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Heat stress poses a substantial challenge to poultry production worldwide, highlighting the urgent need for effective management strategies. This study investigated the efficacy of probiotics (Saccharomyces cerevisiae) and ascorbic acid as antistress agents using cloacal and body surface temperatures (CT and BST) as heat stress biomarkers in broiler chickens. A total of 56 broiler chicks were used for the experiment and were divided into four distinct groups: control, probiotics (1 g/kg of feed), ascorbic acid (200 mg/kg of feed) and the combination of probiotics and ascorbic acid (1 g/kg and 200 mg/kg of feed, respectively). The study lasted 35 days; measurements were taken for ambient temperature (AT), CT, and BST. The ambient temperature in the pens consistently exceeded the thermoneutral zone (TNZ) established for broiler chickens. The CT values for broiler chickens in the probiotic group were significantly lower (p < 0.05) compared to the control group. Additionally, the BST values in the probiotic and probiotic + ascorbic acid groups were significantly lower (p < 0.05) than those in the control group. The findings suggest that incorporating probiotics, with or without ascorbic acid, can effectively reduce CT and BST values in broiler chickens thereby, enhancing thermoregulation when compared to the control group. This implies that using probiotics in poultry diets may enhance health and growth performance, potentially leading to better feed efficiency and reduced reliance on antibiotics. Implementing these dietary strategies could improve the productivity and welfare of broiler chickens in commercial settings.
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1 Introduction

Agricultural systems around the globe are increasingly facing negative consequences due to climate change. This is manifested in rising global temperatures and changing weather patterns (1). According to Sundstrom et al. (2), heightened temperatures, unpredictable rainfall, prolonged droughts, and more frequent extreme weather events pose significant threats to food production and security. These alterations disrupt the delicate balance of ecosystems, affecting the growth, development, and productivity of crops and livestock (3). In particular, high ambient temperatures during the summer months often lead to heat stress in broiler chickens (4, 5). This issue has intensified due to both geographical factors and the wider impacts of global warming, making it a critical concern in poultry production (6, 7). The thermoneutral zone (TNZ) refers to the range of environmental temperatures in which broilers can maintain a balance between evaporative heat loss and metabolic heat production, ensuring their comfort and health (8). When temperatures exceed this zone, the welfare of broilers can deteriorate significantly. In tropical and subtropical regions, the combination of high relative humidity and elevated temperatures creates substantial challenges for effective broiler management (3). Increased temperatures and humidity can lead to heat stress, adversely affecting the growth performance and overall efficiency of broiler chickens (9, 43).

Although broilers in temperate climates typically thrive in intensive farming systems with controlled microclimatic conditions, this is not always true in less developed regions, where broiler farming depends on natural ventilation and open-sided housing (10). These conditions make broilers more susceptible to heat stress (11). Cloacal temperature (CT) is a valuable physiological marker for assessing heat stress, reflecting the core body temperature of the birds (12). Meanwhile, body surface temperature (BST) provides insight into how effectively broilers manage heat dissipation through mechanisms like vasodilation, which helps to release heat through the body’s surface (13). To combat the detrimental effects of thermal stress, dietary interventions can play a critical role (8, 14). Supplements with anti-stress and antioxidant properties, such as probiotics and ascorbic acid, have shown promise in enhancing broiler productivity and resilience (6, 15, 16).

Probiotics are microorganisms that have the ability to fight certain pathogens within the gastrointestinal tract of chicken (17–19, 41). They are generally given as feed additives in sufficient amounts and highly beneficial effects have been noticed in the field (20). Certain bacterial and fungal species have presented promising results as efficient probiotics in both animals and chicken (21, 22). Yeasts like Saccharomyces cerevisiae are highly beneficial in stabilizing the gut microbiota along with reducing the risk of disease occurrence (23, 24). Probiotics, such as Saccharomyces cerevisiae play a crucial role in alleviating heat stress in broiler chickens through several mechanisms (25). Ascorbic acid, widely recognized as vitamin C, is a powerful antioxidant that plays a crucial role in protecting cells from oxidative stress caused by free radicals. Its potential benefits in managing heat stress, particularly in livestock and poultry, are well-documented (26). While probiotics and ascorbic acid offer distinct benefits, their effectiveness as anti-stress agents may vary based on dosage, administration method, and the specific conditions of the poultry environment (27–30). Their impact on the hypothalamic–pituitary–adrenal axis has made them an effective agent for combating stress, leading to improved resilience and overall well-being by modulating the body’s stress response mechanisms. This study examined the effectiveness of probiotics (Saccharomyces cerevisiae) and ascorbic acid as agents to alleviate stress in broiler chickens. It utilized CT and BST as biomarkers for heat stress to assess their impact. To our knowledge, no research has evaluated the combined effects of the probiotic Saccharomyces cerevisiae and ascorbic acid in mitigating heat stress impacts on broiler chickens at the time this study was conducted. The objective of this study was to assess the anti-stress effects of both the probiotic and ascorbic acid in broiler chickens during the challenging summer months, using CT and BST as biomarkers for heat stress.



2 Materials and methods


2.1 Environmental conditions in the experimental sites

After the brooding period, the chickens were exposed to the challenging thermal conditions typical of the hot summer season in Pretoria, South Africa. These conditions were characterized by high relative humidity, exceeding 65–70%, and elevated ambient temperatures exceeding 18–26°C, which induced heat stress in chickens raised in tropical climates (6).



2.2 Experimental animals and management

Ceramic heaters set to 34°C were employed to provide the necessary warmth during the brooding period for the broiler chicks, which lasted 14 days. To maintain biosecurity, footbaths containing F10 Super Concentrate (Health and Hygiene (Pty) Ltd., Roodepoort, South Africa) at a dilution of 1:500 were provided. Additionally, all personnel were required to use designated footwear and clothing. Fifty-six chickens were used in this study and divided into four groups of 14. Group I served as the control, Group II received the probiotic, Group III was given ascorbic acid, and Group IV received both the probiotic and ascorbic acid. Probiotics and ascorbic acid were incorporated into the chickens’ feed from D1 to D35. They were administered at a dose of 1 g/kg of feed (31) and 200 mg/kg of feed (15), respectively both singly and in combination. Each broiler chicken was individually marked with color-coded markings and wing tags to ensure precise record-keeping.



2.3 Experimental measurements


2.3.1 Thermal environmental parameters

An electronic sensor (Hobo) was installed in the poultry pen to continuously monitor ambient temperature (AT) and relative humidity (RH). The chickens were brooded for 2 weeks at 34°C as earlier mentioned, after which they were exposed to the naturally occurring ambient conditions. On D21, D28, and D35 of the experiment, AT and RH measurements were recorded twice daily to capture the diurnal variations. The temperature-humidity index (THI) was calculated using the following formula:

THI = (1.8 × AT + 32) – (0.55–0.55 × RH) × [(1.8 × AT + 32)–58]

where THI = temperature-humidity index, AT = Ambient temperature (°C) and RH = Relative humidity (%) (6).



2.3.2 Cloacal and body surface temperature measurements

A digital clinical thermometer (Zhengzhou AiQURA Intelligent Technology Co., Ltd., China) was used to record CT on D21, D28 and D35 of the study. These CT measurements were taken concurrently with recordings of AT and RH. For BST measurements, seven broiler chickens from each group were randomly selected on D21, D28 and D35 of the study. Body surface temperature was assessed using an infrared thermometer (Rutland Industries, South Africa).



2.3.3 Calculation of convective and conductive heat loss

Sensible heat loss by convection and conduction to the environment in broiler chickens was calculated using a modified formula (32):

Qc = As × h (Ts − Tat)

Where:

Qc is conductive and convective heat loss;

As is the surface area of the bird (m2) (As = 3.86 × MC0.74);

MC is the body mass of the broiler chicken (kg);

hc is the heat transfer coefficient (hc = 0.336 × 4.184 × (1.46 + √VAR × 100));

VAR is air velocity (VAR = 0);

Ts is the average surface temperature of birds (°C) and

Tat is the ambient temperature (°C).




2.4 Statistical analysis

The data were log transformed to achieve a normal distribution, which is essential for the validity of subsequent analyses. After the data were normalized, they underwent repeated measures analysis of variance (ANOVA), to determine differences between the means of the control and treatment groups. Tukey’s HSD test was employed, with significance set at 0.05. The analysis was performed using SPSS Statistics for Windows, Version 27 (Armonk, NY: IBM Corp).




3 Results


3.1 Ambient temperature and cloacal temperature responses

On D21, D28, and D35 of the study period, AT values exceeded the thermoneutral zone recommended for chickens (Table 1). On D21, the CT in the probiotic group was significantly lower (40.84 ± 0.05; p < 0.05) at 19:00 h which was the last reading for the day when compared to the control group (41.69 ± 0.18). Additionally, at 7:00 h (which was the start of the procedure) of D35, the CT values recorded in the probiotic, ascorbic acid and the co-administered groups were significantly lower (40.36 ± 0.18; 40.97 ± 0.15 and 41.01 ± 0.16, respectively; p < 0.05) than those for the control group (Table 2).



TABLE 1 Temperature and humidity indices on days 21, 28, and 35 of the study.
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TABLE 2 Changes in cloacal temperature of broiler chickens given probiotic and ascorbic acid.
[image: Table2]



3.2 Body surface temperature (BST)

On D21, D28 and D35, broiler chickens in the probiotic, ascorbic acid and the co-administered groups exhibited significantly higher (p < 0.05) temperatures in the comb and wing due to heat dissipation to the surrounding. There was a significantly lower (p < 0.05) temperature in the foot, back and head of the broiler chickens in the treatment group in comparison with the control during the study (Table 3).



TABLE 3 Variations in head, comb, wing, back and foot temperature of broiler chickens given probiotic and ascorbic acid.
[image: Table3]



3.3 Convective and conductive heat loss

On D35 heat loss recorded in the treatment groups was significantly higher (p < 0.05) compared to the control group. During the morning period of the study, the THI remained within the thermoneutral zone (TNZ) (Figure 1). However, at noon and in the evening, although the THI exceeded the TNZ, there was a significant difference (p < 0.05) in heat loss between the probiotic group and the control group (Figures 2, 3). On D21, all recorded heat loss values were within the TNZ, indicated by the yellow zone, for broiler chickens. However, on days 28 and 35 of the study, the heat loss values exceeded the TNZ, falling into the red zone (Figure 4).

[image: Figure 1]

FIGURE 1
 Convective and conductive heat loss obtained during the morning hours of the study period. The THI was within the TNZ stipulated for broiler chickens which influenced the degree of heat loss positively during this period of the study (n = 7). THI; temperature-humidity index, TNZ; thermoneutral zone.


[image: Figure 2]

FIGURE 2
 Convective and conductive heat loss obtained during the afternoon hours of the study period. The THI exceeded the TNZ for broiler chickens which influenced the degree of heat loss negatively during this period of the study (n = 7). THI, temperature-humidity index; TNZ, thermoneutral zone.


[image: Figure 3]

FIGURE 3
 Convective and conductive heat loss obtained during the evening hours of the study period. The probiotic and ascorbic acid groups had a significantly higher (p < 0.05) value of heat loss when compared with the control group on D21 and D35. The THI was outside the TNZ stipulated for broiler chickens which negatively influenced the degree of heat loss during this period of the study (n = 7). THI, temperature-humidity index; TNZ, thermoneutral zone.
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FIGURE 4
 Convective and conductive heat loss within (yellow zone) and outside (red zone) the TNZ in broiler chickens treated with probiotic and ascorbic acid. At D21, heat loss values obtained were within the TNZ, while those recorded on D28 and D35 surpassed the TNZ stipulated for broiler chickens during the afternoon and evening periods of the study (n = 7).





4 Discussion

The elevated CT values observed in the control group suggest that these birds experienced a decreased ability to cope with thermal stress as they aged. The lack of any intervention in this group likely contributed to the higher CT, especially noticeable during the afternoon and evening hours. This observation is consistent with Egbuniwe et al. (26), who reported increased CT in chickens deprived of betaine and ascorbic acid, indicating that such deficiencies impair the birds’ thermal regulation. In contrast, the probiotic-treated group exhibited significantly lower CT values, which can be attributed to the anti-stress properties of probiotic through its influence on the HPA axis. Yeast probiotics (Saccharomyces cerevisiae) have been shown to be effective anti-stress agents, improving broiler performance and heat tolerance when administered in appropriate doses during periods of thermal stress (6, 25). This finding supports Sugiharto et al. (33), who demonstrated that probiotics could modulate the adverse effects of increased metabolic heat production associated with higher body weight gains, thus enhancing heat dissipation in broilers. The lack of an additive effect on CT in the group receiving both probiotics and ascorbic acid may suggest that the mechanisms through which these two treatments operate are overlapping or synergistic in a way that does not result in enhanced benefits when combined during this study. Additionally, the physiological responses of the chickens to heat stress might have reached a maximum threshold, preventing any additional effects from the combined treatment. Despite ascorbic acid’s role in reducing corticosterone levels through a negative feedback mechanism (15, 34), it did not demonstrate superior efficacy compared to the probiotic alone in mitigating thermal stress. This outcome suggests that while ascorbic acid can contribute to stress reduction, its impact may be limited by factors such as the specific dose used, the bioavailability of the antioxidant, or the inherent variability in the susceptibility of broiler chickens to these treatments. Additionally, it is worth considering that the efficacy of antioxidants can be influenced by their interaction with other components of the diet and environmental conditions (35). The varying responses observed in this study highlight the need for further research to optimize the use of these agents and understand their mechanisms in managing heat stress.

The lower temperatures recorded in the head, back, and feet of the treatment groups suggest that the probiotic and ascorbic acid played a significant role in enhancing the birds’ ability to manage heat stress. During periods of heat stress, broiler chickens typically increase their oxygen intake to support thermoregulatory mechanisms such as evaporative cooling through panting (8, 36). This heightened oxygen consumption can lead to the accumulation of reactive oxygen species (ROS), which are byproducts of oxygen metabolism. When endogenous antioxidants are insufficient to counteract these ROS, oxidative stress can occur. The inclusion of exogenous antioxidants, such as Saccharomyces cerevisiae and ascorbic acid, may help neutralize these ROS, thereby reducing oxidative stress and supporting better thermal regulation (6, 15). The increased BST observed in the control group likely reflects the chickens’ impaired ability to regulate heat, as indicated by their elevated CT. This supports the findings of Kim et al. (37), who noted that BST is a sensitive indicator of heat stress levels, with higher environmental temperatures leading to its increase. Although the study focused on laying hens, the relationship between environmental temperature, heat stress, and BST is also applicable to broiler chickens. The findings indicated that while the probiotic may help alleviate stress, combining it with ascorbic acid did not yield an additive effect on core temperature. This underscores the need for targeted approaches in broiler management. To optimize poultry welfare and performance during warmer months, practical recommendations for broiler producers are essential. These include incorporating probiotics into feeding regimens, monitoring environmental conditions, ensuring proper hydration, and adjusting brooding practices. By implementing these strategies, producers can enhance the resilience of their flocks and improve overall production outcomes in the face of climate-related challenges.

In the morning hours of the study, the THI was within the TNZ ideal for optimal broiler production. This favorable THI allowed for effective thermoregulation through convective and conductive heat loss, which was evident in the treatment groups as THI is the descriptive indicator of heat stress [(38); Xinyao et al., 2022]. Throughout the study, broiler chickens accumulated heat from both environmental sources and metabolic processes. However, the primary focus was on assessing sensible heat loss in the treatment and control groups. It is important to acknowledge that while the antioxidants contributed to increased heat loss, the overall effectiveness of heat dissipation was also influenced by the THI. Variations in THI during different periods of the study likely impacted the heat loss dynamics. Tao and Xin (39), found that the optimal THI for broiler production is around 21, suggesting that maintaining THI within this range is crucial for minimizing heat stress and ensuring optimal performance. This implies that alongside antioxidant supplementation, managing THI effectively is essential for enhancing broiler welfare and productivity. During the afternoon and evening hours of the study, the THI exceeded the TNZ optimal for broiler chickens’ production. Such conditions are expected to reduce heat loss through conduction and convection. Despite this, the probiotic group demonstrated a higher degree of heat loss compared to the control group on D21 and D35. This increased heat loss in the probiotic group can be attributed to the antistress effect of this agent. These findings align with the research of Sinkalu et al. (40) and Aluwong et al. (6), who both identified that THI levels above 21 induce heat stress in broiler chickens. Their studies utilized CT as a biomarker to assess heat stress, corroborating the observation that high THI contributes to increased heat stress.

The TNZ is the optimal temperature range in which broiler chickens can maintain their physiological functions without needing to expend extra energy for thermoregulation (8). This zone, also known as the comfort zone, is crucial for achieving peak performance and welfare in broiler chickens (13). Within this range, known as the zone of comfort (yellow zone), the broilers can effectively manage their body temperature and perform optimally. However, when ambient temperatures exceed this range, entering the zone of discomfort (red zone), the chickens experience increased stress and reduced performance (39). During the study, THI values recorded on D21 and in the morning hours of D28 and D35 remained within the TNZ. These favorable conditions facilitated effective thermoregulation in the broiler chickens, as evidenced by efficient heat loss through convection and conduction. The ability to maintain normal physiological functions and comfort levels was thus supported. In contrast, the THI values recorded during the afternoon and evening hours of D28 and D35 were above the TNZ, which significantly impaired the chickens’ ability to regulate their body temperature. This was reflected in the reduced effectiveness of heat dissipation mechanisms, leading to compromised welfare and performance (26). The elevated temperatures in these periods resulted in increased physiological stress and diminished comfort for the broilers. Our study indicates that higher AT beyond the TNZ negatively affects the thermoregulatory processes in broiler chickens, particularly when no anti-stress interventions are applied. The data suggest that as AT increased and exceeded the TNZ, the capacity for effective thermoregulation diminishes, highlighting the critical need for environmental management and stress mitigation strategies. This reinforces the importance of maintaining environmental conditions within the TNZ to optimize broiler health and productivity (10, 44). Additionally, the findings underscore the potential benefits of implementing anti-stress measures, such as dietary supplements like probiotics (Saccharomyces cerevisiae) and ascorbic acid to support broiler welfare during periods of thermal stress. Further research should explore the interaction between various antioxidant types and environmental conditions to develop comprehensive strategies for managing heat stress in broiler production. This could include optimizing antioxidant dosages and combining them with environmental controls to achieve the best outcomes for broiler health and performance. Understanding how fluctuations in THI influence heat stress and performance at different growth phases can inform more targeted management practices. Also, the effects of different combinations and dosages of antioxidants, including probiotics and ascorbic acid should be studied, to determine their synergistic potential in mitigating heat stress.



5 Conclusion

The study highlights the importance of maintaining ambient temperatures within the TNZ to optimize the welfare and performance of broiler chickens. It found that when THI values are within the TNZ, chickens effectively regulate their body temperature, but exceedance leads to impaired thermoregulation, elevated CT, and increased heat stress. Practical recommendations for producers include supplementing feed with probiotics, which have been effective in reducing heat stress effects, as opposed to ascorbic acid, which has a less pronounced impact during this study. Producers should, therefore, integrate probiotics into their feeding strategies, especially during warmer months. Future research should aim to optimize dosages and combinations of probiotics and ascorbic acid, explore their specific mechanisms, and assess long-term effects on health and productivity. Overall, maintaining temperatures within the TNZ and implementing these anti-stress interventions can enhance broiler resilience and improve production outcomes.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The animal study was approved by the University of Pretoria Animal Ethics Committee (REC050-20). The study was conducted in accordance with the local legislation and institutional requirements.



Author contributions

VS: Conceptualization, Data curation, Funding acquisition, Investigation, Methodology, Project administration, Resources, Validation, Visualization, Writing – original draft, Writing – review & editing. VN: Data curation, Formal analysis, Funding acquisition, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – review & editing. MO: Funding acquisition, Project administration, Resources, Supervision, Validation, Visualization, Writing – review & editing. JC: Conceptualization, Data curation, Funding acquisition, Investigation, Project administration, Resources, Supervision, Validation, Visualization, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This research was financially supported by the University of Pretoria Doctoral Research Bursary and Department of Anatomy and Physiology, Faculty of Veterinary Science, University of Pretoria, South Africa.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Ajayi, OI, Smith, OF, Oso, AO, and Oke, OE. Evaluation of in ovo feeding of low or high mixtures of cysteine and lysine on performance, intestinal morphology and physiological responses of thermal-challenged broiler embryos. Front Physiol. (2022) 1:972041. doi: 10.3389/fphys.2022.972041

 2. Sundstrom, JF, Albihn, A, Boqvist, S, Ljungvall, K, Marstorp, H, Martiin, C , et al. Future threats to agricultural food production posed by environmental degradation, climate change, and animal and plant diseases–a risk analysis in three economic and climate settings. Food Sec. (2014) 6:201–15. doi: 10.1007/s12571-014-0331-y

 3. Oke, OE, Akosile, OA, Oni, AI, Opowoye, IO, Ishola, CA, Adebiyi, JO , et al. Oxidative stress in poultry production. Poult Sci. (2024) 103:104003. doi: 10.1016/j.psj.2024.104003 

 4. Al Amaz, S, Chaudhary, A, Mahato, PL, Jha, R, and Mishra, B. Pre-hatch thermal manipulation of embryos and post-hatch baicalein supplementation mitigated heat stress in broiler chickens. J Anim Sci Biotechnol. (2024) 15:8. doi: 10.1186/s40104-023-00966-6 

 5. Chaudhary, A, and Mishra, B. Systemic effects of heat stress on poultry performances, transcriptomics, epigenetics and metabolomics, along with potential mitigation strategies. Worlds Poult Sci J. (2024):1–37. doi: 10.1080/00439339.2024.2364884

 6. Aluwong, T, Sumanu, VO, Ayo, JO, Ocheja, B, Zakari, F, and Minka, N. Daily rhythms of cloacal temperature in broiler chickens of different age groups administered with zinc gluconate and probiotic during the hot-dry season. Physiol Reports. (2017) 5:e13314. doi: 10.14814/phy2.13314 

 7. Mangan, M, and Siwek, M. Strategies to combat heat stress in poultry production-a review. J Anim Physiol Anim Nutr. (2024) 108:576–95. doi: 10.1111/jpn.13916 

 8. Sumanu, V, Naidoo, V, Oosthuizen, MC, and Chamunorwa, JP. Adverse effects of heat stress during summer on broiler chickens’production and antioxidant mitigating effects. Int J Biometeorol. (2022) 66:2379–93. doi: 10.1007/s00484-022-02372-5 

 9. Apalowo, OO, Ekunseitan, DA, and Fasina, YO. Impact of heat stress on broiler chicken production. Poult. (2024) 3:107–28. doi: 10.3390/poultry3020010 

 10. Mahasneh, ZM, Abuajamieh, M, Abedal-Majed, MA, Al-Qaisi, M, Abdelqader, A, and Al-Fataftah, ARA. Effects of medical plants on alleviating the effects of heat stress on chickens. Poult Sci. (2024) 103:103391. doi: 10.1016/j.psj.2023.103391

 11. Schauberger, GI, Hennig-Pauka, W, Zollitsch, SJ, Hortenhuber, J, Baumgartner, K, and Niebuhr, R. Efficacy of adaptation measures to alleviate heat stress in confined livestock buildings in temperate climate zones. Biosyst Eng. (2020) 200:157–75. doi: 10.1016/j.biosystemseng.2020.09.010

 12. Gonzalez-Rivas, PA, Chauhan, SS, Ha, M, Fegan, N, Dunshea, FR, and Warner, RD. Effects of heat stress on animal physiology, metabolism, and meat quality: a review. Meat Sci. (2020) 162:10–8. doi: 10.1016/j.meatsci.2019.108025

 13. Iyasere, OS, Bateson, M, Beard, AP, and Guy, JH. Which factor is more important: intensity or duration of episodic heat stress on broiler chickens. J Therm Biol. (2021) 99:31–40. doi: 10.1016/j.jtherbio.2021.102981

 14. Sahin, K, Sahin, E, Deeh, PB, Kayri, V, Orhan, C, and Sahin, N. Role of the antioxidant defence system and transcription factors in preventing heat stress in poultry: a dietary approach. Worlds Poult Sci J. (2023) 79:651–87. doi: 10.1080/00439339.2023.2234380

 15. Egbuniwe, IC, Uchendu, CN, and Obidike, IR. Ameliorative effects of betaine and ascorbic acid on endocrine and erythrocytic parameters of sexually-maturing female Japanese quails during the dry season. J Therm Biol. (2021) 96:102812. doi: 10.1016/j.jtherbio.2020.102812 

 16. Lee, M, Park, H, Heo, JM, Choi, HJ, and Seo, S. Multi-tissue transcriptomic analysis reveals that L-methionine supplementation maintains the physiological homeostasis of broiler chickens than D-methionine under acute heat stress. PLoS One. (2021) 16:e0246063. doi: 10.1371/journal.pone.0246063 

 17. Olmez, M, Sahin, T, Karadagogolu, O, Ogun, S, Yoruk, MA, and Dalga, S. Effect of probiotic mixture supplementation to drinking water on the growth performance, carcass parameters and serum biochemical parameters in native Turkish geese. Kafkas Univ Vet Fak Derg. (2022) 28:131–8. doi: 10.9775/kvfd.2021.26633

 18. Gul, ST, and Alsayeqh, AF. Probiotics improve physiological parameters and meat production in broiler chicks. Int. J. Vet. Sci. (2023) 12:182–91. doi: 10.47278/journal.ijvs/2022.191

 19. Rashid, S, Tahir, S, Akhtar, T, Ashraf, R, Altaf, S, and Qamar, W. Bacillus-based probiotics: an antibiotic alternative for the treatment of salmonellosis in poultry. Pak Vet J. (2023) 43:167–73. doi: 10.29261/pakvetj/2023.017

 20. Mehmood, A, Nawaz, M, Rabbani, M, and Mushtaq, MH. Probiotic effect of Limosilactobacillus fermentum on growth performance and competitive exclusion of Salmonella gallinarum in poultry. Pak Vet J. (2023) 43:659–64. doi: 10.29261/pakvetj/2023.103

 21. Kalita, R, Pegu, A, and Baruah, C. Prospects of probiotics and fish growth-promoting bacteria in aquaculture: a review. Int J Agric Biosci. (2023) 12:234–44. doi: 10.47278/journal.ijab/2023.070

 22. Rashid, S, Alsayeqh, AF, Akhtar, T, Abbas, RZ, and Ashraf, R. Probiotics: alternative of antibiotics in poultry production. Int. J. Vet. Sci. (2023) 12:45–53. doi: 10.47278/journal.ijvs/2022.175

 23. Coniglio, MV, Luna, MJ, Provensal, P, Watson, S, Ortiz, ME, Ludueña, HR , et al. The impact of Saccharomyces cerevisiae var. Boulardii RC009 on productive parameters in weaned calves and cull cows. Agrobiol. Rec. (2023) 13:1–6. doi: 10.47278/journal.abr/2023.021

 24. Ismael, E, Ismail, EM, Khalefa, HS, Elleithy, EMM, Elmosalamy, SH, Marouf, S , et al. Evaluation of Saccharomyces cerevisiae yeast fermentate and xylanase in reduced energy diet fed to broiler chicken. Int. J. Vet. Sci. (2022) 11:141–50. doi: 10.47278/journal.ijvs/2021.096

 25. Ahiwe, EU, Dos Santos, TT, Graham, H, and Iji, PA. Can probiotic or prebiotic yeast (Saccharomyces cerevisiae) serve as alternatives to in-feed antibiotics for healthy or disease-challenged broiler chickens?: a review. J Appl Poultry. (2021) 30:100164. doi: 10.1016/j.japr.2021.100164

 26. Egbuniwe, CI, Ayo, JO, Mohammed, UK, and Aliyu, M. Cloacal temperature responses of broiler chickens administered with betaine and ascorbic acid during the hot-dry season. Biol Rhythm Res. (2015) 46:207–19. doi: 10.1080/09291016.2014.974931

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

 28. Farran, M, El Masry, B, Kaouk, Z, and Shaib, H. Impact of dietary Lactobacillus plantarum postbiotics on the performance of layer hens under heat stress conditions. Open J Vet Med. (2024) 14:39–55. doi: 10.4236/ojvm.2024.143004

 29. Li, Y, Yuan, J, Sun, S, Ma, F, Xiong, Y, and He, S. Optimizing growth and antioxidant function in heat-stressed broilers with vitamin C and betaine supplementation. Int J Biometeorol. (2024):1–8. doi: 10.1007/s00484-024-02717-2

 30. Mohammed, AA, Mahmoud, MA, Zaki, RS, and Cheng, HW. Effect of a probiotic supplement (Bacillus subtilis) on struggling behavior, immune response, and meat quality of shackled broiler chickens exposed to preslaughter stress. Poult Sci. (2024) 103:104051. doi: 10.1016/j.psj.2024.104051 

 31. Parlat, SS, Ozcan, M, and Oguz, H. Biological suppression of aflatoxicosis in Japanese quail (Coturnixcoturnix japonica) by dietary addition of yeast (Saccharomyces cerevisiae). Res Vet Sci. (2001) 71:207–11. doi: 10.1053/rvsc.2001.0512 

 32. Ruvio, J, Schassi, L, Araujo, H, Damasceno, F, and Yanagi Junior, T. Estimation of heat dissipation in broiler chickens during the first two weeks of life. Brazil J Agric. (2018) 92:248–60.

 33. Sugiharto, S, Yudiarti, T, Isroli, I, Widiastuti, E, and Kusumanti, E. Dietary supplementation of probiotics in poultry exposed to heat stress – a review. Annals Anim Sci. (2017) 17:591–604. doi: 10.1515/aoas-2016-0062 

 34. Habibian, M, Ghazi, S, Moeini, MM, and Abdolmohammadi, A. Effect of dietary selenium and vitamin E on immune response and biological blood parameters of broilers reared under thermoneural or heat stress conditions. Int J Biometeorol. (2015) 58:741–52. doi: 10.1007/s00484-013-0654-y

 35. Salahi, A, and Abd El-Ghany, WA. Beyond probiotics, uses of their next-generation for poultry and humans: a review. J Anim Physiol Anim. (2024) 108:1336. doi: 10.1111/jpn.13972

 36. Gupta, V, Ncho, CM, Goel, A, Jeong, CM, and Choi, YH. In ovo feeding of α-ketoglutaric acid improves hepatic antioxidant-gene expression, plasma antioxidant activities and decreases body temperature without affecting broiler body weight under cyclic heat stress. Poult Sci. (2024) 103:103749. doi: 10.1016/j.psj.2024.103749 

 37. Kim, DH, Lee, YK, Kim, SH, and Lee, KW. The impact of temperature and humidity on the performance and physiology of laying hens. Animals. (2021) 11:56–62. doi: 10.3390/ani11010056

 38. Li, X, Tang, S, Wang, Z, Yang, L, Lan, X, Tan, Z , et al. Effects of dietary cation-anion difference on milk performance, digestion and blood parameters in lactating cows under heat stress. Kafkas Univ Vet Fak Derg. (2022) 28:35–42. doi: 10.9775/kvfd.2021.26377

 39. Tao, X, and Xin, H. Acute synergistic effects of air temperature, humidity and velocity on homeostasis of market-size boilers. Trans ASABE. (2003) 46:491–7. doi: 10.13031/2013.12971

 40. Sinkalu, VO, Ayo, JO, Adelaiye, AB, and Hambolu, JO. Ameliorative effect of melatonin administration and photoperiods on diurnal fluctuations in cloacal temperature of marshal broiler chickens during hot-dry season. Int J Biometeorol. (2015) 59:79–87. doi: 10.1007/s00484-014-0826-4 

 41. Bidura, IGNG, Siti, NW, Wibawa, AAPP, Puspani, E, and Candrawati, DA. Improving the quality of tofu waste by mixing it with carrots and probiotics as a feed source of probiotics and β-carotene. Int J Vet Sci. (2023) 12:407–13. doi: 10.47278/journal.ijvs/2022.213

 42. Li, LI, Xinyi, LAN, Hao, LG, Jintao, QU, Qianming, JG, Shengguo, TG , et al. Effects of supplementation with rumen-protected methionine on milk performance, plasma biochemical indices and amino acid concentration in dairy goats subject to heat stress. Kafkas Univ Vet Fak Derg. (2022) 28:177–84. doi: 10.9775/kvfd.2021.26647

 43. Qaid, MM, Al-Mufarrej, SI, Azzam, MM, and Al-Garadi, MA (2021). Anticoccidial effectivity of a traditional medicinal plant, Cinnamomum verum, in broiler chickens infected with Eimeria tenella. Poultry science, 100, 100902.

 44. Zhang, X, Zhang, Y, Geng, J, Pan, J, Huang, X, and Rao, X. (2022). Feather damage monitoring system using rgb-depth-thermal model for chickens. Animals, 13, 126.


Copyright
 © 2024 Sumanu, Naidoo, Oosthuizen and Chamunorwa. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fvets-11-1482134-t001.jpg
9:00

11:00

13:00

1500

17:00

Overall
mean + SEM

RH, Relative humidit

RH (%)
27674033 8333219
(27-28) (79-86)
28334033 746742.19
(28-29) (72-73)
2867+033 79.00£0.00 (79)
(28-29)
3333167 81674433
(30-35) (73-86)
34004100 84.00£2.00
(33-36) (80-86)
31.33£067 80.00£0.00 (80)
(30-32)
28334033 77.00+2.00
(28-29) (73-79)
30242060 7995%1.00
(27-36) (72-86)

THI
27334032
(267-27.7)
27804031
(27.4-28.4)
28274033
(27.6-286)
32804170
(29.4-34.6)
33404100
(324-35.4)
30874064
(29.6-31.6)
27874027
(27.6-28.4)
29764059
(26.7-35.4)

DBT, Dry-bulb temperature; THI, Temperature- humidity index.





OPS/images/fvets-11-1482134-t002.jpg
Control

Probiotic

Group

Ascorbic acid

Probiotic + AA

07:00
09:00
11:00
21 13:00
1500
17:00
19:00
07:00
09:00
11:00
28 13:00
1500
17:00
19:00
07:00
09:00
11:00
35 13:00
1500
17:00

19:00

41214027
40354030
40.99£025"
41.00£025"
4114£020°
41534015
41.69£0.18"
41634015
41394032
4179£022
416940110
4114£020°
41712014
4169017
4153£020°
41158027
41.24£024"
4147022
4124£020°
41.49£0.16"

41664017

39.9840.13"
40.074020"
40724062
40.45£0.08"
40.84£0.06"
40.360.10"
40.84+0.05"
39.8040.18°
40.07+0.20°
4078022
40.68+0.13°
40.84:£0.06"
4087£0.16"
411040.14°
4036+0.18"
40.16£0.18"
40.86£0.12"
4059+0.13"
4081£0.12
4034£0.12°

4094£0.12°

Mean values with different superscript letters along the same row are significantly different at p<0.05. 1= 14,

40.78£0.11°
10.46£0.11°
4085009
40.80£0.11°
40.9740.04*
41114012
4136£0.14"
40.63+0.14°
4046£0.12°
4103022
4078+0.13°
40.97:£0.06"
41.03£0.16"
41234014
40974015
4049£0.12°
40.81£0.11°
4089+0.14°
4098+0.11°
41.09£0.12"

41274013

41.04£0.15"
40.96+0.08"
41064009
40.83£0.12"
10.98+0.09"
41.0240.08"
41.20£0.08"
40.52£0.16"
40.960.08"
41.01£0.13
40.75£0.12
40.98+0.09"
40.86£0.14"
41074009
410140.16"
4090£0.14°
41.02£0.13"
40.73£0.12"
4086+0.11°
40.94£0.11°

40.98+0.12"





OPS/images/fvets-11-1482134-g003.jpg
Evening

900 262
800
252
700
600 242
S 500
= 400 232
400 )
300 222
200
212
100
0 202
2n 28 35
Day

WTH WCONTROL WAA WPROB MP+AA





OPS/images/fvets-11-1482134-g004.jpg
Lo

§
8

21 28 v

s

= Control





OPS/images/fvets-11-1482134-t003.jpg
Time (h) Control Treatment groups

Probiotic Ascorbic acid Probiotic + Ascorbic
acid

21 07:00 37014053 36792017 35872015 3300138

13:00 36034023 37.06+0.23" 34.00+0.85" 3457£091"

19:00 3634£0.18° 37.16+0.28" 35.69+0.48" 3234£0.68°

28 07:00 37104043 3626019 35834021 32594149"

13:00 359140.25" 36.89+0.25" 35.094023" 35074073

19:00 37.8940.62" 37.00£021" 382040.60" 36.06£041"

35 07:00 37174042 36674017 35934022 36.16£086"

13:00 367940.49" 369140.28" 36174032 35974051

Head 19:00 37494041 35.8440.50" 35.69+0.65" 3520£029"
21 07:00 36.6340.42° 3597£020° 355140010 35211500

13:00 358640.16' 3621007 3319+0.58° 3350£081"

19:00 369640.25" 3653£0.10" 37.734044" 36.00£0.69"

28 07:00 363740.36" 36.76£048" 355940.18" 3630017

13:00 357440.18" 36240210 351940.50" 3564038

19:00 35604047 364120110 37734048 36142048

35 07:00 35274042 375940.58" 3623£0.26' 37142041

13:00 345340.49" 365040.33" 35904023 3643£041°

Comb 19:00 359340.42" 37964067 375350410 36.57£054°
21 07:00 36.2340.34° 39164027 40474032 37.23050°

13:00 39.8340.20" 39.23£046' 39.01£0.50" 38444033

19:00 39.8340.20° 40074013 399040.35" 3830007

28 07:00 357640.16' 39.0740.29° 40.0940.26° 3739£048"

13:00 39.8340.48" 4054£040° 39304072 40442047

19:00 37.8740.84° 40344026 4059034 3973068"

35 07:00 357140.36" 39.3040.30° 40.40£0.28° 3753£043"

13:00 36814073 39144045 3890+0.49" 37874065

Wing 19:00 37814109 40.10£0.13" 397150310 3886£0.30°
21 07:00 37.4340.59" 36.06+0.23" 369640.38" 3181084

13:00 3636£0.11° 3661£028° 36.69£091* 34894062

19:00 373640110 34264033 36.66+0.88" 3550£0,69"

28 07:00 36.8740.78" 35834025 36.674045" 35.6140.68"

13:00 363740.13" 3653018 37274085 35574036"

19:00 399640.97" 37164035 38694095 36074037

35 07:00 373640.67 3601£0.26' 36.894£0.38" 3639+0.88"

13:00 37.5640.62" 36.04£0.30° 36.06+0.81° 35.60£0.40"

Back 19:00 38314013 36.04£0.36" 37464082 35.64£021°
2 07:00 36744057 35.9420.18" 36344025 36.06£0.19"

13:00 35394017 3550£024° 34164104 35345114

19:00 383040.16° 3757£036' 373340.19" 35.0941.60°

23 07:00 3670£051° 3589+0.18" 36242024 35942022

13:00 355040.20° 3547£021° 34014098 3436095

19:00 39164102 37574036 383340.19" 3566+ 1.27°

35 07:00 36.67+0.59" 35.86£0.19" 3627023 36032025

13:00 35714022 35.26£029" 34412083 36.06£080°

Foot 19:00 37.5040.66° 37.294036' 37.594059" 3646+ 1.08°

Mean values with different superscript etters along the same row are significantly diferent at p<0.05. n=14.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Evaluating the efficacy of probiotics and ascorbic acid as anti-stress agents against heat stress in broiler chickens



		1 Introduction



		2 Materials and methods



		2.1 Environmental conditions in the experimental sites



		2.2 Experimental animals and management



		2.3 Experimental measurements



		2.3.1 Thermal environmental parameters



		2.3.2 Cloacal and body surface temperature measurements



		2.3.3 Calculation of convective and conductive heat loss









		2.4 Statistical analysis









		3 Results



		3.1 Ambient temperature and cloacal temperature responses



		3.2 Body surface temperature (BST)



		3.3 Convective and conductive heat loss









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fvets-11-1482134-g001.jpg
Heat Loss

900
800
700
600
500
400
300
200
100

0

21 28 35

mTHI

Morning

Day

WCONTROL MWAA

WPROB MP+AA

202

THI





OPS/images/fvets-11-1482134-g002.jpg
Afternoon

900 26.2
800 5.2
700 -
@ 600
3 500
% 400
T 300 - 222
200 212
100
0 20.2
21 28 35
Day

WTH WCONTROL WAA WPROB MP+AA





OPS/images/cover.jpg
& frontiers | Frontiers in Veterinary Science

Evaluating the ecffi acy of
probiotics and ascorbic acid as
anti-stress agents against heat

stress in broiler chickens












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Veterinary Science






