duncan’s multiple range test (Duncan,
1955).

RESULTS AND DISCUSSION

The results of the study unveiled that moisture
and crude protein contents in both breast and thigh
muscles between different dietary treatment groups did
not differ significantly, indicating that supplementation

of linseed oil in place of sunflower oil in the diet of
broiler chicken is nutritionally balanced in terms of
amino acids and has no effect on protein and moisture
content of meat, (Table 2). However, ether extract
content of breast muscle of chicken of dietary treatment
groups T, (50 %,), T, (75%) and T, (100%) were
significantly (P<0.5) less as compared to T, (control)
and T, (25%). It was also found that ether extract
content of thigh muscle in broilers fed 75 and 100 %
linseed seed supplemented diet were significantly
(P<0.05) lower as compared to other groups which
among themselves did not vary statistically. These
results are in agreement with Mridula et al. (2015)
who reported that the protein, fat and ash content of
breast and thigh meat samples in broilers fed different
levels (@ 2.5%, 5% and 7.5%) of flaxseed in the diet
did not differ significantly. Similarly Ebied et al.
(2011) observed no significant differences in the
content of dry matter, crude protein and ash in meat
of broilers fed 10 g of linseed oil per kg diet. Lopes et
al. (2013) also informed that in broilers the substitution
of soyabean oil with flaxseed oil had no effect on the
breast and drumstick meat chemical composition,
except for the thigh fat quantity, which was reduced
significantly (P<0.05).

Fatty acid composition of breast and thigh
muscle of dietary treatment upto 100% linseed oil
significantly (P<0.05) differed from the control group
(sunflower oil) (Table3.). Saturated fatty acid i.e.
palmitic acid (C,, ) and stearic acid (C,, ) content of
thigh muscle of dietary group with 75% and 100%
replacement of sunflower oil with linseed oil decreased
significantly (P<0.05) than control group, whereas in
breast muscle in all dietary group upto 100%
replacement of sunflower oil with linseed oil the
saturated fatty acid content decreased significantly
(P<0.05) as compared to control group. PUFA n-6
linoleic acid of breast and in thigh muscle decreased

TABLE 2
Composition (%) of breast and thigh muscles in experimental birds under different dietary treatments

Treatment Breast muscles Thigh muscles

Moisture Crude Ether Moisture Crude Ether

protein extract protein extract

T, 70.88+0.30 22.59+0.14 6.24+0.05 70.34+0.21 22.10+0.17 7.42°+0.12
T, 70.57+0.05 22.22+0.13 6.220+0.04 70.40£0.09 22.05+0.12 7.39°+0.0
T, 70.59+0.15 22.40+0.09 6.14°+0.04 70.34+0.22 22.06+0.14 7.31%+0.09
T, 70.70+0.20 22.79+0.36 6.14°+0.01 70.39+0.10 22.04+0.27 7.19°40.01
T, 70.42+0.05 22.52+0.06 6.10°+0.02 70.34+0.08 22.03+0.18 7.12*4+0.01

Values bearing different superscripts in a column differ significantly (P<0.05).
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significantly (P<0.05) in all dietary groups T,, T, and
T, having 50%, 75% and 100% linseed oil
supplementation as compared to control group T,. In
breast muscle T,, T, and T, treatment group showed
significantly (P<0.05) decreased n-9 MUFA, oliec
(C,q.,) content as compared to control group, whereas
in thigh muscle decreased (P<0.05) in all linseed oil

group as compared to control group. PUFA n-3 (ALA)
content of thigh as well as breast muscle increased
significantly in all treatment group upto 100%
replacement with linseed oil than control group(0%
linseed oil). In linseed, PUFA made up over 70% of
total FA, the proportion of n-6/n-3 PUFA was 0.28.
These results may explained due to high content of
PUFA mainly n-3 ALA content and comparative lower
concentration of n-6 linoleic acid content in linseed
oil. PUFA n-6 arachidonic fatty acid content in both
breast and thigh muscle of dietary group containing
50%, 75% and 100% replacement with linseed oil
reduced significantly (P<0.05) as compared to the
control group. Similar results were reported by
Stana?ev et al. (2014) that the inclusion of flaxseed
oil in the diet of chickens in amount of 4% and 8%
had a generally high effect on n-3 PUFA deposition
during different stages of the broiler’s life. It has been
found that the flaxseed oil is an excellent source of
polyunsaturated fatty acids of the n-3 family, which
can be very efficiently converted from phospholipids
in tissues lipids of poultry (Lopez-Ferrer et al. 2001).
Similarly Zelenka et al. (2008) also concluded that
with the exception of docosahexaenoic acid (C22:6n-
3; DHA), the content of all n-3 PUFA was significantly
higher (P < 0.001) in thigh muscle than in breast
muscle. Similarly, Ebeid et al. (2011) also showed that
feeding 2% Fish oil, 2% Linseed oil or a mixture of
1% Fish oil +1% Linseed oil to birds resulted in a
proportional increase in the total n-3 PUFA
concentrations (P ? 0.01) in meat lipids, as compared
with the other treatments.

TABLE 3
Fatty acid percentage of breast muscle under different dietary treatments

Treatments Fatty Acids (%)
Cl6:0 C18:0 Ci8:1 Cl8:2 Cl8:3 C20:4

Breast muscle

T, 30.13°+0.10 12.45°+0.18 34.26°+0.09 24.844+0.16 1.99°+0.02 2.19°+0.08

T, 29.43+0.24 10.87°+0.12 34.36+0.37 24.43%+0.15 4.26°+0.11 2.17°+0.13

T, 28.55°+0.26 10.41°+0.14 29.67°+0.13 23.89°+0.28 6.15°+£0.13 1.30°+0.12

T, 24.53+0.21 8.38+0.314 30.02°+0.13 22.71°+0.22 7.85%+0.24 0.992+0.05

T, 23.70°+0.13 8.18+0.21 29.71°+0.14 21.13%+0.21 10.54°+0.16 0.92:+0.04
Thigh muscle

T, 31.31¢+0.17 11.23%+0.23 31.974+£0.23 23.71°+0.17 2.12+.13 2.474+0.35

T, 30.90°+0.34 11.53°+0.23 30.17°+0.17 23.64°+0.27 4.81°+0.22 2.584+0.54

T, 31.899+0.20 10.97°+0.07 28.16°+0.34 20.55°+0.36 6.53°+0.19 1.91°+0.04

T, 29.87°+0.26 9.51+0.10 27.82°+0.44 18.21°+0.11 7.724+0.21 1.30°+0.05

T, 28.932+0.28 9.05+0.17 29.64°+0.31 19.97°+0.18 9.94°+0.07 0.92:+0.06

Values bearing different superscripts in a column differ significantly (P<0.05).
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TABLE 4
Dressed, eviscerated and weight of giblets of the experimental birds under different dietary treatments

Treatment Dressed Eviscerated Liver Heart Gizzard Giblet Abdominal fat Kidney
(%) (%) (%) (%) (%) (%) (%)
T, 70.57+ 60.89+ 1.76+ 0.56+ 2.35% 5.13+ 2.36% 0.10°+
0.74 0.64 0.12 0.13 0.15 0.05 0.004
T, 70.70+ 59.34+ 1.49%+ 0.53+ 2.34% 4.40°+ 2.19°+ 0.12+
0.44 0.41 0.03 0.11 0.21 0.05 0.01
T, 70.50% 59.38+ 1.65+ 0.47+ 2.00+ 4.12%+ 2.18+ 0.11%+
1.52 1.56 0.13 0.09 0.06 0.07 0.00
T, 70.10+ 60.06x 1.34%+ 0.48+ 221+ 4.11%+ 1.92°+ 0.11%+
1.77 1.81 0.07 0.12 0.19 0.02 0.00
T, 70.03+ 60.78x 1.52¢+ 0.52+ 2.20% 4.41%+ 1.86°+ 0.10°+
0.91 0.93 0.04 0.1 0.18 0.02 0.00

Values bearing different superscripts in a column differ significantly (P<0.05).

The differences in dressing percentage of
treatment groupsT,, T,, T,, T, and T, (0%, 25%, 50%,
75% and 100% respectively) were non-significant
(Table. 4). The dietary treatment groups T,, T, T, and
T, had statistically similar eviscerated mass yield
compared to the control. These results are in agreement
with those reported by Panda et al. (2015). The carcass
parameters such as dressed weight, liver, giblet and
breast meat yield were not affected due to dietary
incorporation of linseed oil in the diet. However, the
abdominal fat content reduced significantly by dietary
inclusions. Similarly, Mridula et al. (2015) concluded
that the carcass characteristics indicated not much of
a difference in the evisceration rate and giblet among
treatment groups. Similarly Arshami et al. (2010) also
stated the non-significant results for breast weight per
cent between treatment (flaxseed 5-10%) and control
group with the trend of 5% > 10% > 7.5% > 0.0%
flaxseed in the diet. These result may attributed to
isocaloric diet, equal feed intake by all birds of all
groups. Linseed oil was not showing any harmful effect
on carcass traits at all level.

CONCLUSION

The results of investigation revealed that
supplementation of linseed oil in place of sunflower
oil in the diet of broiler chicken had no effect on
moisture and protein content of breast and thigh
muscles , however, lean meat is produced having low
fat content. Linseed oil being rich in omega-3 ALA
content as compared to sunflower oil had improved
the quality and fatty acid profile of meat with high n-
3 and low n-6 PUFA having appropriate ratio of
polyunsaturated acid which is beneficial for human
as well animal health. Also There was no effect of

replacing sunflower oil with linseed oil up to 100%
on the carcass traits, however, SFA (saturated fatty
acid) content were decreased in breast and thigh
muscles of broiler chickens. Thus it may inferred that
addition of linseed oil in dietary regimen of broilers
improves meat quality.
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