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Abstract | This study was carried out to evaluate the effect of dietary manganese supplementation on the glycogen
metabolism and immunity of laying hens during the force molting. A total of 120 Lohman brown chickens aged 80
weeks were exposed to force molting for 6 weeks using the fasting program. All laying hens were randomly assigned
to five dietary treatments, each containing three replicates (8 chickens/ replicate). Hens in the first group were fed
the basal diet without supplementation and served as the control (G1), while those in the 2nd (G2), 3rd (G3), 4th
(G4), and 5th (G5) groups were fed the basal diets supplemented with 25, 50, 75, and 100 mg manganese/kg of diet,
respectively. The results showed that the G3 group exhibited the highest (P < 0.05) antibody titers against Newcastle
disease at the 3rd and 6th weeks. Total immunoglobulin titers were found to be increased (P < 0.05) in the G4 group
at the 6th week, while the G3, G4, and G5 groups showed a significant increase (P < 0.05) in IgG antibody titers
throughout the entire experimental period. Moreover, all manganese treatments significantly improved (P < 0.05)
AST enzyme levels, while the G3, G4, and G5 groups showed significant (P < 0.05) improvements in ALT enzyme
levels. Hens in G1 and G2 had significantly (P < 0.05) the lowest liver glycogen levels at one, three, and six weeks.
Additionally, hens in G1 and G2 respectively had significantly (P < 0.05) the lowest heart glycogen levels at one and
six weeks, while hens in G1 and G4 respectively showed significantly (P < 0.05) the lowest muscle glycogen levels at
one and three weeks. These results showed that addition of manganese to chicken diet improved their immune status,
and metabolic state during forced molting.
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INTRODUCTION

here are several methods of molting, each of which

results in a reduction in the body weight of laying
hens. Many of these methods, particularly fasting, subject
the chickens to stress due to starvation. This stress leads to
decreased immunity and metabolic rate disruptions (Khalf
et al., 2023). Recently, public concern about the practice of
depriving laying hens of food to induce molting has grown

(Wang et al., 2023). A new management approach ad-

dressing animal welfare standards is the non-fasting molt
(Lei et al., 2023). Various techniques can induce molting,
including the traditional fasting molting program (Ahmed
etal.,1995) and high dietary doses of Zn (Berry and Brake,
1987).

Research indicates that the molting process weakens the
bird’s cellular immune system and promotes a systemic
illness state (Zhang et al., 2021). Fasting during molting
programs results in reduced populations of splenic leuko-
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cytes and circulating leukocytes, along with elevated lev-
els of circulatory adrenal corticoids (Akram et al., 2002).
To mitigate these effects, it has become necessary to sup-
plement the chicken diet with immunomodulatory and
growth promoting agents. Manganese is crucial in chick-
en nutrition as it acts as a catalyst in numerous metabol-
ic processes and enhances enzyme activity (Olgun, 2017;
Al-Saeedi et al., 2023). It also plays a vital role in stimu-
lating chicken immunity by interacting with the basement
membrane of neutrophil and macrophage cells. These cells
play essential roles in initiating primary immune responses
and subsequent production of antibodies crucial for disease
defense (Sunder et al., 2006). Therefore, the current study
aimed to assess the immunological and metabolic status of
laying hens fed diets supplemented with manganese sulfate
during forced molting.

MATERIALS AND METHODS

BIRDS AND EXPERIMENTAL DESIGN

This experiment was carried out at the poultry farm, Fac-
ulty of Agriculture, Al-Qasim Green University, Babylon,
Iraq. A total of 120 Lohman brown chickens, 80 weeks old,
were randomly assigned to five groups, each group con-
taining three replicates (8 hens/ replicate). All hens were
exposed to force molting for 6 weeks using the fasting
program. Hens in the first group were fed the basal diet
without any supplementation and served as control, while
those in the 2", 3%, 4™ and 5* group were fed the basal di-
ets supplemented with 25, 50, 75, and 100 mg manganese/
kg diet, respectively.

MOLTING PROGRAM

'The molting program was implemented with continuous
lighting (24 hours) during the first five days. After this
period, the chickens underwent fasting, and the lighting
hours were reduced to 12 hours per day. Before fasting, the
birds weighed 2350 grams. After six days of fasting, their
weight decreased by approximately 15-20%. By the 21st
day of molting, the number of lighting hours was gradu-
ally increased, reaching 16 hours per day by day 35 of the

molting period.

DiETs

'The composition of diet fed to chickens is presented in Ta-
ble 1. Before molting, hen fed 115 gm of feed with the ad-
dition of manganese at the different experimental levels. In
molting, the feed was restricted during the fasting period,
then 50, 80, and 90 g/hen were given for the third, fourth,
and fifth weeks, respectively, then after molting (the sixth
week), chickens were fed 100 gm ration per day.

Table 1: Diet ingredients and their chemical composition

Ingredient During After
molting molting
Yellow corn 30 36.5
Wheat 15 12
Barley 20 13.9
Soybean meal 20 25
" Premix 2 2.5
DCP Calcium Diphosphate 9 8.3
Sunflower oil 1.8
Total™ 100 100
Metabolic energy (kilocalories/kg feed) 2970 2758.68
Crud protein (%) 16 17.19
Crud fiber 5 3.24
Calcium% 2.28 3.81
Available phosphorus (%) 0.45 0.29
Methionine + cysteine (%) 0.45 0.73
Lysine (%) 0.45 0.95

*Maxcare® Belgium

* Chemical analysis computed according to NRC (1994).

MEASUREMENTS

Immunology: Blood samples were collected at the end of
the first, third, and sixth weeks, and immunological mark-
ers including antibody level against Newcastle disease, to-
tal immunoglobulins and IgG antibody titer were meas-
ured, according to Synder et al. (1984).

Liver enzyme and glycogen: Glycogen levels in the liver,
heart, and muscles were measured according to Plummer,
(1978). Aspartate and alanine aminotransferase (AST and
ALT) enzymes were measured in blood serum using a
standard kit (English company Randox), according to Re-
itman and Frankel (1957).

DATA ANALYSIS

'The data analysis was performed by SAS-System (2012),
and the Duncan multiple ranges test (Duncan, 1955) was
applied to calculate the statistical differences between var-
ious groups. The results were considered significant when
their P-value was found <0.05.

RESULTS

IMMUNITY STATUS

Data in Table 2 shows the effect of experimental groups on
Newcastle disease antibodies, at 1* week of force molting,
G3 and G4 groups showed the highest Newcastle disease
antibodies compared to the other groups. Also, G3 group
had the highest (P<0.05) Newcastle disease antibodies at
3 and 6™ week of force molting compared to G1, G2, G4
and G5, respectively.
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Table 2: Effect of manganese supplementation on antibody level against Newcastle disease in laying hens exposed to

force molting

Groups Meanst SE
1 week
G1 4142.53+10.63 b
G2 4053.65+14.01 b
G3 5421.20+12.31 a
G4 5397.25+16.80 a
G5 4506.79+10.08 b
Significant *
* (P<0.05).

3 week 6 week
3890.12+5.51d 8791.11+12.07 ab
5041.27+9.35 b 7963.15+10.11 ¢

6007.36+11.08 a 9151.14£16.52 a

4204.71£8.77 ¢ 8960.58+14.22 ab
5932.16+15.78 ab 8564.75£8.65 b

a,b and c letters in a column showing significant difference between groups at (P<0.05).

Table 3: Effect of manganese supplementation on total immunoglobulin and IgG antibody titer in laying hens exposed

to force molting

Groups Means* SE
1 week
Total immunoglobulin titer (g/1)
G1 2.18+0.01
G2 2.25+0.03
G3 2.41+0.08
G4 2.01+0.02
G5 2.13+0.05
Significant N.S
IgG antibody titer (g/1)
G1 3.24+0.25 b
G2 3.69+0.31 b
G3 4.52+1.02 a
G4 4.61+0.55 a
G5 3.70:0.21 b
Significant *

N. S: Not significant; * (P<0.05).

3 week 6 week
2.24+0.04 2.51+0.09 b
2.05+0.07 2.53+0.14 b
2.55+0.02 2.49+0.03 b
2.22+0.03 3.14+0.06 a
2.21+0.05 2.59+0.01 b
N.S *

4.23+0.10 ¢ 3.31+£0.15 ¢
4.39+0.78 ¢ 3.28+0.11 ¢
6.88+0.13 a 4.60+1.05 b
5.21+0.14 b 5.88+0.30 a
5.27+0.62 b 4.69+0.24 b

a,b and c letters in a column showing significant difference between groups at (P<0.05).

'The change in total immunoglobulin titer and IgG anti-
body titer were shown in Table 3. Total immunoglobulin
titer noted that there were no significant differences be-
tween groups in the 1 and 3! weeks, meanwhile, there
were a significant increase (P<0.05) in G4 group at the
last experimental week compared to other groups. How-
ever, G3, G4, and G5 groups showed significant increased
(P<0.05) in IgG antibody titer during the experimental
periods.

LIVER MARKERS

The liver enzyme response of laying hens during differ-
ent stages of forced molting is presented in Table 4. As-
partate aminotransferase (AST) levels showed significant
improvement (P<0.05) in all manganese-supplemented

groups compared to the control group. However, no signif-
icant difterences were found between groups at three and
six weeks. Serum alanine aminotransferase (ALT) demon-
strated significant improvement (P<0.05) in groups G3,
G4, and G5 compared to groups G1 and G2 at one week.
Similarly, no significant differences were observed between
groups at three and six weeks.
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Table 4: Effect of manganese supplementation on liver enzymes in laying hens exposed to force molting

Groups

AST (U/L)

G1
G2
G3
G4
G5
Significant

ALT (U/L)

G1
G2
G3
G4
G5
Significant

N. S: Not significant; * (P<0.05).

Meanst SE

1 week

70.28+1.24 a
50.14£3.21 ¢
65.31+0.89 b
60.24+1.13 b
61.82+4.16 b

*

5.83+0.16 a
5.09+0.12 a
3.69+1.54 ¢
4.15+0.05 b
4.35£0.22 b

*

3 week

48.17+0.95
46.51+1.75
47.01£2.05
48.52+1.00
47.53+0.25
N.S

6.24+0.02
6.11+0.03
6.89+0.14
6.14+2.24
6.47+1.55
N.S

a,b and c letters in a column showing significant difference between groups at (P<0.05).

6 week

52.14+0.27
49.78+1.17
50.45+1.33
51.02+2.05
50.51+0.13
N.S

5.12£3.55
4.97+1.18
5.32£1.30
5.01+0.31
5.78+1.00
N.S

Table 5: Effect of manganese supplementation on glycogen level (umol of glucose/g tissue) in laying hens exposed to

force molting

Groups

Liver

G1
G2
G3
G4
G5
Significant

G1
G2
G3
G4
G5
Significant

Heart

Muscle

G1
G2
G3
G4
G5
Significant

N. S: Not significant; * (P<0.05).

Meanst SE
1 week

29.46+5.09 ¢
29.57+1.87 c
36.29+4.04 ab
34.99+2.20 b
38.03+1.35 a

*

19.10+2.10d
21.31+3.04 ¢
24.79+1.10 b
26.38+0.60 a
26.09+1.48 a

*

9.22+0.71 ¢
10.46+2.35 be
14.70+0.81 b
9.77£1.52 ¢
18.57+2.01 a

*

3 week

30.50+1.57 be
28.69+1.81 ¢
35.75+2.75 ab
37.82+1.07 a
34.55+2.34b

*

20.25+1.11
21.07+1.32
20.71+1.43
20.09+1.09
20.64+1.30
N.S

22.96+1.78 b
25.22+3.46 a
24.95+4.72 ab
20.93+1.62 ¢
22.72+1.37 b

*

a,b and c letters in a column showing significant difference between groups at (P<0.05).

6 week

27.85+1.88 ¢
29.62£1.45b
33.38+3.19 ab
35.58+2.42 a
34.40+1.19 ab

*

20.68+1.52 ¢
18.87+2.02 d
23.06+1.27 b
22.61+0.51 b
25.10+1.14 a

*

12.79+2.34
12.58+1.09
12.32+0.67
11.84+0.32
12.21+1.02
N.S
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GLYCOGEN LEVEL

The effect of different dietary manganese levels on gly-
cogen levels is presented in Table 5. The data indicate a
significant increase (P<0.05) in liver glycogen in group
G5 compared to groups G1, G2, and G4 at one week. By
the third week, group G4 showed a significant increase
(P<0.05) in liver glycogen.

In the heart, significant increases (P<0.05) in glycogen
were observed in groups G4 and G5 compared to other
groups at one and six weeks, respectively. Similarly, muscle
glycogen levels significantly increased (P<0.05) in groups
G5 and G2 compared to other groups at the first and third

weeks, respectively.

DISCUSSION

The notable enhancement in immunological indices ob-
served in manganese-supplemented groups (including in-
creased levels of antibodies against Newcastle disease, total
immunoglobulins, and IgG) may be attributed to manga-
nese’s role in stimulating neutrophils and macrophages.
This stimulation occurs through interactions with these
cells’ membranes, thereby promoting immune responses
and subsequently boosting antibody and immunoglobulin

production (Sunder et al., 2006).

Additionally, manganese supports the activity of superox-
ide dismutase, crucial for the function of heterophils and
macrophages (Sabaghi et al., 2021; Luo et al., 2007). Ac-
cording to Ghodh et al. (2016), supplementation with 75
mg/kg of manganese in the diet increased antibody titers
against Newcastle disease compared to control groups. On
the other hand, Onbasilar and Erol (2007) reported de-
creased immunity and elevated levels of the stress hormone
corticosterone in laying hens subjected to molting using
two methods. Increased corticosterone levels during stress
can lead to decreased immunity in birds through recep-
tor interactions on lymphocyte surfaces, resulting in im-
munosuppression (Tian et al., 2022). Research by Zhang
et al. (2023) further supports this, showing that elevated
corticosterone levels inhibit lymphocyte reproduction. In
summary, manganese supplementation appears to play a
critical role in enhancing poultry immune function, while
stress-induced increases in corticosterone can negatively
impact immunity in birds.

'The elevated levels of liver enzymes observed in the control
group may be attributed to high corticosterone levels in-
duced by stress during the fasting period in chickens. This
stress can affect various liver enzymes, including ALT and
AST, increasing their activity in the bloodstream (Tang
et al., 2022; Richard and Preston, 2005). ALT and AST

enzymes are crucial for glucose production from glycogen

and amino acids, facilitating the transfer of amino groups
from alpha-amino acids to keto acids. Glycogen serves as
a vital energy source in the Krebs cycle for mitochondrial
energy production (Stryer, 2000; Al-Jebory and Ibrahim,
2021). The increased activity of these enzymes correlates
with a decrease in glycogen levels in chickens from these
groups, aiming to elevate serum glucose levels. Addition-
ally, thyroid hormones influence AST enzyme activity;
Kaplan and Larsen (1985) noted that decreased thyroid
activity is linked to increased AST activity, resulting in re-
duced protein and carbohydrate synthesis, thereby explain-
ing the lower glycogen levels in the control group.

The improved glycogen levels observed in the manga-
nese-supplemented groups may be attributed to manga-
nese’s role in numerous metabolic reactions essential for
animals. In poultry nutrition, manganese is crucial for bone
formation and various biochemical processes, activating
enzymes such as pyruvate carboxylase, superoxide dismu-
tase, and glycosyl transferase (Suttle, 2010). Manganese
is essential for embryonic development, normal body and
bone growth, reproduction, and the metabolism of carbo-
hydrates and lipids (Olgun, 2017).

CONCLUSIONS

'The inclusion of manganese in the chicken diet enhanced
their immune status and metabolic health during forced
molting, underscoring manganese’s pivotal role in mitigat-
ing the stress severity experienced by chickens during fast-
ing. Moving forward, efforts should focus on developing
methods to further alleviate stress in chickens and promote
enhanced welfare standards.

ACKNOWLEDGEMENTS

'The Department of Animal Production at the College of
Agriculture at Al-Qasim Green University and the Al-An-
war firm are especially appreciated by the authors for all of
their kind and helpful support during the study period.

CONFLICT OF INTEREST

There is no conflict of interest disclosed by the writers.

NOVELTY STATEMENT

'This study is the first to use manganese to boost immuni-
ty and metabolism at a layer of the Iraqi/Babylon govern-

ment.

September 2024 | Volume 12 | Issue 3 | Page 417

[} =) .,
ot Links
OResearchers



OPENaACCESS

Journal of Animal Health and Production

AUTHORS CONTRIBUTION

'This study is the first to use manganese to boost immuni-
ty and metabolism at a layer of the Iraqi/Babylon govern-

ment.

ETHICS STATEMENT

Ethics statement: Every animal used in this research was
treated and handled in compliance with the necessary bi-
osecurity protocols. Prior to commencing this study, the
Ethics Committee of the College of Agriculture, Al-Qasim
Green University, Iraq (Number 21 A.P. at 15/12/2022)
accepted the guidelines for the care and use of laboratory
animals and the Lohman layer guide.

REFERENCES

Ahmed N.,ZIA-UR-Rahman, M. Akram, T.H. Shah, M. Yousaf
(1995). Effect of a new molting program on productive
performance of spent layers under indigenous conditions.
Pak. Vet.]. 15: 46-48.

Akram M., ZIA-UR-Rahman, C.S. NA, S.H. Kim, K.S. Ryu.
(2002). Effect of induced molting on the relative weights
and hormone levels of thyroid, ovary and adrenal glands in
spent laying hens. Korean J. Poult. Sci. 29, 243-247.

Al-Jebory H.H., M.K. Ibrahim. (2021). Effect of Adding Bee
Propolis to Diet on Productive Performance of Broiler
Chickens. Indian J. Ecol., 48 (15): 203-207.

Al-Saeedi ML.K.I, IL. Al-Jaryan, H.H. Al-Jebory. (2023).
Growth Hormone change and Carcass Response to Feed
Restriction and different Manganese Levels of broiler
chickens. American-Eurasian ]. Sustain. Agricult. 17(2):
1-7. https://doi.org/10.22587/aejsa.2023.17.2.1.

Berry W.D,, J. Brake (1987). Post performance of laying hens
molted by high dietary zinc, low dietary sodium and fasting:
Egg production and egg shell quality. Poult. Sci. 66: 218-
226. https://doi.org/10.3382/ps.0660218

Cook-Mills JM, Fraker PJ (1993). The role of metals in the
production of toxic oxygen metabolites by mononuclear
phagocytes. In: Cunningham R (ed) Nutrient modulation
of the immune response. Marcel Dekker, New York, pp
127-140 https://doi.org/10.1201/9781003066644-9

Duncan D.B. (1955). Multiple Rang and Multiple F-test.
Biometrics. 11: 4-42. https://doi.org/10.2307/3001478

Gross W.B,, P. B. Siegel, R. T. Dubose. (1980). Some Effects
of Feeding Corticosterone to Chickens. Poult. Sci. 59:516-
522. https://doi.org/10.3382/ps.0590516

Ghodh A., Mandal G.P, Roy A., Patra A K. (2016). Effects of
supplementation of manganese with or without phytase
on growth performance, carcass traits, muscle and tibia
composition, and immunity in broiler chickens. Livest. Sci.
191: 80-85. https://doi.org/10.1016/j.1ivsci.2016.07.014

Kaplan M.M., PR. Larson. (1985). The medical clinics of north
America (thyroid disease) Vol. 69. W.B. Saunders company.
Philadelphia London Toronto Mexico city Riode Janeiro
Sydney Tokyo.

Khalf MA, Ismael E, Bawish BM. (2023). Comparing the
Efficacy of Feed Withdrawal and Corn Diet Systems for

Induced Molting on Health and Performance of Broiler
Breeder Flocks. J. Adv. Vet. Res. 2023 Oct 3;13(8):1634-41.

Lei M, Shi L, Huang C, Yang Y, Zhang B, Zhang J, Chen Y,
Wang D, Hao E, Xuan F, Chen H. (2023). Effects of non-
fasting molting on performance, oxidative stress, intestinal
morphology, and liver health of laying hens. Front. Vet.
Sci. 2023 Feb 28;10:1100152. https://doi.org/10.3389/
fvets.2023.1100152

Luo X.G,, Li S.F, Lu L., Liu B., Kuang X., Shao G.Z., Yu
S.X., (2007). Gene expression of manganese-containing
superoxide dismutase as a biomarker of manganese
bioavailability for manganese sources in broilers. Poult. Sci.
86, 888—894. https://doi.org/10.1093/ps/86.5.888

Olgun O. (2017). Manganese in poultry nutrition and its
effect on performance and eggshell quality. World’s Poult.
Sci. J. 73(1): 45 — 56. DOI: https://doi.org/10.1017/
S0043933916000891

Onbasilar E.E., H. Erol. (2007). Effects of Different Forced
Molting Methods on Postmolt Production, Corticosterone
Level, and Immune Response to Sheep Red Blood Cells in
Laying Hens. 7]. Appl. Poult. Res. 16:529-536. https://doi.
org/10.3382/japr.2006-00089.

Oriordan J.L., H. P.G. Malan, R.P. Gould. (1982). Essential of
endocrinology. Black well scientific publication, London,
Edinburg, Boston.

Plummer D.T.(1978). An introduction to practical Biochemistry.
2™ ed. UK: McGraw-Hill Book Company; 183 p.

Richard A., M.D. Preston. (2005). Acid-base, fluids and
electrolytes made ridiculously simple. University of Miami
school of Medicine med master, Inc., Miami. USA.

Ritman S, S. Frankel. (1957). Acolorimetric method for the
determination of serum glutamic oxaloacetic and glutamic
pyruvic transaminases. AM. J. Clin. Path, 28 : 56-63.
https://doi.org/10.1093/ajcp/28.1.56

Sabaghi S, Razmyar J, Heidarpour M. (2021). Effects of nano-
manganese on humoral immune response and oxidative
stress in broilers. InVeterinary Research Forum 2021 Dec
(Vol. 12, No. 4, p. 487). Faculty of Veterinary Medicine,
Urmia University, Urmia, Iran.

SAS (2012). Statistical Analysis System, User’s Guide. Statistical.
Version 9.1" ed. SAS. Inst. Inc. Cary. N.C. USA.

Stryer L. (2000). Biochemistry 9% Ed. Printer Stanford
university, W.H. Freeman and company. New York.

Sunder G.G., A. K. Panda, N.C.S. Gopinath, M.V.L.N.
Raju, S.V. Rama Rao, C.V. Kumar. (2006). Effect of
supplementation on mineral uptake by tissues and immune
response in broiler chicken. ]. Poult. Sci. 43: 371-377.
https://doi.org/10.2141/jpsa.43.371

Suttle N.F. (2010). Mineral Nutrition of Livestock (4th ed.,)
CAB International, Oxfordshire, United Kingdom, pp.
355-376. https://doi.org/10.1079/9781845934729.0355

Synder E.L., Ferri PM., Mosher D.F. (1984). Fibronectin
in liquid and frozen stored blood components. J. Appl.
Psychol., 24(1): 53-56. https://doi.org/10.1046/j.1537-
2995.1984.24184122562.x

Tang LP,Liu YL, Zhang JX, Ding KN, Lu MH, He YM. (2022).
Heat stress in broilers of liver injury effects of heat stress
on oxidative stress and autophagy in liver of broilers. Poult.
Sci. 2022 Oct 1;101(10):102085. https://doi.org/10.1016/j.
psj.2022.102085

Tian Y, Wang Q, Han J, Wen J, Wu Y, Man C. (2022). Stress-
induced immunosuppression affecting avian influenza virus

vaccine immune response through miR-20a-5p/NR4A3

September 2024 | Volume 12 | Issue 3 | Page 418

[} =) .,
o Links
OResearchers


 https://doi.org/10.22587/aejsa.2023.17.2.1
https://doi.org/10.3382/ps.0660218 
https://doi.org/10.1201/9781003066644-9 
https://doi.org/10.2307/3001478
https://doi.org/10.3382/ps.0590516 
https://doi.org/10.1016/j.livsci.2016.07.014
https://doi.org/10.3389/fvets.2023.1100152 
https://doi.org/10.3389/fvets.2023.1100152 
https://doi.org/10.1093/ps/86.5.888 
https://doi.org/10.1017/S0043933916000891
https://doi.org/10.1017/S0043933916000891
https://doi.org/10.3382/japr.2006-00089
https://doi.org/10.3382/japr.2006-00089
https://doi.org/10.2141/jpsa.43.371 
https://doi.org/10.1079/9781845934729.0355 
https://doi.org/10.1046/j.1537-2995.1984.24184122562.x
https://doi.org/10.1046/j.1537-2995.1984.24184122562.x
https://doi.org/10.1016/j.psj.2022.102085 
https://doi.org/10.1016/j.psj.2022.102085 

OPEN 8 ACCESS Journal of Animal Health and Production

pathway in chicken. Vet. Microbiol. Oct 1;273:109546. Zhang T, Ning Z, Chen Y, Wen J, Jia Y, Wang L, Lv X,
https://doi.org/10.1016/j.vetmic.2022.109546 Yang W, Qu C, Li H, Wang H. (2021). Understanding

Trout J.M., M.M. Mashaly. (1995). Effects of in vitro transcriptomic and serological differences between forced
corticosterone on chicken T- and B-lymphocyte molting and natural molting in laying hens. Genes. 2021
proliferation, Brit. Poult. Sci., 36:5, 813-820, https://doi. Dec 29;13(1):89. https://doi.org/10.3390/genes13010089
0rg/10.1080/00071669508417826 Zhang C, Liu B, Pawluski J, Steinbusch HW, Kunikullaya UK,

Wang P, Gong Y, Li D, Zhao X, Zhang Y, Zhang J, Geng X, Song C (2023). The effect of chronic stress on behaviors,
Zhang X, Tian Y, Li W, Sun G. (2023). Effect of induced inflammation and lymphocyte subtypes in male and female
molting on ovarian function remodeling in laying hens. rats. Behaviour. Brain Res. 2023 Feb 15;439:114220.
Poult. Sci. 2023 Aug 1;102(8):102820. https://doi.org/10.1016/j.bbr.2022.114220

September 2024 | Volume 12 | Issue 3 | Page 419 ks

o093
**@Researchers


https://doi.org/10.1016/j.vetmic.2022.109546 
https://doi.org/10.1080/00071669508417826 
https://doi.org/10.1080/00071669508417826 
https://doi.org/10.3390/genes13010089 
https://doi.org/10.1016/j.bbr.2022.114220 

