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Abstract
This study was conducted to evaluate the effects of various fat sources on productive performance,
blood biochemical variables and immune responses of laying hens. Laying hens were divided into seven
groups, which received i) basal or control diet (no oil); ii) and iii) basal diets containing 1% and 3% soybean
(SB) oil; iv) and v) basal diets containing 1% and 3% kilka oil (KO), and vi) and vii) basal diets containing 1%
and 3% soybean fatty acids (SFA). Productive performance was evaluated from day 1 to day 84. Blood
biochemical variables and immune responses were assessed on days 28, 56 and 84 of the trial. The study
results indicated that the dietary inclusion of 1% and 3% KO and SFA and 3% SB oil could decrease the
feed conversion ratio (FCR) and increase egg production and egg mass in comparison with the control group
throughout the study. Immune responses of sheep red blood cells and antibody titre against
hemagglutination inhibition (HI) were significantly higher in laying hens fed KO and SFA and 3% SB oil
compared with the control group. The serum concentrations of low density lipoprotein-C (LDL-C), very low
density lipoprotein-C (VLDL-C) and malondialdehyde (MDA) were not influenced by the inclusion of oil
sources. The serum concentration of cholesterol was increased significantly in laying hens that were treated
with oil on day 28. The inclusion of fat sources significantly increased the serum concentration of HDL-C.
The use of KO and SFA could be recommended at lower levels to improve the performance, immunity and
some blood variables in laying hens.
______________________________________________________________________________________
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Introduction
Oils and fats are concentrated sources of energy that are essential for improving the composition of
diets and maintaining the energy/protein balance (Rowghani et al., 2007; Oliveira et al., 2009). The inclusion
of fat sources in the diet of laying hens increased the energy density of the diet and metabolic energy
efficiency, modified the fatty acid profile of the egg yolk, and improved palatability and feed conversion ratio
(FCR) (de Oliveira et al., 2011). Animals can synthesize saturated and monounsaturated fatty acids, but
cannot synthesize linoleic acid and linolenic acid (Lehninger et al., 2002). Nobakht et al. (2011) reported that
the inclusion of lipids in the diets of laying hens increased energy density, metabolic energy efficiency and
palatability. The oil sources contain long chain polyunsaturated fatty acids (PUFAs), which change the lipid
profile in the egg yolk (Eseceli & Kahraman 2004; Skrtic et al., 2008). Several fatty acid sources have been
used in poultry diets, including linseed (flax), soybean (SB), sunflower and fish oils. Soybean products are
known as essential protein and energy sources in poultry feeds. Soybean oil is rich in lysine, tryptophan,
isoleucine, valine and threonine amino acids (Larbier & Leclercq, 1994) and linoleic acid (Jalali et al., 2015).
Full-fat SB is a good source not only of protein, but also of energy, and can be used in swine and poultry
diets (Lichovnikova et al., 2013). Stunted growth and immunity have been reported in diets that are deficient
in fatty acids (Farhoomand & Chekani-Azar, 2009). The inclusion of linseed oil in diets of laying hens could
have beneficial effects owing to its unsaturated fatty acids, that is, C18:3. The supplementation of sunflower
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oil increases levels of C20:4 in the egg yolk (Schreiner et al., 2004; Pita et al., 2006). Wu et al. (2005)
reported that the inclusion of fat could significantly improve the FCR in laying hens compared with the
control. Fats improve immune responses by increasing lymphocyte proliferation and antibody production
(Fritsche et al., 1991). The inclusion of fatty acid sources in animal nutrition not only enriches the contents of
n-3 PUFAs in the diet (Pietras & Orczewska-Dudek, 2013; Yanovych et al., 2013; Zdunczyk & Jankowski,
2013), but also modulates immune system activity (Kew et al., 2003). Saki et al. (2016) showed that the
inclusion of oxidized oil did not have significant effects on high density lipoprotein-C (HDL-C), low density
lipoprotein-C (LDL-C) or very low density lipoprotein-C (VLDL-C). Ding et al. (2017) reported that the
inclusion of essential fatty acids could improve the FCR and egg production in laying hens. Zaki et al. (2018)
showed that the use of SB oil sources could decrease lipid oxidation in the meat of broiler chicks. Bozkurt
et al. (2012) reported that diet supplementation of essential fatty acids did not have significant effects on the
productive performance in laying hens. Fish oil is a fishery sub-product that can be used instead of SB oil in
poultry diets (Seidavi & Simoes, 2015). Fish oil can be replaced with SB oil in diets only at low levels to
minimize its adverse effects on the sensory attributes of meat broiler chicks (Bou et al., 2004) and improve
immune responses (Al-Khalifa et al., 2012). Seidavi et al. (2014) did no observe effects of dietary fish oil on
the immune response of broiler chicks challenged with various antigens. Alparslan & Ozdogan (2006)
advised the use of fish oil (2%) to improve feed cost efficiency and preserve the performance and
healthiness of broiler chicks. To the best of the authors’ knowledge, no study has compared various fat
sources in the diet of laying hens on performance, immunity and blood parameters. Thus, this study aimed to
evaluate the effects of various fat and oil sources on performance, blood and immune variables of laying
hens.

Materials and Methods
All procedures were approved by the Ethics Committee of Islamic Azad University, Arak Branch
(Markazi, Iran) (No. IAAU, 1504). A total number of 140 Lohmann LSL Lite laying hens, 35 weeks old, with
mean bodyweight (BW) of 1410 ± 140 g, were allocated to 35 cages with four birds per cage. To evaluate
BW changes, laying hens were weighted at the start and the end of the trial. Birds were randomly divided
into seven treatments and five replications with four laying hens per cage. A lighting programme (16 hours
light / 8 hours dark) was used.
A corn-soybean meal basal diet was prepared as recommended by the Lohmann LSL-Lite catalogue
(Lohmann LSL-Classic International 2011) by UFFDA software. The ingredients and composition of the
basal diet are shown in Table 1. Dietary treatments consisted of i) basal diet or control (no oil or fat); ii) and
iii) basal diets containing 1% and 3% SB oil; iv) and v) basal diets containing 1% and 3% kilka fish oil (KO);
and vi) and vii) basal diets containing 1% and 3% (SFA). The experiment lasted for 84 days.
Egg production (EP), feed intake (FI) and egg weight (EW) were measured daily from each cage and
FCR (FCR: g feed: g egg), and egg mass (EM) were calculated.
Laying hens (two birds per replicate) were administered with 0.02 mL of a 5% suspension of sheep
red blood cells (SRBC) in 0.9% saline in days 21, 49 and 77. One week after the administration of SRBC,
blood samples were collected by venipuncture and 3 mL whole blood was collected into tubes containing an
anticoagulant. Each serum sample was inactivated at 56 °C for 30 minutes and then analysed for total antiSRBC antibodies (Delhanty & Solomon, 1996). To evaluate the hemagglutination inhibition (HI) test, the OIE
method was used on days 28, 56 and 84.
At days 28, 56 and 84, blood samples were collected in non-heparinized tubes from two birds per
cage (3 mL per bird) by puncturing the brachial vein. The samples were centrifuged at 2500 × g for 10 min to
obtain sera (Sigma 4-15 Lab Centrifuge, Germany). Individual serum samples were analysed to evaluate the
malondialdehyde (MDA), triglycerides, cholesterol, HDL-C, LDL-C, albumin and VLDL-C. Variables were
evaluated by spectrophotometer (Shimadzu UV-1700) using Pars Azmoon kit package (Pars Azmoon Co,
Tehran, Iran).
The experiment was carried out as a completely randomized design with seven dietary treatments and
five replications. Cage was regarded as an experimental unit for performance, while the data for individual
birds were considered for blood biochemical parameters. The general linear model procedure of SAS (SAS
institute 2001) was used to evaluate the data. The differences were evaluated with Duncan’s multiple range
test among group means (P <0.05).

Results
When the data were evaluated, the results (Table 2) indicated that various fat sources did not have
any significant effects on BW, EW and FI during the 12 weeks (P >0.05). In other words, laying hens that
received diets containing various levels of fat sources did not show significant differences compared with the
control (P >0.05). Moreover, the results indicated that higher levels of oil sources could not cause significant
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changes in EW and FI (P >0.05). EP and EM were increased significantly, and FCR was decreased in laying
hens fed diets with KO and SFA at both levels (1% and 3 %) compared with the control group (P <0.05). EP
was significantly higher in laying hens treated with 3% SB compared with control (P <0.05). There was no
significant difference between 1% SB and control groups in EP (P >0.05). Laying hens in SB oil group did not
show significant difference with laying hens in the control group for EM (P >0.05). No significant differences
were observed between higher and lower levels of KO and SFA for EP, EM and FCR (P >0.05).

Table 1 Ingredients and composition of experimental diets used in laying hens fed diets with various fat
sources
Ingredient

Control

1% SB

3% SB

1% KO

3% KO

1% SFA

3% SFA

Corn

59.4

59.7

51.4

58.4

52.3

58.5

51.7

Soybean meal (44%)

29.4

28.2

29.8

29.4

30.2

29.3

29.9

Wheat bran

0.00

0.00

4.80

0.00

3.50

0.00

4.40

KO (Pars kilka Company)

0.00

0.00

0.00

1.00

3.00

0.00

0.00

SFA

0.00

0.00

0.00

0.00

0.00

1.00

3.00

®

SB oil (Nastaran )

0.00

1.00

3.00

0.00

0.00

0.00

0.00

DL-Methionine

0.20

0.20

0.20

0.20

0.20

0.20

0.20

Salt

0.30

0.30

0.34

0.30

0.34

0.30

0.34

Vitamin and premix

0.25

0.25

0.25

0.25

0.25

0.25

0.25

Vitamin D3

0.10

0.10

0.10

0.10

0.10

0.10

0.10

L-Lysine

0.20

0.20

0.00

0.20

0.00

0.20

0.00

Calcium

8.84

8.84

8.84

8.84

8.84

8.83

8.84

Phosphate

1.29

1.29

1.24

1.29

1.26

1.29

1.24

Metabolizable energy (kcal)

2725

2725

2725

2725

2725

2725

2725

Crude protein

18.5

18.5

18.5

18.5

18.5

18.5

18.5

Calcium

3.73

3.73

3.73

3.73

3.73

3.73

3.73

Nutrient composition (%)

Total phosphorus

0.60

0.60

0.63

0.60

0.62

0.60

0.63

Av. Phosphorus

0.38

0.38

0.38

0.38

0.38

0.38

0.38

Fibre

3.46

3.46

3.81

3.46

3.72

3.45

3.80

Sodium

0.16

0.16

0.16

0.16

0.16

0.16

0.16

Potassium

0.77

0.77

0.81

0.77

0.80

0.77

0.81

Lysine

0.79

0.79

0.79

0.80

0.80

0.80

0.79

Methionine

0.50

0.50

0.50

0.50

0.50

0.50

0.50

Methionine + cysteine

0.80

0.80

0.79

0.80

0.79

0.79

0.79

Vitamin to improve mineral premix supplied (content per kg): vitamin A: 1,800,000 IU; vitamin D3: 400,000 IU; vitamin E:
3,600 IU; vitamin K3: 400 mg; thiamine: 360 mg; riboflavin: 1,320 mg; niacin: 6,000 mg; vitamin B6: 600 mg; vitamin B5:
2,000; vitamin B12: 3 mg; folic acid: 200 mg; biotin: 20 mg; choline: 80 g; zinc: 17 g; iron: 10 g; copper: 2 g; manganese:
20 g; selenium: 40 mg; iodine: 200 mg
SB: soybean; KO: kilka oil; SFA: soybean fatty acids

The current findings showed that the inclusion of KO and SFA fat sources could improve immunity
variables in laying hens (P <0.05) compared with the control group in terms of SRBC and HI (Table 3).
Inclusion of SFA and KO at both levels could increase immune responses compared with the control group
(P <0.05). No significant differences were observed between the 1% SB group and the control group for
SRBC and HI in 28 days and HI in 84 days (P >0.05). Dietary supplementation of 3% SB significantly
increased the titre for HI in 28 and 84 days compared with the control group (P <0.05). Higher and lower
levels of fatty acids and KO oils did not show significant differences in immune response (P >0.05), but better
responses were observed in laying hens fed with KO.
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Table 2 Effect of fat sources on productive performance of laying hens fed diets with various fat sources
Groups

EP (%)

Control

85.0 ± 5.60

1% SB

89.4

b

ab

± 8.30

a

3% SB

91.9 ± 5.64

1% KO

91.1 ± 12.26

3% KO

91.6 ± 6.97

1% SFA

92.3 ± 6.50

3% SFA
SEM
P-values

EW (g)

EM (g/hen/day)

FI (g/hen/day)

FCR (g/g)

54.1 ± 1.59

51.2 ± 1.59

b

114.6 ± 1.74

2.2 ± 0.09

55.1 ± 1.29

53.4 ± 3.28

b

114.6 ± 1.75

2.1 ± 0.08

76.0 ± 7.41

a

65.0 ± 3.51

115.1 ± 2.02

2.0 ± 0.03

a

114.6 ± 1.61

2.0 ± 0.05

a

114.0 ± 1.60

2.0 ± 0.07

a

114.3 ± 1.20

2.0 ± 0.05

52.7 ± 2.98

53.2 ± 1.59

53.8 ± 2.65

a

52.2 ± 1.59

54.7 ± 1.27

a

52.4 ± 1.59

54.9 ± 1.96

a

a

b

52.3 ± 1.59

a

a

BW (g)

b

60.0 ± 6.12

b

69.0 ± 14.75

b

68.0 ± 5.70

b

65.0 ± 6.12

b

93.8 ± 6.62

52.4 ± 1.59

54.8 ± 1.51

114.4 ± 0.90

2.0 ± 0.07

67.0 ± 10.37

1.04

1.20

0.75

0.52

0.004

1.84

0.0001

0.076

0.0001

0.202

0.0001

0.359

Means (± SD) within columns with different superscripts differ significantly (P <0.05)
SEM: Standard error of mean
EP: egg production; EW: egg weight; EM: egg mass; FI: feed intake; FCR: feed conversion ratio; BW: body weight
SB: soybean; KO: kilka oil; SFA: soybean fatty acids

Table 3 Effect of various fat sources on responses of sheep red blood cells (log2) and antibody titre against
hemagglutination inhibition in laying hens fed diets with various fat sources
Groups

SRBC28

Control

4.8 ± 0.83

1% SB

5.4 ± 1.14

c

5.6 ± 1.14

c

6.4 ± 0.89

6.4 ± 0.54

9.0 ± 0.70

7.4 ± 1.14

b

6.2 ± 0.44

7.8 ± 0.83

8.0 ± 1.22

8.2 ± 0.83

6.4 ± 0.54

b

a

b

1% SFA

7.8 ± 1.090

6.2 ± 0.83

8.6 ± 0.54

7.2 ± 0.83

c

9.6 ± 0.54

a

9.6 ± 0.54

8.6 ± 0.54

a

7.0 ± 1.41

8.2 ± 0.83

c

b

a

a

HI28

c

b

a

3% KO

P-values

b

a

1% KO

SEM

5.4 ± 0.54

6.0 ± 1.58

5.4 ± 1.14

SRBC84

c

c

3% SB

3% SFA

SRBC56

b

8.2 ± 1.48

9.2 ± 0.83

b

10.8 ± 1.30

b

10.0 ± 0.70

6.4 ± 0.89

7.4 ± 1.51

11.0 ± 0.70

10.8 ± 0.83

b

11.2 ± 0.83

a

10.0 ± 1.00

a

11.2 ± 0.83

10.8 ± 1.30

a

9.4 ± 2.40

10.2 ± 0.44

b

a

a

a

HI84

c

7.6 ± 1.14

b

a

b

HI56

a
a
a

b

10.4 ± 0.54

b

11.6 ± 0.54

9.2 ± 0.83

a
a

0.20

0.26

0.75

0.21

0.27

1.84

0.0006

0.0001

0.0001

0.002

0.002

0.001

Means (±SD) within columns with different superscripts differ significantly (P <0.05)
SEM: Standard error of mean
SRBC: sheep red blood cells; HI: hemagglutination inhibition; SB: soybean; KO: kilka oil; SFA: soybean fatty acids

The current results showed that the fat sources did not have significant effects on the serum
concentrations of LDL-C, VLDL and MDA (P >0.05) (Table 4). The serum concentration of cholesterol was
not influenced by the treatments in 56 and 84 days (P >0.05), but was significantly higher in laying hens
receiving diets containing 3% SB, KO and 1% SFA (P >0.05) compared with the control group at 28 days.
The serum concentration of triglycerides was significantly lower in laying hens fed diets with various oil
sources (P <0.05). Significant differences were not observed between higher and lower levels of oils
throughout the experiment for the serum concentration of triglycerides (P <0.05). The data for the serum
concentration of albumin were inconsistent. The serum concentration of albumin was significantly higher in
laying hens that received diets containing KO and SFA and 1% soy-bean oil (P <0.05).
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Table 4 Effect of various fat sources on blood biochemical variables (mg/dL) in laying hens fed diets with
various fat sources
Group

Triglycerides

Cholesterol

HDL-C

LDL-C

Albumin

VLDL

MDA*

28 days
Control

a

1895.0 ± 93.31

b

146.6 ± 5.63

1.6c ± 0.19

b

299.9 ± 38.69

17.8 ± 0.83

1% SB

1620.0 ± 127.60

146.9 ± 21.30

74.2 ± 6.02

141.4 ± 15.93

1.5c ± 0.12

279.7 ± 40.86

16.0 ± 1.58

3% SB

1657.0b ± 149.60

161.3a ± 21.80

88.4a ± 10.25

150.7 ± 14.51

1.9a ± 0.09

290.4 ± 40.50

17.6 ± 1.67

148.8 ± 6.93

1.7b ± 0.15

300.1 ± 25.14

17.2 ± 1.92

1% KO

b

b

1610.0 ± 74.56
b

146.1 ± 15.33

c

b

a

161.8 ± 18.97
a

66.8 ± 5.97

b

72.1 ± 8.50
a

b

3% KO

1637.0 ± 99.21

186.2 ± 23.60

85.1 ± 6.80

155.8 ± 9.72

1.8 ± 0.23

298.9 ± 37.20

17.8 ± 0.83

1% SFA

1580.0c ± 96.67

175.5a ± 10.78

72.0b ± 8.60

152.0 ± 9.82

1.6c ± 0.28

280.8 ± 45.80

16.8 ± 0.44

3% SFA

c

b

a

b

1595.0 ± 79.74

142.6 ± 13.60

82.5 ± 3.70

148.7 ± 13.81

1.7 ± 0.13

292.7 ± 25.30

16.8 ± 1.09

SEM

30.68

5.40

1.96

7.12

0.21

9.03

0.225

P-values

0.0001

0.048

0.012

0.898

0.013

0.804

0.292

142.8 ± 3.22

1.3d ± 0.04

335.3 ± 29.68

17.8 ± 0.83

145.5 ± 6.05

1.6c ± 0.11

323.2 ± 18.89

16.0 ± 1.58

56 days
Control
1% SB

1852.0a ± 80.491
b

1586.0 ± 43.68
b

143.7 ± 10.30
158.7 ± 10.11

39.9c ± 2.45
b

58.7 ± 6.37
a

a

3% SB

1571.0 ± 93.68

156.8 ± 11.10

72.0 ± 2.55

148.6 ± 5.11

2.1 ± 0.09

341.2 ± 20.49

17.0 ± 1.87

1% KO

1537.0b ± 83.68

149.6 ± 16.47

70.7a ± 2.24

149.7 ± 2.77

1.5c ± 0.12

331.6 ± 19.01

16.0 ± 1.58

b

a

ab

3% KO

1653.0 ± 97.68

157.7 ± 19.70

78.1 ± 6.43

147.9 ± 5.37

2.0 ± 0.14

278.9 ± 52.91

18.0 ± 0.70

1% SFA

1653.0b ± 99.68

147.9 ± 11.38

65.3a ± 6.72

144.2 ± 6.18

1.5c ± 0.12

317.4 ± 19.21

18.0 ± 1.00

3% SFA

b

a

b

1598.0 ± 80.68

157.9 ± 12.38

65.3 ± 5.19

149.8 ± 8.95

1.9 ± 0.11

322.7 ± 57.68

17.2 ± 1.64

SEM

57.28

3.46

2.79

1.40

0.056

6.85

0.292

P-values

0.0187

0.068

0.0001

0.151

0.0004

0.213

0.056

142.8 ± 4.52

1.2c ± 0.08

351.2 ± 13.60

17.6 ± 0.53

141.5 ± 4.20

1.4c ± 0.14

371.2 ± 15.60

17.7 ± 0.72

84 days
Control
1% SB

1852.0a ± 80.491
b

1586.0 ± 52.61
b

141.7 ± 15.30
139.7 ± 12.10

40.1d ± 1.37
c

60.1 ± 2.45
b

a

3% SB

1575.0 ± 64.57

145.7 ± 9.41

72.1 ± 3.41

147.5 ± 4.10

1.5 ± 0.08

362.2 ± 29.68

17.4 ± 0.65

1% KO

1696.0b ± 65.64

158.2 ± 15.61

68.1b ± 2.45

142.5 ± 4.52

1.4 b± 0.12

352.5 ± 30.21

17.3 ± 1.04

3% KO

1536.0b ± 43.52

156.7 ± 12.30

78.2a± 2.45

141.2 ± 5.65

1.5a ± 0.10

361.3 ± 22.45

17.3 ± 0.42

141.2 ± 4.10

1.4b ± 0.04

348.2 ± 19.71

17.8 ± 0.61

1% SFA
3% SFA

b

1496.0 ± 43.51
b

149.0 ± 12.56

b

69.9 ± 2.45
b

a

1516.0 ± 43.43

151.8 ± 7.65

69.1 ± 2.45

140.2 ± 4.75

1.5 ± 0.04

353.3 ± 29.68

16.9 ± 1.83

SEM

62.250

4.21

3.10

1.30

0.051

5.81

0.35

P-values

0.0231

0.057

0.024

0.712

0.023

0.351

0.562

Means (±SD) within columns with different superscripts differ significantly (P <0.05)
SEM: standard error of mean
*nmol/mL
HDL-C: high density lipoprotein-C; LDL-C: low density lipoprotein-C; VLDL-C: very low density lipoprotein-C
SB: soybean; KO: kilka oil; SFA: soybean fatty acids

Discussion
The various fat sources did not have significant effects on BW, EW and FI for 12 weeks. However, the
inclusion of KO and SFA increased EP and EM and decreased FCR compared with the control group. The
inclusion of 3% SB oil in the diet of laying hens significantly increased EP compared with control. The
supplementation of 1% SB oil in the diet of laying hens did not improve their productive performance. The
current findings for BW were similar to those reported by others (Baucells et al., 2000; Shafey et al., 2003).
In contrast to the current observations, other studies did not report beneficial effects of oil sources on
performance in laying hens (Baucells et al., 2000; Shafey et al., 2003; Guo et al., 2004; Cabrera et al., 2005).
Mariod et al. (2015) showed that the inclusion of fish oil in the diet significantly increased egg size and egg
production in laying hens. Increased EW in birds treated with KO and SFA oils could be attributed to the fatty
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acid content of the diet, which could influence egg weight (Vilchez et al., 1990; Vilchez et al., 1991). It could
also be explained by physiological mechanisms. Fat sources decrease the rate of passage of the digesta
and improve nutrient utilization (Baião & Lara, 2005; Latshaw, 2008). It seems that SB oil at lower levels
cannot improve nutrient utilization, which may be attributed to its structure. EM has a direct relation with EP.
In other words, secretion of cholecystokinin and prolongation hormones in the gastrointestinal decreases
transit time of feed and may help to improve feed efficiency (Hulan et al., 1984; Scheideier & Baughman,
1989). It could be stated that KO and SFA help to secrete the cholecystokinin hormone and pancreatic
enzymes into the small intestine to utilize feed in the gastrointestinal tract. Previous studies have shown that
fat sources could improve feed intake in broiler chicks (Firman et al., 2010). The differences between the
current findings and others could be attributed to strains of birds. Improved EP could be attributed to the
degree of unsaturation because EP increases with increasing unsaturation. It was expected that higher
levels of fish oil could improve performance efficiency, but this result was not observed.
The dietary supplementation of SFA and KO could improve immune responses compared with the
control group. In addition, supplementation of 3% SB significantly increased titre for HI in 28 and 84 days
compared with the control group. The best responses were observed in laying hens in KO group. Nutrition
can have beneficial effects on immunity responses. Nutrition modulates and regulates immune processes,
cellular activation and movement, anatomical development of lymphoid tissues, intracellular killing of
pathogens, and synthesis of immunologically active substances (Butcher & Miles, 2002). The various fat
sources have beneficial effects on immune responses by influencing on antibody production. The
supplementation of KO improved immune responses compared with control group. It has been reported that
inclusion of fish oil in the diet increases the levels of eicosapentaenoic (EPA) and docosahexaenoic (DHA)
acid (Valentini et al., 2017). Amino acids and EPA are both precursors for eicosanoids, which are known to
have an essential role in inflammatory responses in human beings and animals such as poultry (Kim et al.,
2007). Kew et al. (2003) showed that phagocytic activity and membrane fluidity of neutrophils and
monocytes were adversely associated with the palmitic acid level and with the ratio of saturated to PUFA.
Fatty acids modulate immunomodulatory molecules by mediating cellular communication, and elaborating
second messenger and membrane fluidity (Watkins, 1991; Klasing, 1997). Fish oil reduces the levels of proinflammatory cytokines and anti-inflammatory cytokines (Chandrasekar & Fernandes, 1994). Increased
immunity by fish oil could be explained by increased T-cell proliferation and interleukin (Hayek et al., 1999).
Fish oils reduce synthesis the prostaglandins in a number of tissues (Cunningham et al., 1997; Whigham
et al., 1998). In summary, oils increase cellular immunity by modulation in phenotype and effector functions
+
of CD8 cells in both adaptive and innate immunity (Bassaganya-Riera et al., 2001). Thus, oils improve
immune responses through these mechanisms. It seems that SB oil in lower levels cannot improve immune
responses, which could be attributed to its structure, because KO could be more efficient in decreasing
cytokines.
Regarding blood biochemical indices, LDL-C, VLDL and MDA were not influenced by fat sources, but
the serum concentration of cholesterol was significantly higher in the fish oil group. The serum concentration
of albumin was increased significantly in 3% SB, KO and 3% SFA. A correlation between MDA and lipids
was observed, because MDA increases with levels of lipids. In contrast to the current findings, Zaki et al.
(2018) reported that the use of SB oil sources decreased lipid oxidation in broiler meat. Lipoproteins
transport cholesterol in the blood (Hermier & Dillon, 1992). It has been reported that oils decrease the
plasma concentration of cholesterol in laying hens (Mori et al., 1999). Decreased levels of lipids in groups
treated with oils could be explained by reduction of synthesis rate of apoprotein B or the production of VLDL
and triglycerides (Harris et al., 1984). Crespo & Esteve-Garcia (2002; 2003) showed lower plasma VLDL and
total cholesterol levels in birds treated with linseed oil and reported decreased cholesterol concentration by
suppression of hepatic cholesterol production. This result was not found in the current study, which could be
attributed to the levels that were used. Celebi & Utlu (2006) reported a significant decrease in total
cholesterol and VLDL-cholesterol in the blood serum of hens that received rations containing 4% linseed oil.
Mighelenj et al. (2004) did not find significant changes in serum cholesterol of laying hens treated with
canola seed and linseed at the rates of 2.5%, 5% and 7.5%. The differences in fat sources could have
beneficial effects on the results. In summary, if fat sources could influence lipid profile, MDA levels would be
changed. In the current study, lipid profile and MDA were not affected by fat sources. The authors could not
find any study that showed the effects of oils on levels of albumin.

Conclusion
In conclusion, dietary inclusion of KO and SFA at the levels of 1% and 3% could improve certain
productive performance measurements, immunity variables, and some blood indices. The supplementation
of diets with 3% SB oil could improve productive performance and immune responses. Thus, inclusion of KO
and SFA at lower levels and SB at higher levels could be useful in improving the immunity and performance
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in laying hens. KO and SFA at lower levels could thus be used instead of higher levels of SB. The use of KO
and SFA could be recommended to improve the productive performance and immune responses in laying
hens.
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