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Light is an important factor in the functioning of the body of birds, especially the
immune system. Management of the lighting program in closed systems of poultry
production, mainly by affecting the concentration of melatonin, can be operational
on the effectiveness of vaccination. Newcastle disease can cause extensive
damage to the poultry industry. Therefore, its timely diagnosis and assessment of
the success of vaccination with methods such as the hemagglutination inhibition
test are of particular importance. This study investigated the effect of two
photoperiods on antibody titer against Newcastle virus following vaccination.
Four groups of Ross broilers were examined for six weeks. Groups A and B
received the live Newcastle vaccine twice, and groups C and D were not
vaccinated against Newcastle. Groups A and C received a lighting program from
the management handbook of Ross Broiler, and groups B and D received the
continuous lighting program (23L:1D). During the breeding period, blood
samples were taken six times from each group, and the HI test measured the
antibody titer. The results showed that despite the higher antibody titer in group
B compared to group A, this difference was not statistically significant (P>0.05).
The feed conversion rate was higher in the groups that received the continuous
photoperiod, and their mortality rate was lower than that of the other two groups.
Comparing the results of the present study with those of various studies and
articles shows the importance of the lighting regime in the success of vaccination.
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1 Introduction

ight is an important environmental factor in

controlling many biological processes (1). Compared
to humans, a more comprehensive range of light waves can
be detected by the unique visual system of avian species (2).
How light is received and processed and how it affects the
biology of the bird's body is explained in detail by Davide
M. Dominoni (3).

The lighting program or regime comprises three main
components: wavelength, light intensity, and photoperiod.
The wavelength determines the color of the light, and the
photoperiod expresses the length and distribution of light
and dark hours during the day and night (1, 4). In general,
photoperiod is the most prominent factor in light regime
management in industrial poultry farming (5). Currently, a
great variety of light programs and tools are available to
poultry producers, which allows them to modify light
management in closed houses based on the physiological
requirements of birds and breeding objectives (1, 6). For an
extended period, broilers were raised under continuous
photoperiods to maximize feed consumption until research
showed that this light schedule caused sleep deprivation and
many other problems.

In contrast, different light and dark cycles evoke the
circadian rhythm of birds (5, 7). preferable functioning of the
immune system, well-being of birds and reduction of
aggressive  behaviors, coping with stress, proper
development and growth of the reproductive, skeletal, and
muscular system, and obtaining more favorable production
indicators are the advantages that can be achieved with the
correct management of the lighting regime in industrial
poultry production (1, 6, 8-10). The lighting program is
important not only after hatching but also during incubation.
Chickens that receive suitable light and darkness periods
during the embryonic stage have better biological factors and
performance during life and production (11-13).

The importance of light and the lighting program in birds'
immune systems and the response to stresses has been
demonstrated (4, 5). This effect is mainly attributed to the
pineal gland's function in melatonin secretion (14). This
hormone, primarily secreted in the dark, regulates the
circadian rhythm and is generally considered an immune
stimulant(15, 16). Also, in conditions of light stress,
immunity can be suppressed (17). It is known that the
lymphatic tissues and immune cells of birds have melatonin
receptors, and their function is affected by the concentration
of this hormone. The importance of this concentration in the
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development of general immunity and the immunity of the
respiratory system of birds (which has an undeniable role in
dealing with essential diseases such as Newcastle disease
and Avian Influenza) has been proven (18).

The seasonal immune change pattern can prove
melatonin's immunoregulatory role in birds. In colder
seasons, short day length and long darkness cause the
concentration of melatonin to increase. As a result, cell
proliferation and weighting in lymphatic organs such as the
spleen occur. Also, in such a situation, the total number of
leukocytes increases. In contrast, during warmer seasons
with longer daylight hours, decreased melatonin and
increased gonadal/adrenal steroid levels are responsible for
decreased immune competence. Such a pattern protects the
bird from the environmental stress of cold seasons and their
consequences and prepares it to breed in warmer seasons
(18, 19). Adequate light regimes can stimulate the
expression of immune receptors (such as Toll-like receptors)
(20). This positive effect on synthesizing interleukins and
interferons, which are immune mediators, has also been
proven (7). Appropriate photoperiod increases the mitogenic
and proliferative responses of T and B lymphocytes, serum
IgG level, and the percentage of CD3+, CD4+, and CD8+
cells in broilers. It has been shown that melatonin can
effectively restore the impaired activity of T-helper cells and
increase the activity of natural killer cells (7, 21, 22). Based
on these findings, various researchers have suggested
increasing the length of the dark period as an effective
solution to strengthen the poultry's immune system (18, 23).

The effect of light pollution and the change of circadian
rhythm on the state of the immune system of wild birds has
also been investigated, which indicates a decrease in the
level of immunity in these birds due to the increase in the
duration of lighting (3, 24).

The results of research on the effect of the light regime
and its mechanism on the immune system have been
presented in more detail by other researchers (3).

Newcastle disease (ND) is caused by Avian
paramyxovirus 1 (APMV-1) in many birds (including
commercial poultry) (25). APMV1 infection, based on the
virulence of the virus pathotype, causes a wide range of
clinical manifestations, from asymptomatic viral replication
to severe neurological, respiratory, and gastrointestinal
symptoms and 100% mortality through sudden death (26).
Due to the potential of this disease to cause significant
economic losses to the poultry industry, its occurrence is
reportable to the Office International des Epizooties (OIE)
(27).  Vaccination and biosecurity principles are
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recommended as the most effective disease control strategy.
Although virus isolation is considered the standard
diagnostic strategy for ND, serological tests such as
hemagglutination inhibition (HI) and Enzyme-Linked
Immunosorbent Assay (ELISA) are the industry's first
choice for diagnosing this disease (in addition to an
assessment of vaccination success) (25, 28). The basis of
these tests is binding the known antigen to the antibody in
the serum, which evaluates the humoral immune response to
the virus. Depending on the virulence of the virus, the
environmental condition, and internal factors of the body,
the patterns of immune response to the pathogen change (28,
29).

The present study aims to investigate the effect of a
lighting program with different hours of darkness compared
to a continuous lighting program in producing antibody titers
against the Newcastle virus following vaccination.

2 Methods and Materials
2.1  Experimental design and husbandry conditions

Four hundred one-day-old Ross308 broiler chickens were
obtained from a mother flock at 48 weeks. The levels of
maternal antibodies against Newecastle disease, Avian
influenza, Infectious bursal disease, and Infectious
bronchitis were assessed as desirable, and the chickens were
free of infection with Mycoplasma and Salmonella species.
The chickens were randomly divided into four groups of 100
chickens. Each group was kept in a house that consisted of 4
parts of 2 x 5 meters with ad libitum access to feed and water
for 42 days and a slaughter weight of 2-3 kg. The feed
formulation was balanced according to the requirements of
the Ross308 broiler and was provided to the birds in the form
of pellets in three formulas: Starter (0 to 12 days old),
Grower (13 to 25 days old), and Finisher (26 to 42 days old).
Other breeding conditions were managed similarly for all
groups based on the Ross broiler management handbook
(30), and only the lighting program and receipt and non-
receipt of Newcastle vaccine were different among the
groups.

All four groups, at the age of 1 day and 24 days, received
the H120 live vaccine against infectious bronchitis agents by
eye drops and drinking water, respectively. Also, the D78
Live vaccine was administrated to each group in drinking
water at 15 and 22 days to protect the chickens against
Infectious bursal disease. Groups A and B received the
Newecastle Hitchner. B1 eye drop vaccine at the age of 8 days
and the Newcastle COLON30 vaccine in drinking water on
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the 18th day of rearing. Groups C and D were not vaccinated
for Newcastle disease as control groups.

For groups A and C, the Ross308 breeding management
light program (Table 1) was applied, and for groups B and
D, a continuous light program (23L:1D) was applied.

2.1.1  Sampling and information record

On six occasions, on days 1, 7, 16, 24, 31, and 42, ten
chickens were randomly selected from each group, and
blood samples were taken. This procedure was performed
with a 2-cc syringe without any anticoagulant agent. The
collected sample was placed at room temperature for 1 hour
until the serum was initially separated from the clot, and, in
the next step, the serum was wholly obtained by
centrifugation.

Information on the amount of feed consumed was
recorded weekly, and 10% of the chickens in each group
were randomly selected and carefully weighed every week.
Each group's mortality and feed conversion rate (FCR) were
recorded until the end of the breeding period.

2.2 Serological assessment

The sera were kept at 56°C for 30 minutes to remove the
effect of non-specific inhibitors. First, 25 microliters of PBS
solution were poured into all plate wells. Then, 25
microliters of the test serum were loaded in the first well,
which was repeated up to the 12th well. In the next step, 25
microliters of Newcastle antigen solution with 8 HA units
were added to each well. After 30 minutes, 25 microliters of
red blood cell suspension of non-vaccinated chickens
without maternal antibodies were added to all wells. The
results were observed and recorded after 30 minutes.

2.3  Statistical analysis

Statistics were analyzed using SPSS software version 26.
A chi-square test was also conducted to determine
significance.

3 Results

On each occasion of serological examination, the mean,
minimum, and maximum antibody titer of Newcastle disease
virus in group B was higher than in group A, although
statistically, this difference was not significant (P>0.05)
(Table 1). The maternal Newcastle antibody titer was
reduced without infection in groups C and D.
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On days 14, 21, 28, 35, and 42, an increasing trend was
observed in the feed consumption of groups A and C. The
results of weighing the chickens did not show any significant
difference between the groups, but on days 14, 21, 28, and
35, a trend of weight gain was observed in groups B and D,
which continued until the 42nd day.
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The comparison of feed conversion rates showed that at
the end of the experiment, the FCR of groups A and C was
higher than groups B and D (1.85, 1.77, 1.81, and 1.75 for
groups A to B, respectively). Also, the mortality rates of
groups B and D were less than those of groups A and C.

Table 1. The titer of ND using HI test in Groups A and B. No significant differences between groups (p<0.05)

Age (Day) Group A HI Titers Group B HI Titers
Min. Mean Max. Min. Mean Max.

1 7 7 8 7 7 8
7 5 6 7 5 6.3 7
16 2 3.9 5 3 4 5
24 2 49 7 3 5 7
31 2 34 6 2 44 8
37 2 3.6 5 2 3.7 6
42 2 31 4 2 3.2 5

4 Discussion

Changes in different components of the light program in
broiler breeding affect the performance of different systems
of the bird's body and production results. The findings of our
study revealed that rearing Ross 308 broiler chickens in a
light program with more hours of light deprivation did not
create a significant difference in the production of humoral
immune antibodies against the Newcastle disease virus.
However, the titer was numerically higher in this group.

In research conducted at the University of North Carolina
in 2000, the effect of lighting conditions as an immune
modulator and melatonin supplementation on the humoral
and cellular immune response in Japanese quail was
investigated. In the first experiment, three light treatments of
short days (8:16LD), long days (16:8LD), and constant light
(LL) were considered, and in the second experiment, the LL
group received melatonin at different doses. Cutaneous
basophil hypersensitivity reaction to phytohemagglutinin
(PHA-P) as an indicator of cellular immune reaction, and
primary antibody titers were evaluated seven days post-
intravenous injection of Chukar red blood cell suspension
were measured as an indicator of humoral immune reaction.
Both 8:16LD and 16:8LD treatments had significantly better
cellular and humoral immune responses than the LL group.
In the second experiment, melatonin could improve the
immune function of the LL group (31).

Onbagilar et al. (2007) investigated the effect of two
different photoperiods on production performance,
occurrence of skeletal system disorders, some blood factors,
and antibody production of 200 one-day-old male broiler
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chicks (Ross PM3). One group received continuous lighting
(24L:0D) for 42 days, and the other group experienced
intermittent lighting (IL) photoperiod (1L:3D) during the
same period. The results indicated that the intermittent
lighting group had a higher antibody titer against NDV (32).

The study conducted by Moraes et al. in 2008 expressed
the effect of 4 light programs of 23L:1E (23L), increasing
(INC), 16L:8E (16L), and natural light (NAT) on the
production and immunological performance of male Cobb-
500 broiler chickens. The experiment was conducted with
four groups, including 35 birds, and six repetitions. No
significant difference was observed between the groups
regarding antibody titer against Newcastle disease virus
(33).

Gharib et al. 2008 evaluated the role of photoperiod and
melatonin in reducing the negative impact of heat stress on
broilers. In the first experiment, four groups of male Cobb x
Cobb broiler chickens were raised under a continuous (23h
Light: 1h Dark) and intermittent (1hL: 3hD) light program,
and then one group from each light program, at a
temperature of 35°C and one group was placed at a
temperature of 24°C. The group that received the
intermittent light program was less affected by heat stress
and its adverse effects. In the second experiment, two groups
were kept at 35°C, two at 24°C, and one receiving melatonin
at each temperature. The group receiving melatonin showed
more excellent heat stress resistance (34).

In the study conducted by Xie et al. in 2008, the effect of
monochromatic light on the immune response of birds was
investigated. Two hundred sixty-one-day-old Arbor Acres
male broilers in four groups were exposed to monochromatic
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red, green, blue, or white light for seven weeks. At 28 days,
the group that received the green light showed a higher
serum level of antibodies against the Newcastle disease virus
than the group that received the red light. The level of this
antibody on day 49 was higher in the group that received
blue light than in the red light group. The proliferation of
peripheral blood T lymphocytes increased in 21 days in
green light compared to blue and red light and in 42 days in
blue light compared to red light (35).

2008 Abbas et al. divided 300 one-day-old male broiler
chicks (cobb x cobb) into three random groups. They
exposed them to 3 photoperiods of continuous light
(23L:1D), non-intermittent restricted light (12L:12D), and
intermittent light (2L:2D) for six weeks. In chickens exposed
to intermittent light, peripheral B and T lymphocyte
proliferation and antibody production were significantly
induced. Also, factors indicating stress, including plasma
corticosterone concentration and heterophil/lymphocyte
ratio, were significantly higher in the treatment 12L:12D
than in the other two groups. Compared to the control group,
total white blood cells (WBC) and plasma T concentration
increased significantly in the intermittent light group. The
results of this experiment show that intermittent
photoperiods, compared to continuous or non-intermittent
restricted photoperiods, improve the cellular and humoral
immune function of birds and reduce stress (7).

In a study conducted by Abbas et al. in 2014, 150 broilers
were divided into five treatments, and each treatment
received a different light intensity over 42 days. This study
showed that the antibody titer against the infectious bursal
disease virus at six weeks of age showed a significant
increase in the birds reared with the lowest light intensity
compared to other groups. However, on the contrary, the
antibody titer against the NDV was not significantly
different between these groups at this time. Also, the Bursa
of Fabricius in this group had more weight than other groups
in 2 to 6 weeks (16).

In the study by Firozi et al. (2014), 4000 chickens were
randomly placed in 4 halls and kept for 42 days with green,
sunny yellow, blue, and red light. The results showed that
the reduction of maternal antibodies was the lowest in the
green light group. At the end of the breeding period, the birds
exposed to green and blue light had the highest ND antibody
titer among all groups, but this difference was not
statistically significant. Birds in the yellow-light house
significantly increased total serum protein compared to other
groups (36).

29

JOURNAL OF POULTRY SCIENCES AND AVIAN DISEASES, 2023, VOL. 1, NO. 4, 25-31

In a study by Sharideh and Zaghari 2017, three hundred
and sixty 308-day-old male chicks were reared for 42 days.
Chickens were randomly divided into three groups, for
which neutral white light, warm white light, and
incandescent light were considered. The test results showed
that the group that received warm white light had
significantly higher indices of humoral immunity and
antibody titers against the Newcastle disease virus than the
other two groups. Although this difference was also present
in the antibody titer against the Avian influenza virus, it was
not statistically significant (8).

In a study conducted by Assam and Hassan in 2019, 9
different photoperiods (including 23:1, 18:6 continuous, and
18:6 intermittent photoperiods, each with three colors: red,
blue, and white) for 252 Ross broiler chicken, were applied
in 9 random groups during 40 days. This study showed that
the 23:1 continuous photoperiod group with each light color
significantly produced more antibody titers against the
Newcastle disease virus than other photoperiods with the
same light color (37).

In a study conducted by Tarek Mahmoud Mousa-Balabel
and Karima Mohamed Abdo Abofarag in 2022, three groups
of 60 commercial Indian River (IR) broiler chicks, two days
before and two days after vaccination with NDV- Lasota,
respectively, were treated with white light color (WLC), blue
light color (BLC) and white light color and supplemented
with vita E and Se in the drinking water (WES). The results
showed that the body weight gain was significantly higher in
broilers raised under BLC and WEC than in the WLC group.
Also, these two groups had higher feed conversion ratio
(FCR) and Newcastle disease virus antibody titer and lower
heterophil/lymphocyte ratio compared to WLC treatment
(38).

Regarding photoperiod, most of the results of other
investigations were consistent with the present study's
findings. However, a significant difference was observed in
the antibody titer against the Newcastle virus in the
experiments, which made a difference in light color.
Comparing the results of various studies and articles shows
the importance of the optical program and attention to all
three components in the success of vaccination.

Conflict of Interest

The authors declared no conflicts of interest.

)

G
l\ SANA®
AVIAN HOSPITAL


https://jpsad.com
https://jpsad.com

4

b Dibaei et al.
L‘ SANA®
LN BOSPITAL

Author Contributions

H. HN. supervised the project. All authors contributed to
the study conception and design Material preparation, data
collection and analysis were performed by A. D., A, S.D,

JOURNAL OF POULTRY SCIENCES AND AVIAN DISEASES, 2023, VOL. 1, NO. 4, 25-31

Acknowledgments

The authors thanks to Research deputy of the university
of Garmsar Branch of Islamic Azad University, for the
financial support of this research.

M.S.B and N.S. The first draft of the manuscript was written
by A. SM and all authors commented on previous versions
of the manuscript. All authors read and approved the final
manuscript.

Ethical Consideration

The faculty of veterinary medicine, Garmsar Branch,
Islamic Azad University, approved the study (code: GBIAU.

Data Availability Statement VET.2020.06).

Data are available from the first author upon reasonable Funding Statement

request. . . . .
q This research received grant and financial support from

Garmsar Branch of Islamic Azad University.

References

1. Olanrewaju H, Thaxton J, Dozier W, Purswell J, Roush W, Branton S. A review of lighting programs for broiler production.
International journal of poultry science. 2006;5(4):301-7. [DOI]

2. Zhang Z, Cao J, Wang Z, Dong Y, Chen Y. Effect of a combination of green and blue monochromatic light on broiler immune
response. Journal of Photochemistry and Photobiology B: Biology. 2014;138:118-23. [PMID: 24927232] [DOI]

3. Dominoni DM. The effects of light pollution on biological rhythms of birds: an integrated, mechanistic perspective. Journal of
Ornithology. 2015;156(Suppl 1):409-18. [DOI]

4. Zamanizad M, Ghalamkari G, Toghyani M, Adeljoo AH, Toghyani M. Effect of sequential and intermittent white, green and blue
monochromatic lights on productive traits, some immune and stress responses of broiler chickens. Livestock Science. 2019;227:153-9. [DOI]
5. Hofmann T, Schmucker SS, Bessei W, Grashorn M, Stefanski V. Impact of housing environment on the immune system in
chickens: A review. Animals. 2020;10(7):1138. [PMID: 32635616] [PMCID: PMC7401558] [DOI]

6. Pal P, Dey D, Sharma B, Choudhary S, Sahu J, Kumar S, Ghosh S. Effect of light management in broiler production: A review.
Journal of Entomology and Zoology Studies. 2019;7(3):437-41.

7. Abbas AO, El-Dein AA, Desoky A, Galal MA. The effects of photoperiod programs on broiler chicken performance and immune
response. International Journal of Poultry Science. 2008;7(7):665-71. [DOI]

8. Sharideh H, Zaghari M. Effect of light emitting diodes with different color temperatures on immune responses and growth
performance of male broiler. Annals of Animal Science. 2017;17(2):545-53. [DOI]

9. Ryu S-T, Park B-S, Bang H-T, Kang H-K, Hwangbo J. Effects of anti-heat diet and inverse lighting on growth performance,
immune organ, microorganism and short chain fatty acids of broiler chickens under heat stress. Journal of Environmental Biology.
2016;37(2):185.

10. Rogers AG, Pritchett EM, Alphin RL, Brannick EM, Benson ER. Il. Evaluation of the impact of alternative light technology on
male broiler chicken stress. Poultry Science. 2015;94(3):331-7. [DOI]
11. Van der Pol CW, van Roovert-Reijrink 1A, Gussekloo SW, Kranenbarg S, Leon-Kloosterziel KM, van Eijk-Priester MH, et al.

Effects of lighting schedule during incubation of broiler chicken embryos on leg bone development at hatch and related physiological
characteristics. Plos one. 2019;14(8):0221083. [PMID: 31415653] [PMCID: PMC6695123] [DOI]

12. Li X, Rathgeber B, McLean N, Maclsaac J. Providing colored photoperiodic light stimulation during incubation: 2. Effects on early
posthatch growth, immune response, and production performance in broiler chickens. Poultry Science. 2021;100(9):101328. [PMID:
34274570] [PMCID: PMC8318990] [DOI]

13. Archer GS, Mench JA. The effects of light stimulation during incubation on indicators of stress susceptibility in broilers. Poultry
Science. 2013;92(12):3103-8. [PMID: 24235217] [DOI]

14. Markowska M, Majewski PM, Skwarto-Sonta K. Avian biological clock—Immune system relationship. Developmental &
Comparative Immunology. 2017;66:130-8. [PMID: 27235884] [DOI]

15. Kankova Z, Drozdova A, Hodova V, Zeman M. Effect of blue and red monochromatic light during incubation on the early post-
embryonic development of immune responses in broiler chicken. British Poultry Science. 2022;63(4):541-7. [PMID: 35152798] [DOI]

16. Abbas G, Mahmood S, Fawwad Ahmad MY, Qureshi RA, Qamar SH, ur Rehman MZ, et al. Effect of Varying Light Intensity on

Immunity Level, Dressed Weight, Minor Body Parts Weight, Fat Deposition and Serum Glucose Level in Broilers. J Anim Vet Adv.
2014;1:38-42.

17. Guo b Y, Li W, Chen J. Influence of nutrient density and lighting regime in broiler chickens: effect on antioxidant status and
immune function. British poultry science. 2010;51(2):222-8. [PMID: 20461583] [DOI]

18. Verma V, Yadav S, Haldar C. Influence of environmental factors on avian immunity: an overview. J Immun Res. 2017;4:1028-33.
19. Haldar C, Singh S. Seasonal changes in melatonin and immunological adaptations in birds. J Endocrinol Reprod. 2001;5(1):13-24.
20. El-Emam H, Abou-Ismail U, El-Araby |, Fouda M, Ateya A. Effect of light colour temperature on expression and serum profile of

selected immune markers in layers. Journal of the Hellenic Veterinary Medical Society. 2021;72(2):2879-88.

)

i
T30 N -


https://jpsad.com
https://jpsad.com
https://doi.org/10.3923/ijps.2006.301.308
https://pubmed.ncbi.nlm.nih.gov/24927232
https://doi.org/10.1016/j.jphotobiol.2014.05.014
https://doi.org/10.1007/s10336-015-1196-3
https://doi.org/10.1016/j.livsci.2019.06.023
https://pubmed.ncbi.nlm.nih.gov/32635616
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7401558
https://doi.org/10.3390/ani10071138
https://doi.org/10.3923/ijps.2008.665.671
https://doi.org/10.1515/aoas-2016-0073
https://doi.org/10.3382/ps/peu046
https://pubmed.ncbi.nlm.nih.gov/31415653
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6695123
https://doi.org/10.1371/journal.pone.0221083
https://pubmed.ncbi.nlm.nih.gov/34274570
https://pubmed.ncbi.nlm.nih.gov/34274570
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8318990
https://doi.org/10.1016/j.psj.2021.101328
https://pubmed.ncbi.nlm.nih.gov/24235217
https://doi.org/10.3382/ps.2013-03434
https://pubmed.ncbi.nlm.nih.gov/27235884
https://doi.org/10.1016/j.dci.2016.05.017
https://pubmed.ncbi.nlm.nih.gov/35152798
https://doi.org/10.1080/00071668.2022.2042485
https://pubmed.ncbi.nlm.nih.gov/20461583
https://doi.org/10.1080/00071661003746503

4

E ? Dibaei et al. JOURNAL OF POULTRY SCIENCES AND AVIAN DISEASES, 2023, VOL. 1, NO. 4, 25-31
21. Kliger C, Gehad A, Hulet R, Roush W, Lillehoj H, Mashaly M. Effects of photoperiod and melatonin on lymphocyte activities in
male broiler chickens. Poultry Science. 2000;79(1):18-25. [PMID: 10685884] [DOI]
22. Pioli C, Caroleo MC, Doriac G. Melatonin increases antigen presentation and amplifies specific and non specific signals for T-cell
proliferation. International journal of immunopharmacology. 1993;15(4):463-8. [PMID: 8365822] [DOI]
23. Li W-b, Guo Y-I, Chen J-I, Wang R, He Y, Su D-g. Influence of lighting schedule and nutrient density in broiler chickens: effect
on growth performance, carcass traits and meat quality. Asian-Australasian Journal of Animal Sciences. 2010;23(11):1510-8. [DOI]
24. Mishra I, Knerr RM, Stewart AA, Payette WI, Richter MM, Ashley NT. Light at night disrupts diel patterns of cytokine gene

expression and endocrine profiles in zebra finch (Taeniopygia guttata). Scientific reports. 2019;9(1):15833. [PMID: 31676761] [PMCID:
PMC6825233] [DOI]

25. Getabalew M, Alemneh T, Akeberegn D, Getahun D, Zewdie D. epidemiology, Diagnosis & Prevention of Newcastle disease in
poultry. Am J Biomed Sci Res. 2019;16:50-9. [DOI]

26. Swayne DE. Diseases of Poultry. 14 ed: Wiley Blackwell; 2020.

217. Khabiri A, Toroghi R, Mohammadabadi M, Tabatabaeizadeh S-E, editors. Introduction of a Newcastle disease virus challenge

strain (sub-genotype VII. 1.1) isolated in Iran. Veterinary Research Forum; 2023: Faculty of Veterinary Medicine, Urmia University, Urmia,
Iran.

28. Mao Q, Ma S, Schrickel PL, Zhao P, Wang J, Zhang Y, et al. Review detection of Newcastle disease virus. Frontiers in Veterinary
Science. 2022;9:936251. [PMID: 35982920] [PMCID: PMC9378970] [DOI]

29. Kapczynski DR, Afonso CL, Miller PJ. Immune responses of poultry to Newcastle disease virus. Developmental & Comparative
Immunology. 2013;41(3):447-53. [PMID: 23623955] [DOI]

30. Aviagen R. Ross broiler management handbook. Aviagen Limited Newbridge Midlothian EH28 8SZ, Scotland, UK. 2014.

31. Moore C, Siopes T. Effects of lighting conditions and melatonin supplementation on the cellular and humoral immune responses
in Japanese quail Coturnix coturnix japonica. General and Comparative Endocrinology. 2000;119(1):95-104. [PMID: 10882554] [DOI]

32. Onbasilar EE, Erol H, Cantekin Z, Kaya U. Influence of intermittent lighting on broiler performance, incidence of tibial

dyschondroplasia, tonic immobility, some blood parameters and antibody production. Asian-Australasian Journal of Animal Sciences. 2007.
[DOI]

33. Moraes D, Lara L, Baiao N, Cancado S, Gonzalez M, Aguilar C, Lana A. Effect of lighting programs on performance, carcass
yield, and immunological response of broiler chickens. Arquivo brasileiro de medicina veterinaria e Zootecnia. 2008;60:201-7. [DOI]

34. Gharib H, Desoky A, El-Menawey M, Abbas AO, Hendricks G, Mashaly M. The role of photoperiod and melatonin on alleviation
of the negative impact of heat stress on broilers. International Journal of Poultry Science. 2008;7(8):749-56. [DOI]

35. Xie D, Wang Z, Dong Y, Cao J, Wang J, Chen J, Chen Y. Effects of monochromatic light on immune response of broilers. Poultry
Science. 2008;87(8):1535-9. [PMID: 18648045] [DOI]

36. Firouzi S, Nazarpak HH, Habibi H, Jalali SS, Nabizadeh Y, Rezaee F, et al. Effects of color lights on performance, immune response
and hematological indices of broilers. J World's Poult Res. 2014;4(2):52-5.

37. Soliman ES, Hassan RA. Impact of lighting color and duration on productive performance and Newcastle disease vaccination
efficiency in broiler chickens. Veterinary World. 2019;12(7):1052. [PMID: 31528032] [PMCID: PMC6702559] [DOI]

38. Mousa-Balabel TM, Abofarag KMA. Blue Light Color Reduces the Newcastle Disease Post-Vaccinal Reactions of Indian River
Broilers under Egyptian Conditions. 2023. [DOI]

)

i
e — l\ saNA®
31 AVIAN HOSPITAL


https://jpsad.com
https://jpsad.com
https://pubmed.ncbi.nlm.nih.gov/10685884
https://doi.org/10.1093/ps/79.1.18
https://pubmed.ncbi.nlm.nih.gov/8365822
https://doi.org/10.1016/0192-0561(93)90060-C
https://doi.org/10.5713/ajas.2010.10087
https://pubmed.ncbi.nlm.nih.gov/31676761
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6825233
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6825233
https://doi.org/10.1038/s41598-019-51791-9
https://doi.org/10.34297/AJBSR.2019.03.000632
https://pubmed.ncbi.nlm.nih.gov/35982920
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9378970
https://doi.org/10.3389/fvets.2022.936251
https://pubmed.ncbi.nlm.nih.gov/23623955
https://doi.org/10.1016/j.dci.2013.04.012
https://pubmed.ncbi.nlm.nih.gov/10882554
https://doi.org/10.1006/gcen.2000.7496
https://doi.org/10.5713/ajas.2007.550
https://doi.org/10.1590/S0102-09352008000100028
https://doi.org/10.3923/ijps.2008.749.756
https://pubmed.ncbi.nlm.nih.gov/18648045
https://doi.org/10.3382/ps.2007-00317
https://pubmed.ncbi.nlm.nih.gov/31528032
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6702559
https://doi.org/10.14202/vetworld.2019.1052-1059
https://doi.org/10.17582/journal.pjz/20220323080346

