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ABSTRACT 
The broiler chicken industry has rapidly expanded in recent decades due to increasing demand for affordable 

animal protein and the species' high production efficiency. This study aimed to evaluate the effects of 

supplementing broiler chickens' drinking water with green betel leaf extract and citric acid on their nutrient 

utilization, health, and meat quality. A total of 200 unsexed day-old chicks (DOC) of Cobb 500 strain broiler 

chickens with an average initial weight of 42.17 ± 0.53 g were used. A completely randomized design (CRD) 

was implemented, comprising four treatment groups with five replications each, and each replicate consisted 

of 10 broiler chickens. The treatments involved administering drinking water containing a mixture of green 

betel leaf extract and citric acid at concentrations of 0% (T0, control), 1% of drinking water (10 ml, T1), 2% of 

drinking water (20 ml, T2), and 3% of drinking water (30 ml, T3). Parameters assessed included nutrient 

digestibility (protein, fat, and true metabolizable energy), meat quality (protein, fat, cholesterol content, water 

holding capacity, and drip loss), blood profiles (erythrocyte, leukocyte, hemoglobin, and hematocrit levels), 

and oxidative stress indicators (superoxide dismutase and malondialdehyde). Results indicated that T3 

significantly had higher protein digestibility (77.22%), fat digestibility (76.00%), true metabolizable energy 

(3,010.09 kcal/kg), and meat protein content (21.26%) compared to T0, while reducing drip loss (27.93%) and 

MDA levels (7.88 nmol/mL) compared to T0. In conclusion, supplementing drinking water with 3% feed 

additive effectively enhances nutrient utility, health, and meat quality in broiler chickens. 
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INTRODUCTION 
 

Broiler chickens are among the most commonly raised 

poultry due to their rapid growth rate, short rearing period, 

and efficient feed conversion, making them a key 

commodity in the livestock industry. However, despite 

these advantages, broiler chickens are highly vulnerable to 

oxidative stress, particularly due to the overproduction of 

reactive oxygen species (ROS). Under normal 

physiological conditions, including superoxide (O₂⁻), 

hydrogen peroxide (H₂O₂), and hydroxyl radicals (OH⁻), 

are natural by-products of cellular metabolism and play 

essential roles in cell signaling and immune defense (Chen 

et al., 2021). When present in excess, however, ROS 

overwhelm the body’s antioxidant defense systems, 

resulting in oxidative stress. This condition leads to lipid 

peroxidation, protein and DNA damage, impaired immune 

responses, reduced feed efficiency, slower growth, and 

deteriorated meat quality in broiler chickens (Surai et al., 

2019; Mishra and Jha, 2019; Oke et al., 2024). 

Diet plays a crucial role in modulating oxidative 

stress, as nutritional interventions can either exacerbate or 

mitigate ROS production. Diets lacking in antioxidants or 

containing oxidized fats can increase ROS levels, whereas 

supplementation with natural antioxidants has been shown 

to reduce oxidative damage and improve overall 

performance. In this context, herbal additives rich in 

bioactive compounds have gained attention as natural 

alternatives to synthetic antioxidants. One such plant is 

green betel leaf, known for its high content of phenolic 

compounds, flavonoids, and tannins, which exhibit potent 

antioxidant, antimicrobial, and immunostimulatory effects 

(Lodang et al., 2020; Setyabudi et al., 2020). Active 

constituents such as hydroxychavicol, eugenol, and 
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kavikol have been reported to scavenge free radicals, 

inhibit oxidative enzymes, and enhance the activity of 

endogenous antioxidants like superoxide dismutase (SOD, 

Sumarya et al., 2016; Nguyen et al., 2020). 

In addition, citric acid commonly used organic acid in 

poultry production, supports gut health by lowering the pH 

of drinking water and the gastrointestinal tract, thereby 

suppressing pathogenic bacteria such as Escherichia coli 

and Salmonella while enhancing mineral absorption and 

nutrient digestibility (Vieira et al., 2017; Liao et al., 2018). 

The combination of green betel leaf extract and citric acid 

in broiler chickens' drinking water may provide a 

synergistic approach to mitigating oxidative stress and 

improving broiler chickens' performance through their 

combined antioxidant and antimicrobial effects. Therefore, 

evaluating the integrated use of these additives is 

important for enhancing nutrient utility, health, and meat 

quality in broiler chicken production. 

This study aimed to evaluate the effects of 

supplementing drinking water with green betel leaf extract 

and citric acid on nutrient utility, health, and meat quality 

in broiler chickens. 

 

MATERIALS AND METHODS 

 

Ethical approval 

All procedures involving animals were approved by 

the Faculty of Animal and Agricultural Science, 

Diponegoro University, Semarang, Indonesia (Approval 

No. 61-05/A-12/KEP-FPP). 

 

Experimental design 

The experiment was carried out from December 2024 

to January 2025 at the Poultry House of the Faculty of 

Animal and Agricultural Sciences, Diponegoro University, 

Semarang. A total of 200 unsexed day-old chicks (DOC) 

of Cobb 500 strain broiler chickens with an average initial 

weight of 42.17 ± 0.53 g were used. A completely 

randomized design (CRD) was implemented, comprising 

four treatment groups with five replications each, and each 

replicate consisted of 10 broiler chickens. The treatments 

involved administering drinking water containing a 

mixture of green betel leaf extract and citric acid at 

concentrations of 0% (T0, control), 1% of drinking water 

(10 ml, T1), 2% of drinking water (20 ml, T2), and 3% of 

drinking water (30 ml, T3). A proximate analysis was 

conducted on the commercial feed (BR1 for starter and 

BR2 for finisher, produced by PT Sreeya Sewu Indonesia 

Tbk). Both feed and water were provided daily at 7 a.m. 

The broilers were housed in 1×1 m² pens, maintaining a 

stocking density of 10 broiler chickens/m². The ambient 

temperature within the pens was kept between 24°C and 

32°C, and each pen was illuminated using a 50-watt bulb 

to ensure adequate lighting. Data on the nutrient 

composition of commercial BR1 and BR2 feed are listed 

in Table 1. Feed was analyzed for proximate and mineral 

content at the Laboratory of Feed and Nutrition Science, 

Faculty of Animal and Agricultural Sciences, Diponegoro 

University, Semarang, Indonesia. 

 

Table 1. Nutrient composition of commercial starter 

(BR1) and finisher (BR2) feed in the present study 

Nutrient composition Starter Finisher 

Metabolizable energy (kcal/kg) 3,082.56 3,116.27 

Crude protein (%) 21.88 19.63 

Crude fat (%) 4.59 4.74 

Crude fiber (%) 4.41 4.32 

Calcium (%) 1.05 1.08 

Phosphorus (%) 0.76 0.81 

 
Feed additive preparation 

The feed additive was prepared using a decoction 

method based on Kaneria et al. (2012). Fresh green betel 

leaves obtained from local farms. Fresh green betel leaves 

were oven-dried at 50°C to reduce moisture, ground into 

powder, and 50 g of the powder was dissolved in 1 liter of 

distilled water. The mixture was homogenized, incubated 

in a water bath at 100°C for 30 minutes, then allowed to 

cool for 10-15 minutes. It was filtered to separate the solid 

residue, resulting in a green betel leaf extract. This extract 

was then mixed with 1 g of citric acid to produce the final 

feed additive solution. Citric acid is used to optimize the 

work of green betel leaf extract, so the authors do not 

differentiate the dosage of citric acid used. The additive 

was administered in volumes of 10 ml (T1), 20 ml (T2), 

and 30 ml (T3), depending on the treatment group. Data 

on the content of green betel leaf extract and citric acid are 

listed in Tables 2 and 3. 

 

Table 2. Green betel leaf extract content used in the 

present study 

Composition Percentage 

Proanthocyanidin 9.75% 

Catechin 6.84% 

Gallic acid 4.72% 

Rutin 3.93% 

Hydroxychavicol 2.87% 

Quercetin glycoside 2.42% 

Eugenol 2.41% 

Ellagic acid 1.86% 
Source: Analysis results from the Phytochemistry Laboratory, Faculty of 

Pharmacy, Gadjah Mada University, Yogyakarta, Indonesia. 
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Table 3. Citric acid content used in the present study 

Content Percentage 

Oxygen 58.33% 

Carbon 37.50% 

Hydrogen 4.17% 

Source: Analysis results from the Phytochemistry Laboratory, Faculty of 
Pharmacy, Gadjah Mada University, Yogyakarta, Indonesia. 

 

Nutrient digestibility 

Data on protein digestibility, fat digestibility, and true 

metabolizable energy were obtained using the total excreta 

collection method based on Hossain et al. (2013). One 

broiler chicken per replicate was placed in a battery cage. 

After a 24-hour fasting period (water only), chickens were 

fed diets containing Fe₂O₃ and treatment water. Fe₂O₃ is 

used as an indicator to differentiate the excreta, where 

excreta without the indicator appear green, while excreta 

containing the indicator turn reddish. Excreta marked red 

were collected and sprayed hourly with 0.2 N HCl to 

prevent nitrogen loss. This was repeated over 3 days. 

Excreta from 20 endogenous chickens (fasted for 2 days) 

were also collected. 
 

Blood profile and oxidative stress 

Blood samples (3 mL) were collected from the brachial 

vein using a syringe and stored in EDTA-containing 

vacutainers. Samples were kept in a cooler box and 

analyzed in the laboratory. 
 

Meat protein, fat, and cholesterol levels 

Meat samples from the thigh and breast (50 g) were 

homogenized and analyzed in the laboratory to determine 

the levels of protein, fat, and cholesterol. 
 

Water holding capacity 

The method used to measure water holding capacity is 

based on Qiao et al. (2001). A 0.3 g meat sample was 

pressed between Whatman filter papers under a 35 kg load 

for 5 minutes, and the wet area was traced to determine 

water holding capacity. 
 

Drip loss 

The method used to measure drip loss is based on 

Sarkar et al. (2024). A 100 g meat sample was sealed in a 

plastic bag, boiled in an 80°C water bath for 1 hour, then 

cooled in 10°C water for 15 minutes. After drying, the 

sample was weighed to determine drip loss. 

 

Data analysis 

Data were analyzed using SPSS version 26.0. Data 

were analyzed using one-way ANOVA. If significant 

differences were found, Duncan's multiple range test was 

used to compare treatments (at a 5% significance level). 

 
RESULT AND DISCUSSION 

 

Nutrient digestibility 

The addition of green betel leaf extract and citric acid 

significantly increased protein digestibility in broiler 

chickens compared to T0 (p < 0.05, Table 4). The highest 

digestibility was observed in T3 (3% additive), which did 

not differ significantly from T2 but was significantly 

higher than T1 and T0. T0 had the lowest value among the 

groups. The improvement is attributed to the synergistic 

action of betel leaf phytochemicals and citric acid, which 

enhance protease activity, optimize gut pH, suppress 

pathogenic bacteria, and support gut health (Lodang et al., 

2020; Melaku et al., 2021).  

The combination of green betel leaf extract and citric 

acid significantly improved fat digestibility in broiler 

chickens compared to T0 (p < 0.05, Table 4). The highest 

digestibility was observed in T3 (76.00%), followed by T2 

and T1, while the lowest was in the control group T0 

(73.53%). The improvement is attributed to enhanced 

lipase activity, better fat emulsification, and suppression of 

digestive-inhibiting bacteria. Bioactive compounds in 

betel leaf, such as flavonoids, tannins, and saponins, 

stimulate bile secretion and aid fat breakdown (Singh et 

al., 2023). Citric acid supports an optimal pH for lipase 

function and improves fatty acid solubility, enhancing 

absorption efficiency (Hosseini et al., 2017).  

Supplementation of green betel leaf extract and citric 

acid significantly increased true metabolizable energy in 

broiler chickens (p < 0.05), with the highest value in T3 

(3,010.09 kcal/kg) compared to T0 (2,826.34 kcal/kg) 

(Table 4). The enhancement is linked to improved protein 

and fat digestibility, increased ATP production via the 

Krebs cycle, and better mitochondrial efficiency (Bottje et 

al., 2017). 

 
Table 4. Effects of green betel leaf extract and citric acid supplementation on nutrient digestibility in broiler chickens 

Parameters 
Treatments 

T0 T1 T2 T3 

Protein digestibility (%) 74.87c 75.74b 76.44ab 77.22a 

Fat digestibility (%) 73.53c 74.27bc 75.10ab 76.00a 

True metabolizable energy (kcal/kg) 2,826.34c 2,890.25bc 2,949.91ab 3,010.09a 

a-c Different superscripts in the same column indicate a significant difference (p < 0.05). T0: Drinking water without feed additive (control), T1: Drinking 

water + 1% feed additive, T2: Drinking water + 2% feed additive, T3: Drinking water + 3% feed additive. 
 
 



J. World Poult. Res., 15(3): 284-290, 2025 

 

287 

 

Meat quality 

The combination of green betel leaf extract and citric 

acid significantly increased broiler chickens' meat protein 

content (p < 0.05), with the highest value in T3 (21.26%) 

compared to T0 (18.95%) (Table 5). Bioactive compounds 

in betel leaf support gut health and reduce oxidative stress 

(Hossain et al., 2017), while citric acid optimizes 

proteolytic enzyme activity and mineral absorption 

(Hosseini et al., 2017). 

The combination of green betel leaf extract and citric 

acid significantly increased broiler chickens' meat fat 

content (p < 0.05), with the highest in T3 (7.21%) 

compared to T0 (5.19%) (Table 5). Bioactive compounds 

in betel leaf promote bile secretion and lipid absorption, 

while citric acid optimizes lipase activity and energy 

metabolism via the citric acid cycle (Han et al., 2016; 

Ding et al., 2022). 

The combination of green betel leaf extract and citric 

acid significantly increased broiler chickens' meat 

cholesterol levels (p < 0.05), with the highest value in T3 

(87.62 mg/100g) compared to T0 (84.66 mg/100g, Table 

5). This increase may result from enhanced cholesterol 

absorption, elevated acetyl-CoA availability, and 

stimulated endogenous synthesis (Ge et al., 2019). 

Although betel leaf has hypocholesterolemic properties, 

dosage or interaction effects may have reversed its 

function. Despite contradicting earlier studies, cholesterol 

levels remained within the normal range (80-120 mg/100g; 

Giampietro-Ganeco et al., 2020). 

The addition of green betel leaf extract and citric acid 

significantly improved the water-holding capacity (WHC) 

of broiler chicken meat (p < 0.05), with the highest value 

in T3 (62.04%) compared to T0 (59.73%) (Table 5). 

Bioactive compounds in betel leaf protect muscle 

structure, while citric acid helps regulate pH and 

glycolysis, enhancing protein stability (Panpipat and 

Chaijan, 2016; Chodkowska et al., 2022). Their synergistic 

effect leads to more compact muscle tissue with improved 

water retention, indicating better meat quality. 

The supplementation of green betel leaf extract and 

citric acid significantly reduced drip loss in broiler chicken 

meat (p < 0.05), with the lowest value in T3 (27.93%) 

compared to T0 (30.20%) (Table 5). Bioactive compounds 

protect against heat-induced protein denaturation, while 

citric acid stabilizes pH and enhances protein-water 

interactions (Lodang et al., 2020; Unal et al., 2022). Their 

synergistic effects result in juicier, higher-quality meat 

with less moisture loss during cooking. 

 

Blood profile and oxidative stress 

The combination of green betel leaf extract and citric 

acid significantly increased erythrocyte levels in broiler 

chickens (p < 0.05), with the highest count observed in T3 

(2.82 × 10⁶/μL) compared to T0 (2.34 × 10⁶/mm³, Table 

6). The synergistic interaction of bioactive compounds 

found in betel leaf and citric acid contributes to improved 

hematological parameters by increasing iron 

bioavailability, promoting erythropoietin synthesis, and 

safeguarding bone marrow from oxidative damage, 

thereby supporting red blood cell formation. 

The combination of green betel leaf extract and citric 

acid significantly increased leukocyte levels in broiler 

chickens (p < 0.05), with the highest count in T3 (22.95 × 

10³/mm³) compared to T0 (20.41 × 10³/mm³, Table 6). 

Flavonoids and alkaloids stimulate immune cell 

production and enhance pathogen resistance (Rahayu et 

al., 2023), while citric acid supports leukocyte function 

through antioxidant protection and better metabolic 

activity (Krauze et al., 2021). 

The combination of green betel leaf extract and citric 

acid significantly increased hemoglobin levels in broiler 

chickens (p < 0.05), with the highest value in T3 (11.91 

g/dL) compared to T0 (9.89 g/dL, Table 6). The bioactive 

properties of citric acid contribute to hemoglobin synthesis 

by improving the absorption of essential minerals, 

shielding red blood cells from oxidative damage, and 

enhancing both the quality and functionality of 

erythrocytes (Elnaggar and El-Kelawy, 2024). 

Supplementation with green betel leaf extract and citric 

acid significantly increased hematocrit levels in broiler 

chickens (p < 0.05), with T3 (27.20%) showing the highest 

value compared to T0 (23.99%, Table 6). Bioactive 

compounds in citric acid promote iron absorption, protect 

erythrocyte membranes from oxidative stress, and 

stimulate erythropoietin production, thus improving both 

quantity and quality of red blood cells (Islam et al., 2021). 

Dietary supplementation with green betel leaf extract 

and citric acid significantly increased blood SOD levels in 

broiler chickens (p < 0.05), with the highest activity 

observed in T3 (2.717 U/gHb) compared to T0 (2.460 

U/gHb, Table 6). This enhancement is attributed to the 

synergistic effects of flavonoids and citric acid in inducing 

SOD gene expression and stabilizing the enzyme (Tang et 

al., 2019; Ebeid and Al-Homidan, 2022). 

Supplementation with green betel leaf extract and citric 

acid significantly reduced blood MDA levels in broiler 

chickens (p < 0.05), with the lowest value in T3 (7.88 

mmol/mL) compared to T0 (9.91 nmol/mL, Table 6). The 

effect is linked to enhanced antioxidant capacity from 

flavonoids, tannins, and citric acid, which act as free 

radical scavengers, metal chelators, and membrane 

stabilizers, improving cellular integrity and metabolic 

health (Sahin et al., 2016; Magied, 2019). 
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Table 5. Effects of green betel leaf extract and citric acid supplementation on broiler chickens’ meat quality 

                                                         Treatments  

Parameters 
T0 T1 T2 T3 

Meat protein content (%) 18.95c 20.17b 20.65ab 21.26a 

Meat fat content (%) 5.19a 5.83ab 6.50bc 7.21c 

Meat cholesterol content (mg/100g) 84.66a 85.66b 86.44bc 87.62c 

Water holding capacity (%) 59.73c 60.27bc 60.78b 62.04a 

Drip loss (%) 30.20c 29.27bc 28.42ab 27.93a 
a-c Different superscripts in the same column indicate a significant difference (p < 0.05). T0: Drinking water without feed additive (control), T1: Drinking 

water + 1% feed additive, T2: Drinking water + 2% feed additive, T3: Drinking water + 3% feed additive. 

 

Table 6. Effects of green betel leaf extract and citric acid supplementation on blood profile and oxidative stress in broiler 

chickens 

                                                         Treatments  

Parameters 
T0 T1 T2 T3 

Erythrocyte (106/mm3) 2.34b 2.48b 2.70a 2.82a 

Leukocyte (103/mm3) 20.41c 21.30bc 22.23ab 22.95a 

Hemoglobin (g%) 9.89c 10.51bc 11.18ab 11.91a 

Hematocrit (%) 23.99c 25.08bc 26.15ab 27.20a 

SOD (U/gHb) 2,460c 2,549bc 2,636ab 2,717a 

MDA (nmol/mL) 9.91c 9.13bc 8.28ab 7.88a 
a-c Different superscripts in the same column indicate a significant difference (p < 0.05). T0: Drinking water without feed additive (control), T1: Drinking 

water + 1% feed additive, T2: Drinking water + 2% feed additive, T3: Drinking water + 3% feed additive. SOD: Superoxide dismutase, MDA: 
Malondialdehyde. 

 
CONCLUSION 

 

The addition of 3% green betel leaf extract and citric acid 

as a feed additive can improve nutrient utility, health, and 

meat quality in broiler chickens. Further research on 

molecular mechanisms behind the synergistic effects of 

green betel leaf extract and citric acid, such as their impact 

on gut microbiota, antioxidant enzyme expression, and 

nutrient absorption pathways, is warranted. 

 

DECLARATIONS 

 

Acknowledgements 

The authors would like to express sincere gratitude to 

Luthfi Djauhari Mahfudz and Cahya Setya Utama for their 

invaluable assistance in this research. 

 

Funding 

This study did not receive any financial support or 

funding. 

 

Author’s contributions 

Adam Satria Pratama Nasution conducted the research, 

collected and analyzed the data, and drafted the 

manuscript. Luthfi Djauhari Mahfudz and Cahya Setya 

Utama reviewed and edited the manuscript. All authors 

have read and approved the final version of the 

manuscript. 

 

Competing interests 

The authors have declared no conflict of interest. 

 

Ethical considerations 

Plagiarism, consent to publish, misconduct, data 

fabrication and/or falsification, double publication and/or 

submission, and redundancy have been checked by all 

authors. 

 

Availability of data and materials 

All data generated during the study are included in this 

article. Any additional information is available upon 

reasonable request from the authors. 

 
REFERENCES 

 
Bottje WG, Lassiter K, Dridi S, Hudson N, and Kong BW (2017). 

Enhanced expression of proteins involved in energy 

production and transfer in breast muscle of pedigree male 

broilers exhibiting high feed efficiency. Poultry Science, 

96(7): 2454-2458. DOI: 

https://www.doi.org/10.3382/ps/pew453 

Chen Z, Xing T, Li J, Zhang L, Jiang Y, and Gao F (2021). 

Hydrogen peroxideinduced oxidative stress impairs redox 

https://www.doi.org/10.3382/ps/pew453


J. World Poult. Res., 15(3): 284-290, 2025 

 

289 

status and damages aerobic metabolism of breast muscle in 

broilers. Poultry Science, 100(2): 918-925. DOI: 

https://www.doi.org/10.1016/j.psj.2020.11.029 

Chodkowska KA, Abramowicz-Pindor PA, Tuśnio A, Gawin K, 

Taciak M, and Barszcz M (2022). Effect of phytobiotic 

composition on production parameters, oxidative stress 

markers and myokine levels in blood and pectoral muscle of 

broiler chickens. Animals, 12(19): 2625. DOI: 

https://www.doi.org/10.3390/ani12192625 

Ding X, Giannenas I, Skoufos I, Wang J, and Zhu W (2022). The 

effects of plant extracts on lipid metabolism of chickens- A 

review. Animal Bioscience, 36(5): 679-691. DOI: 

https://www.doi.org/10.5713/ab.22.0272 

Ebeid TA and Al-Homidan IH (2022). Organic acids and their 

potential role for modulating the gastrointestinal tract, 

antioxidative status, immune response, and performance in 

poultry. World's Poultry Science Journal, 78(1): 83-101. 

DOI: https://www.doi.org/10.1080/00439339.2022.1988803 

Elnaggar AS and El-Kelawy M (2024). Growth performance, 

nutrient digestibility, and blood parameters of broiler 

chickens fed a diet supplemented with organic acids. 

Egyptian Poultry Science Journal, 44(1): 87-110. DOI: 

https://www.doi.org/10.21608/epsj.2024.348121 

Ge XK, Wang AA, Ying ZX, Zhang LG, Su WP, Cheng K, Feng 

CC, Zhou YM, Zhang LL, and Wang T (2019). Effects of 

diets with different energy and bile acids levels on growth 

performance and lipid metabolism in broilers. Poultry 

Science, 98(2): 887-895. DOI: 

https://www.doi.org/10.3382/ps/pey434 

Giampietro-Ganeco A, Boiago MM, Mello JL, Souza RAD, 

Ferrari FB, Souza PAD, and Borba H (2020). Lipid 

assessment, cholesterol and fatty acid profile of meat from 

broilers raised in four different rearing systems. Anais da 

Academia Brasileira de Ciências, 92: e20190649. DOI: 

https://www.doi.org/10.1590/0001-3765202020190649 

Han J, Li L, Wang D, and Ma H (2016). (-)-Hydroxycitric acid 

reduced fat deposition via regulating lipid metabolism-

related gene expression in broiler chickens. Lipids in Health 

and Disease, 15: 37. DOI: 

https://www.doi.org/10.1186/s12944-016-0208-5  

Hossain MA, Islam AF, and Iji PA (2013). Growth responses, 

excreta quality, nutrient digestibility, bone development and 

meat yield traits of broiler chickens fed vegetable or animal 

protein diets. South African Journal of Animal Science, 

43(2): 208-218. DOI: 

http://www.doi.org/10.4314/sajas.v43i2.11 

Hossain MF, Anwar M, Akhtar S, and Numan SM (2017). Uses 

impact of betel leaf (Piper betle l.) on public health. Science 

Journal of Public Health, 5(6): 408-410. DOI: 

https://www.doi.org/10.11648/j.sjph.20170506.11 

Hosseini SM, Manafi M, and Nazarizadeh H (2017). Effects of 

xylanase supplementation and citric acid on performance, 

ileal nutrients digestibility, and gene expression of intestinal 

nutrient transporters in broilers challenged with Clostridium 

perfringens. The Journal of Poultry Science, 54(2): 149-156. 

DOI: https://www.doi.org/10.2141/jpsa.0160099 

Islam KMS, Debi MR, Haque R, and Uddin MM (2021). Effect 

of citric acid in low nutrient diet on growth and bone 

mineral metabolism of broiler. Bangladesh Journal of 

Animal Science, 50(1): 36-42. DOI: 

https://www.doi.org/10.3329/bjas.v50i1.55567 

Kaneria MJ, Bapodara MB, and Chanda SV (2012). Effect of 

extraction techniques and solvents on antioxidant activity of 

pomegranate (Punica granatum l.) leaf and stem. Food 

Analytical Methods, 5(1): 396-404. DOI: 

https://www.doi.org/10.1007/s12161-011-9257-6 

Krauze M, Cendrowska-Pinkosz M, Matuseviĉius P, Stępniowska 

A, Jurczak P, and Ognik K (2021). The effect of 

administration of a phytobiotic containing cinnamon oil and 

citric acid on the metabolism, immunity, and growth 

performance of broiler chickens. Animals, 11(2): 399. DOI: 

https://www.doi.org/10.3390/ani11020399 

Liao H, Wu XP, Zhang KY, Ding XM, Bai SP, Wang JP, and 

Zeng QF (2018). The effect of citric acid acidification of 

drinking water on growth performance, cecal pH, and cecal 

microflora of meat duck. Livestock Science, 209: 54-59. 

DOI: https://www.doi.org/10.1016/j.livsci.2018.01.010 

Lodang EMF, Dewi GAMK, and Nuriyasa IM (2020). The effect 

of giving betel leaf extract (Piper betel L.) on the 

production and quality of broiler carcasses. International 

Journal of Life Sciences, 4(1): 19-25. DOI: 

https://www.doi.org/10.29332/ijls.v4n1.373 

Magied A (2019). Improve the utilization of broiler low protein 

diets using threonine, citric acid and sulphate. Egyptian 

Poultry Science Journal, 39(4): 881-895. DOI: 

https://www.doi.org/10.21608/epsj.2019.67511 

Melaku M, Zhong R, Han H, Wan F, Yi B, and Zhang H (2021). 

Butyric and citric acids and their salts in poultry nutrition: 

effects on gut health and intestinal microbiota. International 

Journal of Molecular Sciences, 22(19): 10392. DOI: 

https://www.doi.org/10.3390/ijms221910392 

Mishra B and Jha R (2019). Oxidative stress in the poultry gut: 

Potential challenges and interventions. Frontiers in 

Veterinary Science, 6: 60. DOI: 

https://www.doi.org/10.3389/fvets.2019.00060 

Nguyen LTT, Nguyen TT, Nguyen HN, and Bui QTP (2020). 

Simultaneous determination of active compounds in Piper 

betle linn. leaf extract and effect of extracting solvents on 

bioactivity. Engineering Reports, 2(10): e12246. DOI: 

https://www.doi.org/10.1002/eng2.12246 

Oke OE, Akosile AO, Oni AI, Opowoye IO, Ishola CA, Adebiyi 

JO, Odeyemi AJ, Adjei-Mensah B, Uyanga VA, and Abioja 

MO (2024). Oxidative stress in poultry production. Poultry 

Science, 103(9): 104003. DOI: 

https://www.doi.org/10.1016/j.psj.2024.104003 

Panpipat W and Chaijan W (2016). Potential production of 

healthier protein isolate from broiler meat using modified 

acid-aided pH shift process. Food and Bioprocess 

Technology, 9: 1259-1267. DOI: 

https://www.doi.org/10.1007/s11947-016-1716-z 

Qiao M, Fletcher DL, Smith DP, and Northcutt JK (2001). The 

effect of broiler breast meat color on pH, moisture, water-

holding capacity, and emulsification capacity. Poultry 

Science, 80(5): 676-680. DOI: 

https://www.doi.org/10.1093/ps/80.5.676 

Rahayu ID, Mahmud A, Widodo W, Sutanto A, Anggraini AD, 

Siskawardani DD, Nurcahyo W, and Untari T (2023). The 

effects of herbs as feed additives through feed and drinking 

https://www.doi.org/10.1016/j.psj.2020.11.029
https://www.doi.org/10.3390/ani12192625
https://www.doi.org/10.5713/ab.22.0272
https://www.doi.org/10.1080/00439339.2022.1988803
https://www.doi.org/10.21608/epsj.2024.348121
https://www.doi.org/10.3382/ps/pey434
https://www.doi.org/10.1590/0001-3765202020190649
https://www.doi.org/10.1186/s12944-016-0208-5
http://www.doi.org/10.4314/sajas.v43i2.11
https://www.doi.org/10.11648/j.sjph.20170506.11
https://www.doi.org/10.2141/jpsa.0160099
https://www.doi.org/10.3329/bjas.v50i1.55567
https://www.doi.org/10.1007/s12161-011-9257-6
https://www.doi.org/10.3390/ani11020399
https://www.doi.org/10.1016/j.livsci.2018.01.010
https://www.doi.org/10.29332/ijls.v4n1.373
https://www.doi.org/10.21608/epsj.2019.67511
https://www.doi.org/10.3390/ijms221910392
https://www.doi.org/10.3389/fvets.2019.00060
https://www.doi.org/10.1002/eng2.12246
https://www.doi.org/10.1016/j.psj.2024.104003
https://www.doi.org/10.1007/s11947-016-1716-z
https://www.doi.org/10.1093/ps/80.5.676


Nasution et al., 2025 

290 

water on broiler blood parameters. Advances in Animal and 

Veterinary Sciences, 11(9): 1524-1531. DOI: 

https://www.doi.org/10.17582/journal.aavs/2023/11.9.1524.

1531 

Sahin K, Orhan C, Tuzcu M, Sahin N, Hayirli A, Bilgili S, and 

Kucuk O (2016). Lycopene activates antioxidant enzymes 

and nuclear transcription factor systems in heat-stressed 

broilers. Poultry Science, 95(5): 1088-1095. DOI: 

https://www.doi.org/10.3382/ps/pew012 

Sarkar RR, Jahan I, Sarker T, Deen RA, Ghosh D, Akther S, and 

Hashem MA (2024). Drip loss assessment by standard bag 

and filter paper wetness method and their relationships with 

broiler chicken meat quality classification. Meat Research, 

4(4): 1-6. DOI: https://www.doi.org/10.55002/mr.4.4.100 

Setyabudi S, Yakin EA, and Sukaryani S (2020). Analysis of 

tannin and flavonoid contents of green sirih leaves (Piper 

betel linn) of green different in physical conditions. Bantara 

Journal of Animal Science, 2(2): 68-72. DOI: 

https://www.doi.org/10.32585/bjas.v2i2.936 

Singh T, Singh P, Pandey VK, Singh R, and Dar AH (2023). A 

literature review on bioactive properties of betel leaf (Piper 

betel l.) and its applications in food industry. Food 

Chemistry Advances, 3: 100536. DOI: 

https://www.doi.org/10.1016/j.focha.2023.100536 

Sumarya IM, Adiputra N, Manuaba P, and Sukrama D (2016). 

Betel leaf extract (Piper betle l.) antihyperuricemia effect 

decreases oxidative stress by reducing the level of mda and 

increase blood sod levels of hyperuricemia Wistar rats 

(Rattus norvegicus). Bali Medical Journal 5(2): 78-83. DOI: 

https://www.doi.org/10.15562/bmj.v5i2.218 

Surai PF, Kochish II, Fisinin VI, and Kidd MT (2019). 

Antioxidant defence systems and oxidative stress in poultry 

biology: an update. Antioxidants, 8(7): 235. DOI: 

https://www.doi.org/10.3390/antiox8070235 

Tang D, Wu J, Jiao H, Wang X, Zhao J, and Lin H (2019). The 

development of antioxidant system in the intestinal tract of 

broiler chickens. Poultry Science, 98(2): 664-678. DOI: 

https://www.doi.org/10.3382/ps/pey415 

Unal K, Alagöz E, Çelik İ, and Sarıçoban C (2022). Marination 

with citric acid, lemon, and grapefruit affects the sensory, 

textural, and microstructure characteristics of poultry meat. 

British Poultry Science, 63(1): 31-38. DOI: 

https://www.doi.org/10.1080/00071668.2021.1963674 

Vieira BS, Silva FG, Oliveira CFS, Corrêa AB, Junior JC, and 

Correa GSS (2017). Does citric acid improve performance 

and bone mineralization of broilers when combined with 

phytase? A systematic review and meta-analysis. Animal 

Feed Science and Technology, 232: 21-30. DOI: 

https://www.doi.org/10.1016/j.anifeedsci.2017.07.016 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Publisher’s note: Scienceline Publication Ltd. remains neutral with regard to jurisdictional claims in published maps and institutional 

affiliations. 

 

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 

sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 

original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other 

third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 

material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation 

or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit 

https://creativecommons.org/licenses/by/4.0/. 

 

© The Author(s) 2025 

https://www.doi.org/10.17582/journal.aavs/2023/11.9.1524.1531
https://www.doi.org/10.17582/journal.aavs/2023/11.9.1524.1531
https://www.doi.org/10.3382/ps/pew012
https://www.doi.org/10.55002/mr.4.4.100
https://www.doi.org/10.32585/bjas.v2i2.936
https://www.doi.org/10.1016/j.focha.2023.100536
https://www.doi.org/10.15562/bmj.v5i2.218
https://www.doi.org/10.3390/antiox8070235
https://www.doi.org/10.3382/ps/pey415
https://www.doi.org/10.1080/00071668.2021.1963674
https://www.doi.org/10.1016/j.anifeedsci.2017.07.016
https://www.science-line.com/
https://creativecommons.org/licenses/by/4.0/

