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ABSTRACT

An experiment was conducted to evaluate the effects of fish oil (FO) on growing broilers rendered
insusceptible to a disease such as sheep erythrocytes (SRBC) after pre-starter diet. The birds were fed a
common control diets, in the pre-starter phase (1 to 7 d), and from d 8 on, two hundred and sixteen birds were
assigned to 1-4 dietary groups and received the diets supplemented with 0, 1.5, 3, or 6 % FO, throughout a
35-d growth period. The birds were immunized with SRBC at 15 and 36 d of age. The serum cholesterol and
triglyceride levels significantly decreased in the groups treated with fish oil at the age of 41 days (p<0.01).
In addition, with increasing levels of FO in the broiler diets, the blood glucose (G) level increased, total
protein (TP), albumin (A) and globulin (GL) concentrations decreased. Body weight gain (BWG), daily BWG,
feed conversion ratio (FCR) and feed intake were measured. The FCR were improved in the groups treated
with fish oil. Highest final BW, highest daily BW gain, and best FCR were recorded for the 1.5% FO dietary
group, followed by 3% FO group (P < 0.01). Therefore, in FO groups, despite of infect broiler with a disease,
SRBC as a non-infectious antigen, the growth performance was promote. 
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Introduction

Oils, Feedstuffs and additives with
immunemodulatory characteristics were investigated
to reduce losses caused by disease and to optimize
the production potential of the bird. The positive
effect of adding fish oil to broiler diets on bird
performance has been already demonstrated. Fish oil
has been administered to poultry diet to enhance
production performance and immune responses. Fish
oil is one of the available sources used in the diet to
provide energy for fowls while it=s supplementation
has been shown to improve body weight gain, feed
conversation ratio and safety in the poultry [1-6].
Fish oil contains unsaturated fatty acids with long
omega-3 chains (LC-n-3 PUFA), ecosapentanoic acid

(EPA20:5n-3) and decosahexanoic acid (DHA22:6n-
3) that improve health-related factors in humans and
animals The role of these fatty acids in decreasing
cholesterol and triglyceride levels has been proven
[7]. Numerous studies indicate that dietary fish oil
declines the level of total cholesterol, low density
lipoprotein (the major carrier of cholesterol in
plasma) and triglycerides [8-9]. Also, it has been
shown that oils rich in PUFAs can modify abdominal
fat deposition in broiler chickens. In groups of fish
oils, the patronage from the fowls against antigens
and help the body fight infection were performed and
the weight of spleens were higher which showed
enhance act of spleen resulting from boosted immune
system response to sheep erythrocytes (SRBC) in
bird immunization [10-12]. Fish oil rich in n-3 FA
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has been shown to reduce the catabolic response
induced by immune stimulation and may be effective
in promoting growth [13]. Because, fish oil rich in
LC n-3 PUFA is highly susceptible to oxidative
process which may harm human health [14], vitamin
E is a good defender against lipid oxidation and
therefore, a higher immune system response of body
will actually achieve against diseases types by lipid
defense of broiler diet.

Therefore, the aim of this study was to assess
the influence of diet supplementation with FO on
growth performance of broilers immunized with
SRBC after feeding a pre-starter diet.

Materials and methods

Chickens, housing and Experimental design

400 one-day-old Cobb500 broiler chickens were
obtained from a commercial broiler breeder farm and
fed a common feed starter (control diet, F0) from 1
to 7 day-old. In age of one week, two hundred sixty
cockerels were sexed, weighted and randomly
allocated to 4 treatments with 3 replicates containing
18 birds per pen. Treatments were following; F0

=0.0% fish oil (FO), control; F1 =1.5% FO; F2 =3%
FO; F3 =6% FO. A 3-phase feeding program
consisted of primery (second week), growth (weeks
3 and 4) and final (weeks 5 and 6) periods was used
ad libitum and the birds were also, free choice to
water. The composition and calculated nutrients
contents of experimental diets were shown in Table
1. 

Performance recording and Sample collection

Birds were weighed every week and data on
weekly food intake, food conversion ratio (FCR)
(food intake/ weight gain) were recorded in each
replicate group upto 42 days. Afte blood sampeling
and performance recording, male broilers slaughtered.
For evaluate some blood parameters such as
triglycerides, cholesterol, glucose (G), total protein
(TP), albumin (A) and globulin (GL) concentrations,
blood sampling were performed in ages of 21 and 41
days. Blood samples were taken from the wing vein
by injection into the vacuum tubes and were
collected in non-heparinized tubes by puncturing the
brachial vein. 

To infect of birds to non-infectious antigen
(sheep erythrocytes), chicks from each treatments
were immunized intramuscularly with 0.2 ml of 5%
SRBC at the ages of 15 and 35 days and four birds
randomly selected and samples were bled 6 days
after the last immunization for blood biochemical
assessment. 

All data (pen means) were analyzed using a

completely randomized design and were subjected to
ANOVA using the GLM procedures of SAS software
[15]. Means were compared by the least significant
difference (LSD) procedure of the same statistical
package and then Statistical significance was
considered at a P of -0.05.

Results

Growth performance

The effects of diet supplementing with FO on
the performance are shown in Table 2 and Table 3.
Inclusion of fish oil to diet significantly affected
body weight in the 5th and 6th week (p<0.01). Body
weights increased upto 3% fish oil supplement but
the final weight was significantly decreased in group
F3 (broilers fed from 6% fish oil). Also, feed intake
decreased by diet supplementing with 6% FO. Daily
weight gain and FCR were improved in FO
treatments in compared to control and the best results
were observed in groups F1 and O2 (1.5 and 3% FO,
respectively). Group F1 did showed the highest feed
consumption during the growth period whereas the
lowest rate belonged to groups F2 and F3. In the total
period, the highest feed consumption rate was
observed in group F1 and in group F3 was lowest.
Test groups F1, F2 and F3 showed better feed
conversion ratio compared to F0 group.

Blood parameters 

Data presented in Table 4 show the effects of
diet supplementing with fish oil on serum
biochemical values and the immune system response
of broilers at 21 and 42 days of age. Dietary fish
oils altered selected blood parameters and specific
immune system response in broiler Chicks. Blood
amounts of cholesterol and triglyceride were
decreased after a 35-d trial period. In the age of 21
days, significant decrease was observed in
triglyceride content (P<0.01). In samples of
mentioned day also, glucose (G) content was
increased (P<0.05) and the amounts of total protein
(TP), albumin (A) and globulin (GL) concentrations
did showed decline but, albumin value was not
significant only. In the age of 42 days, the values of
G, TP, A and GL had decreased mainly in compared
to results of 21 d although, GL content declined
significantly

Discussion 

Growth performance of broilers fed from FO
were improved probably because of the dietary fat
composition with type of long-chain n-3 FA that
makes it possible to increase diet digestibility and to 
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Table 1: Diet components for different study groups and chemical composite analysis
Primary diet (1-14) Growth diet (14-35) Final diet (35-42)
---------------------------------------- ---------------------------------------- -------------------------------------------
F0 F1 F2 F3 F0 F1 F2 F3 F0 F1 F2 F3

Yellow corn 56.6 56.3 56 50.1 63.1 62.6 62.5 56.4 66.1 66.4 66.7 61
Soybean meal 33.6 30.2 33.4 36.2 28.1 27.9 27.2 29.2 22.7 22.7 22.4 24.4
Corn gluten 2.9 3 3 1.94 1.77 2.07 2.54 2 2.7 2.7 2.7 2.1
Inert 0 0 0 1.64 0.4 0.37 0.6 2.65 1.67 1.17 1.02 2.85
Fish oil 0 1.5 3 6 0 1.5 3 6 0 1.5 3 6
Oyster shell 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
Dicalcium phosphate 2 2 2 2 1.7 1.7 1.7 1.7 1.5 1.5 1.5 1.5
Salt 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Vitamin/mineral premix3 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
DL-Methionine 0.1 0.1 0.1 0.1 0.03 0.03 0.03 0.03 0.09 0.09 0.09 0.09
L-Lysine 0.0 0.0 0.0 0.0 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.04
Animal fat 2.75 1.7 0.25 0.02 3 0.5 0.5 0.02 3.5 0.5 0.5 0.02
Vitamin E 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.01 0.10 0.10 0.01 0.01
Total 100 100 100 100 100 100 100 100 100 100 100 100
Calculated nutrient content
Crude fat 0.06 0.07 0.07 0.07 0.06 0.07 0.07 0.08 0.07 0.08 0.08 0.08
Dry matter 89.1 89.9 88.8 89.2 89.1 89.2 89.5 88.5 88.3 87.7 88.4 87.8
Moisture 10.9 11.1 11.2 113 111 10.9 10.4 11.4 12.0 12.2 11.5 12.2
ME (Kcal/Kg) 3000 3050 3100
Protein (%) 21.56 19.06 17.56
Calcium 0.81 0.83 0.84
Available P 0.40 0.41 0.32
Lysine 1.19 1.18 1.04
Methionine 0.48 0.49 0.33
Methionine+ cystine 0.81 0.73 0.65
1 T1 = 0 % FO, T2 = 1 % FO, T3 = 2 % FO and T4 = 3 % FO. 3For each kg of the diets; vitamin A, 9,000,000 IU; vitamin D3,
2,000,000 IU; vitamin B1, 1,800 mg; vitamin B2, 6,600 mg; vitamin B3, 10,000 mg; vitamin B6, 3,000 mg; vitamin B12,15 mg; vitamin
E, 18,000 mg; vitamin K3, 2,000 mg; vitamin B9, 1,000 mg; vitamin B5, 30,000 mg; folic acid, 21 mg; nicotinic acid, 65 mg; biotin,
14 mg; choline chloride, 500,000 mg; Mn, 100,000 mg; Zn, 85,000 mg; Fe, 50,000 mg; Cu, 10,000 mg; I, 1,000 mg; Se, 200 mg.

Table 2: Effect of fish oil on mean body weight in different weeks (g).
Treatment Day 1 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
F0 46.41 142.16 359.54 753.25 1248.78 1845.16 a 2322.12 ab

F1 47.09 146.93 373.93 743.72 1255.96 1828.75 ab 2435.19 a

F2 46.71 145.16 365.23 768.24 1257.31 1806.84 cb 2392.11 ab

F3 46.40 137.64 347.26 716.68 1232.25 1757.90 c 2291.26 b

SE 0.15 1.38 4.35 9.12 13.17 20.49 17.25
P value ns ns ns ns ns ** **
ab: Values in the same row and variable with no common superscript differ significantly. 1 Values are means of nine observations per
treatment and their standard errors. 2 T1 = 0 % FO, T2 = 1 % FO, T3 = 2 % FO and T4 = 3 % FO. * : P<0.05, **: P<0.01, NS: not
Significant.

Table 3: Effect of fish oil on daily weight gain, feed intake and FCR in three nutrition period
Experimental diets Daily weight gain (g/bird/day) Daily feed intake (g/bird/day) FCR (g:g)

Primary F0 31.56 54.22 1.64
F1 32.62 55.41 1.56
F2 31.69 54.20 1.60
F3 31.54 52.07 1.61
SE 0.43 0.72 0.009
P value ns ns ns

Growth F0 76.70b 145.27a 1.92
F1 80.91a 145.45a 1.80
F2 79.21 b 141.15 b 1.85
F3 77.51 b 139.28 b 1.83
SE 0.57 1.12 0.01
P value ** * ns

Total period F0 55.26 b 99.73 ab 1.79a

F1 58.08a 99.94a 1.70b

F2 55.90 b 98.15 ab 1.71 b

F3 54.52 b 95.64 b 1.75 b

SE 0.39 0.77 0.01
P value ** ** *

ab: Values in the same row and variable with no common superscript differ significantly. 1 Values are means of nine observations per
treatment and their standard errors. 2 T1 = 0 % FO, T2 = 1 % FO, T3 = 2 % FO and T4 = 3 % FO. * : P<0.05, **: P<0.01, NS: not
Significant.
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Table 4: Effects of fish oil on some blood parameters (mg dL-1) immune system response (antibody titer)
Variable (mg/dl) Tr Chol G TP A GL Anti-SRBC-AT 
In 21 d
F0 112.31 114.64 88.12 3.79 2.02 1.78 1.24
F1 118.15 114.98 98.85 3.78 2.06 1.73 3.12
F2 105.52 114.58 120.15 3.70 2.06 1.69 3.43
F3 101.29 112.96 121.15 3.56 1.94 1.59 4.42
SE 1.24 0.57 2.54 0.114 0.064 0.061 0.45 
Significance ** NS * ** NS * *
In 42 d
F0 111.52 114.61 110.75 3.85 2.10 1.72 4.33
F1 106.75 105.56 109.60 3.74 2.08 1.64 6.11
F2 113.72 104.52 123.10 3.65 1.90 1.66 5.43
F3 99.85 98.25 131.20 3.43 1.81 1.65 7.00
SE 2.28 2.53 3.38 0.058 0.033 0.035 0.049
Significance ** * * * ** NS *
ab: Values in the same row and variable with no common superscript differ significantly. 1Values are means of eight observations per
treatment and their their standard errors. 2 T1 = 0 % FO, T2 = 1 % FO, T3 = 2 % FO and T4 = 3 % FO. Tr = triglyceride, Chol=
cholesterol,G= glucose, TP= total protein, A= albomin, GL= glubolin, Anti-SRBC-AT= anti sheep red blood cells antibody titer. * : P<0.05,
**: P<0.01, NS: Not Significant.

stimulate growth and feed efficiency (Table 2 and
Table 3). Dobrzansiki et al. [16] reported an
increased daily weight gain compared to the control
group by adding 3% fish oil to the base diet.
Alparslan and ÖZdogan [5] did not detect significant
difference in body weights by adding 2% and 4%
fish oil to the base diet; however, the presence of
2% fish oil in the diet lead to higher value of body
weight. Results related to performance parameters in
the present experiment is in agreement with the
findings of Newman et al. [7], lopez ferrer et al. [17]
and Farhoomand and Chekaniazer [6] have reported
that the digestibility of fat increases as the degree of
unsaturation increases. Therefore, the good
performance of FO-fed broiler may be related to the
FA composition of the FO. 

The percentage of fish oil in the diet seems to
indicate decrease or increase in food consumption.
Low percentage (3-8 grams per Kg or less than 1%)
of auto oxidated fish oil [18] or Ethyl ester fish oil
or Glyceryl ester fish oil [4] leads to an improved
food consumption rate and high percentage (2% and
4%) results in lower food consumption rate in the
final period [5]. Lopez-Ferrer et al [17] showed that
4% fish oil does not have negative effect on food
consumption. However, other studies show that even
high-percentage menhaden fish oil (8.2%) results in
an increased food consumption compared to the
control group. But the amount of this increase is
lower in compared to effect of lower-percentage fish
oil [3]. Hence, the use of saturated fatty acids in
combination with unsaturated fatty acids results in
their better digestion due to their synergist effect.
The appropriate proportion of these fatty acids can be
effective in different ages of birds with regard to
appropriate digestion of fat. 

In our study, group F1 showed better final
weight, better daily weight gain and improved feed
efficiency. It effect could be due to the
appropriateness and synergist effects between the

saturated and the unsaturated fatty acids, though
other factors such as free fatty acids and the diet
composition in terms of fatty acids have influence on
fat digestion. 

With regard to the results of current study and
other similar studies in this field, factors such as the
percentage and or types of fish oil, it=s flavor
(indicative of oxidation, aldehyde and ketone-body
levels) and other components of the diet can be
considered effective on food consumption rate and
the performance of broilers. 

On the other hand, fish oil rich in n-3 FA has
been shown to reduce the catabolic response induced
by immune stimulation and may be effective in
promoting growth [18]. In this regard, the diets
containing higher levels of unsaturated FA had a
acceptable justification to resulting better performance
in compared to the control diet. However, this
vantage is accompany to sensory losses of product
because diet supplementing with fish oil can be
affected consumers acceptability of animal product
probably due to occurring off-flavours and
organoleptic problems that might adversely affect
meat quality. Hence, Farrell [19] reported that the
remove of FO from the all experiment diets for 1 wk
before slaughtering can be effective on meat flavour
and acceptability without having effect on growth
performance of bird. In addition, it is recommended
that for n-3 enrichment of broiler meat, ensuring
adequate stability of the diet with antioxidant and
fortifying vitamin E levels, e.g. 100 IU in broiler
diets - relatively high levels can be fed- is necessary
[18,20-21]. The time for withdrawal of FO from diets
is usual after 42 days of ages that has been worked
and recommended by researchers and authors.
Because, removing FO from diet for one wk can not
affected broiler performance, the present study
conducted  for a 35 days trial period. Because, fish 
oil rich in long chain n-3 PUFA in highly susceptible
to oxidative process which may harm human health 
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[22] and vitamin E is a good defender against lipid
oxidation hence, amount of 1 g/kg of all diet rationed
to α-Tocopherol.

Crespo and Esteve Garcia [9] were reported that
omega-3 fatty acids reduce the blood VLDL levels,
acting to lower the circulating free LDL
concentration and also, reduce the rate of triglyceride
synthesis in the liver. Ozdogan and Aksit [23] found
that the marin and vegetable origins rich in LC -3
PUFA improve animal growth and product quality
which more important reason can be have lesser
blood HDL and LDL values and thus lesser Chol and
Tr contents of body [24]. Researchers were showed
that low HDL and high LDL are values associated
with atheroschlorosis and coronary heart disease
[9,25] 

Decrease the cholesterol and triglyceride contents
in serum of birds can be resulting presence
polyunsaturated fatty acids from direct depot from
diet (that is more appropriate) or conversion from
precursors by denovo synthesis (desaturation and
elongation) in liver and tissue . But, several factors
influence the activities of desaturases and elongases
[26]. Diet supplementation with FO increased the
blood glucose content (Table 4) and the highest value
was observed in the group 3% FO (O3). Researchers
previously has been reported that diet rich in
polyunsaturated fatty acid increase the amount of
serum glucose because of decline insulin secretion
[27]. The serum TP, A and GL concentrations of the
birds fed dietary FO were significantly decreased in
compared to the birds of group control. (Table 4).
Touchburn et al. [28] by study on glucose/ insulin
handstand and dietary protein in broiler reported that
diet supplementation with fats rich in PUFA, TP, A
and GL levels of serum were dropped. Because, fats
for transmission in blood must were mixed with
proteins in the form of complex compositions of
hydrophile lipoprotein and with consider to dencity
of pure lipids is less from watter. Therefore, decrease
the protein dencity can be due to increase
lipid/protein ratio [29]. 
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