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Table 1- Composition and nutrient content of basal diets
wilacy 07 wilassy Y7/0 Silacus (9 (7)sSIh9a 9 9o
5% byproduct  2.5% byproduct Without byproduct Ingredients (%)

55.60 55.54 55.47 od
Corn
23.15 22.54 21.94 L ges oS
Soybean meal
3.00 3.00 3.00 (abe b Ls) 29,
Oil (soybean or fish)
5.00 2.50 0.00 ' wilaay
Byproduct?
0.00 3.13 6.26 Adi€ L sas
Wheat bran
1.59 1.59 1.58 Slisd alS 5 e
Monocalcium phosphate
10.48 10.52 10.56 VI SCH LI
Calcium carbonate
0.27 0.27 0.27 alab <o
Common salt
0.20 0.20 0.20 e ol Sa
NaHCO3
0.02 0.02 0.02 WL g yasa ool I
L-Lysine
0.17 0.17 0.17 Ssie J) g9
DL-Methionine
0.02 0.02 0.02 oSy JI
L-Threonine
0.50 0.50 0.50 el g Sare JeSe
Vitamin and Mineral premix?
ke cus S
Nutrient composition
2700 2700 2100 (oSS 52 6HISHLS) Sl 5 o g LB (559
Metabolizable energy (Kcal/kg)
15.25 15.25 15.25 (wem9) pla 0555
Crude protein (%)
3.99 3.72 3.44 (tm0) pla yud
Crude fiber (%)
4.35 4.35 4.35 (1e053) paalS
Calcium (%)
0.46 0.46 0.46 Oorins Bl e
Available phosphorous (%)

0.78 0.78 0.78

(wes9) g
Lysine (%)
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0.67 0.67 0.68
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Methionine (%)
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Methionine + Cysteine (%)
(wos9) G558

Threonine (%)
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1Analyzed composition of the byproduct mixture: AME,= 1073 kcal/kg; Crude protein= 6.8%; Crude fiber=33.66%; Fat=

2.95%; Total phosphorus= 0.2%; Calcium=0.781.
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2V/itamin and mineral premix provided the following per kilogram of diet: vitamin A (from vitamin A acetate), 8,800 IU;
cholecalciferol, 2,500 1U; riboflavin, 4 mg; nicotinamide, 35 mg; calcium pantothenate, 8 mg; menadione, 2.2 mg; folic
acid, 0.50 mg; thiamine,1.5 mg; pyridoxine, 2.5 mg; choline chloride, 466 mg; and ethoxyquin, 1 mg; Mn, 75 mg; Zn, 65
mg; Fe, 75 mg; Cu, 6 mg; I [from Ca(103)2-H20], 0.875 mg; and Se, 0.20 mg.
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Table 2- Effects of different levels of byproduct mixture in hens fed different omega-6 to omega-3 ratio on blood
biochemical parameters (n=8)

MDA ALP SGPT SGOT HDL s peuslS (5 33 J g yieuls

(wmol/L) (1U/L) (VL) (1U7L) (mg/di) Triglycerides Cholesterol

(mg/dl) (mg/dl)
N-1/N-Y cad
n-6 to n-3 ratio
20.12° 1695.12 207.75 18.98 21.57 1291.672 151.04 N8
High
20.443 1276.2° 192.58 18.21 26.79 1226.50° 141.85 onbs
Low
0.08 18.37 5.65 0.43 4.65 11.13 2.86 SEM
() Slary
Byproduct (%)
20.49 1675.002 208.75% 19.11 26.65 1301.002 154,752 o
0.0
20.17 1571.88% 207.122 18.49 28.88 1283.752 148.512 Y/o
25
20.13 1452.63° 184.62° 18.20 21.98 1192.50° 126.11° °
5.0
0.07 16.58 3.71 0.48 4.58 14.31 2.47 SEM
() 3Ly N=1N-Y s
Byproduct(%)  n-6 to n-3 ratio
20.37 1640.00 213.25 19.25 28.25 13575 165.17 FEWN YL
0.0 High
19.98 1686.25 211.00 18.79 31.25 1300.00 152.00 Y/o YL
25 High
19.98 1594.00 199.00 18.92 35.22 12175 136.00 ° YL
5.0 High
20.60 1710.00 204.25 18.97 24.53 1244.50 144.32 R ol
0.0 Low
20.35 1457.50 203.25 18.20 26.52 1267.50 145.02 Y/o omb
2.5 Low
20.33 1311.25 170.25 17.47 28.75 1167.5 136.22 ° omb
5.0 Low
0.09 2341 5.40 0.46 461 13.34 2.91 SEM
P-value
0.04 0.02 0.07 0.05 0.21 0.03 0.09 N=1N-Y cues
n-6 to n-3 ratio
0.10 0.02 0.04 0.16 0.51 0.01 0.02 () Loy
Byproduct (%)
0.89 0.06 0.50 0.44 0.95 0.50 0.26 Jslgie 51
Interaction

(P<-/-0) aiyla s Lol Blad du (s ,lu Sare SLIAS daldis jud $ gy b (sLgasilie a-b
“bMeans with no common superscript are significantly (P<0.05) different.
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Table 3- Effects of different levels of byproduct mixture in hens fed different omega-6 to omega-3 ratio on

differential circulating leukocyte count (%, n=8)

Jsd 5 i/ Casa gl Jdgils Jad g5l S g 9o e Judg fia
Heterophile: Basophile  Eosinophile ~ Monocyte  Lymphocyte  Heterophile
Lymphocyte
N=YN-Y s
n-6 to n-3 ratio
0.38 0.20 0.79 1.54 70.50 26.95 Y
High
0.33 0.16 0.45 1.20 73.87 24.29 ol
Low
0.06 0.16 0.20 0.23 1.55 1.42 SEM
(/) lawsy
Byproduct (%)
0.39 0.12 0.81 1.06 70.18° 27.258 R
0.0
0.40 0.18 0.68 1.62 70.12° 27.932 Y/o
2.5
0.28 0.25 0.37 1.43 76.25% 21.68° 0
5.0
0.03 0.18 0.23 0.25 1.49 1.25 SEM
(/) wlawy x N=YN-Y o
Byproductxn-6 to n-3 ratio
0.31 0.12 0.87 1.75 68.87 28.38 Dha YL
0.0 High
0.43 0.12 1.00 1.25 68.37 29.25 Y/8 YL
2.5 High
0.31 0.37 0.50 1.62 74.25 23.25 o YL
50 High
0.37 0.12 0.75 1.50 71.50 26.12 S oml
0.0 Low
0.37 0.25 0.37 0.87 71.87 26.62 Y/8 ol
2.5 Low
0.26 0.12 0.50 1.25 78.25 20.12 o onb
5.0 Low
0.05 0.15 0.19 0.22 1.55 1.17 SEM
P-value
0.23 0.74 0.05 0.08 0.11 0.21 N-YN-Y s
n-6 to n-3 ratio
0.06 0.72 0.10 0.06 0.04 0.04 ()5 oy
Byproduct (%)
0.98 0.47 0.44 0.94 0.96 0.98 Jolaie =l 3
Interaction

(P< -/ 0) sy sobeT Balad & (g 5ls e AT Gl yud Ggsa b sleanSilie za-h
=bMeans with no common superscript are significantly (P<0.05) different.
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Table 4- Effects of different levels of byproduct mixture in hens fed different omega-6 to omega-3 ratio on the
antibody production titers against sheep red blood cell (SRBC) and Newcastle (n=8, Log2)

(Saihen g8 30 8 J gals
Sheep red blood cells

s gl
Primary response

LB el
Secondary response

Jeuls a5 5lass (jug g

Newecastle disease virus

5.29
4.79
0.52

5.12
5.43
4.56
0.56

5.37
5.87
4.62
4.87
5.00
4.50
0.55

0.27

0.39

0.79

4.45
5.08
0.59

4.56
4.86
4.87
0.62

4.75
412
4.50
4.37
5.62
5.25
0.59

0.02

0.83

0.29

8.40
8.26
0.14

7.80°
8.30°
8.907
0.11

8.20
7.80
9.20
8.40
7.80
8.60
0.16
P-value

0.67

0.02

0.56

Nn-6 to n-3 ratio / N-#/N-¥ cuawd

High/ yu
Low/ Hasls
SEM
(/) wibases
Byproduct (%)
0.0
2.5
5.0
SEM

(7) walacay x N=-F/N-Y Coas

Byproductxn-6 to n-3 ratio

0.0
2.5
5.0
0.0
2.5
5.0

High/ yu
High/ yu
High/ yu
Low/ jaals
Low/ sl
Low/ jaals
SEM

N-#/N-¥ Casead
n-6 to n-3 ratio
() bacy
Byproduct (%)
Jalie &l 43l
Interaction

#bMeans with no common superscript are significantly (P<0.05) different.

(P 0) wyls solel Blad o (sols iae AR wliie jut Sgsa b sleaSibe:a-b
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Table 5- Effects of different levels of byproduct mixture in hens fed different omega-6 to omega-3 ratio on egg quality traits
sl (g 33 JosielS slaaaly suyy Sy 80, paals JSa peals G gy a0l G gy selis Cu gy OO0
(Mmg/g)ss,s  (MY/Q)ssss Haugh unit Yolk color Yolk index Shape index (kg/cm?) (5ie 5Se) (2.5)
Yolk Yolk Eggshell Eggshell Eggshell
Triglyceride ~ Cholesterol strength thickness weight (g)
(kg/cm?) (um)
35-70 0-35 35-70 0-35 35-70 0-35 3570 0-35 35-70 0-35 35-70 0-35 35-70 0-35
n-6 to n-3 ratio/ N-/N-v cuws
229.25 14.052 79.20 85.46 7.57 7.57° 0.39 0.49 0.77 0.75 2.48 2.59 4257 4462 8.85 8.40 High / YL
233.08 13.17° 77.09 87.31 7.86 8.112 0.40 0.39 0.77 0.76 2.62 2.54 43.11 4399 8.73 8.29 Low / ol
6.41 0.12 2.32 1.31 0.28 0.28 0.01 0.06 0.01 +0.02 0.17 0.16 1.15 1.78 0.28 0.29 SEM
Byproduct (%0)/ (/)ailecss
226.25 13.82 7484  81.63° 7.21° 7.60 0.39 0.38 0.77 0.76 2.33° 2.40° 42.03 4294 852 8.19 0.0
234.25 13.77 7754 83.63%  7.76% 7.79 0.39 0.54 0.77 0.75 2.55%® 2.56% 4341 4446  8.80 8.30 25
233.00 13.25 81.97 85.902 8.202 8.10 0.40 0.40 0.76 0.75 2.762 2.742 4447 4544  9.13 8.56 5.0
6.32 0.13 2.42 1.35 0.23 0.26 0.02 0.05 0.01 0.01 0.18 0.12 1.19 1.75 0.30 0.31 SEM
Byproduct xn-6 to n-3 ratio/ (/) wilaws x N=1/N-¥ s
229.75 13.95 79.20 83.64 6.57¢ 7.56 0.39 0.39 0.76 0.75 2.32 2.48 4241 4349 851 8.71 High/yu
0.0
225.00 14.17 80.39 85.82 7.60° 7.20 0.39 0.68 0.78 0.758 243 2.54 4254 4522 8.82 8.22 25 High/ yu
233.00 14.05 78.01 87.00 8.572 7.95 0.41 0.40 0.76 0.75 2.66 2.76 4275 4502 9.24 8.25 5.0 High/ yu
222.75 13.70 75.64 83.61 7.85° 7.64 0.40 0.38 0.79 0.78 2.34 231 4159 4238 854 8.39 LOW/ ol
0.0 )
243.50 13.37 83.77 85.98 7.87 8.42 0.40 0.40 0.76 0.75 2.66 2.58 4440 4359 877 8.17 25 Low/ ol
233.00 12.45 69.77 92.95 7.87° 8.26 0.39 0.39 0.76 0.76 2.94 2.72 4723 4586  8.96 8.35 5.0 Low/ ol
6.27 0.18 2.35 1.36 0.26 0.25 0.01 0.08 0.01 0.01 0.17 0.13 117 1.73 0.29 0.27 SEM
P-value
0.46 0.005 0.34 0.31 0.34 0.01 0.89 0.19 0.92 0.18 0.23 0.62 0.08 0.64 0.70 0.68 N=F/N-Y Eaned

n-6 to n-3 ratio
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0.40 0.20 0.09 0.04 0.02 0.48 0.82 0.17 0.75 0.47 0.04 0.05 0.07 0.34 0.22 0.43 () ilasany
Byproduct (%)

0.13 0.10 0.28 0.40 0.03 0.25 0.43 0.22 0.26 0.40 0.73 0.75 0.13 0.73 0.88 0.75 JlEe ol
Interaction

(P<-/+0) wisls s,leT Blad & s ls e AT Gulitie ju2 Bua b sleaSilio 1 a-C
a¢Means with no common superscript are significantly (P<0.05) different.
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Introduction: It has been demonstrated that an enhancement in n-3 polyunsaturated fatty acids of the
eggs can suppress the saturated fatty acids, and therefore it causes to production of eggs with better
lipid profile as well as nutritional contents (Hayat et al., 2010); however, the eggs containing higher
levels of omega-3 polyunsaturated fatty acids make them more susceptible to lipid peroxidation
(Baucells et al., 2000). Nowadays, the scientists utilize the medicinal plants or theirs byproductsas
beneficial natural antioxidants (Jirovetz et al., 2006). Therefore, the current study was carried out to
assess the effect of different levels of herbal by-product mixture on some blood parameters,
immunological responses and egg quality of laying hens received different omega-6 to omega-3 ratios.

Material and methods: A total of 120 laying hens, 40 weeks of age, were assigned to 6 experimental
diets with 4 replicates and 5 birds in each replication. Dietary treatments consisted of three levels of
medicinal plants’ by-product (0, 2.5 and 5%) and two omega-6 to omega-3 ratios (15.12 and 1.65) in a
2x3 factorial arrangement based on completely randomized design. The experiment lasted for a total of
80-d including 10 d for adaptation and 70 d as main recording period.Birds were housed in a
windowless hall containing battery cages (45 x 50 cm?) with the light program of 16L: 8D. Hens had
free access to water and to the experimental diets. Body weights were recorded at the beginning and at
the end of the experimental period. Three eggs were collected from each replicate on days 35 and 70,
and egg quality indices including shape index, yolk index, Haugh unit, yolk color, eggshell weight,
eggshell thickness, and eggshell breaking strength were measured. Yolk cholesterol of three eggs per
replicate was extracted by the Folch method, with consideration of the modifications done by
Washburn and Nix (1974) at the end of study and estimated by the colorimetric Libermann-Burchard
method. Blood samples of two hens per replicate were collected at the final trial day and centrifuged
(3000xg for 15 min). Sera samples were harvested and stored (—20°C) until further analysis for
concentrations of serum cholesterol, triglycerides and HDL, and also the enzymatic activity of serum
glutamic pyruvic transaminase, serum glutamic-oxaloacetic transaminase, and alkaline phosphatase by
using turbidometric method as described by Hosseini-Vashan et al. (2012). The concentration of
malondialdehyde(MDA) was assessed by the method of Badraoui et al. (2009) with minor
modifications. On d 70 of trial, 500 pul of serum was mixed by 3.75 ml of 0.44 mol/l phosphoric acid,
1.25 ml 0.67% thiobarbiotic acid, and 2.5 ml distilled water. The mixture was incubated at 100 °C for 1
h. After cooling, it was centrifuged at 4,000xg for 10 min and the absorbance was measured at 532 nm
using an automated spectrophotometer. On d 41 of the trial, Newcastle vaccine was sprayed and three
hens of each cage were randomly selected after one week and bled from wing vein. Sera were separated
by centrifugation (5000 x g for 10 min) and antibody titers against Newcastle disease virus were
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measured by Hemagglutination halter test using commercially available V-form ELISA plates
according to the manufacturer’s instructions.Two randomly selected birds 70 days of age from each
pen were bled and differential counts of leukocytes were performed by screening a Gimsa-stained slide.
The different subpopulations of leukocytes were enumerated and the heterophil:lymphocyte ratio was
calculated as described by Stedman et al. (2001).

Results and discussion: Feeding low dietary ratio of omega-6 to omega-3 led to a significant increase
in serum malondialdehyde concentration (P<0.05) and egg colour index (P<0.05), and also a
remarkable decrease in serum alkaline phosphatase enzyme activity (P<0.05), serum triglyceride,
(P<0.05) and yolk cholesterol concentrations (P<0.01). As indicated by Al-Daraji et al. (2010), serum
enzymes activities were decreased in laying quail received supplemental fish oil; however, Alparslan
and Zdogan (2006) showed that serum glutamic-oxaloacetic transaminase was higher in broilers fed
fish oil. Moreover, herbal by-product mixture caused an improvement in antibody titer against
Newcastle disease virus (P<0.05) and lymphocytes percentage (P<0.05) as well as egg yolk colour
index (P<0.01), eggshell hardness (P<0.05) and Haugh unit (P<0.05). Improvement in humoral
immune responses by medicinal plants, such as rosemary, thyme, oregano and clove bud (Nadia et al.
2008; Taheri Gandomani et al. 2014) in layers has been seen due to the remarkable antioxidant
activities of these bioactive compounds (Labban, 2014). In addition, level of 5% herbal by-product
mixture in diet was led to a reduction in heterophil percentage (P<0.05), blood cholesterol and
triglyceride concentrations (P<0.05), and alkaline phosphatase and serum glutamic pyruvic
transaminase enzyme activities (P<0.05). A decrease in serum cholesterol concentration could be
related to hypocholesteromic activity of herbal essential oils via hepatic 3- hydroxyl -3-methyl-
glutaryl-coenzyme A reductase inhibition, the rate-limiting enzyme of cholesterol biosynthesis in
smooth endoplasmic reticulum (Srinivasan, 2004), and also stimulation of hepatic cholesterol-7-
hydroxylase converting cholesterol to bile acids leading to facilitate the biliary cholesterol extraction
(Babu and Srinivasan, 1997).

Conclusion: Our results indicated that though feeding low dietary ratio of omega-6 to omega-3
decreased serum triglyceride and cholesterol concentrations, yolk cholesterol content and liver enzymes
activities, it increased the probability of lipid peroxidation. Furthermore, supplementation of the
highest level of herbal by-product blend could improve the liver health indexes, cellular immunity
responses and eggshell hardness.
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