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Abstract: As an environmental stressor due to global warming, heat stress (HS) is considered as a major challenge
in poultry industries in tropical countries like Bangladesh for substantial economic loss because of its severe effects
on poultry health and productivity. Dietary betaine is thought to be an effective solution for reducing such losses.
An experiment was conducted on 250 Ross 308 broilers for 35 days to see if betaine supplementation could improve
performance under stressful conditions. During the trial, broiler birds were exposed to artificial HS of 30°C for 8
hours (in 18,19 and 20 days) and for 11h (in 26,27,28 days) during the day. The treatments are, G1: control feed
without HS; G2: control feed with HS; G3: control +HS+1 g/kg betaine; G4: control + HS +1.5 g/kg betaine and G5:
control +HS+2 g/kg betaine from day 11 to day 33 and average weight (AW), daily weight gain (DWG), feed intake
(FI), FCR were analysed. HS had a lower effect on average weight and daily weight gain for the chickens whereas in
total FI and FCR, betaine treated feed have some significant effect (p<0.05) for FI and (p<0.05) and FCR. Overall,
supplementation of the betaine did not show any adverse effect on the zootechnical performances of experimental
species and seems to support the birds during stressful condition.
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1. INTRODUCTION

The modern poultry industry is growing day by day due to the increase in population, demand for poultry products and
market growth, especially in hot countries. With the increase in demand, the environmental stress caused by global warming
is an obstacle to the development of the poultry industry. As a result of global warming, poultry are often raised under
stressful conditions related to increased ambient temperature, known as HS (Nawab et al., 2018). HS has been considered
as a critical obstacle that affects poultry industry specially in tropical regions or hot climate areas (Abdel-Moneim et al.,
2021). Poultry in tropical countries are reared in open side sheds with natural ventilation and thus they are often raised
under stressful conditions (FAO, 2013). As an important environmental determinant HS affects the performance of poultry
like egg production, meat production worldwide (Kumar et al., 2021). These losses of production due to exposure of high
ambient temperature leads to substantial economic losses for poultry industry (Abdel-Moneim et al., 2021).

A direct strategy for eliminating HS in poultry is to reduce the temperature of the house to the thermoneutral zone, and the
thermoneutral zone can optimise growth potential (Nawab et al., 2018). However, for small-scale commercial poultry
farmers, it is difficult to spend money on building house with mechanical ventilation or expensive cooling system (Liu et
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al., 2019). Therefore, nutritional solution along with different nutritional feeding strategies can be an alternative to reduce
the negative effects of high ambient temperature in poultry (Farghly et al., 2018). The use of betaine as a feed supplement
in broiler diets is one such nutritional strategy to reduce stress in broilers (Chand et al., 2017).

Betaine contains a neutral methyl derivative of the amino acid glycine with a positively charged trimethylammonium group
and a negatively charged carboxyl group (Craig, 2004; Attia et al., 2009). As a methyl group donor, betaine is involved in
transmethylation reactions for methyl group donors and, being an osmo-protectant, it helps maintain cell osmolarity
(Ratriyanto et al., 2009). In order to exert osmo-protective effects under osmotic or ionic stress, betaine accumulates in cells
to replace inorganic ions (e.g. K+) (and prevents inactivation of enzymes and cell membranes by inorganic ions (Petronini
et al., 1992; Klasing et al., 2002). Thus, betaine can help maintain cell integrity and hydration under HS through its
osmoregulatory (Kidd et al., 1997) and anti-stress functions (Saunderson & Mackinlay, 1990). Betaine also contributes to
nutrient digestibility by controlling osmotic pressure within the intestinal epithelial cells and helping the gut microbes to
cope with osmotic variations in the digestive tract (Eklund et al., 2005). However, few studies have been conducted on
betaine as a dietary supplement to prevent the adverse effects of HS. Therefore, the current experiment was conducted to
investigate the adverse effect of HS on growth performance and to evaluate whether feeding of betaine could ameliorate
HS-induced impairment of growth parameters.

2. MATERIALS AND METHODS
The trial ran from June 6 to July 8, 2020 and total experimental duration was for 5 weeks.
The zootechnical research farm

The trial was carried out on the chicken associated with research in Alam poultry farm, Dinajpur. Total area of the farm
measures about 200 square metres with static ventilation.

The building is composed of 25 cages with 5 square metres for each, separated by metal grids. Each cage is equipped with
manual drinker and feeder which is filled manually with bags distributed by the breeder. The neon lights are lit in the
building from the first to the 32nd day with a light intensity of 20 Ix. The maximum and minimum temperatures of the
building, water and feed consumption are recorded daily.

Distribution of the chickens

250 ROSS-308-day-old chicks (100% male) were of same weight and randomly distributed in 25 cages with 10 chickens
per cage with 5 repetitions for each treatment. Before arrival, the chicks were vaccinated against infectious bronchitis and
a vaccine against Gumboro disease was done at about 17 days of age in the rearing pens.

Table 1: Grouping of chickens on the research farm

Group 1 Group 2 Group 3 Group 4 Group 5
0-35 days Standard diet |SD + HS SD + HS+ 1g | SD+ HS+1.5g | SD+ HS + 29
(no HS) betaine per kg | betaine per kg | betaine per kg
feed feed feed

SD=Standard Diet, HS= Heat Stress
Feed

5 groups were considered according to the diet supplied and these feeds consisted of cereals and different premixes
depending on the diet, each of which met the needs of the chickens. The feeds are made up of wheat, maize, soya, sunflower,
and premixes containing minerals, vitamins and different amino acids. Group-1 (G1) means control group fed up only with
Standard diet (table 1), Group-2(G2) was heat treated group having standard diet and betaine with different concentrations
were added with the feed in the treatment groups i.e. Group- 3 (G3), Group-4 (G4) and Group-5 (G5), The broiler feed was
divided into three phases: the start-up phase from 1 day to 10 days, the rearing phase from 11 days to 22 days and the
finishing phase from 23 days to 33 days. The feeds were formulated with Excel and the formulation was done including the
basics of feeding chickens under HS. Feed and drinking water were supplied ad libitum.
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Heat stress protocol

During the trial, HS was artificially created in 3 periods to observe the thermo-tolerance capacity and zootechnical
performance in broilers. The starting temperature of the building was 33°C for day-old chicks. From day 5 at 9 a.m. to at 9
a.m. of day 6, the temperature in the building was gradually increased to 35°C for 24 hours to create an acclimatisation
phase. Early acclimatisation has indeed been shown to be the most effective method to improve the thermal tolerance of
broilers in later periods of heat (Yahav and Hurwitz, 1996). A first HS condition was created during days 18, 19 and 20
with a temperature of 30°C between 11:00 and 19:00, followed by a return to 24°C at night. The chickens were not fasted
during the hours of HS.

A second HS condition was created during days 26, 27 and 28 by artificially raising the building temperature to 30°C
between 9am and 8pm and then returning the set points to 24°C at night. The chickens were fed on an empty stomach
between 11am and 9pm during the HS.

Statistical treatments

The statistical analysis of the data was carried out using the software R. The calculation of means, standard deviations,
analysis of variance and comparison of means (ANOVA) was carried out using R software. The zootechnical performances
such as AW, DWG, FCR, mortality rate, etc. were subjected to a two-factor analysis of variance. In case of significance of
the treatments group, a post-hoc pairwise comparison was conducted. 5% alpha threshold is used that means the probability
of error on a single test is 5%.

3. RESULTS

Assessment of overall growth performance at 35 days are shown in table 2. The result presents that supplementation of
betaine in different doses with broiler daily intake have some effects in overall growth parameters of the chicken at 35 days.
A very significant (p<0.05) variation was observed in case of total FI and also the FCR was significantly differed among
the betaine treated groups but in case of AW and DWG, the variation among the treatment groups were not statistically
significant (p>0.05).

AW of all the chicken of G1 was recorded about 1909 g which was slightly decreased to 1898 g in G2 population. The AW
were seen of about 1988 g for G3, 1971 g for G4 and the highest weight was observed of 2032 g for G5 with about 2.0g
betaine/kg body weight. The variation of AW within the betaine treated groups was not statistically significant (p>0.05).
Simultaneously the addition of betaine in the feed did not show any significant alteration (p>0.05) in the DWG of various
groups, although the initial DWG was recorded of 54.6 g in G1 which was declined very minutely at the tempered group of
chicken, that was 54.2 g. DWG in the betaine treated groups explored the small increase for G3, G4 and G5 with 56.8 g,
56.3 g and 58.0 g respectively and highest DWG was found for G5.

Table 2: Effect of different treatment on growth performance of broilers

Specification Treatment P value
Group 1 Group 2 Group 3 Group 4 Group 5

n 50 50 50 50 50

AW (g) 19092 18982 1988 19712 20322 0.0513

DWG (g/day/bird) 54.62 54.28 56.82 56.32 582 0.0513

FI (g/day/bird) 2781° 2750P 28242 2833%® 29582 0.0089 **

FCR 1.46% 1.522 1.42° 1.43° 1.46% 0.0109 *

AW= average Weight, DWG= Daily Weight Gain, FI=Feed Intake, FCR=Feed Conversion Ratio, g=Gram, Superscript ®°
showed a significant difference at p <0.05

However, a statistically significant effect (p<0.05) was found in the total FI where 2781 g of feed were fed by the control
chickens and was decreased for the G2 group to 2750 g. The betaine-treated groups showed better FI with 2824 g, 2833 g
and 2958 g for G3, G4 and G5 respectively and there were significant statistical results found between G5 and G2 (p<0.05)
by further post hoc analysis (tukey test).
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There was much reduction of the FCR value from the heat-treated group where the FCR value was 1.52 for G2 and the
value reduced to 1.42 for G3, 1.43 for G4 and 1.46 for G5 which were very similar to FCR value of control group G1 (1.46).
There were significant statistical results (p<0.05) found between G2-G3 and G2-G4 after post hoc analysis (tukey test).

4. DISCUSSION

The result of the current study showed that the growth performance of broilers was affected by high temperature, while
betaine supplementation generally improved these factors. Addition of 2 g betaine per kg feed of broiler presented some
significant effect upon the total FI of different groups. This statement is also supported by the result of Amer et al. (2018),
who stated that betaine supplementation (2 g/kg diet) significantly increased (p<0.05) FI because betaine act as methyl
group donor and organic osmolyte and has the ability to improve growth performance in animals.

The addition of betaine at doses of 1 g and 1.5 g/kg feed had a significant effect on the FCR value in the treated groups
compared to the control with heat-stressed groups (G2) and this finding is in agreement with the result found by Chand et
al. (2017) who concluded that the dietary supplementation of 1.5% and 2% betaine improve the FCR of fast-growing broilers
exposed to heat stress. Addition of betaine in poultry ration could partially alleviate the stress of heat and improve the FCR
in poultry as compared to the negative treatment (Wabhid et al., 2021).

On the other hand, some improvement in AW And DWG were found with the supplementation of betaine with different
doses in the feed but the result were not statistically significant (p>0.05). These findings were in an agreement with Esteve-
Garciaa & Mack, (2000) reported as the effects of betaine were small and not significant (p>0.05) although they were in
the direction of improving body weight. Zulkifli et al. (2004), also stated that supplemental betaine in diet has no significant
effect on body weight gain. In contrast, Hassan, (2005) and Liu et al. (2019) stated that, betaine improves the structural and
functional characteristics of intestinal epithelial resulting better nutrient absorption as well as improved body weight gain.

However, there were no significant increase in AW and DWG between treatments in this study. This might be because the
number of observations was insufficient or there may be limitation in the measurement of different criteria. Increasing the
sample size of the experiment along with other investigating parameters related to the mentioned zootechnical terms are
essential to understand the basic mechanism and effect of betaine on broiler performance.

5. CONCLUSION

Overall better performance was achieved at 1.5 g and 2g betaine mixed ration with improved FCR and FI respectively as
compared to no betaine supplementation. The heat-stressed group consumed less feed and gave lower growth performance
but betaine supplementation during heat challenge reduced the negative impact on performance, as an antistress agent but
the actual activities of betaine in bird’s bodies should be addressed in further research works. Difference between the
experimental results suggested that this could be due to different levels of betaine used, animal species and environmental
conditions and composition of the experimental diets and proper study on other parameters along with pathological
observation will be needed in future to escape the experimental gap.

REFERENCES

[1] Abdel-Moneim, A. M. E., Shehata, A. M., Khidr, R. E., Paswan, V. K., Ibrahim, N. S., EI-Ghoul, A. A., Aldhumri, S.
A., Gabr, S. A., Mesalam, N. M., Elbaz, A. M., Elsayed, M. A., Wakwak, M. M., & Ebeid, T. A. (2021). Nutritional
manipulation to combat heat stress in poultry — A comprehensive review. Journal of Thermal Biology, 98(March).
https://doi.org/10.1016/j.jtherbio.2021.102915

[2] Amer SA, Omar AE, Mohamed WAM, Gharib HSA and El-Eraky WA, (2018). Impact of Betaine Supplementation
on the Growth Performance, Tonic Immobility, and Some Blood Chemistry of Broiler Chickens Fed Normal and Low
Energy Diets During Natural Summer Stress, Zagazig Veterinary Journal. 46(1): 36-50.

[3] Attia, Y. A, Hassan, R. A., & Qota, E. M. A. (2009). Recovery from adverse effects of heat stress on slow-growing
chicks in the tropics 1: Effect of ascorbic acid and different levels of betaine. Tropical Animal Health and Production,
41(5), 807-818. https://doi.org/10.1007/s11250-008-9256-9

[4] Chand, N., Naz, S., Maris, H., Khan, R. U., Khan, S., & Qureshi, M. S. (2017). Effect of betaine supplementation on
the performance and immune response of heat stressed broilers. Pakistan Journal of Zoology, 49(5), 1857-1862.
https://doi.org/10.17582/journal.pjz/2017.49.5.1857.1862

Page | 4
Research Publish Journals



https://www.researchpublish.com/
https://www.researchpublish.com/

ISSN 2348-313X (Print)
International Journal of Life Sciences Research  ISSN 2348-3148 (online)
Vol. 11, Issue 1, pp: (1-5), Month: January - March 2023, Available at: www.researchpublish.com

[5] Craig, S. A. (2004). Betaine in nutrition. The American Journal of Clinical Nutrition, 80(February), 539-549.

[6] Esteve-Garcia, E., & Mack, S. (2000). The effect of DL-methionine and betaine on growth performance and carcass
characteristics in broilers. Animal Feed Science and Technology, 87(1-2), 85-93.

[71 Eklund, M., Bauer, E., Wamatu, J., & Mosenthin, R. (2005). Potential nutritional and physiological functions of
betaine in livestock. Nutrition Research Reviews, 18(1), 31-48. https://doi.org/10.1079/nrr200493

[8] FAO. (2013). Poultry Development. In The role of poultry in human nutrition.

[9] Farghly, M. F. A., Alagawany, M., & Abd El-Hack, M. E. (2018). Feeding time can alleviate negative effects of heat
stress on performance, meat quality and health status of turkey. British Poultry Science, 59(2), 205-210. https://doi.
0rg/10.1080/00071668.2017.1413233

[10] Hassan R, Attia Y and El-Ganzory E, (2005) Growth, carcass quality and serum constituents of slow growing chicks
as affected by betaine addition to diets containing different levels of choline. International journal of Poultry Sciences,
4:840-850. https://doi.org/10.3923/ijps.2005.840.850

[11] Kidd, M. T., Ferket, P. R., & Garlich, J. D. (1997). Nutritional and osmoregulatory functions of betaine. World’s
Poultry Science Journal, 53(2), 135-139. https://doi.org/10.1079/wps19970013

[12] Klasing, K. C., Adler, K. L., Remus, J. C., & Calvert, C. C. (2002). Dietary betaine increases intraepithelial
lymphocytes in the duodenum of coccidia-infected chicks and increases functional properties of phagocytes. Journal
of Nutrition, 132(8), 2274-2282. https://doi.org/10.1093/jn/132.8.2274

[13] Kumar, M., Ratwan, P., Dahiya, S. P., & Nehra, A. K. (2021). Climate change and heat stress: Impact on production,
reproduction and growth performance of poultry and its mitigation using genetic strategies. Journal of Thermal
Biology, 97(January), 102867. https://doi.org/10.1016/j.jtherbio.2021.102867

[14] Liu et al., 2019. (2019). Effects of Dietary Betaine on Growth Performance, Digestive Function, Carcass Traits, and
Meat Quality in Indigenous Yellow-Feathered Broilers under Long-Term Heat Stress.

[15] Nawab, A., Ibtisham, F., Li, G., Kieser, B., Wu, J., Liu, W., Zhao, Y., Nawab, Y., Li, K., Xiao, M., & An, L. (2018).
Heat stress in poultry production: Mitigation strategies to overcome the future challenges facing the global poultry
industry. Journal of Thermal Biology, 78, 131-139. https://doi.org/10.1016/j.jtherbio.2018.08.010

[16] Petronini, P. G., De Angelis, E. M., Borghetti, P., Borghetti, A. F., & Wheeler, K. P. (1992). Modulation by betaine
of cellular responses to osmotic stress. Biochemical Journal, 282(1), 69-73. https://doi.org/10.1042/bj2820069

[17] Ratriyanto, A., Mosenthin, R., Bauer, E., Eklund, M., Nutrition, A., & Hohenheim, U. (2009). Metabolic,
Osmoregulatory and Nutritional Functions of Betaine in Monogastric Animals. 22(10), 1461-1476.

[18] Saunderson, C. L., & Mackinlay, J. (1990). Changes in body-weight, composition and hepatic enzyme activities in
response to dietary methionine, betaine and choline levels in growing chicks. British Journal of Nutrition, 63(2), 339—
349. https://doi.org/10.1079/bjn19900120.

[19] Wahid ZA, Ratriyanto A and Prastowo S, (2021). The effect of betaine supplementation on performance of laying
hens in the tropical climate during the starting period. The 1% International Conference on Livestock in Tropical
Environment (ICLIiTE-1). IOP Conf. Series: Earth and Environmental Science 902.

[20] zulkifli S, Mysahra A and Jin LZ, (2004). Dietary supplementation of betaine (Betafin) and response to high
temperature stress in male broiler chickens. Asian-Australian Journal of Animal Science, 17: 244-249.

Page | 5
Research Publish Journals



https://www.researchpublish.com/
https://www.researchpublish.com/

