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Table 1- Ingredients and nutrients composition of the experimental diet!

oy 13 2>
Diet ingredients Percentage
=2 63.00
Corn
(P& s 72 ¥¥) bges oS 5140
Soybean meal (44% crude protein) '
Sal Kiw
" 5.50
Limostone
[ECRW=) )3% 510
Opyster shell
uh'l; &9) ) 250
Vegetable oil
SOlind paadS” (00 1.50
Dicalcium Phosphate(DCP) ’
Seos
0.37
Salt
' Galisg JoSe 0.25
Vitamin Premix 1 '
A
e JoSe . 0.25
Mineral Premix2
oiste JI— 0.13
DL-Methionine
Chemical composition
(5555 32 GBS ) pdgalio LB (55 5841
Metabolizable energy (kcal/ kg)
(%) P& oo n
. 15.03
Crude protein (%)
(%) S
Calcium (%) 442
(7) o> 1B jaud 0.38
Available phosphorus (%) )
) e 0.17
Sodium (%)
) e 0.80
Lysine (%)
(%) oseie
Methionine (%) 0.37
() oo + (g 0.65

Methionine + Cysteine (%)

£S5 o VIFYY K el g p)S Lo Y/O E ool g (llodl g aslg) ) D3 oreling (Mol oy aslg YO - A owolig (I o dslg AD gl 0y p)S5lS 2 (gl 4-:-:-‘]5-13;}6-“
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! Vitamin premix provides per kg diet: vitamin A, 8500 IU; vitamin D3, 2500 IU; vitamin E, 111U; vitamin K3, 2.2 mg; vitamin B1, 1.477 mg;

vitamin B2, 4.0 mg; vitamin B3, 7.84 mg; vitamin B5, 34.65 mg; vitamin B6, 2.464 mg; vitamin B9, 0.11 mg; vitamin B12, 0.01pug.
> Mineral premix provides per kg diet: Mn, 74.4; Fe, 75.0; Zn, 67.564; Cu, 6.0 and Se, 2 mg.
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Table 2—-Effect of dietary phytogenic feed additive on productive performance of laying hens during the
experiment (73-80 weeks)'

Sjgid JoSo s (323) Erop53 M55 (p55) EronS i

(PSS 1 p5ke) Egg production (%) Egg weight (g)

Phytogenic additive : W75- W77-  W79- W73-  W75-  W77- W79-

level (me ke) W73-74 76 78 30 Total 74 76 78 30 Total
0 83.92 83.03 83.62  82.14  83.70° 51.56  53.61 54.12 51.74 52.76°
50 85.41 84.82 85.41 84.22 84",45 55.59 5494 5522 5391 54.912
100 88.99 90.48 90.18  86.31  88.98 57.54  59.21 57.78  55.54 57.522
150 83.03 83.33 85.41 81.24  83.26" 51.65 57.89 5513 5347 54,532
200 82.73 84.52 8244 7559  81.32% 54.05 54.21 5292  50.05 52.81°
SEM 2.55 3.07 2.94 4.03 2.83 2.57 2.44 1.79 2.10 1.94
P-value 0.347 0.053 0.239  0.110  0.046 0.069 0.062 0.460 0.248 0.048
Linear 0.526 0.791 0.756  0.077  0.258 0.834 0382 0.674 0.490 0.937
Quadratic 0.152 0.049 0.048 0.039 0.019 0.076  0.011  0.105 0.034 0.005

(P < f00) sbe (s 3 gine OS] gyl o)lel blod &) alio i Cgys L gt ya slaySila
"Means within column with different superscripts differ significantly (P<0.05).
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Table 3- Effect of dietary phytogenic feed additive on feed intake and feed conversion ratio of laying hens during the experiment
(73-80 weeks)

St JoSo o (39sl 035l p 5) (B ye Shys> LR
(pS5LS ) o5 dus) Feed intake (g /hen/d) Feed conversion ratio
Phytogenic
id()i]itti\%e level (mg W73-74  W75-76  W77-78  W79-80 Total W7743_ W7765_ “;787_ “2709_ Total
g
0 117.74 112.33 109.91 110.26 112.56 2.73 2.52 2.44 2.61 2.58
50 115.36 115.38 114.49 116.13 115.34 2.43 2.49 2.44 2.56 2.49
100 114.12 117.04 110.98 113.89 114.01 2.23 2.18 2.14 2.39 2.23
150 115.62 115.06 121.71 116.89 117.32 2.70 2.39 2.60 2.70 2.60
500 114.13 109.43 107.08 105.72 109.09 2.62 2.39 2.49 2.83 2.58
SEM 1.98 3.51 3.55 2.75 2.36 0.210  0.139  0.172  0.160 0.152
P-value 0.699 0.590 0.086 0.064 0.197 0.163 0473  0.423  0.386 0.223
Linear 0.286 0.590 0.891 0.355 0.516 0.927 0.405 0.633  0.251 0.746
Quad 0.554 0.132 0.089 0.013 0.068 0.068 0315 0412 0.169 0.107
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Table 4-Effects of dietary phytogenic feed additive on the egg quality traits of laying hens the experiment (73—-80 weeks)

(-5 58 12 5 i) K555 Joio o

o aian . .. . Quadra
Phytogenic additive level (mg/ k; SEM  P-Value Linear .
Traits Weeks yios (mg/ke) tic
0 50 100 150 200
73 and 75 79.87 81.12 85.86  86.32 82.01 2.50 0.300 0.249 0.120
77 and 79 83.97 85.83 89.39  84.19 88.88 1.80 0.146 0.172 0.654
ol sl 0y95 IS 81.92 83.47 87.62  85.25 85.44 1.77 0.258 0.136 0.184
Haugh unit Whole period
73 and 75 7.68 7.62 7.81 7.75 7.62 0.149 0.875 1.00 0.513
05 53, 77 and 79 7.56 7.68 7.81 7.68 7.56 0.143 0.714 1.00 0.182
Yolk color 0y95 IS 7.62 7.66 7.81 7.42 7.59 0.110 0.660 0.988 0.193
Whole period
gy Caaglio 73 and 75 1.81 1.87 2.01 1.99 1.92 0.080 0.870 0.490 0.454
o e S 77 and 79 1.84 2.00 2.14 2.05 2.02 0.110 0.862 0.522 0.408
sia sl p 5 kS )
( 0y95 IS 1.82 1.93 2.07 2.01 1.97 0.093 0.635 0.329 0.255
&
Eggshell
strength Whole period
(kg/em?)
gy Caalses 73 and 75 32.81 33.25 3512 34.18 32.17 0.011 0.720 0.862 0.002
(sincles) 77 and 79 30.50° 3249  36.12¢  35.65*  34.68"%  0.005 0.023 0.0001 0.003
- c be a a b
Eggshell 0y95 IS 31.65 32.87 35.62*  34.92 33.44 0.002 0.015 0.001 0.000
thickness (mm) .
Whole period
73 and 75 10.83 10.69 1129  10.88 11.27 0.237 0.305 0.172 0.951
EyopSS diwgs (39 77 and 79 10.95 11.17 11.14  11.12 11.58 0.200 0.302 0.079 0.530
) 0y95 IS 10.89 10.93 11.22  11.00 11.42 0.162 0.157 0.041 0.672
Weight of
eggshell (%) Whole period
73 and 75 29.07 28.16 28.78  29.13 28.25 0.485 0.503 0.670 0.906
Exon3S 03, ()9 77 and 79 29.38 29.24 28.87  29.66 28.86 0.468 0.711 0.681 0.928
VA 0y95 IS 29.22 28.70 28.83  29.39 28.55 0.390 0.524 0.610 0.899
)
Weight of
eggyolk (%) Whole period

(P <+/+0) b (s gime MBI gy ()bl blod 4y ailita pue Bygyn b i)y b (sl Sl ™ ©
*¢ Means within same row with different superscripts differ significantly (P<0.05).
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Table S- Effect of dietary phytogenic feed additive on microbial population of laying hens at the end of the experiment (log

CFU/g)

(oS 5 5 ) S oo o oy 55l ook
Phytogenic additive level (mg/ kg) Coliform Escherichia coli Lactobacilli
0 7.22 7.34 8.330
50 7.13 7.27 8.97°
100 7.09 7.24 9.18°
150 6.83 7.07 9.18
200 6.57 6.74 9.242
SEM 0.938 0.885 0.148
P-value 0.243 0.887 0.036
Linear 0.033 0.321 0.010
Quad 0.472 0.681 0.089

P < 140) asbie (sl ine SHSI shls (sylel Blod & e & By b g 2 (slapSile |
! Means within column with different superscripts differ significantly (P<0.05).
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Table 6- Effect of dietary phytogenic feed additive on serum metabolites of laying hens at the end of the experiment (mg/ dl)

(S5 9 15 o) S Joo o o5 il SpelS s HDL DL
Phytogenic additive level (mg/ kg) Glucose Cholesterol Triglyceride

0 241.25 185.25 2291.75 34.45 48.50
50 232.00 183.25 2249.50 34.37 47.00
100 212.50 169.25 2257.57 35.87 45.50
150 237.25 152.00 2284.25 39.25 45.00
200 230.50 147.50 2277.75 40.95 43.25
SEM 3.61 18.30 42.52 6.49 5.63
P-value 0.648 0.419 0.946 0.929 0.971
Linear 0.716 0.092 0.960 0.398 0.494
Quad 0.358 0.908 0.581 0.826 0.981

(Log2) )iSess (fépo 5 (ssidunsS 3053 Jgls asle oo (8 125 2 oy 1o S5t JoSo 51 =V gu>
Table 7- Effect of dietary phytogenic feed additive on antibody titre against sheep red blood cell in laying hens (Log2)

(PSS 53 2.5 ) S35 Joo gl RIS TIPS
Phytogenic additive level (mg/ kg) Primary antibody response Secondary antibody response
0 4.75 5.50

50 5.50 6.75

100 4.50 6.50

150 5.25 7.00

200 5.00 6.00
SEM 0.289 0.423
P-value 0.201 0.142
Linear 0.797 0.365
Quad 0.828 0.031

Olaleil 0393 (bl )3 iS58 Gl pe lioag sladorinld o > Sjed JoSo S1-A Jgoa
Table 8- Effect of dietary phytogenic feed additive on reproductive parameters of laying hens at the end of experiment

. . (PSS 3 p 5 o) Sijgd JoSo e

oy (sladseid ,
el laelol Phytogenic additive level (mg/ kg) SEM P-value Linear  Quad
Reproductive parameters 0 50 100 150 200
() e 035 5250 4695 5027 4415 4766 381  0.600 0317 0551
Ovarian weight (g)
(F;) <l ‘.I)}j 57.99 63.64 65.45 69.95 60.30 2.81 0.698 0.237 0.018
Oviduct weight (g)
S5 25 JoSelg dlas 475 475 450 475 425 0364  0.822 0400 0719
Large yellow follicle numbers
(p5) I3 25502 039 1557 1524 1443 1460 1538 0359 0892 0744 0387
Weight of largest follicle (g)
S8 22) ladysp 975 800 750 975 850 103 059  0.82 0571

Small yellow follicles numbers
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Introduction New alternatives for feed supplementation in poultry production are considered to improve animal
health and quantitative and qualitative productivity by the phytogenic feed additives. Essential oils are a mixture of
several compounds of herbal origin that can be used for animal feeding to improve its performance and health.
Essential oils can act as stimulant agents of the immune system during acute or chronic inflammatory processes that
can be characterized by an increase on the levels of serum globulins, which can express the metabolic and
nutritional status of the animal. Moreover, essential oils may improve nutrient digestion and absorption by
enzymatic stimulation and they also may exert positive effects when used in laying hens. The use of natural
capsaicin extracted from red pepper has preventive effects on salmonella infection in laying hens. Cinnamaldehyde
and carvacrol have also been shown to stimulate mucin secretion, thereby preventing the establishment of
pathogens. These compounds in marjoram, pepper, thyme are antimicrobial agent against Clostridium spores. The
purpose of this study was to evaluate the combination of essential oils of carvacrol, cinnamaldehyde, capsaicin on
performance, egg quality, microbial population, blood parameters, immunity and reproductive parameters of laying
hens.

Materials and Methods This experiment was done with 120 laying hens (Hy-line W-36) at 70 weeks of age for
10 weeks including 2 weeks of habituation and 8 weeks of sampling in a completely randomized design with 5
treatments, 4 replicates and 6 birds per replicate. Experimental treatments included control diet without additives
and diets containing 50, 100, 150 and 200 mg/kg phytogenic supplement containing carvacrol 5%, capsaicin 2% and
cinemaldehyde 3% (made by Pancosma, France). Egg weight (gr), egg production (%) and egg mass (gr/hen/day)
were recorded daily. Feed consumption was measured weekly and feed conversion ratio (FCR) was calculated
weekly too. At the end of weeks 2, 4, 6, and 8 of the experiment, two eggs from each replicate were randomly
selected for measurement the egg qualitative traits. To investigate the effect of phytogenic supplementation on the
immune system, at the beginning of 6 and 8 weeks of the experiment, 0.5 ml of 20% sheep red blood cell suspension
(SRBC) in saline phosphate buffer (PBS) was injected into the breast muscle of one bird from each replicate. After 7
days of injection, blood samples was analyzed for SRBC titer. At the end of the study, one birds per replicate were
killed by cervical dislocation and blood was drawn from the jugular vein. Serum was separated after centrifugation
at 4500 g and 4°C for 10 min, and frozen at —20°C until further analysis was conducted for blood biochemical
parameters. Serum samples were analyzed for concentrations of low-density lipoprotein (LDL) and high-density
lipoprotein (HDL), cholesterol, glucose and triglycerides using standard kits (Zist Shimi, Tehran, Iran) with an
autoanalyser (Autolab PM 4000; Medical System, Rome, Italy). Then, caecal digesta (1 g) from each bird were
aseptically transferred into 9 ml of sterile saline solution and serially diluted. Lactobacilli, Coliforms, and E.Coli
were grown on Rogosa—Sharpe agar, MacConkey Agar, and Eosin Methylene Blue Agar, respectively. Plates for
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Lactobacillus were incubated anaerobically for 48 h at 37 °C. Microbial populations for E. coli and Coliforms were
counted after aerobic incubation at 37°C for 24 hours. All samples were plated in duplicate.

Results and Discussion The results of these experiments showed Feed intake and feed conversion ratio of the
laying hens were not affected by dietary inclusion of different levels of phytogenic supplement. During the whole
period of experiment, 100 mg/kg phytogenic supplement significantly increased egg weight and egg production.
Egg quality traits including egg unit, yolk color, shell strength, shell weight, yolk weight, were not affected by
phytogenic supplement but eggshell thickness of birds fed on 100 mg/kg of phytogenic feed additive increased
significantly (P < 0.05). Cecal population of Lactobacillus was increased (P < 0.05) in birds fed various levels of
phytogenic feed additive compared to control (P < 0.05). Blood parameters of glucose, cholesterol, triglycerides,
HDL and LDL were not affected by the treatments. Different levels of phytogenic supplementation did not show
significant effect on primary and secondary antibody response and reproductive parameters of laying hens. The
results showed that not only the addition of 100 ppm of phytogenic additive to the diet of laying hens improves egg
production percentage, egg weight and egg shell thickness, but also, increased cecal population of Lactobacillus.

Keywords: Egg quality traits, Laying hens, Performance, Phytogenic supplement.



