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This present study was conducted to evaluate the effects of dietary inclusion of 4,8 and 12 g
kg1 phytogenic feed additives mixture on performance, egg quality, ovary parameters, serum
biochemical parameters and yolk trimethylamine level in laying hens. The results of experiment
have shown that egg weight was increased by supplementation of 12 g kg! feed additive
whereas egg production, feed intake and feed conversion ratio (FCR) were not significantly
affected. There were no significant differences in egg quality parameters by supplementation of
phytogenic feed additive, whereas yolk trimethylamine level was decreased as the feed additive
level increased. The sensory evaluation parameters did not differ significantly. No significant
differences were found in serum cholesterol and triglyceride levels between the treatments but
low- and high-density lipoprotein were significantly increased. Number of small follicles and
ovary weight were significantly increased by supplementation of 12 g kg-1feed additive. Overall,
dietary supplementation of polyherbal additive increased egg weigh, improved ovary
characteristics and declined yolk trimethylamine level.
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Introduction

Phytogenic feed additives are materials derived from
plants to improve animal performance. These products
potentially supply antioxidative effects, increase palatability,
improve gut functions, and promote growth and hypo-
lipidemic effects.12

Several reports have described the effects of various
phytogenic additives on poultry production. Frequent
studies have explained the property of garlic (Allium
sativa) on increased egg production, reduced cholesterol
content of serum and yolk and improved immune
response in layers.134 Aydin et al. have shown that black
cumin would positively influence the performance, egg
quality and decrease the concentration of cholesterol in
the egg yolks> Cabuk et al. have shown that only feed
conversation ratio (FCR) improved by supplementation of
an essential oil mixture (Oregano, laurel leaf, sage leaf,
myrtle leaf, fennel seeds and citrus peel and 24 mg
essential oils per kg feed).6 It is reported that average egg
production in broiler breeder was improved by polyherbal
essential oils feed additive.” Mohammed and Abbas noted
that the dietary fennel seed improved weight gain, feed
efficiency and blood characteristic in broilers.® Frankic
et al. noted that marigold (Calendula officinalis) extracts
protected the organism against DNA damage.?

The stimulatory effect of phytogenic additives on feed
intake is due to the maintained improvement in
palatability of the diet resulting from the enhanced flavor
and odor and thus enhancing performance.10.11

In laying quails, dietary garlic powder supplementation
caused differences in feed consumption, feed efficiency and
egg production as averaged over 12 weeks.2 However, in
another study, no effects were observed by using oregano
in laying quails.’3 In addition, no responses were found in
egg production, feed consumption and feed efficiency by
adding 0, 5 and 10 g kg garlic powder in laying hens diet.3
These results could be due to differences in origin,
preparation methods, stability of effective substrates, and
reaction mechanism of phytogenic feed additives.

It would be favorable for human health to supply the
low cholesterol poultry products. Some herbal additives
have potential hypolipidemic and hypocholesterolemic
effects. Serum and egg yolk cholesterol concentrations
were decreased linearly by increasing levels of garlic from
20 to 100 g kg and 20 or 30 g kg black cumin.»*> No
significant effects were observed byfeedingl and 2 g kg
dietary medicinal herbs on plasma levels of cholesterol,
triglyceride, high-density lipoprotein (HDL) and low-
density lipoprotein (LDL).1#

Trimethylamine (TMA), the compound responsible for
the fishy smell, is produced by bacterial fermentation in the
lower gut!> In humans, trimethylaminuria is a metabolic
disorder due to accumulation of TMA that dietary aspects
caninfluence TMA metabolism in humans.1¢ One of the ways

to mitigate this syndrome is preventing use of dietary
sources of TMA such as egg yolk.17 It is suggested that
adding the antibiotics agents to the laying diet could
reduce the incidence of fishy egg.1® Some phytogenic feed
additives have antibiotic properties. It is demonstrated
that garlic, thyme, milfoil, fennel seed have remarkable
antibacterial effects, 1920 that may decrease TMA
concentration in yolk.

Thus, the present study was conducted to characterize
the effect of phytogenic feed additive mixture on
performance, egg quality, and lipid related serum
metabolite, and egg-yolk trimethylamine of laying hens.

Materials and Methods

Birds and experimental design. Ninety-six, 80 week-
old white Leghorn laying hens in second production cycle
were distributed to 32 cages in a completely randomized
design (CRD) for six weeks. Hens were randomized into
four experimental groups with four replicates including
two cages and each cage contained three birds. The hens
were maintained under a 16 hr light-8 hr dark schedule.
Water was ad libitum and feed were offered 110 g per each
bird during the study. Phytogenic feed additive in this
study was a commercial product (Shadzi Pasargad Co.,
Shiraz, Iran) that contained a homogenate mixture of raw
herbal powders including garlic (Allium sativa), marigold
(Calendula officinalis), fennel seeds (Foeniculum vulgare)
and thyme (thymus vulgaris).

The basal diet without phytogenic feed additive was
served as control, and increasing levels of phytogenic feed
additive were supplemented to basal diet in three levels 4,
8 and 12 g kg'as experimental groups (Table 1).

Performance and feedingof laying hen. Feed
consumption was recorded on a replicate basis at weekly
intervals. Feed conversion was calculated as the ratio of g
feed consumed per g egg weight produced. The eggs were
collected daily and egg production, egg weights and egg
mass were recorded.

Egg quality analysis. All eggs produced at the end of
the experiment were collected in two consecutive days and
egg quality parameters (albumen weight, albumen height,
Haugh unit (HU), shell weight, eggshell thickness, yolk
weight, yolk diameter, yolk index and yolk color) were
measured. Yolk index was calculated as the ratio of yolk
height to yolk width. Yolk color was scored using a colori-
metric fan (Roch). Haugh Unit index was also calculated.!

Trimethylamine concentration in egg yolk. Three
yolks of each replicate (total 12 yolk of each treatment)
were mixed and a two grams sample was taken to
determine TMA concentration and preparation according
to Zhang et al. method.?2 TMA was determined using a gas
chromatograph (Model GC1014B; Shimazo Corporation,
Kyoto, Japan) equipped with an auto sampler, flame
ionization detector (FID, Shimazo Corporation, Kyoto, Japan),
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and fused-silica capillary column (Model CBP1-M25-025;
Shimazo Corporation, Kyoto, Japan). From samples, 0.2 pL
was injected into the column with nitrogen as a gas carrier
(flow rate of 1 mL mint). Oven temperature was set at an
initial temperature of 110°C for 1 min, progressively
increased at 15 °C per min to 190 °C, held for 5 min, then
increased at 5 °C per min to 230 °C and held for 5 min. Inlet
and detector temperatures were 250 °C. Peak areas and
percentages of TMA was calculated.

Sensory evaluation of eggs. The sensory evaluation
study involved 20 untrained panelists but usual consumers
of eggs, who were asked to evaluate eggs according to
Hammershoj and Steenfeldt with some modifications.z
Eggs were collected three days before the tests and stored
at 5 °C. Five shell eggs per 750 mL of water were heated at
97 °C for 15 min, transferred to cold water for 10 min,

Table 1. Composition ingredient and nutrient of experimental
diets including phytogenic feed additive (PFA).

Level of PFA (g kg1)

Control 4 8 12
Ingredient (g kg1)
Corn, grain 489.60 481.50 473.20 465.00
Soybean meal 228.70 230.40 232.00 233.60
Triticale 70.00 70.00 70.00 70.00
Wheat 100.00 100.00 100.00 100.00
Soybean oil 1020 12.60 15.30 17.90
Phytogenic feed additive 0.00 400 800 12.00
Di-calcium Phosphate 1440 1440 1440 1440
Oyster shell 7720 77.20 77.20 77.20
Salt 4.00 400 4.00 4.00
Vitamin permixt 2.50 250 250 250
Mineral premix# 2.50 250 250 250
DL-Metionine 0.90 090 090 090
Nutrient (g kg-1)
Crude protein 165.00 165.00 165.00 165.00
Calcium 3350 33.50 33.50 33.50
Available phosphorus 4.00 400 4.00 4.00
Sodium 1.80 1.80 180 1.80
Lysine 8.70 870 870 870
Metionine 3.50 350 350 350
Metionine + cysteine 6.40 640 640 6.40

Metabolizable energy (MJ kg!) 1130 1130 11.30 11.30

T Vitamin premix provided the following per kg of diet: Vitamin A
7,718 1U; Cholecalciferol 2,200 IU; Vitamin E 10 IU; Biz 11 mg;
Choline 379 mg; Ribofelavin 5.0 mg; Niacin 33 mg; Biotin 0.06;
Pyridoxine 0.9; Ethoxyquin 28 mg.

# Mineral premix provided following per kg of diet: Mn 55 mg; Zn 40
mg; Fe 28 mg; Cu 7 mg; I 1 mg; Se 0.2 mg.

peeled, divided into halves, kept in 100-mL closed plastic
containers for 30 min at 20 °C, and served four eggs to
each panelist as coded samples. It was asked to evaluate
peeled eggs by cutting each egg in half and evaluating egg
aroma, egg flavor, presence of any off-flavor, and overall
egg acceptability. These descriptors were quantified by a
9-point hedonic scale (1 = dislike extremely; 9 = like
extremely), except off-flavor property which was
described by 9-point scale (1 = weak; 9 = strong).2
Biochemical parameters of serum. Blood samples
(3 mL) of eight layers in each treatment, were collected
from the brachial wing vein using sterilized syringes and
needles at the end of feeding period. After 1 hr standing at
room temperature, serum was removed by centrifuge at
1500 g for 10 min. Serum samples were stored at -20 °C for
determination of serum parameters. Serum concentrations
of triglyceride, cholesterol, LDL and HDL were measured
using commercial kit (Pars Azmoon, Tehran, Iran) and
calorimetric method using spectrophotometer.
Physiological parameters of ovary. At the end of the
experimental period, four layer hens from each treatment
were randomly chosen and the ovary was removed and
weighed. The number of normal large yellow follicles (>10
mm diameter) and the number of small yellow and white
follicles (1 to 10 mm diameter) were recorded.2>
Statistical analysis. The data were analyzed by GLM
Procedure of SAS (Version 9.1; SAS Institute, Carry, USA).
Comparisons between mean values were done by
Duncan’s Multiple Range Test method. Data of sensory
evaluation were analyzed by nonparametric procedure.

Results

Laying hen performance. Phytogenic feed additive
supplementation did not affect the laying hen performance
(p > 0.05). However, egg weight significantly improved by
12 g kg1 feed additives supplementation (p < 0.05). The
hens of all treatments had the similar hen-day egg
production, egg mass, feed intake and FCR values
registered (Table 2).

Egg quality analysis and egg yolk TMA. Egg quality
parameters and yolk characteristics are presented in
Tables 3 and 4, respectively. Albumen height, Haugh unit
and shell thickness were not significantly affected by dietary
treatments within the six weeks period. No significant

Table 2. Effects of dietary phytogenic feed additive (PFA) levels on laying hens performance.

Level of PFA (g kg1) Egg production Egg weight Egg mass Feed intake Feed conversation
(%) (8) (g per hen per day) (g per hen per day) ratio

Control 66.07 61.66P 40.94 89.53 2.23

4 67.38 64.672b 42.94 98.08 2.25

8 69.17 63.79ab 45.03 97.79 2.19

12 67.88 65.01a 43.65 93.83 2.21

p-value 0.38 0.04 0.18 0.22 0.42

SEM 2.27 1.02 1.33 3.09 0.04

ab Mean values with different letters in the same column are significantly different (p < 0.05).
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Table 3. Effects of dietary phytogenic feed additive (PFA) levels on laying hens performance.

Level of PFA (g kg1) Albumin Weight (g) Albumin Height (mm) Haugh unit Shell thickness (mm) Sell Weight (g)
Control 43.89 6.67 79.25 0.03 5.26
4 42.78 7.01 82.10 0.03 5.13
8 41.19 6.03 73.66 0.03 5.38
12 41.37 6.24 75.69 0.03 5.28
p-value 0.53 0.20 0.14 0.17 0.62
SEM 1.70 0.34 2.58 0.002 0.12

No significant differences were detected among the treatments.

Table 4. Effects of dietary phytogenic feed additive (PFA) levels on laying hens yolk parameters and yolk trimethylamine.

Level of PFA (g kg1) Yolk Weight Yolk Diameter Yolk Height Yolk index Yolk color Trimethylamine
(8) (mm) (mm) (ngg?)

Control 17.70 44.42 17.00 0.38 6.64 0.735a

4 18.56 43.10 17.61 0.41 7.07 0.715ab

8 18.73 47.45 17.01 0.37 7.33 0.657bc

12 18.29 43.16 17.64 0.41 7.20 0.602¢

p-value 0.88 0.41 0.65 0.24 0.40 0.016

SEM 0.84 2.38 0.48 0.15 0.35 0.017

No significant differences were detecet among the treatments.

differences were recognized in yolk weight, diameter,
height, yolk index and color by phytogenic feed additive
supplementation (p > 0.05). However, TMA was linearly
decreased by supplementation of herbal feed additive
mixture. All experimental treatments were significantly
lower in this respect (p < 0.05) in comparison to control.

Sensory evaluation. The results of sensory aspect of
eggs at the end of experiment were shown in Table 5. The
results for the inclusion of the phytoherbal additive
illustrated that no significant differences were observed in
egg aroma and flavor between treatment groups (p > 005).
None of the treatments had an off-flavor such as fishy taste
in the eggs. All of the eggs were acceptable by panelists.

Serum Biochemistry. Serum metabolites including
triglyceride, cholesterol, LDL and HDL were presented in
Table 6. The serum triglyceride and cholesterol were not
affected significantly by inclusion of different levels of
phytogenic feed additives in layer diets (p > 0.05).
However, serum HDL and LDL were increased by inclusion
of phytogenic feed additives (p < 0.05).

Reproductive morphology parameters. The ovary
weight was significantly highest with 12 g kg1
supplementation of herbal feed additive mixture (p < 0.05).
The number of small follicles (between 1 to 10 mm
diameters) was increased by herbal feed additive mixture
(p < 0.05). In contrast, no reflection was found on large
follicles (larger than 10 mm) in this respect, (Table 7).

Table 5. Effects of dietary phytogenic feed additive (PFA) levels
on sensory evaluation (1 to 9 scale).

Level of PFA Aroma Flavor  Off- Overall
(gkg1) flavor acceptability
Control 4.89 6.37 2.39 6.83

4 5.60 6.00 243 6.57

8 5.65 6.93 2.26 7.70

12 5.05 6.12 2.35 6.76
p-value 0.34 0.57 0.90 0.50
SEM 0.38 0.56 0.42 0.57

Table 6. Effects of dietary phytogenic feed additive (PFA) levels
on triglyceride, cholesterol, High- and low- density lipoprotein
(HDL and LDL) of laying hens serum.

Level of PFA Triglyceride Cholesterol HDL LDL
(gkg?) (mgdL?)  (mgdL?) (mgdL?) (mgdL?)
Control 3343.80 154.75 62.50¢ 29.62b
4 2973.80 169.13 67.75¢ 41.002
8 2830.20 168.00 111.43> 48.57a
12 2667.50 145.25 136.87a  45.75a
p-value 0.49 0.44 <0.0001  0.004
SEM 318.15 11.64 3.49 3.11

abc Mean values with different letters in the same column are
significantly different (p < 0.05).

Table 7. Effects of dietary phytogenic feed additive (PFA) levels
on ovary weight and number of large and small follicle of ovary.

Level of PFA Ovary weight Large folliclet Small follicle+
(gkg) (8)

Control 39.15b 4.25 9.25b

4 44.51ab 4.75 18.252

8 38.58b 4.00 18.00a

12 49.652 4.25 19.502
p-value 0.02 0.38 <0.0001
SEM 1.10 0.39 0.62

ab Mean values with different letters in the same column are
significantly different (p<0.05), t Large follicle: > 10 mm diameter
yellow follicle, # Small follicle: 1 to 10 mm diameter small yellow
and white follicles.

Discussion

In the present study, phytogenic additive mixture
improved the egg weight only. Similar to this study, Cabuk
et al. had shown that feed intake, egg production and egg
mass did not differ significantly by the essential oil mixture
containing fennel seed oil and oregano oil.¢ In addition, it is
reported that only average egg production was increased
by polyherbal essential oils in broiler breeder, which
contained five herbs (including anise, sage, thyme, fennel
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seed and oregano).” However, in contrast to current study,
egg production was enhanced and FCR was improved by
supplementation of essential oils in laying hens.26 Ghasemi
et al.reported no changes in egg production, egg mass and
FCR by dietary garlic and thyme in laying hen,!# although
they found decreased feed intake during six weeks. Khan
et al. have found no effect on the feed consumption, feed
efficiency, egg weight, and egg mass by 0, 20, 60, and 80
g kg1 dietary garlic powder over sixweeks.2’” Yalcin et al.
observed that only egg weight was increased by dietary
treatments (0, 5, and 10 g kg! of garlic powder) over a 22-
week period.? Improved egg production and egg weight
were found by supplementation of 30 g kg black cumin in
laying hens.

Phytogenic feed additive might improve nutrient
digestibility, enhance activities of digestive enzymes and
modulate gut microbiota that can caused an increase in
broiler performance.

However, different observations by supplementation of
herbal feed additive in current study may be due to use of
different commercial phytogenic products, level and time
of inclusion, and interaction effect of effective compounds
of each plant. In addition, levels and interaction between
phytochemical constituents of different herbs could have
caused the mentioned changes.

In this study, none of the egg quality and yolk para-
meters were influenced by supplementation of feed additive.
In contrast to this study, Zhao et al. demonstrated
significant improvement in eggshell quality and bone mass
after supplementation with daidzein (a phyto-estrogen
component).?8 The estrogens have a variety of functions
related to reproduction, including the regulation of
calcium metabolism for shell formation.29.30

Similar to the present study, Yalcin et al. reported that
no significant effects were obtained by supplementation of
5 and 10 g kg! garlic powder on albumen index, egg shell
thickness, and Haugh unit values in layer hen.? In the other
study, Yolk index, Haugh unit and eggshell thickness were
not affected by dietary treatment, but yolk color was
increased by supplementation of 2 g kg feed additive.1*

The egg yolk index and the egg yolk weight were not
affected by supplementation of garlic powder. In contrast
to the current study, there were significant differences in
the egg albumen index, egg shell index, and egg Haugh unit
by the 10 and 20 g kg garlic powder supplementation.3!
Egg yolk weights were increased linearly by increasing
levels of dietary tamarind in Chowdhury et al. study.32

In the current study, levels of TMA of yolk were
decreased linearly by increase in levels of phytogenic
feed additive. Trimethylamine was depressed by
supplementing 12 g kg herbal additives compared to
other experimental treatments.

Trimethylamine (the highly volatile compound) is
more difficult to excrete and can subsequently accumulate
in circulation and deposit in developing follicles that leads

to fishy egg taint.16 In addition to genetics, age of flock and
season, gram-positive enteric bacteria play a significant
role in the production of TMA especially in the ceca,!8
because there is higher concentration of TMA in ceca than
small intestine.33 It is suggested that adding the antibiotics
to the diet could reduce the incidence of egg tainting.!8
Some of the herbs in the phytogenic feed additives of the
present study have phytobiotic properties. Garlic is well
known for its antibacterial effects.’ It is demonstrated
that thymol, a major component of thyme, sesquiterpenes
in milfoil and anitolin of fennel seed have remarkable
antibacterial effects.20 Antibacterial effects of herbal feed
additive in this study may be responsible of decreased
TMA concentration in yolk.

Aromatic compounds of some herb additives such as
garlic have potential of unfavorable flavor for consumer,
but panelists were not able to distinguish treated eggs from
control eggs in aroma, flavor, off-flavor and acceptability.

Supplementation of polyherbal feed additive caused a
decline in TMA of yolk in present experiment and this
reaction might decrease unfavorable aroma of egg for
above-mentioned panelist. Parpinello et al. indicated that
rosemary extract did not influence the sensory
characteristics when used in substitution to vitamin E
antioxidant.34 In laying hen, supplementation of 0.5 to
2.0% green tea did not significantly affect these sensory
parameters including texture, juiciness, flavor and
acceptability.3> Hence, further studies are needed to
elucidate the effects of phyto-additives on intestinal
microflora composition on the egg taste and flavor.
Unfortunately, few trials have focused on the effects of
herbs on egg sensory quality.

In the present study, the levels of serum HDL in laying
hen fed diets containing 8 or 12 g kg1 herb mixture were
increased significantly. Interestingly, LDL levels were
increased by supplementation of phytogenic feed additive
treatments. However, serum triglyceride and cholesterol
concentration were not affected by herb mixture
supplementation.

Similar to the present study, Canogullari et al. have
shown that plasma HDL and LDL levels were higher in
birds fed the diets containing 10, 20 or 40 g kg garlic
powder than those in the control diet.3! Azeke and Ekpo
have reported the reductions of the total cholesterol, total
triglyceride, LDL and HDL observed by garlic powder
supplementation at levels of 10 and 20 g kg in laying hens
diet.* Similar to Canogullari et al, Chowdhury et al. and
Kim et al. have shown that plasma LDL-cholesterol was
dropped linearly with 5 to 20 g kg garlic powder in diet,
but HDL-cholesterol concentration was not affected.31,3236
Addition of 10 g kg! thyme in diet significantly decreased
plasma total lipid while plasma total cholesterol and LDL
were not influenced in commercial and breeding laying
hens.37 Ghasemi et al. have noted that plasma levels of
cholestero], triglyceride, HDL and LDL were not affected by
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dietary inclusion of 0.1 and 0.2 g kg mixture of garlic and
thyme powder.14

These conflicting results in relation to mixture of herbs
supplementation, level of inclusion and effective
component suggested that different effective components
of phytogenic feed additive mixture caused these
remarkable results in the present study.

Egg production decreases coinciding with weakness in
the process of recruitment of follicles into the hierarchy
and decrease in ovarian steroids and gonadotropins in old
age laying hens.37 It is shown that subcutaneous injection
of FSH into old hens caused an increase in estrogen
concentrations, increased the number of small follicles in
their ovaries, and then stimulated rapid growth phase of
small follicles in laying hens.38

Isoflavones is a major phyto-estrogen that exists widely
in natural plants.3? Some of the herbs in our feed additive
mixture have estrogenic properties. Marigold and fennel
seed have flavones and inhibit menopausal symptoms in
humans.#® Therefore, in the current study weight of ovary
and numbers of small follicles were positively influenced
by supplementation of herbal feed additive.

Zhao et al. reported that ovary weight or the numbers
of hierarchical follicles were not affected by Daidzein (type
of isoflavones) supplementation, but oviduct weight was
increased.?® However, positive effects of phytogenic
compound on laying rate and average egg weight were
demonstrated during the post-peak stage, but the result of
different studies were not comparable because of the
differences in phyto-estrogens sources, dose, duration of
use and intrinsic oestrogenic state.#142

In conclusion, dietary supplementation of a phytogenic
feed additive (including garlic, marigold, fennel seeds and
thyme) could improve egg weight of laying hen. Anti-
bacterial properties of this phytogenic feed additive caused
reduction of TMA concentration in yolk that was interesting
result. Supplementation of phytogenic additive may enhance
period of production because of stimulating in small
follicle growth. Overall, supplementation 8 or 12 g kg1
phytogenic feed additive resulted in improvement of egg
weight and ovarian physiological parameters and reduced
yolk TMA concentration.

References

1. Chowdhury SR, Chowdhury SD, Smith TK. Effects of
dietary garlic on cholesterol metabolism in laying hens.
Poult Sci 2002; 81:1856-1862.

2. Windisch W, Schedle K, Plitzner C, et al. Use of
phytogenic products as feed additives for swine and
poultry. ] Anim Sci 2008; 86(Suppl 14): E140-E148.

3. Yalcin S, Onbasilar EE, Reisli Z, et al. Effect of garlic
powder on the performance, egg traits and blood
parameters of laying hens. J Sci Food Agric 2006;
86:1336-13309.

4. Azeke MA, Ekpo KE. Egg yolk cholesterol lowering
effects of garlic and tea. ] Med Plants Res 2009; 3:
1113-1117.

5. Aydin R, Karaman M, Cicek T, et al. Black Cumin
(Nigella sativa L.) supplementation into the diet of the
laying hen positively influences egg yield parameters,
shell quality, and decreases egg cholesterol. Poult Sci
2008, 87: 2590-2595.

6. Cabuk M, Bozkurt M, Alcicek A, et al. Effect of a dietary
essential oil mixture on performance of laying hens in
the summer season. S Afr ] Anim Sci 2006; 36: 215-221.

7. Ather MAM. Polyherbal additive proves effective
against vertical transmission of IBD. World Poultry
2000; 16: 50-52.

8. Mohammed AA, Abbas R]. The effect of using fennel
seeds (Foeniculum vulgare L) on productive
performance of broiler chickens. Inter | Poult Sci 2009;
8: 642-644.

9. Frankic T, Salobir K, Salobir J. The comparison of in vivo
antigenotoxic and antioxidative capacity of two
propylene glycol extracts of Calendula officinalis
(marigold) and vitamin E in young growing pigs. ]
Anim Physiol Nutr 2009; 93: 688-694.

10.Kroismayr A, Steiner T, Zhang C. Influence of a
hytogenic feed additive on performance of weaner
piglets. ] Anim Sci 2006; 84: 329.

11. Abd AM, El-Motaal AMH, Ahmed ASA, et al. Productive
performance and immunocompetence of commercial
laying hens given diets supplemented with eucalyptus.
Int ] Poult Sci 2008; 7: 445-449.

12. Canogullari S, Baylan M, Erdogan Z, et al. The effects of
dietary garlic powder on performance, egg yolk and
serum cholesterol concentrations in laying quails.
Czech ] Anim Sci 2010; 55: 286-293.

13. Cetingul IS, Bayram I, Akkaya AB, et al. Utilisation of
oregano (Origanum vulgaris) in laying quails
(Coturnixcoturnix japonica). The effects of oregano on
performance, carcass yield, liver and some blood
parameters. Arch Zootechnica 2007; 10: 57-65.

14. Ghasemi R, Zarei M, Torki M. Adding medicinal herbs
including garlic (allium sativum) and thyme (thymus
vulgaris) to diet of laying hens and evaluating
productive = performance and egg  quality
characteristics. Am ] Anim Vet Sci 2010; 5: 151-154.

15. Hobson-Frohock A, Land DG, Griffiths NM, et al. Egg
taints: Association with trimethylamine. Nature 1973;
243:304-305.

16. Ward AK, Classen HL, Buchanan FC. Fishy-egg tainting
is recessively inherited when brown-shelled layers are
fed canola meal. Poult Sci 2009; 88:714-21.

17.Hoffmann GF, Blau N. Other Metabolic Disorders. In:
Blau N, Hoffmann GF, Leonard ], Clarke JTR (Eds).
Physician's guide to the treatment and follow-up of
metabolic diseases. 15t ed. Berline, Germany: Springer-
Verlag 2006; 381-384.


http://onlinelibrary.wiley.com/doi/10.1111/jpn.2009.93.issue-6/issuetoc
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ward%20AK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Classen%20HL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Buchanan%20FC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/19276413
http://www.amazon.com/s/ref=ntt_athr_dp_sr_4?_encoding=UTF8&sort=relevancerank&search-alias=books&field-author=Joe%20T.%20R.%20Clarke

AA. Saki et al. Veterinary Research Forum. 2014; 5 (4) 287 - 293 293

18. Zentek ], Kamphues ]. Investigations of antibiotic and
dietary influences on egg taint. Vet Med Austria 2002;
89: 100-106.

19.Kirkpinar F, Unlu HB, Ozdemir G. Effects of oregano
and garlic essential oils on performance, carcass, organ
and blood characteristics and intestinal microflora of
broilers. Livestock Science 2011; 137: 219-225.

20. Van Wyk BE, Wink M. Medicinal plants of the world. 1st
ed. Oregon, USA: Timber Press 2004; 27-35.

21.Haugh RR. The Haugh unit for measuring egg quality.
US Egg Poultry Magazine 1973; 43:522-555.

22.Zhang RZ, LI L, Liu ST, et al. An improved method of
cholesterol determination in egg yolk by HPLC. ] Food
Biochem1999; 23: 351-361.

23.Hammershoj M, Steenfeldt S. Effects of blue lupin
(Lupinus angustifolius) in organic layer diets and
supplementation with foraging material on egg
production and some egg quality parameters.
PoultSci2005; 84:723-733.

24. Caston LJ, Squires EJ, Leeson S. Hen performance, egg
quality, and the sensory evaluation of eggs from SCWL
hens fed dietary flax. Can ] Anim Sci 1994; 74: 347-353.

25. Ciacciariello M, RM Gous. A comparison of the effects of
feeding treatments and lighting on age at first egg and
subsequent laying performance and carcase
composition of broiler breeder hens. Br Poult Sci 2005;
46: 246-254.

26.Deying MA, Shan A, Chen Z, et al. Effect of Ligustrum
lucidum and Schisandra chinensis on the egg production,
antioxidant status and imrtlunity of laying hens during
heat stress. Arch Anim Nutr 2005; 59:439-447.

27.Khan SH, Hasan S, Sardar R, et al. Effects of dietary
garlic powder on cholesterol concentration in Native
Desi laying hens. Am ] Food Technol 2008; 3: 207-213.

28.Zhao, RQ, Zhou YC, Ni YD, et al. Effect of daidzein on
egg-laying performance in Shaoxing duck breeders
during different stages of the egg production cycle. Br
Poult Sci 2005; 46: 175-181.

29. Etches RJ. Calcium logistics in the laying hen. ] Nutr
1987; 117: 619-628.

30. Arjmandi BH, Khalil DA, Hollis BW. Soy protein: Its

effects on intestinal calcium transport, serum vitamin
D, and insulin-like growth factor-I in variectomized
rats. Calcified Tissue Int 2002; 70: 483-487.

31.Canogullari S, Karaman M, Erdogan Z, et al. Effect of
garlic powder on egg yolk and serum cholesterol and
performance of laying hens. Bull Vet Inst Pulawy 2009;
53:515-519.

32. Chowdhury SR, Sarker DK, Chowdhury SD, et al. Effects
of dietary tamarind on cholesterol metabolism in
laying hens. Poult Sci 2005; 84: 56-60.

33. March BE, MacMillan C. Trimethylamine production in
the caeca and small intestine as a cause of fishy taints
in eggs. Poult Sci 1979; 58: 93-98.

34. Parpinello GP,Meluzzi A, SirriF, et al. Sensory evaluation
of egg products and eggs laid from hens fed diets with
different fatty acid composition and supplemented
with antioxidants. Food Res Inter 2006; 39: 47-52.

35.Uuganbayar D, Bae IH, Choi KS, et al. Effects of green
tea powder on laying performance and egg quality in
laying hens. Asia Aust ] Anim Sci 2005; 18: 1769-1774.

36.Kim Y], Jin SK, Yang HS. Effect of dietary garlic bulb and
husk on the physicochemical properties of chicken
meat. Poult Sci 2009; 88: 398-405.

37. Williams B, Sharp PJ. Ovarian morphology and rates of
ovarian follicular development in laying broiler
breeders and commercial egg-producing hens. Br Poult
Sci 1978; 19: 387-395.

38.Johnston SA, Gous RM. An improved mathematical
model of the ovulatory cycle of the laying hen. Br
PoultSci 2003; 44: 752-760.

39. Oguike MA, Igboeli G, Ibe SN et al. Physiological and
endocrinological mechanisms associated with ovulatory
cycle and induced-moulting in the domestic chicken - A
Review. World Poult Sci] 2005; 61: 625-632.

40.Van Wyk BE, Wink M. Medicinal plants of the world. 1st
ed. Oregon, USA: Timber press 2004; 145-146.

41. Price KR, Fenwick GR. Naturally occurring oestrogens
in foods: A review. Food Addit Contam1985; 2: 73-106.

42.Cassidy A. Potential risks and benefits of
phytoestrogen-rich diets. Int | Vitam Nutr Res 2003;
73:120-126.


http://www.amazon.co.uk/s/ref=ntt_athr_dp_sr_1?_encoding=UTF8&search-alias=books-uk&field-author=Ben-Erik%20van%20Wyk
http://www.amazon.co.uk/s/ref=ntt_athr_dp_sr_2?_encoding=UTF8&search-alias=books-uk&field-author=Michael%20Wink

