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Omega-3 Enrichment of Broiler Meat by Using Two Oil Seeds
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ABSTRACT

A 42-d study was conducted to evaluate the influence of full-fat flaxseed (FS) and
canola seed (CS) on broiler performance, fatty acid (FA) profile of meat, and the
oxidative stability of meat during frozen storage. A total of 324 one-day old broiler chicks
were randomly attributed to 6 experimental groups and fed iso-energetic and
isonitrogenous diets as follows, C: control (soybean-corn); CS1: 7.5% CS; CS2: 15% CS;
CS-FS: 10% FS+10% CS; FS1: 7.5% FS; FS2: 15% FS. Negative effect on performance
parameters were found by diets containing FS and CS i.e. feeding oil seeds resulted in
significantly (P< 0.01) lower body weight gain and higher feed conversion ratio, compared
to the control. However, no significant differences of feed consumption were shown (P>
0.05) among treatments. Inclusion of FS and CS significantly increased (P< 0.01) the
concentration of omega-3 fatty acid (a-Linolenic acid= ALA) and decreased the content of
the arachidonic acid (AA). Total omega-6 to omega-3 polyunsaturated fatty acid (PUFA)
ratio was significantly lower for all FS and CS fed groups compared with the control (P<
0.01). Inclusion of FS and CS decreased the oxidative stability of raw meat (breast and
thigh) during frozen storage period based on thiobarbituric acid (TBA) values (P< 0.01).
In conclusion, by adding vegetable sources of omega-3 to the broiler chicken diets, the
omega-3 fatty acid content of broiler meat can be increased, which may have beneficial

effects on human health.
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INTRODUCTION

The fatty acid composition of poultry muscle
is an important quality parameter especially
with respect to potentially affecting human
health from poultry meat consumption. In this
regard, n-3 group of poly-unsaturated fatty
acids (PUFA) is one of the most important
fatty acid (FA) groups. Dietary n-3 FA has
been reported to aid in the prevention of
certain diseases, especially cardiovascular
disorders (De Lorgeril et al., 1994; Hartman,
1995; Leaf and Kang, 1998). It has been
demonstrated that the FA composition of
broiler meat can be altered by changing the
content of the broiler’s diet (Yau et al., 1991).

Therefore, many studies are directed towards
the manipulation of the FA composition of

broiler chicks in order to increase n-3 PUFA
content and decrease n-6/n-3 ratio in poultry
meat. This is desirable because of the action of
n-6 PUFA as a pro-inflammatory factor and
the action of n-3 PUFA as an anti-
inflammatory factor on immune functions and
inflammatory processes in animals and
humans (Calder, 2001). Regarding the health-
related effects of n-3 PUFA, it seems
appropriate to provide n-3 enriched products
for human consumption. The PUFA rich oil
seeds can play an important role in enrichment
of broiler muscles with n-3 FA. Flaxseed and
canola seed are the main sources of o -
linolenic acid (ALA) of terrestrial origin.
Several attempts have been successfully made
to enrich ALA and its elongated n-3 FA in
broiler muscle tissues or products by using
vegetable sources in their diet (Mantzioris et
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al., 2000; Ayerza et al., 2002). However, due
to the high un-saturation levels, chicken
muscles are easily oxidized. In general,
oxidation is influenced by dietary factors such
as fat composition (Huang et al, 1990),
storage times (Grau et al., 2001) and by the
type of muscle involved (Ajuyah et al,
1993a). In addition, for poultry production FS
and CS might serve as an alternative source of
dietary energy. However, the drawbacks with
dietary inclusions of FS and CS are the
presence of anti-nutritional factors and the low
available nutrient content, which may limit its
in poultry diets. The literature shows that more
than 10-15% dietary inclusion of FS may
depress broiler growth (Ajuyah et al., 1993b;
Najib and Al-Khateeb, 2004). Since canola
seed and flaxseed are widely produced in Iran,
it is expected that they have the potential to
become a major non-conventional feedstuff for
poultry due to their high energy, omega-3 FA
content and the lower cost associated with
their inclusion compared to the conventional
energy sources.

The objective of this study was to compare
the effects of diets containing various levels of
oil seeds with high proportions of n-3 PUFA
on the performance, fatty acid pattern of
chicken muscles, and stability of broiler meat
as indicated by malondialdehyde (MDA)
levels.

MATERIALS AND METHODS

All animal care was conducted according to
the University approved methods. Three
hundred and twenty four 1-d old broiler chicks
(Cobb 500) were divided randomly into six
dietary treatments. Each of the six treatments
was replicated 3 times with 18 chicks per each.
Birds were housed in deep litter pens (1x2 m).
Environmental temperature was set at 32°C on
d-1 and lowered stepwise to 23-24°C for the
rest of the experiment. Relative humidity and
ventilation were arranged under standard
conditions. Birds were fed with the
experimental diets from day 1 until 42 d with
two-time periods included: the starting and
finishing periods (1 to 21 days and 22 to 42
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days), respectively. Diets were formulated
according to the recommendations of the
National Research Council (1994). Feed and
water were provided ad libitum throughout the
experiment. Diets were modulation in iso-
energetic and iso-nitrogenous. The following
six dietary treatments were used: C: control
diet (soybean- corn); CS1: 7.5 % ground
canola seed; CS2: 15% ground canola seed;
CS-FS: 10% ground flaxseed+10% ground
canola seed; FS1: 7.5% ground flaxseed; FS2:
15% ground flaxseed. Composition of the diets
is shown in Table 1. Two birds were randomly
selected from each replicate (6 birds per
treatment) for tissue sampling on day 42. After
slaughtering, the birds were apportioned into
commercial cuts. Breast muscle (white meat)
and leg muscle (dark meat) were collected
from each bird and two tissue samples were
taken from each. The first set of samples was
used for oxidation determination of
thiobarbituric  acid reactive  substances
(TBARS). The samples were stored at 4°C for
1, 7, 14 or 21 days untili TBARS value
determination. The second set of samples was
stored at -20°C, and used for FA and TBARS
determination after storage for 1, 2, and 3
months.

Performance Record

Body weight of all birds in each pen was
recorded on days 7, 14, 21, 28, 35 and 42,
without withdrawing feed before taking the
weight. Feed consumption was recorded
weekly for birds in each pen. Weight gain
and feed conversion ratio were calculated on
a pen basis at the end of each feeding period.

Fatty Acid Content

The FA composition of the feed, thigh, and
breast samples was determined by gas
chromatography according to the method
described by Metcalfe et al. (1996). The FA
content was determined using a gas
chromatograph ~ (Unicam 4600, USA)
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Table 1. Ingredients and composition of experimental diets.

Starter Finisher
Ingredients c’ CS1® CS2°¢ CS-FS? FS1¢ FS2 C CS1 CS2 CS-FS FS1  FS2
Corn 56.30 55.00 47.30 43.00 53.70 50.00 68.50 62.70 56.60 53.20 6230 58.00

Soybean meal 34.50 31.30 30.00 2830 31.70

29.10 2340 20.10 18.00 1590 19.90 18.00

Corn gluten 230 2.10 145 1.50 195 1.70 1.80 230 200 220 250 1.80
meal

Flaxseed 0.00 0.00 0.00 10.00 7.50 15.00 0.00 0.00 0.00 10.00 7.50 15.00
Canola seed 0.00 7.50 15.00 10.00 0.00 0.00 0.00 750 15.00 10.00 0.00 0.00
Tallow 322 047 030 040 1.52  0.30 280 1.70 080 050 230 1.20
Dicalcium 200 200 200 200 200 2.00 1.80 180 180 1.80 1.80 1.80
phosphate

Salt 032 032 032 032 032 032 032 032 032 032 032 032
Oyster 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Vit and Min 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
premix'?

DL-Met 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
L-Lys 0.08 0.08 0.08 008 0.08 0.08 0.08 0.08 008 0.08 0.08 0.08
Fine sand 0.08 003 235 320 0.03 0.30 0.10 230 380 440 210 260

Calculated analysis

ME (kcal kg™ 3000 3000 3000 3000 3000

3000 3100 3100 3100 3100 3100 3100

CP (%) 21.56 21.56 21.56 21.56 21.56 21.56 17.44 17.44 17444 1744 1744 17444
Dry matter 86.30 86.32 84.53 83.79 86.35 86.08 86.41 84.62 83.12 82.56 84.73 84.31
Fiber 368 388 406 420 391 4.13 3.17 327 343 356 328 3.53
Ca 093 095 125 144 094 1.07 089 110 145 164 150 152
Available P 0.53 055 058 054 052 051 047 049 059 052 048 045
Crude fat 569 586 837 970 641 7.58 564 730 9.4 10.10 744  8.69

“ Basal diet; b Diet with 7.5 % canola seed; ¢ Diet with 15 % canola seed; 4 Diet with 10% canola seed and 10% flaxseed;

¢ Diet with 7.5% ﬂaxseed,f Diet with 15 % flaxseed.

! Vitamin premix provided per kilogram of diet: vitamin A, 7,040 IU; vitamin D3, 2,000 IU; vitamin E, 8.8 IU; vitamin
K3, 1.76 mg; biotin, 0.12 mg; thiamine, 1.2 mg; riboflavin, 3.2 mg; pantothenic acid, 6.4 mg; pyridoxine, 1.97 mg;
niacin, 28 mg; vitamin B12, 0.008 mg; choline, 320 mg; folic acid, 0.38 mg.

% Mineral premix provided per kilogram of diet: Mn, 60 mg; Fe, 60 mg; Zn, 51.74 mg; Cu, 4.8 mg; I, 0.69 mg; Se, 0.16

mg.

equipped with a BPX70 fused silica capillary
column and a flame ionization detector.

The column head pressure of the carrier gas
(Helium) was 20 psi and sample volume
injected was 0.2 uL. Pentadecanoic acid
(Sigma, St. Louis, MO) was used as internal
standard. The FA’s were identified by
matching their retention times with those of
their corresponding standards.

Determination of TBARS

The extent of lipid peroxides in breast and
thigh muscle samples was assessed by
measuring TBARS according to the method
described by Botsoglou et al. (1994) using
third derivative spectrophotometry. The height
of the third-order derivative peak that appeared
at 521.5 nm was used for calculation of the
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MDA concentration, as secondary oxidation
product, in the samples. Tetraethoxypropane
(1, 1, 3, 3- Tetraethoxy propane, T9889, 97%,
Sigma, USA.) was used as a MDA precursor
in the standard curve. The TBARS was
expressed as micrograms of MDA per
kilogram of sample.

Statistical Analyses

The experiment was carried out as a
completely randomized design with 3
replications. The pen was the experimental
unit. Each variable was compared using the
ANOVA procedure of SAS (1990) to assess
treatment differences on FA composition
and MDA levels of thigh and breast muscle.
Differences among treatment means were
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separated using a Duncan’s multiple range
test. The following model was used:

Xij=].,l+‘fj+81j

Where, X ij= The observation of the ;"
treatment in the i" pen, u= The overall
means of the sampled observation, 7 = The
effect of treatment, ¢ ;= The experimental
error component.

RESULTS AND DISCUSSION
Performance
In terms of weight gain and feed

conversion efficiency, birds fed with the
control diets performed significantly better
(P< 0.01) than those fed with other diets
(Table 2). Broilers fed with CS2 and CS-FS
diets had 11% lower body weight at the end
of the test than the birds of the control diet.
The final 42d feed consumption of the birds
fed with the experimental diets during the
test period was not affected by diet. Lower
body weights and a similar feed
consumption resulted in a significantly
higher (P< 0.01) feed: gain ratio for birds
fed with the diets containing FS and CS. The
highest feed conversion was recorded for the
birds fed with CS-FS diet.

The inverse effect of high FS and CS
inclusion in broiler diets on body weight
gain and feed conversion has been reported

by a number of investigators (Roth-Maier et
al., 1998; Najib and Al-Khateeb, 2004;
Talebali and Farzinpour, 2005). Ajuyah et
al. (1993b) reported a 17% reduction in
body weights when birds were fed diets
containing 15% flaxseed (42 days period),
and because feed consumption was similar
to the control birds, a significantly higher
feed conversion was reported.

The negative effects of feeding diets
containing FS and CS have been attributed
to the lower availability of their fat fraction
(Lee et al., 1991), and the presence of anti-
nutritional factors (Chadha et al., 1995). The
existence of phytic acid in canola seed and
flaxseed will cause reduction in calcium
absorption in layers (Summers et al., 1988)
and inhibit proteolitic enzymes (Caldwell,
1992; Ravidran et al., 1995). In addition, the
usefulness of flaxseed and canola seed as
energy dense ingredients in monogastric
diets has been hampered by the level of
soluble fibre which increases intestinal
viscosity and leads to reduced nutrient
availability by increasing passage rate
(Rodriguez et al., 2001). Also, the negative
effect of feeding diet containing FS and CS
on performance parameters may be due to a
higher fat content of the diet (Table 1),
which reduces digestion and absorption
process and fatty acid synthesis, and
increases rate of lipid catabolism (Sanz et
al., 2000).

Table 2. Broiler chicken performance in response to experimental diets'.

performance Weight gain Feed consumption Feed conversion efficiency
Age (days) 1-21 22-42 1-42 1-21 22-42 142 1-21 22-42 142
C 34.43° 86.30% 60.36° 50.81° 17330  112.05 1.40°  2.01° 1.70°
CS1 3332 80.87°  57.09° 50.21° 172.82  111.51 1.41° 2,12 1.76™
CS2 30.55° 76.98° 53.76° 47.58° 169.54  108.56 1.46®  2.18° 1.82%®
CS-FS 30.09° 77.22° 53.65° 4977% 17472  112.25 1.52% 2.25°% 1.88°
FS1 3255%  8245® 5750 4959® 17729  113.44 1.43%° 2.2 178%™
FS2 31.04° 81.47%  56.25% 48.50*  179.35  113.93 1.46®  2.18° 1.81%®
Significance *% Kk *% Kk Ns Ns Kk *% *%
SEM 0.45 0.76 0.59 0.28 1.05 0.57 0.01 0.02 0.02

*T Values in the same column with no common superscript differ significantly.
! C: Basal diet; CS1: Diet with 7.5 % canola seed; CS2: Diet with 15 % canola seed; CS-FS: Diet with 10% canola seed
and 10% flaxseed; FS1: Diet with 7.5% flaxseed; FS2: Diet with 15 % flaxseed.

Ns: P>0.05; * P< 0.05, ** P< 0.01.
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The decreased weight gain with flaxseed
and canola seed may be the result of higher
dietary fiber and calcium content in these
diets relative to the control diet. During
digestion of fat, free fatty acids may produce
a complex with calcium and formed soap,
under which condition fatty acids are
unavailable to the birds (Lesson and
Summers, 2005). Fiber content of soybean
meal is lower than the flaxseed and canola
seed, whereas fiber is not very digestible by
poultry (Mangold, 1934), and, therefore, its
presence may impair the digestibility of
other nutrients.

In addition, other antinutritional factors
like toxic cianoglicosides (limarin) and
vitamin B6 antagonistic factors in flaxseed
and lysine-arginine imbalance in canola seed
may be related to the reduction of productive
performance (Klosterman et al., 1967,
Summers and Leeson, 1978; Oomah et al.,
1992).

Fatty Acid Composition of Meats and Diets

The FA composition of the oil seeds and
the experimental diets is shown in Tables 3
and 4. In relation to feed FA composition,
when oil seeds, especially flaxseed, were
added to the feed, ALA increased compared
to the control group. Also, dietary PUFA to
SFA ratio increased with the increase of
dietary oil seed level. Fatty acid
compositions of the white and dark muscle
are presented in Table 5, respectively. As
shown in the present study, fatty acid
composition of the chick’s tissues generally
reflected the FA profile of the diets. Dietary
supplementation with n-3 PUFA increases
the content of these FA in poultry meat
(Ozpinar et al., 2002; Kahraman et al., 2004;
Shen et al., 2005).

Incorporation of flaxseed and canola seed
in the diet increased the proportions of the n-
3 PUFA in the form of ALA. Alpha
linolenic FA, an n-3 PUFA, was
significantly higher (P< 0.01) in the white
and dark muscles of the broilers fed with oil
seeds than in the muscles from birds fed
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Table 3. Fatty acid composition of flaxseed
and canola seed (%).

Fatty acid“ Flaxseed Canola seed
Cl4 0.15 0.27
C16:0 5.70 4.52
Cl6:1 0.30 0.38
C18:0 4.12 1.93
C18:1 22.5 56.45
C18:2 29.6 26.4
C18:3 37 9.21
C20:4 Nd Nd
SFA 9.97 6.72
MUFA 22.8 56.83
PUFA 66.6 35.61
n-3 37 9.21
n-6 29.6 26.4
S/U 0.11 0.07
n3/n6 1.25 0.35
Crude fat 34 40

4 C18:1= Oleic acid; C18:2= Linoleic acid;
C18:3= Linolenic acid ; C20:4= Arachidonic
acid; n-3= Omega-3 FA; n-6= Omega-6 FA;
SFA=  Saturated fatty acid; MUFA=
Monounsaturated fatty acid; PUFA=
Polyunsaturated fatty acid; n3/n6= The ratio of
n-3 to n-6 PUFA.

Nd: Not detected.

with the control diet. Also, ALA
concentration in the dark and white muscles
increased with increasing level of oil seed in
the diet. Canola seed has a limited potential
for ALA enrichment compared with flaxseed
because flaxseed contains more ALA than
canola seed. The latter is rich in oleic acid
and contains also more linoleic acid (LA)
than flaxseed. Similarly, Lopez-Ferrer et al.
(1999), who used diets with 8.2% flaxseed
and canola seed, observed moderate levels
of ALA in carcasses using 8.2% canola seed
in contrast to flaxseed supplementation.

The AA, a long-chain n-6 PUFA, was
significantly lower (P< 0.05) in the muscle
obtained from the broilers fed with oil seed
diets when compared with those fed with the
control diet (Table 5). Higher concentration
of ALA in muscle tissues may have
decreased the formation of AA. Both LA and
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Table 4. Fatty acid composition of diets (%).

Treatment

Fatty acid * el cs1? CS2°  CS-FS”  FSI° FSY significance SEM
Cl4 1.03* 0.97% 0.90™ 0.83° 1.00° 0.97% ok 0.03
C16:0 22.96° 21476 20.70° 19.30¢  21.70° 20.79° ok 0.29
Cl16:1 8.43 8.77 8.67 8.33 8.60 8.50 ns 0.06
C18:0 7.37 6.10 5.03 5.33 6.47 6.10 ns 0.32
Cl18:1 46.63° 4847  49.40° 4897 4717  46.90° & 0.32
C18:2 11.63 12.27 12.13 12.27 11.50 11.37 ns 0.17
C18:3 0.90° 2.00° 3.20¢ 5.03° 3.52¢ 5.47° ok 0.39

C20:4 Nd Nd Nd Nd Nd Nd - -
SFA 31.53*  28.50*  26.63%¢  25.47¢ 2920°  27.80% ok 0.53
MUFA 55.07°  57.23%  58.07° 5730 5577  55.40b° * 0.34
PUFA 13.53°  14.27*  1533° 17.27° 15.03° 16.83* ek 0.34
n-3 0.90° 2.00° 3.20¢ 5.03° 3.52° 5.47° ok 0.39
n-6 11.63 12.27 12.13 12.27 11.50 11.37 ns 0.17
S/U 0.46° 0.40® 0.37° 0.33° 0.40® 0.40® * 0.01
n3/n6 14200 6.17° 3.77% 2.43¢ 3.26° 2.07° * 1.04
Crude fat 6.23°  6.66% 8.07% 7.59%® 6.15° 7.08 % ok 0.3

content

* Values in the same row with no common superscript differ significantly.

“ Basal diet; © Diet with 7.5 % canola seed; “ Diet with 15 % canola seed; 4 Diet with 10% canola seed and 10%
flaxseed; ¢ Diet with 7.5% flaxseed,’ Diet with 15 % flaxseed.

“C18:1= Oleic acid; C18:2= Linoleic acid; C18:3= Linolenic acid; C20:4= Arachidonic acid; n-3= Omega-3 FA;
n-6= Omega-6 FA; SFA= Saturated fatty acid; MUFA= Monounsaturated fatty acid; PUFA= Polyunsaturated

fatty acid; n3/n6: the ratio of n-3 to n-6 PUFA.
Nd: Not detected, Ns: P>0.05; * P< 0.05, * P< 0.0

ALA compete for the same enzyme system
responsible  for their elongation and
desaturation to form the long-chain
metabolites. The critical enzyme in these
reactions is A-6 desaturase, for which the
greatest affinity appears to be conferred by
the greatest number of double bonds in the
C18 substrate (Sardesai, 1992).

Because of higher concentrations of ALA
and lower concentrations of AA in the lipid
of the muscles, addition of oil seeds to the
diet significantly (P< 0.01) lowered the n -6:
n -3 ratios of white and dark muscles. These
findings are similar to the results reported by
Gonzalez- Esquerra and Leeson (2000) and
Shen et al. (2005). The ALA deposition
values tend to be higher in thigh than in
breast. These results could be explained by
the higher triglyceride fraction in the thigh in
which ALA is normally deposited (Hulan et
al., 1988; Ahn et al., 1995). Differences in
FA deposition between breast and thigh
muscle have been reported. For example,
Cortinas et al. (2004) reported deposition
values for ALA of 26.7% and 22.2% for

1.
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thigh and breast muscle, respectively, when
45 g kg PUFA was added in the diet.

In the present study, no FA with more than
22 carbon atoms was detected. Some
researchers have reported that although the
chicks are able to desaturate and elongate
ALA, their ability appears to be limited, and
the deposition rate of these metabolites in
muscle tissues is very limited (Lopez-Ferrer
et al.,2001; Chanmugam et al., 1992).

The total saturated fatty acid (SFA) and
monounsaturated fatty acid (MUFA) content
of breast muscle remained constant while the
SFA content of thigh muscle was lower when
chickens were fed oil seeds diets. In addition,
the ability of broiler chickens to alter the SFA
content of the breast muscle is limited. The
FA in the white muscle tissue serve as
structural components that limit its levels of
deposition in order to maintain its physical
characteristics to ensure fluidity and
permeability of the cell to different
compounds (Sanz, 1999). Concentrations of
PUFA were significantly (P< 0.01) increased
when the oil seeds were supplemented. On


https://dorl.net/dor/20.1001.1.16807073.2011.13.3.12.9
https://jast.modares.ac.ir/article-23-7930-en.html

JAST

T00 Sd s S00 Sd #:S00<d SN

"VANd 9-U 03 ¢-U JO oner 9y} :9u/gu proe A)yey pajernjesunijod =y INd pIroe £1ej pejeInjesunouojy =v NN

{p1oe AN} PAIRINIES =VAS VA 9-B30WQ =9-U (V] ¢-BS0WQ =¢-U ‘PIOE JMUOPIYILIY =pi07D (PIOE JWD[OUrT =¢:8[D PIOE dL[our] =z:81D PIOE WO =[81D
"PIISXRJ % G YIM 191 ‘TS "PISXe[)

%S L PIm 191Q (1S “PIISXB[J %1 PUB PSS BJOURD ()] YIM I S-S PSS B[OURD % G M DI :TSD *PI9S BIOURD 9 ¢/ Uit I :1SD IRIP [eseq D q
“Juowjean 1od SUOTIEAISSQO XIS JO SUBIW OU) AJE SIN[EA

“Apueoryrudis 1ojy1p 1dirosiodns UOWWIOD OU YIIM MOI JUIES d) UI SANBA _,

8T'1 - SES qT69 P9 0L 68 ®909C e - UL P10l P18 OU1l QTSI W8LLF  9weu

6000 - 9E0  @8E0  (SE0  FE0  0F0 b0 100 - WOF0  @SFO  OF0  SE0  @lb0 W8P0 /s

90'0 " W19 909 0L @S9 sl€9  aqul€9 200 su 0T 91 0T 90T  TWT 661 9u

00 an ST 880 L6880  ,S80 L0 920 10°0 - 670 610 STO 610 SI0 400 g-u

L0'0 s wlTL w69 UL G8EL  o60L 599 200 - €T @SIT  WTT  HTT @817  £0T  vdnd

0 " OS6T  JIT0E 08€E GOSTE  (ES6T  G0€TE 80°0 su €9 SS9 989 869 189  T69 VAN o
€0 N SEEL TP TPl OTEL  SLPL OTLI 60'0 su wE  L6E  09€  TSE  9LE  LTH VdS o
900°0 - 000 2IT0  @ST0  @bT0  €T0 970 €000 - W0 00 400 oS00 2S00 800  +0TO

00 o ST 880 680 ,S80 L0 2920 10°0 - 670 610 STO 610 10 SH00 €8I0

90'0 . WT6S  oS8S  SF9  W8T9  GFI9  l19 200 su 861 €1 661 00T 861 161 TSI

€60 e SET 08ET 808 ISOT o8P  ogSTET L0'0 " TES €SS W8S 66  GH8S 6 1:81

600 su TT 8T 08T  SE€T 8T 90'€ €00 - o€0T €01 060 480 480 LIl 08ID

620 su 19 1€9  TLS  00S YOS PIL €00 su 001  T0T 960 660 860 0T 1:910

0€°0 . ELOL JITIL 11 TS0 8911 St L0'0 su LLT €8T 8T ST 8LT 66T 091D

20'0 su 0 0 650 80 640 950 5000 su 20 110 TI0 €10 110 $10 1D

Was  oouweoymsis  gsd IS4 SISO ¢SO 15O o) was  oouweoydis  gsd IS4 SASO SO ISD 2) %M

, USWRAIL, , USWRAIL,
spidij oposnw Y3y, spidi] o[osnu Jsearg

Omega-3 Enrichment of Broiler Meat

“(eour jo | 3 ) , spidif oposnuwr yS1y) pue 1sea1q 19[101q Jo uonisoduiod proe Aneq g AqeL,

[ L2-70-t720z uo J1Je'saepowise| wouy papeojumoq ] [6CT°€ €T TT0Z'€L0L089T T'TO0T 02 :HOA |


https://dorl.net/dor/20.1001.1.16807073.2011.13.3.12.9
https://jast.modares.ac.ir/article-23-7930-en.html

[ Downloaded from jast.modares.ac.ir on 2024-04-27 |

[ DOR: 20.1001.1.16807073.2011.13.3.12.9]

Rahimi et al.

the other hand, breast muscle exhibited a
higher deposition of PUFA than thigh muscle
due to the higher proportion of phospholipid
fraction in breast muscle (Ratnayake et al.,
1989). Based on the results reported in
different studies, the MUFA are deposited in
the greatest amount in the triglyceride
fraction (Ajuyah et al., 1993a), therefore, as
expected, MUFA concentrations were higher
in the thigh muscle than in the breast muscle.
Thus, differences in tissue FA profile could
be attributed to different roles of FA in these
tissues or to their different phospholipid
contents.

TBARS Concentration

The MDA levels of the dark and white
muscles are summarized in Table 6,
respectively. Oil seed meal inclusion in
broiler diets decreased the oxidative stability
of raw meat with TBARS values in breast
and thigh muscle from these groups being
significantly (P< 0.01) higher than in muscle
tissues of the birds fed with the control diet.

At any storage time, thigh and breast
muscle samples from the chickens fed with
oil seed diets gave the highest TBA values
except for breast muscle sampled 1 day after
slaughtering (P< 0.01). The greatest rate of
oxidation during frozen storage was produced
by feeding the CS-FS diet. There have been
other reports of higher TBA values for
chicken muscle from unsaturated fat sources
(Du et al., 2000; Grau et al., 2001; Cortinas et
al., 2005). This is a consequence of the higher
PUFA content in meat from unsaturated diets.
As mentioned earlier, TBARS formation is
mainly increased with the peroxidation of FA
with more than two double bonds.

Hence, the TBARS values were higher in
the thigh meat than in the breast meat of
broilers probably due to its higher unsaturated
FA concentration and higher lipid content.
The increased MDA levels of birds fed n-3
PUFA in thigh muscle compared with breast
muscle has been observed by Ruiz et al.
(1999) and Zanini et al. (2006). In addition,
the lower concentrations of the heme pigment
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in breast muscle may have been the reason
for lower TBARS values in breast in
comparison to thigh muscle, since the
oxidation of the heme pigment probably has
catalysed the lipid oxidation (Akamiitath et
al., 1990). The results of oxidative stability of
breast and thigh muscle show that oxidation
of the breast and the thigh muscle increased
with length of storage, which is in agreement
with other reports (Grau et al., 2001; Jeun-
Horng et al., 2002; Zanini et al., 2006).
Furthermore, the susceptibility toward
oxidation of the muscle was detected when
the levels of oil seeds were increased. This
finding indicates that oil seeds, particularly
flaxseed, are probably a major contributor to
oxidation, because they contain high levels of
PUFA that is prone to oxidation.

The pattern of FA deposition in muscle
tissue of poultry can be manipulated by
changes in the FA composition of dietary
fats. Additionally, the origin of dietary fats
significantly influences the FA composition
and concentration of broiler chicken
carcasses reflecting the predominant FA of
the diet. Modifying the FA composition in
muscle tissues toward a higher degree of un-
saturation decreases the oxidative stability of
muscles. The susceptibility of stored muscle
lipids to oxidation depends on the
concentration of unsaturated FA in the
muscles. In general, the rate and extent of
lipid oxidation in muscle could be influenced
by the fat level, profile of fatty acids, and the
storage conditions.

Total Fat Content

The crude fat content (Table 7) of breast
and thigh meat was not affected by
treatments (P> 0.05). However, birds fed
with the control diet deposited more lipids in
breast muscle. Some authors have shown
that total fat content in tissues reduced as the
dietary PUFA level increased (Cortinas et
al., 2004; Shen et al., 2005). It seems that
the lower fat deposition was due to an
increased rate of lipid catabolism and a
decreased fatty acid synthesis (Sanz et al.,
2000). These observations are consistent
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Table 7. Total fat content of diets, breast and
thigh (%)".

Treatments” Feed Breast Thigh
C 6.23° 7.45 9.39
CS1 6.66% 6.80 9.65
CS2 8.07° 7.04 9.45
CS-FS 7.59%® 7.06 9.84
FS1 6.15° 6.79 8.97
FS2 7.08* 6.98 9.10
significance o Ns Ns
SEM 0.30 0.08 0.10

#“Values in the same column with no common

superscript differ significantly.

'Values are the means of six observations per

treatment.

2 C: Basal diet; CS1: Diet with 7.5 % canola
seed; CS2: Diet with 15 % canola seed; CS-FS:
Diet with 10% canola seed and 10% flaxseed,;
FS1: Diet with 7.5% flaxseed; FS2: Diet with

15 % flaxseed.
Ns: P> 0.05, ** P< 0.01.

with our results. The lack of effect of fat
source on crude fat can be related to the
moderate enrichment of muscles. Some
authors have shown that the dietary
polyunsaturation level of fat does not
influence intramuscular lipid content of
breast (Scaife et al., 1994; Crespo and
Esteve-Garcia, 2002).

Furthermore, higher dietary fibers content
reduces hepatic lipogenesis and triglyceride
synthesis and accelerates lipoprotein lipase
activity in the adipose tissue (Akiba and
Matsumoto, 1982).
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