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ABSTRACT

The study evaluated the physiological response of broiler birds to different levels of Ascorbic Acid
(AA) supplementation during the dry season. 320 one-day-old Ross 308 broiler chicks were allotted
randomly to four dietary treatments groups T1 (Control), T2 (50), T3 (100) and T4 (150 mg AA/kg
diet) in a completely randomized design. The experiment lasted for 8 weeks during which data on
growth parameters, body morphometry, haematology, serum biochemistry and other physiological
parameters were collected. Findings from the study revealed that, body weight gain and feed intake
were highest in T4, indicating that AA significantly (p<0.05) elicited improvement in the growth
performance parameters. Collagen synthesis of AA was also observed as there was an improved
(p<0.05) thigh and shank lengths in birds exposed to AA. Haematological analysis indicated that, AA
induced erythropoiesis as evidenced by significant (p<0.05) increase in red blood cell counts from T1
(15.12 x 105cell/uL) to T4 (27.57 x 10%cell/uL), with a decrease in physiological leukocytosis often
related to tissue damage by heat. The AA proved non-hepatotoxic as serum biochemical indices were
within safe ranges. By week 8, there was a significant reduction (p<0.05) in rectal temperatures from
42.37 °C in the control group to 40.01 °C in T4. Significant reduction in respiratory rates were observed
with birds in T1 having 59.59 breadth/min, while those T4 had 53.41 breadth/min suggesting that AA
induced lower thermal polypnea and inhibition of respiratory alkalosis. Conclusively, incorporation of
AA up to 150 mg/kg efficiently reduced the adverse effects of thermal stress, while maintaining
homeothermy and promoting the overall performance and welfare of broiler chickens during the hot
season.
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INTRODUCTION

The world poultry sector remains a crucial industry of the agricultural economy that provides
premium and affordable source of animal protein to a increasing world population. In tropical savannah
zones of Africa, however, the sector is bedeviled by intense environmental restrictions, majorly as a
result of the severe ambient temperatures and humidity figures usually experienced during the dry
season. Genetically selected for quick growth and high efficiency of metabolism, broiler chickens are
particularly vulnerable to thermal distress (Oni et al., 2024). Generally, chickens lack sweat glands and
must therefore sustain homeothermy through evaporative cooling by panting. Whenever environmental
temperatures transcend the thermoneutral zone (usually 18 to 24°C for mature broilers), the chickens
begin to experience heat stress, capable of inducing several hazardous physiological responses
(Sumanuet al., 2024).

During the harmattan season in Nigeria, ambient temperatures, most times, range between 32
and 35°C or more, which significantly exceed the tolerance level broiler chickens (Jimoh et al., 2022).
This discomfort occasioned by a surge in environmental temperature often leads to considerable
economic losses resulting from decreased feed intake, reduced growth rates, defective feed conversion
ratios (FCR) and elevated mortality rates (Tavakolinasab& Hashemi, 2025). In addition, the
physiological stress triggered by increase in ambient temperatures disturbs the homeostasis of the
chickens, making interventions necessary both nutritionally and pharmacologically to maintain a good
level of productivity and welfare of the birds.
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The physiological reaction of broiler chickens to heat stress is one that is characterized by
intricate changes in metabolic, hematological and biochemical pathways. In order to dispel excess
metabolic heat, birds result to panting, a process that can induce unrestricted loss of carbon dioxide
(COy) viathe lungs. This exhaustion of CO, triggers an increase in blood pH level (respiratory alkalosis)
(Oni et al., 2024). In order to cope with this sudden change, there will be a rise in the excretion of
bicarbonate ions by the kidneys. This process is capable of causing a further disruption in the acid-base
balance of the birds (Sumanuet al., 2024).

Even at the cellular level, heat stress challenge causes excessive secretion of Reactive Oxygen
Species (ROS) like superoxide anion and hydroxyl radical. Under normal conditions, endogenous
antioxidant enzymes like superoxide dismutase and glutathione peroxidase neutralize these radicals.
However, during the dry season when the heat stress becomes acute and chronic, the ROS production
rate exceeds the chickens’ natural antioxidant capacity, leading to oxidative stress (Tavakolinasab&
Hashemi, 2025). This oxidative state destroys the DNA and macronutrients in cells, including lipids
and protein thereby compromising the integrity of the gut and immune function (Hieu et al., 2022).

Ascorbic acid, also known as vitamin C, has proven to be an efficient, water-soluble antioxidant
capable of protecting biological systems from oxidative destructions. Although chickens can
endogenously produce ascorbic acid in the liver and kidneys, this synthesis is often inadequate, such
that it cannot meet the increased demands when environmental stress is being experienced (Hieu et al.,
2022). Thus, incorporating ascorbic acid in the diet or drinking water has now surfaced as a good
strategy to promote the resilience of broilers to heat stress during the dry season. (Li et al, 2024).

Ascorbic acid’s mode of action revolves round its capacity as a strong reducing agent. Through
the donating electrons to unstable ROS, ascorbic acid prevents the commencement of lipid peroxidation
in cell membranes (Hieu et al., 2022). Furthermore, ascorbic acid is popular for regulating the
hypothalamic-pituitary-adrenal (HPA) axis, decreasing the production of corticosterone (the major
stress hormone in poultry) which otherwise represses immune responses and enhances muscle
catabolism (Sumanuet al., 2024). Recent study revealed that inclusion level up to 250 mg/kg can
considerably lead to an improvement in body weight gain and reduction in the heterophil-to-lymphocyte
(H/L) ratio, which is an indicator of physiological stress in poultry (Tavakolinasab& Hashemi, 2025).

With all the numerous studies conducted on heat stress, the actual "physiological response of
broiler chickens to ascorbic acid during the dry season” still requires investigation partly because of
volatility of the environment which has made indigenous heat stress management systems less effective,
and partly due to the need for economic sustainability. This study therefore aims to achieve the
following objectives:

a) To generate precise data on how the birds respond to exogenous antioxidants during hot season.

b) To confirm ascorbic acid as an easily administered supplement that can make production cycles
stable during heat stress.

c) ldentify the optimum dosage of ascorbic acid that can improve the quality of life of the chickens.

MATERIALS AND METHODS
Experimental Site and Duration

The study was conducted at the Poultry Unit of Teaching and Research Farm, University of
llesa, Nigeria. The site is characterized by a tropical climate with an extensive dry season, usually from
October/November to March/April, when ambient temperatures are often greater than 33°C and relative
humidity ranges between 30 and 60% (Weather Spark, 2025). The experiment lasted for a period of 8
weeks for both the brooding and finishing phases.
Experimental Birds and Management

A total of 320 one-day-old broiler chicks (Ross 308 strain) were purchased from a reputable
hatchery.On arrival, the weights of the chicks were taken and recorded before they were randomly
assigned to four treatment groups. The chicks were housed using a deep litter system with the floor
covered by wood shavings. Clean water and a nutritionally balanced commercial starter (for the first 4
weeks) and finisher (for the final 4 weeks) mash were made available ad libitum.
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Experimental Design and Treatments

The experiment employed a completely randomized design (CRD) where the birds were
assigned randomly to four treatment groups T1, T2, T3 and T4 in. Each treatment group was replicated
4 times, with 20 birds per replicate. The ascorbic acid (AA) was administered as follows:
T1(Control): Basal diet + 0 mg/kg.
T2: Basal diet + 50 mgAA/kg
T3: Basal diet + 100 mgAA/kg
T4: Basal diet + 150 mgAA/kg
Data Collection

Ambient temperature and relative humidity within the pen were recorded thrice daily (08:00
a.m., 1:00 p.m. and 6:00 p.m. with the aid of a digital thermo-hygrometer.Records of body weight gain
(BWG), body length, thigh length, wind length, breast girth, leg length and feed intake (FI) were taken
weekly while the Feed Conversion Ratio (FCR) was obtained by finding theratio of feed intake to
weight gain. Monitoring of rectal temperature and respiration rate (panting) was done weekly at 2:00
p.m. when the hotness for each day was at the peak. At the 8" week, five birds per replicate were
randomly selected for blood collection via the wing vein.
Blood Sample Collection

At the end of the feeding trial (Day 56), nine birds per treatment were randomly chosen for
blood sampling. Approximately 5 ml of blood was drawn with the aid of sterile syringes and 23G
needles from the brachial (wing) vein. Out of the 5 ml, 2 ml (Haematological sample) was transferred
into blood tubes containing Ethylenediamine tetra-acetic acid (EDTA) so as to prevent coagulation;
while the remaining 3 mL was released into plain tubes for biochemical, enzymatic and hormonal
assays.
Statistical Analysis

Data collected were subjected to a one-way Analysis of Variance (ANOVA) using 2007 version
of Minitab statistical software. Significant differences between treatment means were separated using
Duncan’s Multiple Range Test at p < 0.05 significance level.

Table 1: Experimental Diets (g/100kg)

Ingredients Starter Finisher
Corn 51.50 56.65
Soyabean Meal 21.50 13.96
Groundnut cake 10.75 17.00
Fish meal 5.50 4.50
Dicalcium Phosphate 4.50 0.20
Limestone 1.45 1.95
Corn bran 4.00 5.04
Vitamin-Mineral premix 0.20 0.20
Methionine 0.20 0.15
Lysine 0.20 0.10
Salt 0.20 0.25
Total 100 100
Calculated Nutrients

Energy (MEKcal/kg) 3,000 3,100
Crude protein (%) 23.00 20.00
Crude fibre (%) 5.00 8.00

RESULTS AND DISCUSSION

Result of the effect of AA on growth performance of broiler chickens is presented in Table 2
The result revealed a linear and significant decrease in daily weight gain with the highest weight gain
observed in T4. At high environmental temperatures which characterize the dry season, the release of
corticosterone is often induced causing the breakdown of muscles. However, the significant increase in
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making it possible for the chickens to use the energy for accumulation of muscle tissues (Abidin, &
Khatoon, 2013; Biswas et al., 2024). A significant rise in feed intake was observed as the inclusion
level of AA rose. The highest feed intake recorded in T4 suggests that AA, being an antioxidant, assisted
the chickens to sustain their appetite by mitigating the distress and reducing the metabolic heat load
(Albokhadaim et al., 2019). Discomfort that arises from heat stress often triggers anorexia in birds,
causing the birds to consume less feed in order to lower the heat generated during the process of
metabolism (Teyssier et al., 2022). Furthermore, an improved FCR was observed though not significant.
This implies that AA improved the digestive system of the chickens, making them to efficiently convert
feed into meat. This may be due to the fact that AA inhibited the occurrence of oxidative damage on
the intestinal villi.

Table 2: Growth Performance of Broiler Chickens Exposed to Ascorbic Acid
Ascorbic Acid Levels

Parameters T1 T2 T3 T4 SEM
Initial Live Wt. (g) 246.11 246.11 241.32 243.20 2.17
Final Live Wt. (g) 2257.30 2257.30 2123.2 224157 46

Feed Intake 103.21b 103.21P 103.78P 106.67¢ 0.02
(g/bird/day)

Body Weight Gain 31.452 31.452 33.81° 36.58°¢ 0.01
(g/bird/day)

Feed Conversion 3.42 3.42 3.15 3.11 0.21
Ratio

The somatometric assessment of the birds is presented in Table 3, revealing the linear body
measurements from the 5" week to the 8" week. At weeks 7 and 8, the birds exposed to AA showed
superior body weight when compared to the control. This implies that AA supplementation enhanced
protein sparing effect thereby conserving the muscles (Al-Khalaifahet al., 2025).The bone strength
(skeletal integrity) is significantly elevated by Vit C. as observed in the Thigh Length and Shank Length.
AA is essential for the formation of collagen (Murad et al. 1981), an essential cofactor for proly
hydroxylase which is an enzyme needed for the production of hydroxyproline. Furthermore, the
significant elevation in the mean values of Thigh Length at week 8 is an indication that osteoblastic
action was enhanced andthat, collagen cross-linking, a concept that ensures a strong framework for
the attachment of muscles, was equally increased, thereby mitigating bone deformities that usually
accompany rapid growth of broilers (Al-Khalaifahet al., 2025).

Breast girth is regarded as an evidence of expansion of the muscle at the Pectoralis as well as
an indication of the general meat yield. The observed increases in the breast girth of birds placed on
diets supplemented with AA show that the AA mitigated the effect of Reactive Oxygen Species (ROS)
produced as a result of exposure to high ambient temperatures by counteracting the activities of the
radical, thereby conserving the structures of the muscle fibers and enhancing breast girth development
(Barrio et al., 2020; Al-Khalaifahet al., 2025).
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Week Treatment Body Body Thigh Wing Breast Shank
Weight Length Length Length Girth Length
(9) (cm) (cm) (cm) (cm) (cm)
T1 1240.31 30.28 10.35 8.33 10.14 7.20
T2 1222.41 30.90 10.85 8.14 10.65 7.23
5 T3 1212.27 30.28 10.55 8.41 11.00 7.33
T4 1241.71 30.33 10.22 9.01 11.11 7.03
SEM 12.49 2.72 1.58 1.67 1.16 1.62
Tl 1600.18 34.37 11.34 9.44 10.66 8.38¢
T2 1646.33 33.35 11.38 9.40 10.91 8.20P
6 T3 1644.38 33.24 11.40 9.36 11.98 8.55°P
T4 1621.01 34.36 11.33 9.79 11.80 8.01°
SEM 13.41 2.80 1.40 1.15 1.24 1.34
T1 2081.72 36.20 12.24 10.28 11.90 9.71
T2 2092.42 36.72 12.84 10.49 11.84 9.26
7 T3 2189.58 36.60 12.23 10.31 12.48 9.52
T4 2172.53 36.49 12.24 10.36 12.79 9.58
SEM 12.39 2.82 1.18 1.17 1.16 0.27
T1 2201.23 37.82 13.41¢ 12.51 12.83 10.23
T2 2257.30 36.45 13.01¢ 12.35 12.08 9.24
8 T3 2123.21 37.44 12.93% 12.33 13.25 9.14
T4 224157 36.99 13.48¢ 12.17 13.08 8.51
SEM 13.46 0.83 1.02 1.16 1.21 0.06

The haematological profile of the birds is presented in Table 4. The mean values of the PCV
showed significant modulations where the highest values (38.41% and 38.08% respectively) were
recorded in T1 and T4. The elevated PCV in the control group shows hemoconcentration in the birds
due to dehydration. In an attempt to dissipate heat through evaporative cooling, the birds pant
(hyperventilate) at an increasing rate, leading to loss of considerable plasma volume (Ahmad et al.
2022) and an increase in the amount of cellular constituents (Oni et al., 2024). On the other hand,
increased PCV in T4 may be indicative of erythrocyte accumulation and not dehydration since AA
facilitates the absorption of non-heme iron (Fe®*") from the GIT while preserving it in a reduced form
(Fe?") that is crucial for the production of heme (Cook & Reddy, 2001: Panet al., 2024; Tavakolinasab
& Hashemi, 2025).

There was a linear and significant increase in the RBC counts, from 15.12 in the control to
27.57 x10%ell/uL in T4. This significant rise indicates that ascorbic acid appears to trigger
erythropoiesis in the bone marrow, thereby enhancing the capacity of the blood to carry oxygen so as
to satisfy the metabolic requirements for growth during heat stress (Hassan & Asim, 2020).

Moreover, a significant reduction was found in the WBC with the highest value recorded in the
control group, implying that the birds in the control group must have suffered physiological
leukocytosis as a reaction to tissue destruction induced by thermal stress challenge (Sumanuet al.,
2024). This result however does not align with the findings of Unigweet al. (2022) who reported a
significant increase.
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Table 4: Effect of Ascorbic Acid Supplementation on Haematological Parameters

Treatment  PCV RBC WBC Hb MCV (fL) MCH  MCHC (g/dL)
%)  (x10%ell/uL) (x10%cell/uL)  (g/dL) (pg/cell)

1 38.41° 15.128 14.50° 8.40 30.00 32.00 38.51

2 34.50° 20.10° 12.56° 9.47 30.00 33.70 34.20

3 36.29 21.50° 12.66° 9.81 31.05 33.60 34.33

4 38.08° 27.57¢ 11.55 9.33 35.63 32.15 39.02

SEM 1.03 0.82 0.02 0.02 1.00 0.04 0.06

PCV = Packed Cell Volume; RBC = Red Blood Cell; WBC = White Blood Cell; Hb = Hemoglobin;
MCV = Mean Corpuscular Volume; MCH = MeanCorpuscularHemoglobin; MCHC = Mean

Corpuscular Hemoglobin Concentration

Moreover, a significant reduction was found in the WBC with the highest value recorded in the
control group, implying that the birds in the control group must have suffered physiological
leukocytosis as a reaction to tissue destruction induced by thermal stress challenge (Sumanuet al.,
2024). This result however does not align with the findings of Unigweet al. (2022) who reported a
significant increase.

The significant reduction observed in the albumin may be indicative of metabolic re-
partitioning especially with an increase found in the TAG and Cholesterol. AA is an efficient
antioxidant which poses an influence on the rate of hydroxylation reactions. This implies that the liver
might have shifted its synthetic preference to lipid metabolism rather than synthesis of protein (Bhootet
al., 2023). Furthermore, a change in the immune-globulin component could be the explanation for the
decreases observed in the globulin mean values.

Table 5: Effect of Ascorbic Acid Supplementationon Serum Biochemical Parameters

. T.P ALB GB  TAG LDLP  HDLP CHOL. ALT(UIL) AST(UL) ALP(U/L)
(@dL)  (g/dL) (g/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
1 890 525 365 8927° 6408 3355  12500¢  50.45 90.09 100.33
2 725 365 360 9575° 6545 3325 134000 4950 91.00 10152
3 6.6 3450 320 9855 6455 3325  14050¢  49.45 90.00 100.45
4 750 425 325  96.02° 6500 3250 13415 5110 90.20 100.65
SEM 001 002 021 141 1.21 110 1001 2.10 7.20 10.11

T.P = Total Protein; ALB = Albumin; GB = Globunin; LDLP = Low Density Lipoprotein; HDLP =
High Density Lipoprotein; CHOL = Cholesterol; ALT = Alanine Aminotransferase; AST = Aspartate

Aminotransferase; ALP = Alkaline Phosphatase

The profile of the lipid components indicates a significant response to AA supplementation with peak
values of 98.55 mg/dL and 140.50 mg/dL recorded in Treatment 3 for Triacylglycerol (TAG) and Total
Cholesterol (Chol.) respectively. Cholesterol showed a significant lipid elevation up to 11.60%, while
Triacylglycerol indicated an elevated lipid mobilization up to 10.40% between T1 and T3. The relative
stability discovered in the LDLP and HDLP in all the treatments shows that although the cholesterol
level was elevated, the AA supplementation did not significantly affect the fractions of the good
cholesterol (HDLP) to the bad cholesterol (LDLP).

It appears that the AA dosage used in this study did not trigger hepatotoxicity but rather
sustained hepatic homeostasis as the values recorded for ALT, AST and ALP were consistently non-
significant across the treatments. This implies that AA supplementation is safe within the range of the
dosage tested and that, the stability of transaminase values after administration of an antioxidant shows
the capacity of AA in prohibiting an heat stress effect on the liver against lipid peroxidation (Sahin et
al., 2002; Du et al., 2022).
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The respiratory dynamics of the birds are presented in Table 6. A continuous rise in respiratory
rates was observed from the 5" week to the 8" week across all the treatments. This indicates a
physiological reaction of the birds to the rise in metabolic heat production as they gained more weight,
alongside the elevated environmental temperatures. It can also be observed that birds placed on AA
supplementation groups (T3 and T4) showed significantly reduced respiratory rates, suggesting that AA
preserved the central nervous system from damage and prevented respiratory alkalosis thereby
mitigating the intensity of the discomfort caused by thermal stress (Ayoola et al., 2025). Sumanuet al.
(2024) reported that AA plays a role in lowering the corticosterone circulation, which is known for
inducing serious respiratory response in heat stress chickens. In addition, at the cellular level, thermal
stress produces Reactive Oxygen Species (ROS) that are capable of affecting the hypothalamus at the
thermoregulatory zone. AA as an antioxidant neutralizes the ROS thus inhibiting damage to the neurons
regulating panting during heat stress (Hieu et al., 2022). This explains why the chicken in T4 could
tolerate the elevated ambient temperature without exhibiting polypnea at the same rate as the birds in
T1. Finally, respiratory rates appear to be more stable in T4 (53.1 bpm) relative to T1 (59.59 bpm) at
week 8. The implication is that AA supplemented chickens produced endogenous heat lower than the
control group. This finding aligns with the result of Tavakolinasab& Hashemi, (2025) who concluded
that AA supplementation can enhance metabolic efficiency, which can result in lowering the heat
generated from feeding.

Table 6: Effect of Ascorbic Acid Supplementation Respiratory Rates
Ascorbic Acid Levels

T1 T2 Ts Ts SEM
Breath/min
Week
5 39.89 39.68 39.68 38.20 0.21
6 48.62 46.22 45.61 45.02 0.71
7 58.112 57.452 56.41° 56.67° 0.29
8 59.592 59.212 56.66° 53.41°¢ 0.31
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Table 7 shows the physiological evaluation of the thermoregulatory ability of the birds during
exposure to high thermal stress. The rectal temperatures in T1 were persistently high (42.35 °C to 42.98
°C) and since the values recorded in T1 and T2 are greater than the normal physiological temperature
of a healthy broiler chicken (40.60 °C to 41.70 °C) (Oni et al. 2024), it implies that the broilers had been
in a chronic heat stress. It can also be observed that the hypothermic influence of AA was dose-
dependent as a statistically significant decrease was recorded for the rectal temperature as the AA level
increased. At the 8™ week, there was a decline in the temperature from 42.37 °C in T1 to 40.01 °C in
T4. This decline affirms the anti-stressor potency of AA by preventing the production of corticosterone
at the adrenal glands. This hormone is capable of initiating an increase in metabolic rate and
consequently, heat generation. However, since AA inhibited the secretion of this hormone, which
ultimately resulted in decreasing the rectal temperature, the birds were maintained within their
thermoneutral zone even when exposed to dry season heat (Sumanuet al., 2024; Ayoola et al., 2025).

Table 7: Effect of Ascorbic Acid Supplementation onRectal Temperature
Ascorbic Acid Levels

T T, Ts Ty SEM
Week Rectal Temperature (°C)
5 42.98 41.51 41.37 40.12 0.01
6 42.80 41.31 41.17 40.22 0.02
7 42.35 41.55 41.27 40.40 0.01
8 42.372 42.222 40.61° 40.01° 0.03

CONCLUSION AND RECOMMENDATION

The study has clearly shown that ascorbic acid is an effective physiological and metabolic
antioxidant for broiler chickens raised under the high environmental temperature of the dry season.
Ascorbic acid supplementation at an inclusion level of 150 mg/kg is most effective in mitigating the
negative effects of the hypothalamic-pituitary-adrenal (HPA) axis activation, thus inhibiting muscle
damage and enhancing body weight gain. The remarkable decrease in rectal temperatures and
respiratory rates establishes the ability of AA in ensuring that birds are maintained within their
thermoneutral zone, halting the activities of reactive oxygen species and prohibiting respiratory
alkalosis. Moreover, the improvement of erythropoiesis and bone development emphasizes the
numerous benefits of AA in enhancing both the oxygen-carrying capacity and physical framework of
the birds. As a result, poultry farmers in tropical regions are hereby encouraged to supplement broiler
chicken diets with 150 mg/kg of AA for economic sustainability as well as optimal welfare of the birds
particularly during hot seasons.

REFERENCES

Abidin, Z. & Khatoon, A. (2013). Heat stress in poultry and the beneficial effects of ascorbic acid
(vitamin C) supplementation during periods of heat stress. World’s Poultry Science Journal,
69(1): 135-152. https://doi.org/10.1017/S0043933913000123

Ahmad, R., Yu, Y.H,, Hsiao, F.S., Su, C.H., Liu, H.C., Tobin, I., Zhang, G. & Cheng, Y.H. (2022).
Influence of Heat Stress on Poultry Growth Performance, Intestinal Inflammation, and Immune
Function and Potential Mitigation by Probiotics. Animals (Basel). 12(17): 2297.
https://doi.org/10.3390/ani12172297. PMID: 36078017; PMCID: PMC9454943.

Albokhadaim I. F., Althnaian T.A., EI-Bahr S.M. (2019). Gene expression of heat shockproteins/factors
(HSP60, HSP70, HSP90, HSF-1, HSF-3) and antioxidant enzyme activities in heat stressed
broilers  treated with vitamin C. Pol. J. Vet Sci. 220 565-572.
https://doi.org/10.24425/pjvs.2019.129965

327


https://doi.org/10.1017/S0043933913000123
https://doi.org/10.1016/j.jtherbio.2024.103994
https://doi.org/10.24425/pjvs.2019.129965

Nigerian Journal of Agriculture and Agricultural Technology (NJAAT)
Volume 6, Number 1B, March 2026
ISSN (Print): 2811-1885; ISSN (Online): 2811-1893

Al-Khalaifah, H., Kamel, N.N., Gabr, S. and Gouda, A. (2025). The Synergistic Effect of Vitamin C
Supplementation and Early Feed Withdrawal on Heat Stress Mitigation in Broiler Chickens.
Animals (Basel), 15(20): 2996.https://doi.org/10.3390/ani15202996

Ayoola, M.O., Oladejo, O.A., Adeleye, B.E., Oguntunji, A.O., Alabi, O.M., Lawal, T.E. & Aderemi,
F.A. (2025). Response of heat stressed broilers to ameliorating effects of synthetic Vitamin C
and Citrussinensis extract. Journal of Animal and Feed Research, 15(3): 140-148. ISSN 2228-
7701. https://dx.doi.org/10.51227/0jafr.2025.17

Barrio, A.S., Mansilla, W.D., Navarro-Villa, A., Mica, J.H., Smeets, J.H.,den Hartog, L.A. & Garcia-
Ruiz, A.l. (2020). Effect of mineral and vitamin C mix on growth performance and blood
corticosterone concentrations in heat-stressed broilers. Journal of Applied Poultry Research,
29(1): 23-33. ISSN 1056-6171, https://doi.org/10.1016/j.japr.2019.11.001.

Bhoot, H.R., Zamwar, U.M., Chakole, S. & Anjankar, A. (2023). Dietary Sources, Bioavailability, and
Functions of Ascorbic Acid (Vitamin C) andlts Role in the Common Cold, Tissue Healing, and
Iron Metabolism. Cureus, 15(11): 49308.https://doi.org/10.7759/cureus.49308

Biswas A., Deo C., Sharma D., Matin A., Tiwari A.K. (2024). Production performance, haematological
parameters, serum biochemistry, and expression of HSP-70 in broiler chickens fed dietary
ascorbic acid during heat stress. Int. J. Biometeorol. 68: 33-43. https://doi.org/10.1007/s00484-
023-02568-3

Cook, J.D. & Reddy, M.B. (2001). Effect of ascorbic acid intake on nonheme-iron absorption from a
complete diet. The American Journal of Clinical Nutrition, 73(1): 93-98. ISSN 0002-9165,
https://doi.org/10.1093/ajcn/73.1.93.

Du, J., Shi, Y., Zhou, C., Guo, L., Hu, R., Huang, C., Hu, G., Gao, X., & Guo, X. (2022). Antioxidative
and anti-inflammatory effects of vitamin C on the liver of laying hens under chronic heat
stress. Frontiers in Veterinary Science, 9: 1052553.
https://doi.org/10.3389/fvets.2022.1052553

Hassan, A.A. & Asim, R.A. (2020). Effect of vitamin C and acetylsalicylic acid supplementation on
some hematological value, heat shock protein 70 concentration and growth hormone level in
broiler exposed to heat stress. Iraqi Journal of Veterinary Sciences, 34(2): 357-363.

Hieu, T. V., Guntoro, B., Qui, N. H., Quyen, N. T. K., & Al Hafiz, F. A. (2022). The application of
ascorbic acid as a therapeutic feed additive to boost immunity and antioxidant activity of
poultry in heat stress environment. Veterinary World, 15(3): 685-693.
https://doi.org/10.14202/vetworld.2022.685-693

Holloway et al. (1984) concluded that AA impacted the metabolism of cholesterol as a cofactor for 7a-
hydroxylase which is the rate-limiting enzyme responsible for the transformation of cholesterol
to bile acids.

Jimoh, O. A., Daramola, O. T., Okin-Aminu, H. O., & Ojo, O. A. (2022). Performance, hemato-
biochemical indices and oxidative stress markers of broiler chicken fed phytogenic during heat
stress condition. Journal of Animal Science and Technology, 64(5): 970-984.
https://doi.org/10.5187/jast.2022.e46

Li Y., Yuan J.J,, Sun S., Ma F.Y., Xiong Y.J., &He S.J. (2024). Optimizing growth and antioxidant
function in heat-stressed broilers with vitamin C and betaine supplementation. Int. J.
Biometeorol., 68: 1953-1960. https://doi.org/10.1007/s00484-024-02717-2

Murad, S., Grove, D., Lindberg, K. A., Reynolds, G., Sivarajah, A.& Pinnell, S. R. (1981). Regulation
of collagen synthesis by ascorbic acid (prolyl hydroxylation/lysyl hydroxylation/human skin
fibroblasts). Biochemistry. Proc. Natl. Acad. Sci. USA. 78(5): 2879-2882

Oni, A. 1., Abiona, J. A, Fafiolu, A. O., & Oke, O. E. (2024). Early-age thermal manipulation and
supplemental antioxidants on physiological, biochemical and productive performance of broiler
chickens in hot-tropical environments. Stress, 27(1):
https://doi.org/10.1080/10253890.2024.2319803

Pan, X., Koberle, M., &Ghashghaeinia, M. (2024). Vitamin C-Dependent Uptake of Non-Heme Iron
by Enterocytes, Its Impact on Erythropoiesis and Redox Capacity of Human
Erythrocytes. Antioxidants, 13(8): 968. https://doi.org/10.3390/antiox13080968

328


https://doi.org/10.3390/ani15202996
https://dx.doi.org/10.51227/ojafr.2025.17
https://doi.org/10.7759/cureus.49308
https://doi.org/10.1007/s00484-023-02568-3
https://doi.org/10.1007/s00484-023-02568-3
https://doi.org/10.1093/ajcn/73.1.93
https://doi.org/10.3389/fvets.2022.1052553
https://www.google.com/search?q=https://doi.org/10.14202/vetworld.2022.685-693
https://doi.org/10.5187/jast.2022.e46
https://doi.org/10.1007/s00484-024-02717-2
https://doi.org/10.1080/10253890.2024.2319803

Nigerian Journal of Agriculture and Agricultural Technology (NJAAT)
| Volume 6, Number 1B, March 2026
y ISSN (Print): 2811-1885; ISSN (Online): 2811-1893

“ 2 — 3

Sahin, K., Sahin, N. &Yaralioglu, S. (2002). Effects of Vitamin C and Vitamin E on Lipid Peroxidation,
Blood Serum Metabolites, and Mineral Concentrations of Laying Hens Reared at High Ambient
Temperature. Biological Trace Element Research, 85(1): 35-45.

Sumanu, V. O., Naidoo, V., Oosthuizen, M. C., & Chamunorwa, J. P. (2024). Evaluating the efficacy
of probiotics and ascorbic acid as anti-stress agents against heat stress in broiler chickens.
Frontiers in Veterinary Science, 11: 234-243. https://doi.org/10.3389/fvets.2024.1482134

Tavakolinasab, F., & Hashemi, M. (2025). Effect of using vitamin C supplementation on performance,
blood parameters, carcass characteristics and meat quality of broiler chickens under heat stress
condition: A meta-analysis. Journal of Animal Physiology and Animal Nutrition.
https://doi.org/10.1111/jpn.14091

Teyssier, J.R., Brugaletta, G., Sirri, F., Dridi, S. & Rochell, SJ. (2022). A review of heat stress in
chickens. Part Il: Insights into protein and energy utilization and feeding. Front. Physiol., 13:
943612.

Unigwe, R.C., Ukwueze, C.S. &Uguru, J.O. (2022). Effects of Vitamin C Supplementation on Growth
Performance and Haematology of Heat-stressed Finisher Broiler Chickens. AKSU Journal of
Agriculture and Food Science, 6(2): 100-112.

Weather Spark, (2025). Climate and Average Weather Year-Round in llesa. Retrieved December 8,
2005 from https://weatherspark.com/y/50033/Average-Weather-in-llesa-Nigeria-Year-Round

329


https://www.google.com/search?q=https://doi.org/10.3389/fvets.2024.1482134
https://www.google.com/search?q=https://doi.org/10.1111/jpn.14091
https://weatherspark.com/y/50033/Average-Weather-in-Ilesa-Nigeria-Year-Round

