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Effect of Natural Liquid Oreganum on Physiological Performance
in Stressed Laying Japanese Quails Exposed to Force Molting

Suha M. Alghazal, Mahmood S. Al-Maatheedi, Hiyam N. Maty
Department of Physiology, Biochemistry and Pharmacology, College of Veterinary Medicine, University of Mosul, Mosul, Iraq

Keywords: oreganum, force molt, laying quail, haematology, reproduction

Abstract. This study aimed to study the effect of oreganum on forced molting in laying Japanese
quails to improve the physiological performance and restore the reproductive capacity of females.
A total of 120 female Japanese quails (Coturnix coturnix Japonica) aged 18 weeks were divided randomly
into six groups: group A — pre-molting from weeks 18 to 19; group B — supplemented with oregostim
at a dose of 0.3 mL\1000 mL; group C (molting from weeks 20 to 22) — fed a restricted diet; group
D — fed a limited diet with oregostim at the same dose and post-molting from week 23 to week 37; group
E — fed a basal diet; and group F — fed a basal diet and treated by oregostim. The results showed that
the molting group caused a significant reduction in the weight of body and ovary in group C and group
D, while the weights were restored in group E and group F relative to other groups. Besides, there was a
significant decrease of WBCs and RBCs count in group C and group D with a significant elevation in
group E and group F compared with group A and group B. The percentage of egg production and large
follicle number in group C and group D decreased significantly compared with group A and group B,
while they restored to normal values in group E and group F compared with group A and group B and
showed a significant increase as compared with group C and group D, respectively. We concluded from
this study that oregostim does not have adverse effects on the molting period. Thus, the standard diet

supplemented with oregostim was considered as a better molting technique.

Introduction

Force molting isa procedure of inducing molting to
regenerate feathers and egg production at a particular
time (Maiorano et al., 2011). It also improves the
economic value by temporarily delaying the broiler
productive lifespan or by temporarily delaying the egg
production in laying hens (Brake, 2023). Molting is
a physiological process in avian species that happens
naturally and includes the replacement of old feathers
with new (Huss, 2008). Numerous approaches have
been used to induce molting such as using a restricted
diet by feeding only grain with insufficient minerals
and essential vitamins such as sodium or calcium,
aluminium, zinc and iodine (Khan et al., 2011). The
period of the reproductive and productive lives of
birds is prolonged by force molting (Heryanto et al.,
2016). The biggest significance of forced molting is
the regeneration of the reproductive system, which
increases the tissue efficacy, gonadal growth, and
loss of adipose tissue (Narinc, 2013). The common
uses of force molting include either a photoperiod
stage, fasting or a combination of both (Heryanto
et al,, 2016). The stress phase eliminating period
of feeding is followed by a recovery phase when
birds receive a restricted diet of protein or total feed
keeping the body weight but not resuming egg laying
(Huss, 2008). Oregano is a well identified essential
aroma having antioxidant properties and antioxidant
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activity such as thymol and carvacrol (Dragan et
al., 2008). The oregano extracts contain carvacrol
or thymol (Zheng et al., 2009). Oreganum is an
essential oil with antibacterial activities. It acts as an
antioxidant and promotes growth. It increases feed
intake by stimulating the animal’s sense of hunger.
Furthermore, it replaces and cleans the gut lining,
which boosts the animal’s health by reestablishing
absorbent in the gut surface (Zhang, 2021). Studies
on the applications of the product in the form of
powder or leaves on production parameters and
metabolism are limited (Ampode et al., 2022; Bayram
and Akkaya, 2018).

The aim of this study is to determine the effect of
natural liquid oreganum on physiological performance
in stressed laying Japanese quails exposed to force
molting by resting the reproductive system for a certain
period to improve its physiological performance and
restore the hens’ reproductive ability.

Materials and Methods

Quuails

The experimental quails and laboratory analyses
were supported by an animal house and laboratories
of the Veterinary Medicine Department of the
University of Mosul. The study included 120 female
Japanese quails (Coturnix coturnix Japonica), 18
weeks old with an average body weight ranging from
180.33 £ 36 to 200 + 32 g purchased from al Ebaa
Research Centre of the Ministry of Agriculture. The
hens were preserved in floor birdcages, and food and
water were provided ad libitum. Food elements and
nutrient levels are presented in accordance with the
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National Research Council (NRC) recommendations
(Maty and Hassan, 2020).

Experimental design

Female laying hens were divided and distributed
randomly into six equal groups A, B, C, D, E and
E All groups were fed a basal diet for one week for
adaptation before inducing molting. The animals were
kept under the same light 16 hours a day, and a water
rule was ad libitum. The duration of the experiment
was divided into three periods:

1. Pre-molting period — from week 18 to 19:

(A) Control group;

(B) Oregostim group was given oreganum at a
dosage (0.3 mL \ 1000 mL water) in water.

*These two groups were fed a basal diet ad libitum.

2. Molting period — from week 20 to 22:

(C) Control group;

(D) Oregostim group was given oreganum at a
dosage (0.3 mL \ 1000 mL water) in water.

*These two groups were fed a restricted diet ad
libitum.

The restricted diet was given to the
supplemented according to Younis (2019).

3. Post-molting period — from week 24 to 37:

(E) Control group;

(F) Oregostim group was given oreganum at a
dosage (0.3 mL \ 1000 mL water) in water.

*These two groups were fed a basal diet ad libitum.

hen

Treated material

Oreganum product was made from 100% of pure
essential oil and manufactured by Anpario Company
in the UK. Oregostem® was administered at a
dosage of 300 mL per 1000 L of drinking water, as
recommended by the producer.

Weight parameters of body organs

The weights of organs (heart, liver, gizzard, and
chest muscle), where given, were all calculated by
equation = (organ weight /body weight) x 100.
During the trial, the body weight of the quails in all
groups was calculated in gram according to the age of
each group shown in the experimental design.

Blood parameters
Blood samples were collected during slaughter
after keeping a half of the quails for the next period.

The sample was divided into two parts as follows:

1. Serum samples were separated by blood centrifu-
gation for 15 min at 3000 rpm and reserved at
—26°C until estimation (Nguyen et al., 2014).

2. Blood samples with an anticoagulant were used for
complete blood count (RBCs, WBCs) using Natt
and Herrick solution and for counting differential
leukocyte (DLC)using Wright stain.

Follicle parameters
Follicles were extracted from the body and counted.

Percentage of egg production

Egg production was recorded daily and represented
as the percentage of egg production of a hen per
day and weekly during the experiment. It has been
reported that egg production ceases during the entire
forced molting period in all groups (Deek and Al-
Harthi, 2004).

% Egg production = (Number of eggs produced
per week per number of housed hens) x 100 (Deek
and Al-Harthi, 2004).

Statistical analysis of the data

Data of body weight, reproductive organs, ovarian
follicles, and blood parameters were collected and
compared between control pre-molting, molting,
and post-molting birds using descriptive ANOVA
analyses with the Duncan multiple range test used at
the probability level (P10.05). SPSS version 19.0 and
MS Office Excel 2007 statistical tools were used. Data
are presented as means + SD with a significance level
of P < 0.05 (Steel, 1997).

Results

At the beginning of the experiment, the mean
body weight was 225 g with no significant body
weight variances between the control and oregostim
groups for each period in the pre-molting and the
molting period, while in the post-molting period
there was a significant variance between group E and
group E The oregostim group showed a restoration
and a slight increase in body weight (F) as presented
in Table 1. Otherwise, the results showed a significant
difference between the periods. There was a decrease
in body weight in group C and group D compared
with the control group A and a significant increase
in group E and group F compared with group B and
group C, without a significant variation in the weight
of other body organs (heart, muscle, gizzard and
liver). There was a significant decline in ovary weight
in group C and group D at the molting period and a
significant increase in group E and group F compared
with other groups. The birds which recovered from
molting restored their weight.

Table 2 demonstrates insignificant differences in
the pre-molting period in group A and group B in
the numbers of red blood cells, white blood cells
and differential counts of leukocytes. The analysis of
variance indicated that there was a significant decrease
in the molting period in group C and group D in
red blood cells and white blood cells, respectively,
compared with group A and group B, while there
were no significant differences in other blood values,
but a significant increase was observed in group E and
group F in the post-molting period compared with
other groups.

Table 3 demonstrates a significant decrease in the
percentage of egg production and the numbers of large
follicles on the ovary at the molting period compared
with groups at the pre-molting period, while it is
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Table 1. Efficiency of oregostim on body and organ weight in laying Japanese quails in pre-molting, molting
and post-molting periods

Mean + Standard Error
Groups . Heart weight | Gizzard weight | Muscle weight | Ovary weight | Liver weight
BOdy( v;elght (gm /100 (gm /100 (gm /100 (gm /100 (gm /100
& g.bw) g.bw) g.bw) g.bw) g.bw)

géfﬁ"“mg 225.0+2.0 | 0.846+0.163 | 1.92+0.114 | 25.67+0.65 | 2.808 + 0.184 | 2.896 + 0.238
Control (A) b ab a a ab ab
lljéfi'(‘)go“mg 219.4+59 | 0.742+0.120 | 1.73+0.150 | 23.90 £0.72 | 3.072 £ 0.192 | 2.842 + 0.280
Oregostim (B) be ab a a a ab
Molting period 1922 +4.9 | 0.682+0.017 | 1.66+0.396 | 22.56 +0.18 | 1.204 + 0.041 | 3.154 + 0.142
Control (C) d ab a ab C a
Molting period 196.6 3.8 | 0.730 £0.016 | 2.18 £0.089 | 25.32+0.71 | 2.126 + 0.150 | 3.350 + 0.118
Oregostim (D) d ab a a c a
llj‘e)fit;?"“mg 200.0 + 10.5 | 0.952 +0.040 | 2.20 £0.085 | 24.79 +0.13 | 3.062 + 0.211 | 2.556 + 0.167
Control (E) ¢ a a a a ab
igff;?omng 227.6+10.1 | 0.878 £0.078 | 1.81£0.132 | 25.55+0.71 | 3.110 £ 0.147 | 3.040 + 0.092
Oregostim (F) a a a a a ab

The letters a, b, ¢ and d indicate the statistically significant differences between groups; P < 0.05.

Table 2. Efficiency of oregostim on blood parameters of laying Japanese quails in pre-molting, molting
and post-molting periods

Mean * Standard Error
Groups RBC x WBC x Lympho- | Heterophils Basophils Eosinophils | Monocytes
10° /mm?® | 10°/ mm? cytes% % % % %

P;fi‘gj"l“ng 1.92 +0.58 40196 + 143 |70.20 + 2.08 | 18.20 + 1.43 | 0.600 + 0.024 | 8.40 + 0.44 | 9.80 + 1.39
p b a a b a a bc
Control (A)
Pre.'rg"“ing 212+ 1.49 41796 + 182 |76.00 + 1.76 | 10.60 + 1.68 | 0.600 + 0.024 | 1.00 + 0.44 | 12.00 + 1.30
perio . b a a b a ab abc
Oregostim (B)
Molting period | 1.60 + 0.71 {33513 + 192 {76.00 + 1.76 | 10.60 + 1.68 | 0.600 = 0.024 | 1.00 + 0.67 | 10.00 + 1.50
Control (C) C b a ab a ab bc
Molting period | 1.20 + 1.01 | 35022 + 161 |71.00 + 3.56 | 38.20 +2.90 | 1.200 + 0.037 | 2.60 + 0.37 | 17.00 + 1.72
Oregostim (D) C b a ab a ab ab
g;’fit;g“’l“ng 3.0002 + 1.93[ 42490 + 247 | 75.00 + 3.30| 13.00 + 1.75 | 0.400 + 0.024 | 0.80 + 0.80 | 10.80 + 1.59
Control (E) a C a ab a ab abc
P;’fit;?‘)lting 3.055 + 1.80 | 43630 + 134 | 79.60 + 3.55 [39.20 + 1.31| 1.200 + 0.100 | 2.20 + 0.34 [17.80 = 1.16
p . a a a ab a ab ab
Oregostim (F)

The letters a, b, ¢ and d indicate the statistically significant differences between groups; P < 0.05.

demonstrated that there was a significant increase in
the percentage of egg production and the numbers of
large follicles in the groups at the post-molting period
compared with the groups at the molting period.
The current study indicated that the ovarian
large follicles during the post-molting period were
somewhat bigger than the control at the pre-molting

period. However, the oviducts and egg developing
follicles appeared comparatively healthier and bigger
in post-molted hens (Fig 1). Different sizes of eggs
for each period are demonstrated in Fig. 2. Eggs of
molted hens are small and have a soft shell compared
with the control, while post molt hens had large
size eggs, and oregano had a good effect on the
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Table 3. Efficiency of oregostim on reproductive parameters of laying Japanese quails in pre-molting,
molting and post-molting period

Mean * Standard Error
Groups
% of egg production | Number of small follicles | Number of large follicles
+ + +
Pre-molting period Control (A) 52.44a_ 3.1 4.41 ; 0.24 25.8 ; 0.65
+ + +
Pre-molting period Oregostim (B) 56.33a_ 3.22 4.83 ; 0.20 26.2 ; 0.93
+ + +
Molting period Control (C) 31.55b_ 1.44 4.0 _a0.44 16.2 g 0.01
+ + +
Molting period Oregostim (D) 32.43b_ 2.12 4.6 _a0.24 21.6 g 0.50
+ +
Post-molting period Control (E) 60'43; 2.54 0.51 N 0-65 30.2+0.33a
+ + +
Post-molting period Oregostim (F) 70.65a_ 3.11 0.35 ; 0.66 33.2 ; 0.24

The letters a, b, ¢ and d indicate the statistically significant differences between groups; P < 0.05.

Fig. 1. Follicles during the molting periods.

size and shell quality compared with other groups.
Fig. 3 shows the appearance of feather falling in
molted hens, especially in the neck region, back and
thighs. The present study showed that erythrocytes at
the pre-molting period were smaller in size and round
in shape. During molting, erythrocytes were larger,
became more elongated and decreased in numbers,
while they increased in their counts and were restored
to a normal shape and size at the post-molting period

(Fig. 4).

Discussion

The results of this study demonstrate that induced
molt causes a significant decrease in the body weight
and ovary weight at the molting period 20" to 22",
This may be due to the stressful effect of induced

molt on hens fed a restricted diet because of the
lack of minerals, proteins and other supplemented
substances in the diet. Otherwise, the supplementation
of oregostim in drinking water in molted hens
failed to restore the hen’s ovary and body weight
to normal values during the molting period 20" to
22 which may be because molt is highly stressful
for hens, causing loss of body weight, stagnation of
organs of the reproductive tract, cessation of laying
eggs, and feather loss (Lee, 1982). Other studies have
summarized that the yellow corn feed intake in quails
with low protein properties has a reduction effect on
body weight and other body organs (Maty et al., 2020).
In our study, there was a significant decline in the
weight of ovary and large follicles numbers in molted
hens with and without oregostim while the weight
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Fig. 2. Sizes of eggs for each period.

Fig. 3. The appearance of feather falling in molted hens, especially in the neck region, back and thighs.

premolting period

molting period

postmolting peried

Fig. 4. Erythrocytes during the molting periods.

gain happened in both groups at the post-molting
period compared with other groups. This indicates
the positive effect of oregostim at the post-molting
period 23" to 37™ compared with groups without
oregostim supplementation at the same period, as it
caused weight gain of hens at the post-molting period.
Studies have reported that oregostim promotes
animal feed intake and enhances and restores the gut
lining to improve the animal’s health, by renewing the
absorbent gut surface (Maty et al., 2020). Oregostim
has been reported to cause stimulation of appetite
which increases feed consumption (Wen, 2008).
Oregostim has an active substance such as thymol,
which activates the digestive system and feed intake
(Palmer, 1972), increasing the generation of digestive
enzymes and improving digestion by promoting liver
activities, to stimulate feed intake (Ciftci et al., 2005).
This may be the main reason of body weight gain

during the post-molting period with oregostim.
Blood parameters of hens are important in
acquiring necessary information on the immune
status of animals (Brake, 1979). Haematological
changes are used to regulate the body status and
evaluate the effect of environmental and nutritional
stresses (Kohn and Allen, 1955). In our study, we
noticed that there were different sizes and shapes
of erythrocytes. Erythrocytes at the pre-molting
period were smaller and had a round shape. During
molting, erythrocytes changed their size and shape.
They were bigger, more elongated and decreased in
numbers, while they increased in their counts and
were restored to normal shape and size at the post-
molting period. The difference in the size and forms
of red blood cells during molt replicate the definite
physiological needs of the organism. The change in
the size of red blood cells is the key for perfusion of
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the tissue, specifically oxygen distribution (Haas and
Janiga, 2020). Metabolism increases during molt, so
the structure of an erythrocyte affects its morphology,
properties and consequently contributes to the ability
for gas transfer and blood (Kuenzel, 2003). Changes in
blood parameters at the molting period, a significant
decrease in both red blood cells counts and white
blood cells counts compared with control groups while
they get restored to normal values at the post molting
period suggest that oregano does not have adverse
effects on haematological limits. The various changes
in haematological and blood parameters obstruct
the birds’ ability several systemic functions (Arora
and Vatsalya, 2011). Molting modifies hormonal
levels, haematological values and blood chemicals
(Groscolas and Robin, 2001). A number of theories
have explained this drop-in haematocrit during the
molt (Robin et al.,1988). Blood parameters might
be decreased because of a decline in erythropoiesis
secondary to nutritious and energetic imbalance
involving some degree of fasting, potentially leading
to iron deficiency (Cherel et al., 1988). Previous
studies have shown that molting is associated with
low concentrations of sex steroid hormones and a
severe increase and subsequent decrease of thyroid
hormones. These hormonal changes may impact
haematological standards (Graw and Kern, 1985).
Another possible explanation for the decrease in
haematocrit is hem dilution, an increase in plasma
volume as an osmotic adjustment in response to the
extensive vascularization of growing feathers without
an accompanying increase in erythrocyte population
or size (Jouraw et al., 2005). Molting decreases the
number of follicles in ovaries. Fasting has been related
to autophagy and apoptosis in granulosa cells (Berg
and Bearse, 1947). Thus, the causes of a decline in
the numbers of ovarian large follicles may be due to a
follicle atresia caused by molt, and the body can resorb
it to supply energy (Berg and Bearse, 1947). This may
disturb the percentage of egg production in molted

References:

1. Maiorano G, Knaga S, Witkowski A, Cianciullo D, Bednarc-
zyk MJPs. Cholesterol content and intramuscular collagen
properties of pectoralis superficialis muscle of quail from dif-
ferent genetic groups. 2011;90(7):1620-6.

2. Brake JJPS. Recent advances in
1993;72(5):929-31.

3. Huss D, Poynter G, Lansford R. Japanese quail (Coturnix
coturnix) as a laboratory animal model. Lab Anim (New York)
2008;37:513-519. [PubMed] [Google Scholar| [Ref list].

4. Narinc D, Karaman E, Aksoy T, Firat MZ]Ps. Genetic pa-
rameter estimates of growth curve and reproduction traits in
Japanese quail. 2013;93(1):24-30.

5. Berry WDJPs. The physiology of
2003;82(6):971-80.

6. Khan R, Nikousefat Z, Javdani M, Tufarelli V, Laudadio
VJWspsj. Zinc-induced moulting: production and physiology.
2011;67(3):497-506.

7. Heryanto B, Yoshimura Y, Tamura T. Cell proliferation in the
process of oviducal tissue remodeling during induced molting
in hens. Poultry Science. 1997;76(11):1580-6.

8. Taboosha, M. E, & Abougabal, M. S. (2016). Evaluation
of different force molting methods on layers performance

induced molting.

induced molting.

laying hens which leads to a decrease in the numbers
of eggs at the molting period from 20™ to 22" The
amount of eggs produced by laying hens increases
with age, while the level of reactive oxygen species
(ROS) in the ovary and the activity of antioxidant
enzymes declines, resulting in an increase in follicle
atresia and a decline in laying ability (Oguike, 2005).
Consequently, molt causes deterioration of large
yellow ovarian follicles and a decrease in the weight
of an oviduct, leading to a sharp decrease in egg
production (Chowdhury and Yoshimura, 2003). Less
blood vessels and a decrease in the expression of FSH
and FSH receptors appear in follicles (Boliikbagt and
Kaynar, 2007). In the current study, the restricted
diet affected the egg production because hens needed
high protein and a sufficient amount of calcium to
produce eggs. On the other hand, the water supply
with oregostim had no positive effect at the molting
period on egg production. Our findings indicate that
egg production in laying hens significantly increased
at the post-molting period and restored to a normal
value compared with control groups at the pre-
molting period. Other studies have reported that
adding thyme oil and mixed essential oils to the diet
increased the total quantity of eggs produced (Han et
al., 2022) and supplementing the diet with 100 mg/kg
of oreganum considerably enhanced egg production,
average egg weight, and food conversion rate (Wang
et al., 2021). Plant extracts and spices, individually or
in combination, can improve animal performance and
health (Jiang et al., 2013; Yang, 2021).

The conclusion from our finding is that oregostim
does not have adverse effects on the molting period.
It may, therefore, be that the use of a dose of 3
mL /10 L of water is not enough for molted hens.
However, it is reported that it has a positive effect at
the post-molting period compared with the molting
period by using restricted diet. Therefore, the normal
diet supplemented with oregostim can be considered
a better molting technique.

during molting period. Middle East ], 5(4), 655—665.

9. Dréagan S, Gergen I. Socaciu C. — Alimentatia functionala cu
componente bioactive naturale In sindromul metabolic; Ed.
Eurostampa, Timisoara, 2008, p. 200-202,160-161, 314.

10. Zheng Z.L., Tan J. YW., Liu H.Y., Zhou X.H., Xiang X.,
Wang K.Y. - Evaluation of oregano essential oil (Origanum
heracleoticum L.) on growth, antioxidant effect and resistance
against Aeromonas hydrophila in channel catfish (Ictalurus
punctatus); Aquaculture 292 (2009) 214-218

11. Zhang, L. Y., Peng, Q. Y., Liu, Y. R., Ma, Q. G., Zhang, |. Y.,
Guo, Y. P, Xue, Z. &Zhao, L. H. (2021). Effects of oregano
essential oil as an antibiotic growth promoter alternative on
growth performance, antioxidant status, and intestinal health
of broilers. Poultry Science, 100(7), 101163.

12. Ampode, K. M., & Mendoza, F. (2022). Oregano (Origanum
vulgare Linn.) powder as phytobiotic feed additives improves
the growth performance, lymphoid organs, and economic
traits in broiler chickens. Advances in Animal and Veterinary
Sciences, 10(2), 434—441.

13. Bayram ,I. and Akkaya,A.B.(2018).The Use of L-Carnitine
and Oregano As Feed Additives in Alternative Forced Molt-
ing Programmes in Laying Hens. Kocatepe Veterinary Journal,
11(4), 434-446.

Veterinarija ir Zootechnika 2024;82(1)



63

Suha M. Alghazal, Mahmood S. Al-Maatheedi, Hiyam N. Maty

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Maty HN, Hassan AA. Effect of supplementation of encap-
sulated organic acid and essential oil Gallant+® on some
physiological parameters of Japanese quails. Iraqi | Vet Med.
2020;34(1):181-188. DOI: 10.33899/1jvs.2019.125732.1142
Younis D TH. Effect of vitamin E and Selenium supplementa-
tion on productive and physiological performance of quail fed
rations with high level of fat. Iraqi | Vet Med. 2019;33(1):1-7.
DOI: 10.33899/1jvs.2019.125553.1072.

Nguyen, N. T. B., Chim, L., Lemaire, P., & Wantiez, L. (2014).
Feed intake, molt frequency, tissue growth, feed efficiency
and energy budget during a molt cycle of mud crab juveniles,
Scylla serrata (Forskal, 1775), fed on different practical diets
with graded levels of soy protein concentrate as main source
of protein. Aquaculture, 434, 499-509.

Deek, A. A., & Al-Harthi, M. A. (2004). Post molt perfor-
mance parameters of broiler breeder hens associated with
molt induced by feed restriction, high dietary zinc and fast-
ing. International Journal of Poultry Science, 3(7), 456—462.
Steel RGD, Torrie JH, Dickey DA. Principles and proce-
dures of statistics: ABiometrical Approach. 3rd ed. New York:
McGraw-Hill Book Co; 1997. 350-386 p. DOIL: 10.4236/
blr.2014.5424.

Lee K.Effects of Forced Molt Period on Postmolt Perfor-
mance of Leghorn Hens. 1982,Poultry Science,Volume
61, Issue 8,Pages 1594-1598,ISSN 0032-5791,https://doi.
org/10.3382/ps.0611594.

H.N. Maty , M.S. Al-Maatheedi and S.M. Ahmed. Effect of
Oregostem® and imbalance diet on body performance and
reproductive efficiency in male quails. Iraqi Journal of Veteri-
nary Sciences, Vol. 36, No. 1, 2022 (29-37).

Yu-Wen TJ; Oregostim: the Proven and researched alternative
to infeed Antibiotics growth promoter and coccidiostat Ana-
lele IBNA, Vol. 24, 2008.

Palmer, RS. Patterns of molting. In: Farner, DS.; King, JR.,
editors. Avian Biology. Vol. 2. Academic Press; New York:
1972. p. 65-101.Chap. 2.

Ciftci M, Guler T, Dalkilic B, Ertas NO; The effects of Anise
oil (Pimpinnella anisum) on Broiler performance. Int. Jour. of
Poult. Sc., 2005; 4: 851-855

Brake ], Thaxton P, Benton EH. Physiological changes in
caged layers during a forced molt. 3. Plasma thyroxin, plasma
triidothyronine, adrenal cholesterol and total adrenal steroids.
Poult Sci. 1979¢;58:1345-1350.

Kohn RA, Allen MS; Enrichment of proteolysis activity rela-
tive to nitrogen in preparation from the rumen for in vitro
studies. Anim. Feed. Sc. Technol. 1955;52:1-4.

Haas, M., & Janiga, M. (2020).Variation in erythrocyte mor-
phology in alpine accentors (Prunella collaris Scop.) from
Tian Shan, Rila and the High Tatra mountains and effects of
molting.The European Zoological Journal, 87(1), 475-488.
https://doi.org/10.1080/24750263.2020.1813821.

Kuenzel WJ. 2003. Neurobiology of molt in avian species.
Poultry Science 82:981-991. DOI: 10.1093/ps/82.6.981.
Arora KL, Vatsalya V. Deleterious Effects of Molting on the
Morpho-physiology of Japanese Quail Layers (Coturnix japon-
ica). Int J Poult Sci. 2011 Feb;10(2):120-124. doi: 10.3923/
ijps.2011.120.124. PMID: 25285099; PMCID: PMC4180401.

Received 4 June 2024
Accepted 31 October 2024

29

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

. Groscolas R, Robin JP. 2001. Long-term fasting and re-feed-
ing in penguins. Comparative Biochemistry and Physiology
Part A 128:645-655.

Robin JP, Frain M, Sardet C, Groscolas R, Le Maho Y. 1988.
Protein and lipid utilization during long-term fasting in em-
peror penguins. Am J Physiol 254(1 Pt 2):R61-8.

Cherel Y, Robin JP, Walch O, Karmann H, Netchitailo P,
Le Maho Y. 1988. Fasting inking penguin. I. Hormonal and
metabolic changes during breeding. Am. J. Physiol. Regul In-
tegr Comp Physiol 254:170-177.

De Graw WA, Kern MD. 1985. Changes in the blood and
plasma volume of Harris” sparrows during postnuptial molt.
Comp. Biochem.Physiol.81 (4):889-93.
Jourau.TK,Kouh.jill,Mortiz.Au,Lay.
Jau,wilson,Daw,Mattthew.Py.2005.Melengestrol actetate in
experimental diets as an effective alternative to induce a de-
cline in egg production and reversible regression of the re-
productive tract in laying hens I. Determining an effective
concentration of melengestrol acetateVL . 84DO .10.1093/
ps/84.11.1750JO - Poultry science.

L.R. Berg, G.E. Bearse.The changes in egg quality resulting
from force molting white leghorn yearling hens.Poult. Sci.,
26 (1947), pp. 414-418

L.R. Berg, G.E. Bearse.The changes in egg quality resulting
from force molting white leghorn yearling hens.Poult. Sci.,
26 (1947), pp. 414-418

M.A. Oguike, G. Igboeli, S.N. Ibe, M. Uzoukwu, S.C. Ako-
mas, M.O. Ironkwe Morphological characteristics and egg
production of forced-moult layers under different moult in-
duction techniquesAfr. J. Biotechnol., 4 (2005)

Chowdhury VS, Yoshimura Y. Changes in the population of
pituitary protein transcription factor-1 nuclei in the ante-
rior pituitary during withdrawal and resumption of feeding
in hens. Poult Sci. 2003 Oct;82(10):1637-40. doi: 10.1093/
ps/82.10.1637. PMID: 14601744.

Boliikbast S. C., Erhan M. K., Kaynar O. (2007). Effect of
dietary thyme oil on laying hens performance, cholesterol ra-
tio of egg yolk and Escherichia coli concentration in feces.
International Journal of Natural and Engineering Science,
1:55-58.

S. Han, J. Wang, C. Cui, C. Yu, Y. Zhang, D. Li, M. Ma, H.
Du, X. Jiang, Q. Zhu, C. Yang, H. YinFibromodulin is in-
volved in autophagy and apoptosis of granulosa cells affecting
the follicular atresia in chicken.Poult.Sci., 101 (2022), Article
101524

J. Wang, R. Jia, H. Gong, P. Celi, Y. Zhuo, X. Ding, S. Bai,
Q. Zeng, H. Yin, S. Xu, J. Liu, X. Mao, K. ZhangThe ef-
fect of oxidative stress on the chicken ovary: involvement of
microbiota and melatonin interventions.Antioxidants (Basel),
10 (2021)

L.W. Jiang, J.H. Feng, M.H. Zhang, Y. ChenlInfluence of age
on ovary function and oxidative stress in laying hens.China
Anim. Husband. Vet. Med., 40 (2013), pp. 165-169

BiY.L, Yang S.Y, Wang H.Y, Chang G.B, Chen G.H. Folli-
cle-stimulating hormone is expressed in ovarian follicles of
chickens and promotes ovarian granulosa cell proliferation. J.
Integr. Agri. 2021;20(10):2749-2757. [Google Scholar].

Veterinarija ir Zootechnika 2024;82(1)



