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Abstract:

This study was conducted from September 10, 2023, to November 13, 2023, at the poultry farm

of the Animal Production Department of the College of Agriculture, University of Basrah. The
objective was to compare the effects of continuous lighting systems with various intermittent lighting
regimes on the productive performance of broilers. A total of 216 one-day-old unsexed ROSS308
chicks were randomly assigned to six experimental treatments, with three replicates each consisting of
12 chicks. Each treatment was reared in a separate sectiona. From hatching to four days old, chicks
received 23 hours of light per day. The lighting programs started on the fifth day and lasted until the
end of the 35-day trial. The experiment parameters were as follows: T1: continuous lighting (22 L, 2
D); T2: intermittent lighting (11 L: 1 D) twice a day; T3: continuous lighting (20 L: 4 D); T4:
intermittent lighting (5 L: 1D) four times a day; T5: continuous lighting (18 L: 6 D) daily; T6:
intermittent lighting (3 L: 1D) six times a day. The results showed a significant increase (P<0.05) in
live body weight, cumulative weight gain, and cumulative feed intake up to 35 days of age in birds
increase under the T1 and T2 programs. Significant improvements (P<0.05) were observed in feed
conversion rate, economic index, and livability ratio for birds under T4, T5, and T6 programs in the
study.
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Introduction

The broiler chicken industry is a critical source of animal protein that is crucial for the fast-growing
global population. Genetic advancements have made significant improvements in broiler feed
conversion ratios and growth performance to meet this demand. Broiler production has recently received
significant attention from environmental factors, including lighting (Al-Samrai et al., 2023). The
performance of poultry is determined by its genetic potential and environmental interactions, with light
being a crucial factor (Al-hummed, 2020). By understanding and managing light properly in poultry
production, producers can implement optimal lighting programs, improve performance standards, and
lower production costs (Saad et al., 2024). Broiler life weight and disease resistance can be affected by
different lighting systems, as studies have shown. For instance, researchers have used continuous or
near-continuous lighting regimes to increase feed consumption and maximize growth rates. Continuous
lighting can increase feed intake and growth in broilers, but it may not always result in better feed
conversion ratios or economic returns (Abo Ghanima et al., 2021).

Some studies have indicated that continuous lighting can hinder growth and cause physiological stress
in birds (Alaasam et al., 2021). Therefore, varying lighting periods have gained interest as a means to
improve broiler productivity and health. Helmy et al. (2023) highlight the need for research on lighting
systems, noting that physical activity and energy consumption decrease significantly during dark
periods. As a result, intermittent lighting may improve the productivity of birds. Manfio et al. (2019)
reported that an intermittent lighting system (1 hour light, 2 hours dark) was more effective at improving
broiler performance than continuous lighting. Their findings revealed that intermittent lighting resulted
in higher productivity, reduced leg deformities and sudden death syndrome, and improved bird vitality
and metabolic processes. Research evaluating the performance of broilers under lighting systems found
that while feed consumption was lower in broilers under intermittent lighting compared to continuous
lighting, this difference was not statistically significant. The average live weight and feed conversion
ratios were significantly improved by intermittent lighting. Compared to continuous lighting, shorter
lighting periods resulted in a reduction in feed consumption (Onbasilar et al., 2018). Providing birds
with adequate darkness periods resulted in fewer health issues compared to continuous or near-
continuous lighting, with no adverse effects on hematological and biochemical blood parameters
(Farghly and Makled, 2015). The purpose of this research is to compare continuous lighting systems
with various intermittent lighting systems and evaluate their effects on broiler productive performance,
carcass traits, and blood parameters.

Materials and Methods

This study was conducted at the College of Agriculture, University of Basrah, from October 9, 2023, to
November 13, 2023. A total of 216 one-day-old, unsexed broiler chicks of the Ross 308 strain, with an
average weight of 42 grams, were used. The chicks were randomly assigned to six experimental
treatments, with three replicates per treatment (12 chicks per replicate). The birds were housed in
separate sections, each dedicated to a specific treatment. The experimental treatments were as follows:
T1: Continuous lighting (22 hours light: 2 hours dark) daily. T2: Intermittent lighting (11 hours light and
1 hour dark) twice daily.T3: Continuous lighting (20 hours light: 4 hours dark) daily.T4: Intermittent
lighting (5 hours light and 1 hour dark) four times daily.T5: Continuous lighting (18 hours light: 6 hours
dark) daily. T6: Intermittent lighting (3 hours light and 1 hour dark) six times daily.
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Each replicate was equipped with 5-watt light bulbs. Two types of commercial diets were used: a starter
diet (23.04% crude protein and 2945 kcal/kg metabolizable energy) from days 1 to 20, and a finisher
diet (19.14% crude protein and 3170 kcal/kg metabolizable energy) from days 21 to 35 (Table 1). The
necessary administrative measures were taken to ensure optimal rearing conditions. This included
maintaining appropriate temperature and humidity levels throughout the entire experimental period.

The productive traits studied included live body weight, weight gain, feed consumption, feed conversion
ratio, mortality rate, and economic index, as described by Al-Fayadh et al. (2011). The study was
designed according to a completely randomized design (CRD). The collected data were statistically
analyzed using the SPSS software (2019). The significance of differences between means was tested
using Duncan's multiple range test (1955) at a significance level of P <0.05.

Table 1: Nutritional Composition of Diets

Forage Starter (1-21 day) Growth (22-35 day) %
Wheat bran 16 20
Yellow corn 44.2 48.7
Concentrated Protein (Y 4 1
The soybean gain is 44% protein 32 22
Soy oil 0.5 2.5
Vitamin and mineral mixture 1 1
Salt 0.3 0.3
limestone 2 15
Computerized chemical composition (2)
Crude protein (%) 23.04 19.14
Metabolic energy (kilograms / kg) 2945 3170

(1) The Concentrated Protein imported from Jordan. Company of FAPCO. Containing 2200 kcal /
kg, 50% crude protein, 2.5% methionine + cysteine, 3% lysine, 3% phosphorous and 8%
calcium

(2) The chemical composition wear reported according to the NRC (1994) analysis of feed stuffs
mentioned.

Results and Discussion

Table (2) indicates the effect of applying lighting programs on the body weight (g) of broiler chickens
during the experimental period. The table shows no significant effect (p < 0.05) of the lighting programs
on the live body weight rates of birds in different experimental treatments in the first week of the birds'
age. However, in the second week, birds raised under intermittent lighting T2 (11 hours light, 1 hour
dark) twice daily showed a significant increase (p > 0.05) in live body weight rates, recording the highest
rate and not differing significantly from the control treatment T1 (22 hours light, 2 hours dark). The
lowest rates were recorded in birds raised under the lighting program T5 (18 hours light, 6 hours dark),
which did not differ significantly from treatment T6 (3 hours light, 1 hour dark, 6 times daily) and
treatment T4 (5 hours light, 1 hour dark, 4 times daily). In the third, fourth, and fifth weeks, the
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significant superiority (p > 0.05) of the T2 and T1 treatments in body weight continued over the other
treatments, while the birds raised under the lighting programs T6 and T5 recorded the lowest rates.

Table 3 shows the effect of applying lighting programs on the weekly weight gain rates (g) and the
cumulative period (0—5 weeks) for broiler chickens. The results showed no significant differences (p <
0.05) between the different experimental treatments. However, in the second week, the T2 treatment
group showed significant superiority (p > 0.05), which did not differ significantly from the T1 (control)
treatment, while the T5 treatment recorded the lowest weight gain rate, which did not differ significantly
from the T3, T4, and T6 treatments. In the third week, the T4 treatment demonstrated a significant
superiority (p > 0.05) in weight gain rate over the rest of the experimental treatments, except for the T2
treatment, which did not differ significantly from it. The T3 treatment recorded the lowest weight gain
rate, with no significant difference from the T5 treatment. In the fourth and fifth weeks, the T2 and T1
treatments recorded the highest rates, while the TS5 treatment recorded the lowest rates, not differing
significantly from the T6 and T4 treatments in both weeks. When looking at the cumulative weight gain
(0-5 weeks), Table 3 shows that the T2 treatment was significantly better (p > 0.05) than the T1 (control)
treatment. On the other hand, the birds raised under the T5 lighting programs had the lowest rates, which
were not significantly different from the T6 treatment.

Table 2: The effect of applying lighting programs on the body weight rate (g) of broiler chickens
at different ages (mean + standard error)

Treatments First week Second week | Third week Fourth week Fifth week

T1 208.08 £5.50 503.33 £6.12% | 992.49 +9.32% | 1513.38 +10.68? 2132.24 +£13.85%
T2 203.94 +8.69 512.47 £5.20* | 1005.72 £8.24% | 1519.38 +£10.442 2146.82 £10.162
T3 206.44 £3.85 484.30 +8.07" | 944.66 +6.98*° | 1451.77 +4.44° 2041.72 +11.42%
T4 203.66 +8.53 465.44 5,98 | 965.77 £7.10° | 1462.86 +9.42° 2056.31 +£11.34°
T5 205.99 +£10.06 | 455.55 +7.58¢ | 918.96 +5.269 | 1409.30 +10.17°¢ 2001.52 +8.18¢
T6 205.27 £5.15 461.08 +5.769 | 932.13 +4.98% | 1425.15 +3.19¢ 2019.48 +5.30%
Sig. Level NS * * * *

Different letters within each column indicate significant differences between the treatment means.*
Indicates a significant difference at a significance level of 0.05. N.S indicates no significant
difference.Treatments: T1: Continuous lighting (22 hours light: 2 hours dark) daily.T2: Intermittent
lighting (11 hours light and 1 hour dark) twice daily.T3: Continuous lighting (20 hours light: 4 hours
dark) daily.T4: Intermittent lighting (5 hours light and 1 hour dark) four times daily.T5: Continuous
lighting (18 hours light: 6 hours dark) daily.T6: Intermittent lighting (3 hours light and 1 hour dark) six
times daily.

The role of lighting programs (light periods), whether continuous or intermittent, in affecting feeding
times may account for the reduction in live body weight and weight gain rates in the T6 and T5
treatments compared to the other study treatments. Longer dark periods prevent birds from accessing
feed, thus reducing feed intake (Table 4), which in turn affects growth (Kim et al., 2022). This result is
consistent with Abo Ghanima et al. (2021), who found that birds raised under continuous lighting (22
hours light and 2 hours dark) twice daily had superior live body weight and weight gain compared to
other treatments. Lighting programs that increase dark periods during the final stages of growth and
provide long feeding periods during light periods enable birds to meet their nutritional needs, thereby
positively influencing their growth (Yang et al. 2015). Birds exposed to short light periods exhibit
decreased growth performance due to the deficiency of some essential nutrients, particularly protein,
which plays an important structural role in the body (Kim et al., 2022).
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In Table 4, the feed consumption rate (g) of broiler chickens at different ages is shown to be affected by
lighting programs. No significant differences (p > 0.05) were observed between the different
experimental treatments in feed consumption rates during the first week as indicated by the table.
However, in the second week, significant differences (p > 0.05) were observed between the different
treatments. The T1 control program had the highest rates, while the T6 program had the lowest rates,
which were not significantly different from treatments T5 and T4. In terms of cumulative feed
consumption, the T6 treatment recorded the lowest rates, not significantly different from those of
treatments T4 and T5, while the T1 treatment recorded the highest rate. The reason for this may be that
birds raised under the T1 lighting program consumed more feed due to its availability. Rodrigues and
Chout (2019) found that raising Cobb 500 broiler chickens under a continuous long lighting system
significantly increased their feed consumption compared to those raised under an intermittent lighting
system. Birds raised under different lighting systems had a gradual increase in food consumption as light
hours increased (ShynKaruk et al., 2022).

Table 3: The effect of applying lighting programs on the weight gain rate (g) of broiler chickens
at different ages (Meanz SE)

Treatments | First week Second week | Third week Fourth week Fifth week Cumulative weight
T1 166.07 £5.50% | 295.25 +2.28?%| 489.16 +3.56° 520.89 +4.222 618.86 £3.17% | 2090.24 +13.85?
T2 161.94 +8.69% | 308.52 £8.52%| 493.25 +3.04% | 513.66 +3.21% | 627.44 +1.08% | 2104.83 +10.16?
T3 164.44 +3.85% | 277.86 +11.87| 460.36 +1.11¢ 507.11 +2.60° | 589.95 +7.29° | 1999.73 +11.42°¢
T4 161.66 +8.53° | 261.78 +9.81° 500.33 +5.04? 497.09 +3.51%¢ | 593.45+3.23" | 2014.31 +11.34°
T5 163.99 +10.06° | 249.55 +13.65| 463.41 +2.75% | 490.34 +5.58¢ 592.22 +2,53" | 1959.52 +8.18¢

T6 163.27 #5.15° | 255.81 +10.73| 471.06 +1.89¢ 493.02 +1.79¢ 594.33 +2.62" | 1977.48 +5.30%
Sig. Level NS * * * * *

Different letters within each column indicate significant differences between the treatment means.* Indicates a significant
difference at a significance level of 0.05. N.S indicates no significant difference. Treatments:T1: Continuous lighting (22
hours light: 2 hours dark) daily.T2: Intermittent lighting (11 hours light and 1 hour dark) twice daily.T3: Continuous lighting
(20 hours light: 4 hours dark) daily.T4: Intermittent lighting (5 hours light and 1 hour dark) four times daily.T5: Continuous
lighting (18 hours light: 6 hours dark) daily. T6: Intermittent lighting (3 hours light and 1 hour dark) six times daily.

The table (5) indicates no significant effect (p < 0.05) of the lighting programs on the feed conversion
ratio rates for birds in the different experimental treatments in the first week of the birds' age. In the
second week, the T2 treatment showed a significant improvement (p > 0.05) compared to the rest of the
treatments, and it did not significantly differ from treatments T1, T3, and T4. Treatments T5 and T6 had
the highest rates, but there was no significant difference between them and treatments T1 and T4. In the
third week, treatment T4 showed a significant improvement (p > 0.05) compared to the other treatments
and did not significantly differ from treatment T6, whereas treatments T1 and T3 recorded the highest
rate. Treatments T2 and T5 showed a significant improvement compared to treatments T1 and T3 n the
fourth week, The feed conversion ratio of birds raised under the T6 lighting program was the best, but
it was not significantly different from those raised under treatments T3 and T5. The highest feed
conversion ratio was recorded by birds under treatment T1, but it was not significantly different from
treatments T2, T3, T4, and T5. Compared to the other treatments, birds under the T6 lighting program
showed a significant improvement in the fifth week. Birds in treatment T1.

Table (4): The effect of applying lighting programs on the feed consumption rate (g) of broiler
chickens at different ages (Meant SE)

Cumulative
consumption

Treatments | First week Second week | Third week Fourth week | Fifth week
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T1 169.30 £3.056] 379.16 +4.17* | 680.30 £5.29% | 908.96 +7.53%| 1130.61 £5.95%| 3268.34 £25.42%
T2 169.39 +4.997 | 358.25 +4.81° | 648.55 +5.18" | 885.63 +4.41"| 1106.47 +5.68"| 3168.29 +24.67°
T3 161.75 +6.83" 348.05 +3.68 | 638.77 +3.37*° | 871.23 +6.11h{ 1076.09 +9.52°| 3095.89 +24.54"¢
T4 167.08 +4.99°| 339.02 +6.44 | 628.50 +4.24% | 858.47 +4.78°| 1042.85 +6.26%| 3035.91 +17.67“
TS5 167.16 £7.63°| 339.08 +3.54¢9 | 623.72 +4.14% | 834.03 £7.83"| 1002.23 +7.63°| 2966.22 +30.62¢
T6 169.16 +5.95°| 336.19 +3.83° | 604.86 +4.78% | 822.58 +6.65%| 973.85 +6.13" | 2906.63 +27.06¢
Sig. Level NS * * * * *

Different letters within each column indicate significant differences between the treatment means.*
Indicates a significant difference at a significance level of 0.05. N.S indicates no significant
difference.Treatments:T1: Continuous lighting (22 hours light: 2 hours dark) daily.T2: Intermittent
lighting (11 hours light and 1 hour dark) twice daily.T3: Continuous lighting (20 hours light: 4 hours
dark) daily.T4: Intermittent lighting (5 hours light and 1 hour dark) four times daily.T5: Continuous
lighting (18 hours light: 6 hours dark) daily.T6: Intermittent lighting (3 hours light and 1 hour dark) six
times daily.

Table (5): The effect of applying lighting programs on the feed conversion ratio (g feed/g weight
gain) of broiler chickens at different ages (Mean+ SE)

Treatmenty First week | Second weel Third week Fourth week | Fifth week Cumula_tive _
conversion ratio

T1 1.02 +0.02 1.28 £0.02%| 1.39 +0.004? 1.75 +0.022 1.83 +0.0012 1.56 +0.0032

T2 1.05 +0.80 1.16 +0.04° | 1.31 +0.02% 1.72 +0.022 1.76 +0.01° 1.50 +0.02%

T3 0.98 £0.06 1.26 +0.05%°| 1.39 +0.01% 1.71 £0.02ab 1.82 +0.022 1.55 +0.01%

T4 1.04 +0.04 1.30 £0.03%| 1.26 +0.01° 1.73 +0.01a 1.76 +0.01° 1.51 +0.003

T5 1.03+0.10 1.36 +0.06% | 1.35 +0.02°¢ 1.70 £0.02ab 1.69 +0.02° 1.51 +0.01%¢

T6 1.04 +0.06 1.32 £0.05% | 1.28 +0.01¢% 1.67 £0.02b 1.64 +0.01¢ 1.47 +0.01¢

Sig. Level | NS * * * * *

Different letters within each column indicate significant differences between the treatment means.*
Indicates a significant difference at a significance level of 0.05. N.S indicates no significant
difference.Treatments: T1: Continuous lighting (22 hours light: 2 hours dark) daily.T2: Intermittent
lighting (11 hours light and 1 hour dark) twice daily.T3: Continuous lighting (20 hours light: 4 hours
dark) daily.T4: Intermittent lighting (5 hours light and 1 hour dark) four times daily.T5: Continuous
lighting (18 hours light: 6 hours dark) daily.T6: Intermittent lighting (3 hours light and 1 hour dark) six
times daily

Recorded the highest feed conversion ratio, but it was not significantly different from treatment T3.
Treatments T2 and T4 showed a significant improvement compared to treatments T1 and T3, and
treatment T5 showed a significant improvement (p > 0.05) compared to treatments T1, T2, T3, and T4.
Notably, birds under treatment T6 achieved the best cumulative feed conversion ratio for the period of
1-5 weeks, while birds under treatment T1 recorded the lowest rate, which was not significantly different
from treatment T3. Treatments T2, T4, and T5 showed significant improvement (p > 0.05) compared to
treatment T1.
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Reduced energy expenditure due to less movement during the dark period and slower food passage
through the digestive tract, which provides more extended time for digestive enzymes to act on the food,
improves digestion, and allows more prolonged absorption of digested nutrients, is responsible for the
weekly and cumulative improvement in the feed conversion ratio under the T6 lighting program (Charles
et al. 1992). The results of the current study align with Al-Samrai et al. (2023), who found that birds
raised under intermittent lighting programs (4 hours light and 2 hours dark) four times daily recorded
the best feed conversion ratio compared to the control birds raised under continuous lighting (24 hours
light daily). The higher feed conversion ratio in birds raised under long light periods may be due to the
higher feed consumption (Table 4), as there is a negative correlation between feed consumption and
feed conversion ratio (Quintana-Ospina et al., 2023).

The table shows that the lighting programs have a significant effect (p > 0.05) on the total mortality rate
in the different experimental treatments, with the lowest rate recorded in treatments T4 and T6, which
is not significantly different from treatment T5. On the other hand, treatments T1 and T3 recorded the
highest rates, which did not significantly differ from those of T2. The lower mortality rate in treatments
T4 and T6 and the higher rate in treatments T1 and T3 may be due to metabolic disorders resulting from
continuous feeding, especially in the early ages, given the high growth rate of the Ross 308 strain used
in the study, which is associated with a high metabolic rate requiring high concentrations of thyroxine
hormone secreted by the thyroid gland, leading to thyroid hormone disturbances and increased mortality
rates linked to metabolic diseases such as ascites and sudden death syndrome (Buys et al. 1998). This
result agrees with Hassanzadeh et al. (2005), Abo Ghanima et al. (2021), and Dhumal et al. (2022), who
noted a significant decrease in total mortality rates with reduced light hours and intermittent lighting
programs compared to continuous and nearly continuous lighting programs.

Production costs and economic returns are significantly influenced by livability and mortality rates
(Table 6). The livability percentage went up significantly (p > 0.05) for treatments T4 and T6, which
had the highest values but were not significantly different from treatment T. In contrast, treatments T1
and T3 recorded the lowest rates, which did not significantly differ from treatment T2. These results are
directly influenced by the mortality rate, which is an indicator of flock livability. Table (6) shows
significant differences (p > 0.05) in the economic index values for different treatments, with treatments
T4 and T6 recording the highest values, but not significantly different from treatment T. On the other
hand, birds under treatment T3 recorded the lowest economic index values, which were not significantly
different from those under treatments T1 and T5. Given that this index considers all economic traits of
broiler chickens, the significant improvement in the feed conversion ratio and the lower total mortality
rate in these treatments compared to continuous lighting treatments may account for the significant
increase in the economic index values for treatments using intermittent lighting programs. This result is
in line with the findings of Kalaba et al. (2016), who observed that raising birds under intermittent
lighting resulted in a significant increase in the economic index compared to continuous lighting.

Table (6): The effect of applying lighting programs on the total mortality rate, livability rate, and
economic index score of broiler chickens at 35 days of age (Mean+ SE)

Treatments | Total Mortality Rate (| Livability Rate (%) | Economic Index Score
T1 8.33 £ 0.00? 91.67 £ 0.00° 357.15 + 2.10%

T2 5.55 + 2.78%® 94.44 + 2.78 384.64 + 6.35%

T3 8.33 £ 0.00° 91.67 £ 0.00° 345.43 + 3.29°

T4 0.00 £ 0.00° 100.00 £ 0.00? 389.82 + 2.36°

T5 2.78 +2.78 97.22 +2.78% 357.51 + 13.46"

T6 0.00 £ 0.00° 100.00 £ 0.00? 392.61 £+ 6.24°
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Sig. Level * * *

Different letters within each column indicate significant differences between the treatment means.*
Indicates a significant difference at a significance level of 0.05. N.S indicates no significant
difference.Treatments:T1: Continuous lighting (22 hours light: 2 hours dark) daily.T2: Intermittent
lighting (11 hours light and 1 hour dark) twice daily.T3: Continuous lighting (20 hours light: 4 hours
dark) daily.T4: Intermittent lighting (5 hours light and 1 hour dark) four times daily.T5: Continuous
lighting (18 hours light: 6 hours dark) daily.T6: Intermittent lighting (3 hours light and 1 hour dark) six
times daily

Conclusions

According to our findings, the lighting programs used during the rearing period of broiler chickens have
a significant impact on production performance. The use of intermittent lighting with a dark period of
no less than 4 hours daily resulted in an improved feed conversion ratio and economic index, as well as
a reduced total mortality rate. Also, it led to lower production costs by decreasing feed consumption and
utilizing less electrical energy.

Acknowledgment

The authors would like to thank the Deanship of the College of Agriculture

Head of the Department of Animal Production, University of Basra,

Their support for this work.

Conflict of Interest

The authors declare that there are no conflicts of interest regarding the publication of this manuscript.
References

e Abo Ghanima, M. M. A., Abd El-Hack, M. E., Abougabal, M. S., Taha, A. E., Tufarelli, V.,
Laudadio, V., & Naiel, M. A. (2021). Growth, carcass traits, immunity and oxidative status of broilers
exposed to continuous or intermittent lighting programs. Animal Bioscience, 34(7), 1243-1252.

e Alaasam, V. J,, Liu, X,, Niu, Y., Habibian, J. S., Pieraut, S., Ferguson, B. S., Zhang, Y., & Ouyang,
J. Q. (2021). Effects of dim artificial light at night on locomotor activity, cardiovascular physiology,
and circadian clock genes in a diurnal songbird. Environmental Pollution, 282, 117036.

e Al-Fayadh, H. A. A, Naji, S. A. H., & Al-Hajo, N. N. (2011). Poultry meat technology (2nd part).
Higher Education Press, University of Baghdad. (In Arabic).

e Al-Hummod, S. K. M. (2020). Effect of light intensity and color in some productive and
physiological traits of Japanese quail. Basrah Journal of Veterinary Research, 19(2).

e Al-Samrai, M. K., Al-Jumaily, T. K., & Taha, A. T. (2023). Impact of light regimen and melatonin
on growth performance, welfare, and physiological parameters of broiler chickens. In 10P
Conference Series: Earth and Environmental Science (Vol. 1225, No. 1, p. 012046). 10P Publishing.

e Buys, N., Buyse, J., Hassanzadeh-Ladmakhi, M., & Decuypere, E. (1998). Intermittent lighting
reduces the incidence of ascites in broilers: An interaction with protein content of feed on
performance and the endocrine system. Poultry Science, 77(1), 54-61.

e Charles, R. G., Robinson, F. E., Hardin, R. T., Yu, M. W., Feddes, J., & Classen, H. (1992). Growth,
body composition, and plasma androgen concentration of male broiler chickens subjected to different
regimens of photoperiod and light intensity. Poultry Science, 71, 1595-1605.

e Dhumal, M. V., Khutal, G. P., Kadam, A. S., Patodkar, V. R., Mhase, P. P., & Dhaygude, V. S.
(2022). Effect of lighting schedule on the performance of broilers. Indian Journal of Veterinary
Sciences and Biotechnology, 18(3), 84-87.

e Duncan, D. B. (1955). Multiple range and multiple F tests. Biometrics, 11(1), 1-42.



Al-Maliki and Al-Hummod 2025 Dijlah J. Agric. Sci., 4(3): 47-55, 2025

e Farghly, M. F. A., & Makled, M. N. (2015). Application of intermittent feeding and flash lighting
regimens in broiler chickens’ management. Egyptian Journal of Nutrition and Feeds, 18, 261-276.

e Hassanzadeh, M., Shojadoost, B., Feyzih, A., Buyse, J., & Decuypere, E. (2005). Effect of
intermittent lighting schedules at the young age of broiler chickens on the incidence of ascites and
metabolic parameters. Poultry Science, 84, 428-434.

e Helmy, N. A., Metwally, M., Farghaly, M., EI-Hammady, H. Y., & EI-Sagheer Mohamed, M. (2023).
Effect of lighting programs on compensatory growth of broiler chickens. Assiut Journal of
Agricultural Sciences, 54(2), 220-231.

e Kalaba, Z. M. A., Sherif, K. E., & Abd Elrahman, A. M. (2016). Effect of lighting program on
productive and physiological performance of broiler chicks. Journal of Animal and Poultry
Production, 7(8), 313-317.

e Kim, H.J,, Son, J., Jeon, J. J., Kim, H. S., Yun, Y. S., Kang, H. K,, ... & Kim, J. H. (2022). Effects
of photoperiod on the performance, blood profile, welfare parameters, and carcass characteristics in
broiler chickens. Animals, 12(17), 2290.

e Manfio, E. S., Jacome, I. M. T. D., Serpa, F. C., Zanchin de Castro, L. F., Burbarelli, M. F.,
Przybulinski, B. B., & Garcia, R. G. (2019). Intermittent lighting program does not hinder the
performance of broiler chickens and promotes energy economy. Canadian Journal of Animal
Science, 100(2), 228-233.

e Olanrewaju, H. A., Miller, W. W., Maslin, W. R., Collier, S. D., Purswell, J. L., & Branton, S. L.
(2018). Influence of light sources and photoperiod on growth performance, carcass characteristics,
and health indices of broilers grown to heavy weights. Poultry Science, 97(4), 1109-1116.

e Quintana-Ospina, G. A., Alfaro-Wisaquillo, M. C., Oviedo-Rondon, E. O., Ruiz-Ramirez, J. R,
Bernal-Arango, L. C., & Martinez-Bernal, G. D. (2023). Data analytics of broiler growth dynamics
and feed conversion ratio of broilers raised to 35 days under commercial tropical conditions. Animals,
13(15), 2447.

e Rodrigues, I., & Choct, M. (2019). Feed intake pattern of broiler chickens under intermittent lighting:
Do birds eat in the dark? Animal Nutrition, 5(2), 174-178.

e Saad, H. F., Al-Hummod, S. K., & Karomy, A. S. (2024). Lighting systems in the fields of laying
hens (their importance and impact on the productive and immunological performance of laying hens).
European Journal of Agricultural and Rural Education, 5(2).

e Shynkaruk, T., Buchynski, K., & Schwean-Lardner, K. (2022). Lighting programme as a
management tool for broilers raised without antibiotics: Impact on productivity and welfare. British
Poultry Science, 63(6), 761-767.

e SPSS. (2019). IBM SPSS statistics for Windows (Version 26.0). IBM Corp.
https://www.ibm.com/analytics/spss-statistics-software

e Yang, H., Xing, H., Wang, Z., Xia, J.,, Wan, Y., Hou, B., & Zhang, J. (2015). Effects of intermittent
lighting on broiler growth performance, slaughter performance, serum biochemical parameters and
tibia parameters. Italian Journal of Animal Science, 14(4), 4143.



