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Effects of different fat sources and levels on the fatty acid composition in different tissues of

laying hens
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aZootekni Bölümü Atatürk Üniversitesi Ziraat Fakültesi, Erzurum, Turkey; bTıbbi Laboratuvar Programı,
Atatürk Üniversitesi SaglIk Hiz M.Y. O, Erzurum, Turkey

(Received 2 February 2010; final version received 16 October 2010)

To examine the effects of supplemental fat on fatty acid (FA) compositions of some tissues, laying hens were fed
diets containing different fat sources (tallow, mixture of tallow and flaxseed oil [1:1], sunflower oil, flaxseed oil)
and levels (2% or 4%); 360 Isa Brown hens were assigned to one of the nine diets. The dietary FA composition
was reflected in the FA composition of tissue lipids. The supplemental tallow oil increased concentrations of
saturated fatty acids. The proportions of linoleic and arachidonic acids in all tissues for laying hens fed a diet
containing sunflower oil (SO) were higher than the other diets. Moreover, increasing the SO level increased the
n-6 FAs content. Also, dietary flaxseed oil significantly increased the content of linolenic and other n-3 FAs in
most studied tissues. These results indicated that desirable changes can be achieved in FA compositions of poultry
meats by using various animal and plant fats in poultry diets.

Keywords: laying hen; dietary fat; fatty acid profile; tissues

Introduction

Fats are a practical and economical means by which

to increase energy levels in poultry diets. Digestibility

of dietary fats is affected by the fatty acid profiles;

several studies have shown better utilisation of

unsaturated fats leading to a higher ME (metabolic

energy) than saturated fats (Celebi and Utlu 2004;

Utlu 2008). Dietary fats are known to influence body

membrane, tissues and egg yolk lipid composition

and plasma lipoprotein concentrations depending on

their constructive unsaturated or saturated fatty acid

content. Due to the health benefits associated with

the consumption of polyunsaturated fatty acids

(PUFAs), much research has been done in the past

to enrich different foods of animal origin, such as

poultry meat or eggs, with such fatty acids (Baucells

et al. 2000; Celebi and Utlu 2004; Celebi and Macit

2008; Utlu 2008). The biochemical pathway of fatty

acid biosynthesis or tissue deposition may be influ-

enced by the nature of dietary fatty acids. Factors

other than diet, such as age and strain of the bird,

may affect lipid metabolism in the laying hen

(Baucells et al. 2000; Celebi and Utlu 2004; Celebi

and Macit 2008; Utlu 2008). It has been known

for more than five decades that broiler meat and

yolk fatty acids can be easily altered by dietary

manipulation.
Layers meat is also consumed widely in many

developing countries by humans after the laying

period. Composition of the layers meat has not
been reported in the scientific literature. Therefore,
the objective of this study was to investigate the
effects of different dietary fat sources on the FA
composition of laying hens in the late laying period.

Materials and methods

The Research Animal Ethic Committee of Atatürk
University approved all procedures under this experi-
mental protocol. Three hundred and sixty Isa Brown
Layers (67 weeks) were assigned randomly to nine
experimental diets. The control group (BD) were fed
standard commercial layer feed (ME: 2650 kcal/kg-
CP 16%). Other experimental diets were prepared by
supplementing a basal diet (BD) with either 2%
tallow (T-1), 4% tallow (T-2), 2% mixture of tallow
and flaxseed oil (w/w) (MTFO-1), 4% mixture of
tallow and flaxseed oil (w/w) (MTFO-2), 2% sun-
flower oil (SO-1), 4% sunflower oil (SO-2), 2%
flaxseed oil (FO-1), and 4% flaxseed oil (FO-2),
respectively. The experimental diets were formulated
to be isonitrogenous but not isocaloric. During the
experimental period, hens were fed ad libitum once
daily at 08:00 h and water nipples were available all
the times. The hen house was lit for 16 h.

At the end of the eight week experimental period,
three hens were slaughtered from each group to
determine fatty acid composition of abdominal fat,
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subdermal fat, breast and thigh muscles. Samples
were taken from each tissue for extraction. After
extracting dietary fats, tissue samples were
methylated for gas chromatographic analysis (GC,
Agilent-6890 N chromatograph equipped with a
flame ionisation detector, a capillary column, and a
film thickness of 2 mm). Injector and detector
temperature was 2808C head pressure was 8.7 psi,
sample volume was 1 ml.

Data were subjected to ANOVA and simple

correlation analysis using the statistical package

SPSS, version 6.0.

Results and discussion

Both supplemental fat sources and levels significantly

(PB0.05) affected the FA compositions of all tissues

Table 1. Effect of dietary fat supplementation on fatty acid composition of abdominal fat in laying hens (%).

Fatty acids (%)b/Groupsa BD T-1 T-2 MTFO-1 MTFO-2 SO-1 SO-2 FO-1 FO-2 SEM P

Myristic acid (C14:0) 0.75d 3.18b 4.08a 3.14b 2.86c 0.33e 0.31e 0.40e 0.49e 0.06 *
Palmitic acid (C16:0) 27.00a 25.00bc 26.00b 23.72c 23.80c 21.08d 20.41d 20.85d 20.34 0.25 *
Palmitoleic acid (C16:1) 7.79a 6.51bc 6.0c 6.01c 6.81b 5.83c 5.04d 5.52dc 5.19d 0.13 *
Stearic acid (C18:0) 7.96c 8.75b 9.27a 7.77c 7.92c 7.53c 7.92c 6.54d 6.50d 0.17 *
Oleic acid (18:1) 32.00d 39.00c 41.00a 40.73b 39.92bc 29.04de 29.00de 29.58e 30.47e 0.22 *
Linoleic acid (C18:2) 21.00d 14.00de 12.85f 14.44e 13.81de 33.88b 34.02a 24.80c 20.56d 0.20 *
Linolenic acid (C18:3) 0.73c 0.34e 0.36e 0.39e 0.70c 0.70c 0.53d 7.42b 8.10a 0.08 *
Arachidonic acid (C20:4 n-6) 0.83b 0.80b 0.78b 0.75b 0.75b 1.29a 1.28a 0.26c 0.32c 0.04 *
Eicosapentaenoic acid (20:5 n-3) 0.08c 0.055d 0.063d 0.060d 0.05d 1.57b 1.80a 0.06 *
Docosapentaenoic acid (22:5 n-3) 0.34d 0.59cd 0.64c 0.64c 0.81b 0.83b 0.89a 0.02 *
Docosahexaenoic acid (22:6 n-3) 0.24g 0.34ef 0.42e 0.44d 0.51c 0.31f 0.35ef 0.53b 0.66a 0.05 *
SSFA 35.71 36.93 39.35 34.63 34.58 28.94 28.66 27.79 27.33
SMUFA 39.79 45.51 46.00 46.74 46.73 34.87 34.04 35.10 35.66
SPUFA 23.22 16.12 15.13 16.70 16.63 36.18 37.18 36.86 36.33
Sn-6 PUFA 21.83 14.80 13.63 15.19 14.56 35.17 36.30 22.06 20.88
Sn-3 PUFA 1.39 1.32 1.50 1.51 2.07 1.01 0.88 10.30 11.45

aBD �basal diet; T-1 �basal diet plus 2% tallow; T-2 �basal diet plus 4% tallow; MTFO-1 �basal diet plus 2% mixture of tallow and
flaxseed oil (w/w); MTFO-2 �basal diet plus 4% mixture of tallow and flaxseed oil (w/w); SO-1 �basal diet plus 2% sunflower oil; SO-
2 �basal diet plus 4% sunflower oil; FO �basal diet plus 2% flaxseed oil; FO �basal diet plus 4% flaxseed oil.
bn-3 �omega-3 fatty acid; n-6 �omega-6 fatty acid; SFA � saturated fatty acid; MUFA �monounsaturated fatty acids;
PUFA �polyunsaturated fatty acid.
*P B0.05. Different superscript italic letters within the same column differ (PB0.05). SEM � standard error of means.

Table 2. Effect of dietary fat supplementation on fatty acid composition of subdermal fat in laying hens (%).

Fatty Acidsb/Groupsa BD T-1 T-2
MTFO-

1
MTFO-

2 SO-1 SO-2 FO-1 FO-2 SEM P

Myristic acid (C14:0) 0.76e 2.82b 3.33a 2.18d 2.64bc 2.47c 2.44c 2.45c 2.53c 0.067 *
Palmitic acid (C16:0) 27.00a 25.41c 26.20b 24.85d 23.00e 22.38f 21.53ef 21.89ef 21.44ef 0.28 *
Palmitoleic acid (C16:1) 7.58a 6.30c 6.33c 6.70b 6.63b 6.84b 5.87bc 6.11bc 6.34c 0.13 *
Stearic acid (C18:0) 7.75e 9.19b 9.54a 8.74c 8.84c 7.80d 8.01d 7.28f 7.18f 0.16 *
Oleic acid (18:1) 32.76d 35.00b 37.39a 33.06d 33.90c 29.18e 28.98e 28.51e 28.54e 0.41 *
Linoleic acid (C18:2) 21.24c 19.03e 17.21f 19.30e 20.06d 27.69b 29.52a 21.59c 20.6d 0.46 *
Linolenic acid (C18:3) 0.76c 0.28d 0.39d 0.39d 0.57c 0.54c 0.62c 6.45b 7.89a 0.047 *
Arachidonic acid (C20:4 n-6) 0.84c 0.77c 0.76c 0.75c 0.73c 1.60b 1.90a 0.33d 0.36d 0.28 *
Eicosapentaenoic acid (20:5 n-3) 0.08d 0.06d 0.06d 0.06d 0.66c 1.86b 2.08a 0.039 *
Docosapentaenoic acid (22:5 n-3) 0.34e 0.62d 0.67c 0.68c 0.72c 0.92b 0.98a 0.019 *
Docosahexaenoic acid (22:6 n-3) 0.32f 0.45d 0.53c 0.52c 0.54c 0.34f 0.42e 0.57b 0.61a 0.012 *
SSFA 35.51 37.42 39.07 35.77 34.48 32.60 31.98 31.67 31.15
SMUFA 40.34 41.30 43.52 40.30 40.53 36.02 34.85 34.62 34.88
SPUFA 23.58 21.21 19.62 21.70 22.67 30.17 32.46 31.72 32.78
Sn-6 PUFA 22.03 19.80 17.97 20.05 20.79 29.29 31.42 22.25 21.55
Sn-3 PUFA 1.5 1.41 1.65 1.65 2.39 0.88 1.04 9.47 11.57

aBD �basal diet; T-1 �basal diet plus 2% tallow; T-2 �basal diet plus 4% tallow; MTFO-1 �basal diet plus 2% mixture of tallow and
flaxseed oil (w/w); MTFO-2 �basal diet plus 4% mixture of tallow and flaxseed oil (w/w); SO-1 �basal diet plus 2% sunflower oil; SO-
2 �basal diet plus 4% sunflower oil; FO �basal diet plus 2% flaxseed oil; FO �basal diet plus 4% flaxseed oil.
bn-3 �omega-3 fatty acid; n-6 �omega-6 fatty acid; SFA � saturated fatty acid; MUFA �monounsaturated fatty acids;
PUFA �polyunsaturated fatty acid.
*P B0.05. Different superscript italic letters within the same column differ (PB0.05). SEM � standard error of means.
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in diverse ways (Tables 1, 2, 3 and 4), depending on

the compositions of dietary fats and regardless of

tissue types. Generally, the FA profile of different

tissues reflected the dietary FA profile. Hens fed a

diet containing TO presented higher values of satu-

rated fatty acids (SFA; mainly, myristic, palmitic and

stearic acids) than those fed BD, MTFO, SO and FO

diets. The proportions of these FAs were increased by

increasing dietary TO levels (from 2% to 4%) in all

tissues. Tallow oil supplementation also increased the

sn-3 fatty acids. Also, hens fed diets containing TO

presented a higher value of monounsaturated fatty

acids (MUFA) than the rest of the treatments in

studied tissues. Moreover, the highest value of oleic

acid was observed in hens fed a 4% TO diet in

abdominal fat. These results were in accordance with

previous reports that adipose tissues more closely

reflected composition of the diet than did muscles

Table 3. Effect of dietary fat supplementation on fatty acid composition of breast muscle in laying hens (%).

Fatty Acidsb/Groupsa BD T-1 T-2 MTFO-1 MTFO-2 SO-1 SO-2 FO-1 FO-2 SEM P

Myristic acid (C14:0) 0.70f 2.19d 2.26c 2.60b 2.94a 1.43e 1.47e 1.50e 1.47e 0.089 *
Palmitic acid (C16:0) 26.23d 28.19b 29.00a 27.22c 27.37c 27.09c 27.16c 26.00d 25.50d 0.27 *
Palmitoleic acid (C16:1) 8.71ab 8.23b 7.99b 8.87a 8.06b 7.69c 7.94c 7.81c 7.04d 0.103 *
Stearic acid (C18:0) 7.43bc 8.15b 9.28a 7.83b 7.97b 7.10c 7.94b 7.18c 7.03c 0.16 *
Oleic acid (18:1) 31.83b 34.19a 34.08a 30.97bc 30.26c 30.50c 28.48d 28.39d 28.09d 0.37 *
Linoleic acid (C18:2) 20.70c 18.18d 17.02d 19.51cd 20.30c 22.71b 24.38a 20.38c 20.76c 0.53 *
Linolenic acid (C18:3) 0.82d 0.42f 0.42f 0.79d 0.92c 0.64e 0.60e 4.86b 5.87a 0.034 *
Arachidonic acid (C20:4 n-6) 0.72c 0.70c 0.62d 0.57d 0.76c 1.48b 1.68a 0.49e 0.48e 0.06 *
Eicosapentaenoic acid (20:5 n-3) 0.07d 0.06e 0.05e 0.20c 0.34b 0.8a 0.9a 0.055 *
Docosapentaenoic acid (22:5 n-3) 0.54c 0.49d 0.31e 0.55c 0.61c 0.77b 0.81a 0.046 *
Docosahexaenoic acid (22:6 n-3) 0.38d 0.45c 0.42c 0.38d 0.51b 0.43c 0.30e 0.59b 0.67a 0.028 *
SSFA 34.36 38.53 40.54 37.65 38.28 35.62 36.57 34.68 34.00
SMUFA 40.54 41.42 42.07 39.84 38.32 38.19 36.42 37.19 29.87
SPUFA 23.24 20.30 17.39 22.03 23.04 25.36 27.01 28.03 21.87
Sn-6 PUFA 21.42 18.88 16.19 20.11 21.06 24.19 26.05 20.87 21.24
Sn-3 PUFA 1.82 1.42 1.20 1.99 2.32 1.07 0.95 7.06 8.63

aBD �basal diet; T-1 �basal diet plus 2% tallow; T-2 �basal diet plus 4% tallow; MTFO-1 �basal diet plus 2% mixture of tallow and
flaxseed oil (w/w); MTFO-2 �basal diet plus 4% mixture of tallow and flaxseed oil (w/w); SO-1 �basal diet plus 2% sunflower oil; SO-2�
basal diet plus 4% sunflower oil; FO �basal diet plus 2% flaxseed oil; FO �basal diet plus 4% flaxseed oil.
bn-3 �omega-3 fatty acid; n-6 �omega-6 fatty acid; SFA � saturated fatty acid; MUFA �monounsaturated fatty acids;
PUFA �polyunsaturated fatty acid.
*P B0.05. Different superscript italic letters within the same column differ (PB0.05). SEM � standard error of means.

Table 4. Effect of dietary fat supplementation on fatty acid composition of thigh muscle in laying hens (%).

Fatty Acidsb/Groupsa BD T-1 T-2 MTFO-1 MTFO-2 SO-1 SO-2 FO-1 FO-2 SEM P

Myristic acid (C14:0) 1.40c 2.19b 2.80a 2.18b 2.14b 2.13b 2.17b 2.14b 2.17b 0.089 *
Palmitic acid (C16:0) 26.23c 28.10b 29.32a 28.22b 27.57bc 26.09c 26.36c 26.75c 26.50c 0.27 *
Palmitoleic acid (C16:1) 8.75a 8.23b 7.99bc 8.87a 8.06bc 8.19b 7.74bc 7.71bc 7.24c 0.103 *
Stearic acid (C18:0) 7.45d 8.15b 8.88a 8.03b 7.97bc 7.43bc 7. 80c 6.28d 6.28d 0.16 *
Oleic acid (18:1) 31.83b 32.21ab 32.68a 30.57bc 30.76bc 29.20bc 27.75d 29.58a 28.09c 0.37 *
Linoleic acid (C18:2) 21.30c 18.18de 17.09e 19.21d 20.30c 23.81b 25.16a 20.38c 19.76d 0.53 *
Linolenic acid (C18:3) 0.82cd 0.45f 0.43f 0.80d 0.88c 0.54e 0.43f 5.06b 6.17a 0.034 *
Arachidonic acid (C20:4 n-6) 0.72c 0.75c 0.55cd 0.63cd 0.66d 1.48b 1.76a 0.49e 0.48e 0.06 *
Eicosapentaenoic acid (20:5 n-3) 0.07e 0.06e 0.05e 0.28d 0.41c 0.85b 0.98a 0.055 *
Docosapentaenoic acid (22:5 n-3) 0.50dc 0.45dc 0.42c 0.59d 0.71b 0.78b 0.97a 0.046 *
Docosahexaenoic acid (22:6 n-3) 0.40e 0.45de 0.48d 0.50dc 0.65b 0.53c 0.49d 0.69ab 0.74a 0.028 *
SSFA 35.08 38.53 41.00 38.43 37.68 35.65 36.33 35.13 34.82
SMUFA 40.57 40.52 40.67 39.44 38.82 37.40 35.45 37.28 35.30
SPUFA 23.91 20.38 18.88 21.87 23.04 26.68 27.73 27.56 29.10
Sn-6 PUFA 21.00 18.93 17.64 19.74 20.76 25.29 26.58 20.20 20.24
Sn-3 PUFA 1.91 1.41 1.46 2.17 2.29 1.39 1.15 7.38 8.86

aBD �basal diet; T-1 �basal diet plus 2% tallow; T-2 �basal diet plus 4% tallow; MTFO-1 �basal diet plus 2% mixture of tallow and
flaxseed oil (w/w); MTFO-2 �basal diet plus 4% mixture of tallow and flaxseed oil (w/w); SO-1 �basal diet plus 2% sunflower oil; SO-
2 �basal diet plus 4% sunflower oil; FO �basal diet plus 2% flaxseed oil; FO �basal diet plus 4% flaxseed oil.
bn-3 �omega-3 fatty acid; n-6 �omega-6 fatty acid; SFA � saturated fatty acid; MUFA �monounsaturated fatty acids;
PUFA �polyunsaturated fatty acid.
*P B0.05. Different superscript italic letters within the same column differ (PB0.05). SEM � standard error of means.
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tissue (Huang et al. 2006). Hens receiving MTFO
diets had a significant change in the FA compositions
of all tissues. The presence of FO in the mixture
significantly increased the accumulation of n-3 FAs.
The MTFO supplemented with diets presented the
higher values of n-3 FAs (linolenic acid [LNA],
Eicosapentaenoic acid [EPA], Docosapentaenoic
acid [DPA] and Docosahexaenoic acid [DHA]) than
those fed BD, TO-1, TO-2, SO-1 and SO-2 diets. For
example, feeding a 4% MTFO diet increased the
amount of n-3 PUFAs about 1.5 and 2.3 times
compared with BD and SO diets, respectively. The
highest value of LNA was observed in breast muscle.
However, the highest value of DHA was obtained
from subdermal fat for layers fed 4% MTFO
compared with BD, TO and SO diets. These results
could be explained by the FA content of the flaxseed
oil, because FO contains a higher level (49.32%) of
LNA than TO (0.33%) and SO (0.10%). It is well
know that LNA is the precursors of other n-3 long
chain PUFAs such as EPA, DPA and DHA. On the
other hand, MTFO supplemented with the diet
decreased total MUFAs as compared with SO and
FO diets. Celebi and Macit (2008) reported that
layers fed 2% MTFO increased sn-3 fatty acids in
egg yolk compared with control, TO and SO diets.
Similarly, Baucells et al. (2000) reported that hens fed
a 4%MTFO significantly increased the levels of sn-3
fatty acid in egg yolk as compared with hens fed
control and other diets.

Sunflower oil containing a high proportion of LA
(58.98%) significantly influenced FA composition of
tissues. Hens fed the SO diet showed higher values of
linoleic acid (18:2 n-6) and arachidonic acid (20:4 n-6)
than those fed tallow, mixture oil and FO in almost
all studied tissues. The abdominal and subdermal fats
produced higher level of n-6 FAs than breast and
thigh muscles. These results were in agreement with
previous reports that adipose tissue more closely
reflected composition of the diet than did muscle
tissues (Huang et al. 2006). Utlu (2008) reported that
geese fed diets containing 0%, 2%, 4% and 6% SO
significantly increased the values of LA, AA and sn-6
FAs in skin, breast and launch muscles compared
with the control group. Although, hens fed the SO
diet had a significant effect on the n-6 LC-PUFAs
such as LA and AA content in tissues, the same effect
did not result in longer chain n-3 FAs. Moreover, the
metabolites of LNA such as EPA, DPA and DHA
were not detected in studied tissues. In this study,
sn-3 PUFA and long chain n-3 PUFAs such as EPA,
DPA and DHA were significantly (PB0.05) affected
from dietary treatments. The LNA and other FAs of

n-3 series were higher for layers fed a diet containing

FO than those fed the BD and diets containing other
dietary fats in all studied tissues. Feeding FO
significantly (PB0.05) increased the n-3 FAs content

many-fold in all tissues by increasing FO levels from
2% to 4%. For example, the deposition of sn-3 FAs
for hens fed the 4% FO diet was about 12-fold than
that of hens fed a 4% SO diet in subdermal fat. The
highest value of LNA and other n-3 LC-PUFAs were

found in abdominal and subdermal fats of hens fed a
high level of FO in diet whereas, the lowest values of

n-6 FAs were observed in same group. Also, hens fed
on the 4% FO diet had a significantly higher EPA
and DHA in all studied tissues than hens fed BD and

other dietary fats. These results were in accordance
with previous reports that the FA concentration of
different tissues reflects the FA composition of the

diet. Lamber et al. (2006) reported that hen broilers
given a diet containing 0%, 2.5% and 3.5% FO, n-3

FAs content was increased many-fold but 2.5% and
3.5% FO additives in a diet decreased the content of
SFA and MUFA in the skin, in subdermal fat,

internal fat and thigh muscle fat of female and male
birds.

The results of this study suggested that dietary FA
profiles play an important role in lipid deposition and

metabolism, the desirable changes could be achieved
in FA concentrations of poultry meats by using

various vegetables oil in poultry diets.
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