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long-chain omega-3 and lipid oxidation of
broiler meat
Laila D. Abd El-Samee1* , I. El-Wardany2, S. A. Abdel-Fattah2, Nafisa A. Abd El-Azeem1 and M. S. Elsharkawy1

Abstract

Background: This study aimed to investigate the possibility of producing broiler meat rich in long-chain n-3
polyunsaturated fatty acids especially eicosapentaenoic acid (EPA, C20:5 n-3) and docosahexaenoic acid (DHA, C22:6
n-3) with preventing lipid oxidation of the produced meat by supplementing the diets with linseed oil or fish oil
along with vitamin E (Vit. E) or sweet chestnut tannins (SCT) as antioxidants. A total of 144 1-day-old Cobb broiler
chicks were divided into six treatments with three replicates, eight chicks each. The treatments were basal diets
containing 2 g linseed oil/100 g (T1), 2 g linseed oil/100 g + 200 mg Vit. E/kg (T2) and 2 g linseed oil/100 g + 2 g SCT/
kg (T3), 2 g fish oil/100 g (T4), 2 g fish oil/100 g + 200 mg Vit. E/kg (T5), and 2 g fish oil/100 g + 2 g SCT/kg (T6) for 5
weeks. Fatty acid composition, thiobarbituric acid (TBA), and 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging
activity were determined.

Results: Dietary 2 g fish oil/100 g elevated (P ≤ 0.001) long-chain omega-3 polyunsaturated fatty acids in broiler
meat mainly EPA and DHA. At the same time, dietary fish oil resulted in a significant decrease (P ≤ 0.001) in α-
linolenic acid in broiler meat (6%). However, total omega-3 fatty acids in meat were higher (P ≤ 0.001) with dietary
fish oil than with dietary linseed oil. The ratio of n-6:n-3 PUFA was decreased (P ≤ 0.001) in the meat of broilers fed
diets containing 2 g fish oil/100 g compared with broilers fed diets containing 2 g linseed oil/100 g. The two sources of
antioxidant decreased (P≤ 0.05) TBA value and increased (P≤ 0.05) the DPPH radical scavenging activity in broiler meat
compared to the diet without antioxidant. No significant differences observed between chicks fed 2 g SCT/kg or 200
mg Vit. E/kg on TBA and DPPH radical scavenging activity.

Conclusions: It is concluded that inclusion of 2 g fish oil/100 g in broiler diets elevated levels of long-chain omega-3
PUFA mainly EPA and DHA, but decreased n-6:n-3 ratio. Moreover, the addition of 2 g SCT/kg diet or 200mg Vit. E/kg
diet as antioxidant sources inhibited lipid oxidation and enhanced antioxidant activity value in broiler meat, and each
of them had the same effect.
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Background
Functional foods became the main research field to get
better food for human health. Several studies had been
conducted to increase the content of polyunsaturated fatty
acids (PUFA) in chicken meat and eggs by using dietary
fat sources such as natural oil containing PUFA (Kim et
al. 2007). Linseed oil is an important source of α-linolenic
acid (ALA, C18:3 n-3) (Sparks 2006; Zelenka et al. 2006).

Broiler chickens can convert ALA into eicosapentaenoic
acid (EPA, C20:5 n-3) and docosahexaenoic acid (DHA,
C22:6 n-3) and then deposit it in the meat. However, the
efficiency of conversion is limited (Kralik et al. 2008; Zuid-
hof et al. 2009). Fish oil is rich in n-3 long-chain PUFA,
especially EPA and DHA (Koreleski and Swiatkiewicz
2006). Dietary omega-3 PUFA improve lipid profile of
broiler meat (Schreiner et al. 2005).
Polyunsaturated fatty acids are prone to oxidation

since they are the first targets for a free radical strike at
initiating peroxidation (Scislowski et al. 2005; Estévez
2015). The lipid oxidation products lead to deterioration
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of food quality such as nutritional value, flavor, color,
and texture and may be responsible for tissue and organ
damage (Priscilla and Prince 2009). Fish oil added to
chicken diets increases the content of long-chain n-3
PUFA and the susceptibility to oxidation of meat lipids
(Koreleski and Swiatkiewicz 2006). The notable strat-
egies for diminishing lipid oxidation of meat are by add-
ing antioxidants to poultry diets. Currently, the interest
in natural antioxidants has increased because they are
considered to be safer than the synthetic antioxidants,
and have greater application potential for consumers’ ac-
ceptability, palatability, stability, and shelf life of meat
products (Park and Kim 2008).
Vitamin E is considered as a very potent antioxidant in

biological systems and found to be beneficial in counter-
acting the adverse effect of oxidative stress, and the pri-
mary functions of Vit. E is to maintain membrane
integrity, which it does via preventing oxidation of
PUFAs in membrane phospholipids (Traber and Atkin-
son 2007). The interest in polyphenolic antioxidants has
increased remarkably in the last decade because of their
elevated capacity in scavenging free radicals (Silva et al.
2007). Tannins are a heterogeneous group of phenolic
polymers. According to their chemical structure, they
can be divided into hydrolyzed tannins and condensed
tannins. Hydrolyzable tannins are multiple esters of
gallic acid with glucose and products of their oxidative
reactions. Altogether, tannins are reported to have vari-
ous physiological effects like an antioxidant and antiradi-
cal activity (Arapitsas 2012). Sweet chestnut is an
important source of hydrolyzed tannins “phenolic com-
pounds” (Ribeiro et al. 2007). Many studies have been
carried out examining the role of tannins in the preven-
tion of lipid oxidation (Schiavone et al. 2008; Wang et
al. 2008; Liu et al. 2009).
Therefore, this study aimed to investigate the possibility

of producing broiler meat rich in long-chain n-3 polyun-
saturated fatty acids especially EPA and DHA with pre-
venting lipid oxidation of the produced meat by
supplementing the diets with linseed oil or fish oil along
with vitamin E or sweet chestnut tannins as antioxidants.

Materials and methods
Broilers and diets
One hundred and forty-four 1-day-old Cobb broiler
chicks were obtained from a local commercial hatchery.
These chicks were randomly divided into six groups with
three replicates, eight chicks each. These six groups were
randomly assigned to six dietary treatments (T). The
treatments were basal diets containing 2 g linseed oil/
100 g (T1), 2 g linseed oil/100 g + 200 mg Vit. E/kg (T2)
and 2 g linseed oil/100 g + 2 g SCT/kg (T3), 2 g fish oil
/100 g (T4), 2 g fish oil /100 g + 200 mg Vit. E/kg (T5),
and 2 g fish oil /100 g + 2 g SCT/kg (T6). The basal diet

was formulated to satisfy nutrients needed as recom-
mended by the manual of the strain used. The dietary
phases consisted of two phases: starter (1–14 days) and
grower (15–35 days). The chemical composition of the
starter and grower basal diets are shown in Table 1. Feed
and water were offered for ad libitum consumption dur-
ing the experimental period, which lasted for 5 weeks
from October to November. The fatty acids composition
of dietary oils is shown in Table 2.
Chickens were raised in a temperature-controlled

room with 24-h constant light. The average temperature
of the room was 34 °C for the first week, and then it de-
clined 3 °C weekly until it reached 22 °C in the fifth
week. The average relative humidity of the room ranged
from 40% to 60% during the first 3 weeks and ranged
from 50% to 70% during the fourth and fifth weeks.

Table 1 Ingredients and chemical composition of basal diets

Starter Grower

Ingredients, g/kg

Yellow corn 547 631

Soybean meal 44% 333 260

Corn gluten meal 62% 61 52

Oil sources1 20 20

Di calcium phosphate 18.0 16.8

Calcium carbonate 13 12

Premix2 3 3

DL-methionine 99% 1.2 0.8

L-lysine HCl 0 0.9

Salt 3.8 3.5

Chemical analysis, g/kg

DM 880 890

CP 231.9 203.4

CF 36.1 32.8

EE 27.5 31.0

Ash 64.5 57.0

ME (MJ/kg) 12.6 12.9

Calculated analysis, g/kg

Calcium 10.1 9.2

Av. phosphorus 4.6 4.3

Methionine 5.1 4.3

Methionine + cystine 9.0 7.7

Lysine 11.0 10.1
1linseed oil in the experimental group 1, 2, and 3, while fish oil in the
experimental group 4, 5, and 6
2Each 1 kg contains Vit. A 2.400 mg, Vit. D3 0.042 mg, Vit. E 20.000 mg, Vit. K3
1000.000 mg, Vit. B1 666.667 mg, Vit. B2 2666.667 mg, Vit. B6 1333.333 mg, Vit.
B12 5.000 mg, nicotinic acid 16.667 mg, biotin 66.667 mg, folic acid 666.667
mg, pantothenic acid 4000.000 mg, choline 1333.333 mg, manganese 33.333
mg, iron 13.333 mg, copper 5000.000mg, iodine 333.333 mg, selenium
100.000 mg, zinc 33.333 mg
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Vitamin E supplied by Adisseo Inc. French, contains
50 g/100 g α-tocopherol. Sweet chestnut tannin (supplied
by Silva Team, San Michele di Mondovi, Italy) is ex-
tracted from chestnut wood by a heat and low-pressure
treatment; only the water-soluble fraction is retained
and subsequently dehydrated. The product is commer-
cially available as a fine brown powder (92 to 95 g/100 g
dry matter) with a pure tannin content of 77 g/100 g on
a dry matter basis (Tabacco et al. 2006). The chemical
composition of the sweet chestnut tannin was as follows:
2.9 g/100 g water, 77.8 g/100 g tannin, 17.7 g/100 g non-
tannin, 1.6 g/100 g insolubles, 0.24 g/100 g crude fiber,
and 1.7 g/100 g ash.

Fatty acid profile
Lipid extraction
Weigh out 10 g of meat (breast and thigh) for each repli-
cate into a conical, add 10 ml of conc. hydrochloric acid
and immerse in boiling water until all the sample has
dissolved. At this stage, the mixture should be brown or
violet in color and the fat will be seen to collect on the
surface. Cool the conical, extract the fat by shaking with
30ml of diethyl ether, and blow the extract after, allow-
ing the layers to separate into a weighed flask. Repeat
the extraction three times more and distill off the

solvent then dry the fat at 100 °C, cool and weigh as de-
scribed by Pearson (1976).

Methylation of lipid
In a tube weighing 50 mg of lipid, add 5 ml of methano-
lic sulfuric acid (1 ml conc. sulphuric acid and 100ml
methanol) and 2ml of benzene, close the tube well and
place in a water bath at 90 °C for an hour and a half.
Cool, add 8ml water and 5ml petroleum ether, shake
strongly and separate out the ethereal layer in a dry tube,
and evaporate to dryness.

Gas chromatography condition
Device model: HP (Hewlett-Packard) 6890 GC
Detector: FID (flame ionization detector)
Detector temperature: 250 °C
Injector temperature: 220 °C, injection volume 3 μl,

split ratio 50:1
Column: HP-5 (5% diphenyle, 95% dimethyl polysilox-

ane); 30 m; 0.32 mm ID; 0.25 μm film thickness
Carrier gas: nitrogen, gas flow: 1 ml/min
Oven program: initial temp. 150 °C for 2 min

Ramps Rate oC/min Final temp. Hold time

1 10 200 –

2 5 250 9 min

Thiobarbituric acid value
Thiobarbituric acid (TBA) value as an index of fat
oxidation was determined directly on the sample as
described by Kirk and Sawyer (1991). The procedure
was carried out in brief as follows: 5 g of meat samples
were homogenized with distilled water, transferred to
the distillation flask, then 2.5 ml of 4 N HCl (pH = 1.5)
was added. A volume of 50 ml distillate was collected,
and from which 5 ml TBA reagent (0.2884 g/100 ml
glacial acetic acid 90%), the mixture was heated in
boiling water bath for 35 min. After cooling to the
ambient temperature, the absorbance was measured at
538 nm by using a spectrophotometer (JENWAY 6300).
The blank was carried out, in the same manner, using
5 ml of distilled water. TBA value was expressed as
milligram malondialdehyde per kilogram sample by
using the following equation:

TBA value mg malonaldehyde=kg sampleð Þ ¼ absorbance� 7:8:

1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging
activity
DPPH is a widely used method for estimating the
antioxidant activity, and a solution of DPPH, stable
free radical, is mixed with an antioxidant that can

Table 2 Fatty acids composition (as g/100 g fatty acids) of the
supplemental oils

Fatty acid Linseed oil Fish oil

12:0 0.094 0.25

14:0 0.06 1.92

14:1 0.462 5.034

16:0 9.72 11.96

16:1 0.062 15.1

18:0 3.28 3.03

18:1 n-9 15.55 9.21

18:2 n-6 13.12 18.25

18:3 n-3 51.03 7.81

20:4 n-6 0.14 5.39

20:5 n-3 0 7.49

22:6 n-3 0 9.72

SFA 13.15 17.16

MUFA 16.07 29.34

PUFA 64.29 48.66

n-6 13.26 23.64

n-3 51.03 25.02

n-6/n-3 0.26 0.94

SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA
polyunsaturated fatty acids
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donate a hydrogen atom to form a stable DPPH-H
molecule. Then this reduced form is visualized by the
loss of violet color (Fukumoto and Mazza 2000). The
ability to scavenge DPPH radical by added antioxi-
dants in the product was estimated following the
method of Kato et al. (1988) with slight modifications.
The procedure was carried out in brief as follows:
Fresh DPPH solution was prepared in ethanol before
every measurement. In this method, about 5 g of the
sample was triturated with 20 ml of ethanol for 2 min.
The contents were quantitatively transferred into a
beaker and filtered through Whatman filter paper no.
42. Then, 1 ml of the filtrate was mixed with 1 ml of
0.1 M Tris-HCl buffer (pH 7.4) and 1 ml of DPPH re-
agent (250 μM) in test tubes. The content was gently
mixed and then the absorbance in time t = 0 min (t0)
was measured at 517 nm. The sample tubes were also
incubated at room temperature under dark for meas-
urement of absorbance in time t = 20 min (t20). Etha-
nol was used as a blank sample. Gallic acid (200–
600 μM/m1) was used as a standard. The free radical
scavenging activity was calculated as a decrease of ab-
sorbance from the equation:

Scavenging activity %ð Þ ¼ 100− At20=At0ð Þ � 100

Statistical analysis
Data were subjected to the analysis of variance as a 2 × 3
factorial arrangement of treatments by using the general
linear model procedure of the Statistical Analysis System
(1999). The models included main effects of oil sources
(linseed oil or fish oil), antioxidant source inclusion
(without antioxidant, with vitamin E, or with sweet
chestnut tannins), and interactions, according to the
following model:

Yij ¼ μþ aiþ tjþ atð Þijþ eij

where Yij is the observed dependent variable, μ is the
overall mean, ai is the main effect of oil source, tj is the
main effect of antioxidants source, (at)ij is the interaction
between oil sources and antioxidants sources, and eij is the
random error. Differences among treatment means were
detected using Duncan’s multiple range test (Duncan 1955).

Results
The fatty acid composition of broilers meat
The effects of linseed oil or fish oil as oil sources and
vitamin E (Vit. E) or sweet chestnut tannins (SCT) as
antioxidant sources on the fatty acids profile of meat are
shown in Table 3. The broilers fed diets containing 2 g
fish oil/100 g diet increased (P ≤ 0.05) the content of
total saturated fatty acids (SFA) mainly palmitic acid
(16:0) and stearic acid (18:0) but lowered (P ≤ 0.05) total

monounsaturated fatty acids (MUFA) mainly oleic acid
(18:1n9) of broilers meat compared to the broilers fed
diets containing 2 g linseed oil/100 g diet. Dietary
antioxidant sources and the interaction between oil
sources and antioxidant sources in broiler diets had no
effect (P ≥ 0.05) on total SFA and total MUFA of broiler
meat.
Total omega-6 polyunsaturated fatty acids (PUFA)

(linoleic acid, 18:2 n-6 and arachidonic acid, 20:4 n-6)
and α-linolenic acid (ALA, 18:3 n-3) were significantly in-
creased in the meat of broilers fed diets containing 2 g lin-
seed oil/100 g compared with broilers fed diets containing
2 g fish oil/100 g. Total omega-6 PUFA and 18:2 n-6 in
meat were not affected (P ≥ 0.05) by antioxidant sources
or the interaction between oil sources and antioxidant
sources in broiler diets. However, the two antioxidant
sources had a similar effect in increasing (P ≤ 0.05) arachi-
donic acid (20:4 n-6) in broiler meat compared to those
without antioxidants. ALA was higher in meat from group
fed diet containing 200mg Vit. E/kg compared to groups
fed 2 g SCT/kg or without antioxidants.
Total polyunsaturated fatty acids in meat were not

affected (P ≥ 0.05) by oil sources in broiler diets. Dietary
fish oil elevated (P ≤ 0.001) long-chain omega-3 PUFA in
broiler meat (eicosatrienoic acid (20:3) by 494%, eicosa-
pentaenoic acid (EPA, 20:5) by 87.4% and docosahexae-
noic acid (DHA, 22:6) by 129%) compare with meat of
the broilers fed on a diet containing linseed oil. At the
same time, dietary fish oil resulted in a significant de-
crease (P ≤ 0.001) in ALA in broiler meat (41.6%) com-
pared to dietary linseed oil. However, total omega-3 fatty
acids in meat were higher (P ≤ 0.001) with dietary fish oil
than with dietary linseed oil. The ratio of n-6 to n-3
PUFA was decreased (P ≤ 0.001) in the meat of broilers
fed diets containing 2 g fish oil/100 g compared with
broilers fed diets containing 2 g linseed oil/100 g.
Dietary antioxidant sources in broiler diets increased

(P ≤ 0.001) total PUFA and long-chain omega-3 PUFA
especially EPA and DHA in meat resulting in decreases
(P ≤ 0.001) in the ratio of n-6 to n-3 PUFA compared to
broiler diet without antioxidants. No significant differ-
ences were observed in total PUFA, n-3, EPA, DHA, and
n-6:n-3 ratio in the meat of the broilers fed 2 g SCT/kg
compared to 200 mg Vit. E/kg. The interaction between
oil and antioxidant sources had a significant effect on
total PUFA and omega-3 but not affected (P ≥ 0.05) on
EPA, DHA, and n-6:n-3 ratio in broiler meat.

Lipid oxidation and antioxidant scavenging activities
Thiobarbituric acid (TBA) value in broiler meat was not
affected (P ≥ 0.05) by dietary oil sources and the
interaction between oil sources and antioxidant sources
(Fig. 1a and c), respectively. The two antioxidant sources
decreased (P ≤ 0.05) TBA value in broiler meat (Fig. 1b).
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No significant differences observed between chicks fed
2 g SCT/kg or 200 mg Vit. E/kg on TBA (Fig. 1b).
Feeding broilers on diets containing 2 g fish oil/100 g

increased (P ≤ 0.05) the 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical scavenging activity in meat compared
with dietary 2 g linseed oil/100 g (Fig. 2a). Moreover, the
two sources of antioxidant in broiler diets elevated the
DPPH radical scavenging activity in meat compared to
the diet without antioxidant (Fig. 2b). No significant
differences were observed between chicks fed sweet
chestnut tannins or vitamin E on DPPH radical
scavenging activity (Fig. 2b). The interaction between oil
sources and antioxidant sources in broiler diets affects
significantly (P ≤ 0.05) on the DPPH radical scavenging
activity in meat (Fig. 2c).

Discussion
The results of the present experiment demonstrated that
replacing 2 g linseed oil/100 g with 2 g fish oil/100 g in
broiler diets increased the content of total saturated
fatty acids (SFA) mainly palmitic acid (16:0) and stearic
acid (18:0). But replacing 2 g linseed oil/100 g with 2 g

fish oil/100 g in broiler diets lowered the content of total
monounsaturated fatty acids (MUFA) mainly oleic acid
(18:1n9) of broiler meat. This could be attributed to the
high content of SFA (mainly palmitic acid and stearic
acid) and low content of MUFA (mainly oleic acid) of fish
oil (Table 2). In accordance with the present results,
adding fish oil in broiler diets elevated the content of total
SFA especially stearic acid (18:0), but lowered total MUFA
in broilers meat (Koreleski and Swiatkiewicz 2006). The
inclusion of fish oil in broiler diets decreased MUFA
(Schreiner et al. 2005; Cortinas et al. 2004). Also,
Farhoomand and Checaniazer (2009) reported that SFA
significantly increased, but MUFA significantly decreased
by consumption of fish oil in the broiler diet.
The increase in the omega-6 PUFA (especially linoleic

acid, 18:2 n-6 and arachidonic acid, 20:4 n-6) and
α-linolenic acid (ALA, 18:3 n-3) PUFA in meat as a re-
sult of feeding linseed oil (could be attributed to the high
amount of these fatty acids in it). The present results
also are in agreement with those of Zelenka et al. (2008)
who reported that the addition of 5% linseed oil (rich in
ALA) to the basal diet increased the ALA in the adipose

Table 3 Fatty acids composition (g/100 g fatty acids) of meat of broilers fed diets containing different sources of oils and
antioxidants

Item Oil sources Antioxidant sources Experimental diets MSE P value

Linseed oil Fish oil

Linseed oil Fish oil – Vit. E SCT – Vit. E SCT – Vit. E SCT OS AOXS Interaction

12:0 0.29b 0.39a 0.30b 0.33b 0.38a 0.25c 0.32b 0.30cb 0.35b 0.35b 0.46a 0.001 *** ** **

14:0 0.56b 1.32a 0.95 0.95 0.93 0.52 0.63 0.54 1.38 1.26 1.31 0.01 *** NS NS

14:1 0.25b 1.05a 0.65 0.66 0.64 0.30c 0.18d 0.26cd 0.99b 1.14a 1.02b 0.004 *** NS **

16:0 20.97b 22.28a 22.01 21.13 21.73 21.35 20.42 21.15 22.68 21.84 22.32 0.973 * NS NS

16:1 3.92b 4.37a 4.03 4.18 4.24 3.82 3.95 4.00 4.24 4.41 4.48 0.078 ** NS NS

18:0 7.29b 8.88a 8.13 8.09 8.05 7.78 6.98 7.12 8.48 9.19 8.97 0.300 *** NS NS

18:1 n-9 29.61a 24.81b 27.08 26.93 27.61 29.94 28.93 29.95 24.22 24.94 25.27 0.991 *** NS NS

18:2 n-6 18.48a 16.82b 18.07 17.36 17.52 18.54 18.35 18.56 17.61 16.38 16.47 1.016 ** NS NS

18:3 n-3 9.97a 5.82b 7.27b 8.50a 7.92ab 8.56b 10.88a 10.47a 5.98c 6.12c 5.37c 0.384 *** * **

20:3 n-3 0.51b 3.03a 1.70 1.85 1.76 0.47 0.53 0.51 2.93 3.16 3.01 0.009 *** NS NS

20:4 n-6 2.04a 1.90b 1.85b 2.07a 2.00a 1.91bc 2.21a 2.01b 1.79c 1.92bc 1.99b 0.005 *** *** *

20:5 n-3 1.27b 2.38a 1.44b 2.03a 2.01a 0.88 1.48 1.46 2.00 2.59 2.55 0.003 *** *** NS

22:6 n-3 1.48b 3.39a 1.99b 2.67a 2.65a 1.11 1.67 1.66 2.87 3.67 3.64 0.008 *** *** NS

SFA 29.11b 32.87a 31.39 30.50 31.09 29.90 28.35 29.11 32.89 32.64 33.06 1.543 *** NS NS

MUFA 33.78a 30.23b 31.76 31.77 32.49 34.06 33.06 34.21 29.45 30.49 30.77 1.113 *** NS NS

PUFA 33.75 33.34 32.32b 34.48a 33.86a 31.47c 35.12a 34.67ab 33.18abc 33.84ab 33.03bc 1.079 NS ** *

n-6 20.52a 18.72b 19.92 19.43 19.52 20.45 20.56 20.57 19.40 18.30 18.46 1.016 ** NS NS

n-3 13.23b 14.62a 12.40b 15.05a 14.34a 11.02c 14.56ab 14.10b 13.78b 15.54a 14.57ab 0.412 *** *** *

n-6/n-3 1.55a 1.28b 1.60a 1.29b 1.36b 1.86 1.41 1.46 1.41 1.18 1.27 0.014 *** *** NS
a, b, cMeans within rows with no common superscripts differ significantly (P < 0.05)
MSE mean square error, SCT sweet chestnut tannin, OS oil sources, AOXS antioxidant sources, SFA saturated fatty acid, MUFA monounsaturated fatty acid, PUFA
polyunsaturated fatty acid, NS no significance
*P < 0.05; **P < 0.01; ***P < 0.001
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tissue and thigh muscle of the chickens. Meat samples
from broilers that received 7·5% linseed oil had much
higher concentrations of PUFA, especially of ALA (Voljč
et al. 2013). Chen et al. (2014) found that replacement of
corn oil with linseed oil increased ALA content while
decreased linoleic acid (18:2 n-6) and arachidonic acid
(20:4 n-6) in breast muscle of broiler chickens.
Broiler diets containing fish oil in the present study

had higher amounts of EPA, 20:5 n-3 and DHA, 22:6
n-3 PUFA resulted in the production of meat with sig-
nificantly increased levels of long-chain omega-3 PUFA
mainly EPA and DHA but with a decrease in n-6:n-3 ra-
tio than diets containing linseed oil. Dietary n-3 PUFAs
gave rise to higher tissue levels of EPA and DHA in a
dosage-dependent manner (Haug et al. 2007; Ponte et al.
2008). All vegetable oil sources were less effective than
fish oil sources in enriching tissues with EPA and DHA
due to differences in the fatty acid composition among
these sources (Lopez-Ferrer et al. 2001). These results
are in agreement with the results of Cleland et al. (2005)
and Moghadasian (2008) who found that fish oil rich in

omega-3 fatty acids is mainly EPA and DHA. The inclu-
sion of fish oil in broilers diet decreased the ratio of
n-6:n-3 PUFA content in total fatty acids than the con-
trol diet (Koreleski and Swiatkiewicz 2006). The inclu-
sion of fish oil (rich in n-3 PUFA) in broiler diets
increased the n-3 PUFA content in meat (Schreiner et al.
2005; Cortinas et al. 2004). Also, Farhoomand and
Checaniazer (2009) reported that the addition of fish oil
to broiler diet significantly increased the concentration
of total n-3 PUFA but decreased in n-6:n-3 ratio.
Dietary antioxidant sources in broiler diets increased

total PUFA and omega-3 especially EPA and DHA
resulting in decreases in the ratio of n-6:n-3 PUFA. No
difference was observed in total PUFA, n-3, EPA, DHA,
and n-6:n-3 ratio of the broilers meat fed sweet chestnut
tannins (SCT) compared to vitamin E (Vit. E). The inter-
action between oil and antioxidant sources had an effect
on total PUFA and omega-3 but not affected (P ≥ 0.05)
on EPA, DHA, and n-6:n-3 ratio in broiler meat. The
present data are in agreement with those of (Koreleski
and Swiatkiewicz 2005) who found that at a dietary level

Fig. 1 Thiobarbituric-acid value of the meat of broilers fed diets containing different sources of oils and antioxidants. a Oil sources, b antioxidant
sources, c interaction between oil and antioxidant sources. Superscript letters a and b indicate means within rows with no common superscripts
differ significantly (P < 0.05)
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of 0.5% or more of fish oil and fish oil plus 300 mg
α-tocopheryl acetate, there was an increase of EPA and
DHA contribution in breast meat of chickens. In a simi-
lar context, Narciso-Gaytán et al. (2010) found that the
diets supplied with 2% fish oil plus 200 mg/kg of α toc-
opherol acetate induced the highest deposition of EPA
and DHA fatty acids compared to linseed oil plus 200
mg/kg of α-tocopherol acetate. In addition, Voljc et al.
(2013) concluded that the concentration of EPA (C20:5
n-3) and DHA (C22:6 n-3) in meat samples were in-
creased in 3 g/kg SCT and 200 mg/kg α-tocopherol
groups.
In this study, antioxidant sources decreased lipid

oxidation and increased antioxidant activity (1,1-diphenyl-
2-picrylhydrazyl (DPPH) radical scavenging activity) value
in broiler meat. The inclusion of 2 g SCT/kg of broiler diets
can produce meats with thiobarbituric acid (TBA) values
similar to the inclusion of 200mg Vit. E/kg diet. Lipid
oxidation (in terms of TBA values) of the meat from the
chickens fed various PUFA levels with 200mg α-tocopheryl
acetate/kg was inhibited due to the antioxidant activity of

α-tocopheryl acetate (Rebolé et al. 2006; Konieczka et al.
2015). Narciso-Gayt et al. (2010) found that malondialde-
hyde (MDA) value of meat was increased when chickens
fed diet contains fish oil and linseed oil, but MDA value of
meat was decreased when chickens fed a diet containing
fish oil and linseed oil with Vit. E.
Gallic acid is an endogenous plant phenol known to

possess several pharmacological and biological activities
such as antioxidant (Kim et al. 2002; Burt 2004). Gallic acid
found in SCT significantly decreased TBA values in breast
muscle compared to the control (Jung et al. 2010; Luna et
al. 2010). Voljc et al. (2011) reported that 200mg Vit. E/kg
diet can reduce the formation of MDA in chicken meat
than in the control. Rama Rao et al. (2011) reported that
100mg Vit. E/kg could reduce MDA formation in chicken
thighs. Lee et al. (2012) showed that the DPPH radical
scavenging activity was significantly higher, while the TBA
value was lower in the thigh meat from broilers fed 500
mg/kg and 1000mg/kg dietary gallic-linoleic than the con-
trol. Yasin et al. (2012) reported that feed supplemented
with α-tocopherol acetate enhanced the antioxidant activity

Fig. 2 1,1-Diphenyl-2-picrylhydrazyl value of meat of broilers fed diets containing different sources of oils and antioxidants. a Oil sources, b
antioxidant sources, c interaction between oil and antioxidant sources. Superscript letters a and b indicate means within rows with no common
superscripts differ significantly (P < 0.05)
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(DPPH) of broiler meat. In addition, Voljc et al. (2013) con-
cluded that MDA concentrations were reduced in 3 g/kg
SCT plus 200mg/kg α-tocopherol and 200mg/kg α-toc-
opherol groups. The inclusion of phenolic compounds de-
creased lipid oxidation (Starčević et al. 2015).

Conclusion
It is concluded that inclusion of 2 g linseed oil/100 g in
broiler diets increased total monounsaturated fatty acids,
linoleic acid (18:2 n-6), arachidonic acid (20:4 n-6), and
α-linolenic acid (18:3 n-3) in meat. The inclusion of 2 g
fish oil/100 g in broiler diets’ elevated levels of
long-chain omega-3 PUFA mainly eicosapentaenoic acid
and docosahexaenoic acid but decreased n-6:n-3 ratio.
Moreover, the addition of 2 g SCT/kg diet or 200 mg Vit.
E/kg diet as antioxidant sources inhibited lipid oxidation
and enhanced antioxidant activity value in broiler meat,
and each of them had the same effect.
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