


Effect of Organic Acid Supplementation through Drinking Water on Performance of Broiler Chickens

Abstract
The primary objective of the present study was to evaluate the effect of organic acid supplementation through drinking water on the growth performance of broiler chickens. A total of 120 day-old commercial broiler chicks were randomly assigned to four treatment groups, each consisting of three replicates of ten birds, and reared for a period of 28 days. The treatments included T1 (control, tap water), T2 (tap water supplemented with 0.2% citric acid), T3 (tap water supplemented with 0.2% acetic acid), and T4 (tap water supplemented with a combination of 0.1% citric acid and 0.1% acetic acid). Growth performance parameters such as body weight, body weight gain, average daily gain, feed intake, feed conversion ratio (FCR), and performance index were recorded and analyzed.
Organic acid supplementation significantly improved (P < 0.05) growth performance of broiler chickens compared to the control group. The highest final body weight was recorded in the citric acid group (T2; 1428.48 g), followed by the combination group (T4; 1374.24 g) and acetic acid group (T3; 1343.17 g), while the lowest was observed in the control (T1; 1258.61 g). Similarly, body weight gain was significantly higher (P < 0.05) in organic acid-treated groups, with T2 (1387.21 g) showing superior performance compared to T1 (1217.63 g). Feed conversion ratio was significantly improved (P < 0.05), with the lowest value observed in T2 (1.66) compared to the highest in control (1.93). Although performance index was numerically higher in T2 (209.57), differences among organic acid treatments were statistically comparable in some cases.
The findings indicate that supplementation of organic acids through drinking water positively influences growth performance and feed efficiency in broiler chickens, with citric acid showing the most pronounced beneficial effects.
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Introduction
The poultry industry is one of the fastest-growing sectors of the livestock economy and plays a vital role in supplying high-quality animal protein in the form of meat and eggs. Over the past few decades, poultry farming in India has undergone significant transformation, evolving from a traditional backyard activity to a highly organized commercial enterprise supported by advancements in breeding, feeding, management, and disease control. According to recent livestock statistics, the total poultry population in India is estimated at 851.81 million birds, representing an increase of 16.81 per cent over previous years (DAHD, 2019). Backyard poultry accounts for approximately 317.07 million birds, showing an increase of more than 45 per cent, while commercial poultry contributes around 534.74 million birds (DAHD, 2019). India is among the leading poultry-producing countries, contributing significantly to national meat production. The country produces approximately 9.77 million tonnes of meat annually, of which 4.99 million tonnes is poultry meat, accounting for about 51.14 per cent of total meat production (DAHD, 2019). These figures clearly highlight the economic and nutritional importance of the poultry industry in India.
Despite the rapid growth of the poultry sector, feed cost remains the major constraint affecting profitability. Efficient feed utilization is essential for economic sustainability, as feed alone accounts for nearly 75–80 per cent of the total cost of broiler production (Basak et al., 2002). Therefore, considerable emphasis is placed on strategies that improve growth performance, feed efficiency, and nutrient utilization.
Broiler chickens, particularly during early stages of growth, are highly susceptible to enteric pathogens such as Escherichia coli, Salmonella spp., and Clostridium spp. These pathogenic microorganisms compete with the host for nutrients and adversely affect gut health, resulting in reduced feed efficiency, slower growth, and increased disease susceptibility. Antibiotic growth promoters (AGPs) have been widely used in poultry production to enhance growth performance and control pathogenic bacteria. These antibiotics improve productivity by modifying intestinal microflora and reducing microbial competition for nutrients (Freed et al., 1993). However, their use has been restricted due to concerns regarding antimicrobial resistance and antibiotic residues in animal products. The European Union banned the use of AGPs in 2006, and similar regulatory measures have been implemented in several countries, including India (Scicutella et al., 2021).
Following the restriction of antibiotic growth promoters, considerable attention has been directed toward identifying safe and effective alternatives capable of maintaining animal health and productivity. Various potential substitutes such as probiotics, prebiotics, phytogenic feed additives, and organic acids have been extensively studied (Raza et al., 2016; Chand et al., 2016; Tehseen et al., 2016; Hafeez et al., 2021). Among these, organic acids have emerged as promising feed additives due to their antimicrobial properties and their ability to improve nutrient digestibility and gastrointestinal health.
Organic acids are weak acids generally composed of saturated straight-chain monocarboxylic acids or their derivatives (Ricke, 2003). These compounds have been widely used in food preservation because of their ability to inhibit the growth of pathogenic and spoilage-causing microorganisms. In poultry production, organic acids help reduce the pH of the gastrointestinal tract, thereby suppressing pathogenic bacteria and promoting beneficial microbial populations. In addition, organic acids may enhance digestive enzyme activity, improve mineral absorption, and increase nutrient digestibility, ultimately leading to improved growth performance and feed efficiency.
Among the various organic acids, citric acid and acetic acid are commonly used in poultry nutrition. Previous studies have reported that supplementation of citric acid in broiler diets or drinking water significantly improves body weight gain, feed conversion ratio, and overall growth performance (Islam et al., 2008; Nourmohammadi and Khosravinia, 2015; Nourmohammadi et al., 2012; Mohammed, 2018). Similarly, acetic acid has been shown to possess antimicrobial properties that reduce harmful microbial populations and improve nutrient utilization in the gastrointestinal tract (Hudha et al., 2010). Furthermore, organic acid supplementation has been reported to enhance broiler performance under both normal and challenged conditions, suggesting their potential as effective alternatives to antibiotic growth promoters (Mustafa et al., 2021).
Materials and Methods:-
	The present experiment was conducted at the Poultry Unit of the Department of Poultry Science, College of Veterinary and Animal Science, Rajasthan University of Veterinary and Animal Sciences (RAJUVAS), Bikaner, Rajasthan. Bikaner is situated in the Thar Desert at an altitude of approximately 230 m above mean sea level (28°01′ N latitude and 73°18′ E longitude). The region is characterized by a hot semi-arid climate, with low annual rainfall (about 229 mm), high summer temperatures often exceeding 45°C, and relatively low humidity averaging around 42 per cent.

1. Experimental Design:- 
The experimental trial was conducted over a period of 28 days. The study involved one hundred twenty (120) unsexed, clinically healthy, day-old commercial broiler chicks obtained from the same hatch and procured from a private hatchery. The chicks were randomly distributed into four treatment groups, each consisting of 30 birds, and each treatment was further subdivided into three replicates of 10 birds each, based on the type of organic acid supplemented through drinking water as follows:
Table 1: Treatment Details of Citric Acid and Acetic Acid Supplementation in Drinking Water on Treatment Groups
	S. No.
	Treatment Groups
	Treatment Details

	1
	T1
	Control (plain drinking water)

	2
	T2
	Citric acid @ 2 g per litre of drinking water (0.2%)

	3
	T3
	Acetic acid @ 2 ml per litre of drinking water (0.2%)

	4
	T4
	Combination of citric acid @ 1 g/L + acetic acid @ 1 ml/L (0.1% each)



2. Feeding and Management practices:- 
The poultry feed in the form of broiler pre-starter, starter, and finisher was procured from the Livestock Feed Resources Management and Technology Centre, RAJUVAS, Bikaner. The broiler pre-starter feed was provided up to 7 days of age, the starter feed up to 21 days, and thereafter the finisher feed was offered until the end of the experiment, i.e., 28th day of age. Proper hygiene and cleanliness of the shed were strictly maintained throughout the experimental period. Feed and water were made available ad libitum to all treatment groups for the entire duration of the experiment. All day-old experimental chicks were weighed individually at the time of arrival, and thereafter, body weights were recorded at weekly intervals throughout the experimental period. The weekly body weight gain was calculated by subtracting the body weight of the previous week from that of the current week. The weekly feed consumption of each treatment group was recorded, and the average feed intake (g/chick/week) was calculated by dividing the total amount of feed consumed during the week by the number of chicks in the respective treatment group. The weekly water intake of each treatment group was recorded, and the average water intake (ml/chick/week) was calculated by dividing the total amount of water consumed during the week by the number of chicks in the respective treatment group.
The productive performance of the broilers in terms of performance index for different treatment groups on weekly intervals. The data pertaining to various parameters recorded during the present study were subjected to one-way analysis of variance (ANOVA) following the procedure described by Snedecor and Cochran (2004) using SPSS statistical software (version 21). The means of different experimental groups were compared for statistical significance (P < 0.05) using Duncan’s New Multiple Range Test (Duncan, 1955).
Result and Discussion
The effect of organic acid supplementation through drinking water on broiler performance was evaluated by measuring parameters such as average body weight, body weight gain, average daily gain, feed consumption, feed conversion ratio, and performance index. The results obtained from the experiment were statistically analyzed and are presented in Tables 1 and 2.
1. Weekly Average Body Weight-
Body weight is an important indicator of growth performance in broiler chickens, as it directly reflects the overall productivity of birds and also serves as a basis for calculating several other performance parameters such as body weight gain, feed conversion ratio, and performance index. The mean body weight of broiler chickens in different treatment groups increased progressively throughout the experimental period. As presented in Table 1, the body weight increased from 41.00±0.37 g to 1258.61±25.95 g in T1, 41.27±0.18 g to 1428.48±23.77 g in T2, 41.39±0.17 g to 1343.17±25.31 g in T3, and 41.29±0.20 g to 1374.24±36.14 g in T4.
At the beginning of the experiment (day-old chicks), no significant difference (P>0.05) among treatment groups with mean body weights ranging from 41.00 ± 0.37 g in T1 to 41.29 ± 0.20 g in T4 was observed among the treatment groups, indicating uniformity in the initial body weight of the birds. 
At the end of the fourth week, the highest final body weight was observed in T2 (1428.48±23.77 g) followed by T4 (1374.24±36.14 g) and T3 (1343.17±25.31 g), whereas the lowest body weight was recorded in the control group T1 (1258.61±25.95 g).
The results clearly indicate that supplementation of organic acids significantly improved body weight compared to the control treatment. Among the treatments, citric acid supplementation (T2) showed the most pronounced effect on growth performance. These findings are in agreement with the reports of Islam et al. (2008), Nourmohammadi and Khosravinia (2015), Nourmohammadi et al. (2012), and Mohammed (2018), who also observed improved body weight in broilers supplemented with citric acid.
2. Weekly Average Body Weight Gain
The weekly average body weight gain of broiler chickens under different treatment groups is presented in Table 1. Body weight gain is considered an important indicator of growth performance, as it reflects the efficiency of nutrient utilization in broiler chickens. In the present study, supplementation of organic acids through drinking water showed a positive effect on body weight gain compared to the control group.
During the first week (0–I week), a significant difference (P < 0.05) in body weight gain was observed among the treatment groups. The highest body weight gain was recorded in T2 (123.64 ± 4.98 g) followed by T4 (109.19 ± 3.46 g) and T3 (102.79 ± 2.32 g), while the lowest gain was observed in the control group T1 (80.07 ± 4.41 g). The statistical analysis indicated that birds receiving citric acid supplementation (T2) exhibited significantly higher weight gain compared to the control group.
At the end of experiment fourth week (III–IV week), the highest body weight gain was observed in T4 (626.99 ± 24.58 g) followed by T3 (579.34 ± 16.65 g) and T2 (576.40 ± 15.77 g), while the lowest gain was recorded in the control group T1 (553.11 ± 22.45 g).
Considering the overall experimental period (0–IV week), the highest mean body weight gain was recorded in T2 (1387.21 ± 23.11 g) followed by T4 (1332.88 ± 36.05 g) and T3 (1301.78 ± 25.22 g), whereas the lowest gain was observed in the control group T1 (1217.63 ± 25.69 g). Although the gains in T2, T3 and T4 were statistically comparable, all organic acid supplemented groups showed improved body weight gain compared to the control treatment.
The improvement in body weight gain observed in the organic acid supplemented groups may be attributed to enhanced nutrient digestibility, improved gut microbial balance, and better nutrient absorption. Similar findings have been reported by Shen-Hui Fang et al. (2005), Afsharmanesh and Pourreza (2005), Rahman (2018) and Fik et al. (2021), who also observed improved growth performance in broilers supplemented with organic acids.
3. Weekly Average Daily Gain (ADG)
The weekly and overall average daily weight gain (g/day/bird) of broilers for each treatment group across different weeks is presented in Table 3 . The weekly and overall average daily gains were found to differ significantly (P < 0.05) among the treatment groups throughout the experimental period.
During the first week, the highest average daily gain was recorded in Group T2 (17.66±1.429 g/day), followed by T4 (15.59±0.396 g/day) and T3 (14.68±0.314 g/day), while the lowest was observed in the control Group T1 (11.43±0.84 g/day). The differences were statistically significant (P < 0.05), with T2 being significantly higher than T1, while the other groups showed comparable gains. In the third week, the average daily gain was highest in T2 (62.75±1.73 g/day), followed by T3 (60.04±4.673 g/day), T1 (55.52±0.18 g/day) and T4 (54.84±0.23 g/day). However, statistical analysis showed no significant differences among the groups during this week. In the fourth week, T4 recorded the highest gain (89.66±1.66 g/day), followed by T3 (82.76±4.08 g/day), T2 (82.34±2.719 g/day) and T1 (78.71±4.24 g/day), with no significant differences among the groups.
Considering the overall experimental period, the highest average daily gain was observed in T2 (49.54±1.86 g/day) followed by T4 (47.56±0.48 g/day) and T3 (46.49±1.66 g/day), while the lowest was recorded in T1 (43.44±0.41 g/day). The gain in T2 was significantly higher than T1 (P < 0.05), whereas T3 and T4 showed intermediate values and were statistically comparable to both T1 and T2. The results of the present study revealed significant differences (P < 0.05) in average daily weight gain (ADWG) among treatment groups during the first week. Chicks receiving organic acid supplementation (T2, T3, and T4) exhibited significantly higher ADWG compared to the control group T1, with the highest gain observed in T2 (17.66 g/day) supplemented with citric acid. This improvement may be attributed to better gut health and enhanced nutrient utilization due to acidification of drinking water (Chowdhury et al., 2009).
During the second and third weeks, although no significant differences were observed, numerically higher gains were maintained in the supplemented groups, particularly T2 and T3. By the fourth week, T4 (combination of citric and acetic acids) recorded the highest ADG (89.66 g/day), indicating a possible synergistic effect of the two organic acids. The cumulative weight gain from 0 to 4 weeks was highest in T2 (49.54 g/day), followed by T4 (47.56 g/day), suggesting that citric acid alone or in combination positively influenced growth performance. These findings are in agreement with earlier reports indicating that citric acid supplementation enhances protein and energy digestibility and reduces pathogenic bacteria in the gut (Dibner and Buttin, 2002; Garcia et al., 2007).
Table 2 Weekly body weight, weight gain and daily weight gain in different treatments 
	Age in weeks
	Treatments

	
	T1
	T2
	T3
	T4

	Weekly Average Body weight (g/bird)

	0 Day
	41.00a±0.37
	41.27±0.18
	41.39±0.17
	41.29±0.20

	Ⅰ Week
	121.07±4.65
	164.90c±4.92
	144.17b±2.40
	150.48b±3.58

	Ⅱ Week
	316.84a±9.94
	412.80c±10.44
	343.49b±6.30
	363.31b±7.51

	Ⅲ Week
	705.50a±15.52
	852.08c±13.87
	763.82b±14.17
	747.25b±13.49

	Ⅳ Week
	1258.61a±25.95
	1428.48c±23.77
	1343.17b±25.31
	1374.24bc±36.14

	Weekly Average Body weight gain (g/bird)

	0-Ⅰ
	80.07a±4.41
	123.64c±4.98
	102.79b±2.32
	109.19b±3.46

	Ⅰ-Ⅱ
	195.48±7.48
	247.90b±6.65
	199.31±4.20
	210.88±4.87

	Ⅱ-Ⅲ
	388.66a±10.35
	439.28b±6.71
	420.34b±11.79
	383.95a±9.25

	Ⅲ-Ⅳ
	553.11a±22.45
	576.40ab±15.77
	579.34ab±16.65
	626.99b±24.58

	0-Ⅳ
	1217.63a±25.69
	1387.21c±23.11
	1301.78b±25.22
	1332.88bc±36.05

	Weekly Average daily weight gain (g/day)

			0-Ⅰ
	11.43a±0.84
	17.66b±1.429
	14.68b±0.314
	15.59b±0.396

	Ⅰ-Ⅱ
	28.08±2.368
	35.41±1.61
	28.47±0.18
	30.142±0.34

	Ⅱ-Ⅲ
	55.52±0.18
	62.75±1.73
	60.04±4.673
	54.84±0.23

	Ⅲ-Ⅳ
	78.71±4.24
	82.34±2.719
	82.76±4.08
	89.66±1.66

	0-Ⅳ
	43.44±0.41
	49.54±1.86
	46±49±1.66
	47.56±0.48



4. Weekly Average Feed Consumption
Feed consumption is considered one of the most important factors influencing the profitability of broiler production, as feed cost accounts for approximately 75–80 per cent of the total production cost. The feed consumption of experimental broiler chicks was recorded at weekly intervals throughout the experimental period, from the first to the fourth week. The average feed consumption (g/bird) during different growth phases and the total feed intake over the entire rearing period for treatment groups T1, T2, T3 and T4 are presented in Table 2.
Initial first week, the highest mean weekly feed consumption was observed in the T2 group (203.05±23.68 g) followed by T4 (182.56±12.74 g) and T3 (179.41±14.36 g), while the lowest feed intake was recorded in the control group T1 (154.6±11.93 g). However, statistical analysis revealed that the differences in feed consumption among the treatment groups were non-significant during this period. At the end of the experimental period, the overall mean feed consumption revealed that the T1 group (2350.85±15.22 g) had the highest total feed intake followed by T3 (2337.13±94.90 g), T4 (2317.94±17.22 g) and T2 (2302.15±89.87 g).
The results of the present study are in agreement with earlier research reporting similar patterns in feed consumption under organic acid supplementation. Al-Amri and Al-Jashami (2019), and Moghadam et al. (2006) also reported comparable feed intake among treatment groups. Earlier researchers such as Darko et al. (1991) and Stipkovits et al. (1992) also observed slight variations or reductions in feed intake in broilers receiving acidified diets.
5. Weekly Feed Conversion Ratio (FCR):-
To evaluate the effect of organic acid supplementation during the experimental period, the weekly and overall feed conversion ratio (FCR) of broiler chickens was calculated. Feed conversion ratio represents the relationship between feed consumption and body weight gain and serves as an important indicator of feed utilization efficiency in broiler production. The weekly and overall mean values of FCR for different treatment groups are presented in Table 2.
A significant difference (P < 0.05) in mean FCR was also observed during the fourth week. The control group (T1) again recorded the highest FCR (1.93±0.00), which was significantly higher than the values recorded for T2 (1.70±0.01), T3 (1.84±0.02) and T4 (1.79±0.00), indicating comparatively lower feed efficiency in birds belonging to the control group during the final growth phase.
Considering the overall experimental period, the lowest and most favourable FCR was observed in T2 (1.66±0.01) followed by T4 (1.74±0.01) and T3 (1.80±0.03), while the highest FCR was recorded in the control group T1 (1.93±0.07). These findings indicate that birds in the T2 group converted feed into body weight more efficiently than those in the other treatment groups throughout the experimental period. The results of the present study clearly indicate that supplementation of organic acids, particularly citric acid, improved feed conversion efficiency in broiler chickens. Similar findings have been reported by Rahman et al. (2018), Archana et al. (2019) and Nourmohammadi and Khosravinia (2015), who also observed improved feed conversion ratio in broilers supplemented with citric acid.
6. Weekly Average Performance Index:-
The performance index (PI) was calculated to evaluate the productive efficiency of broiler chickens under different treatment groups. The performance index represents the relationship between body weight gain and feed conversion ratio and provides an overall assessment of production efficiency. The mean performance index of broilers receiving different organic acid treatments was recorded at weekly intervals as well as cumulatively over the four-week experimental period. The summarized results are presented in Table 2.
Considering the overall experimental period, the mean performance index values for T1, T2, T3 and T4 were 157.40 ± 2.05, 209.57 ± 7.97, 181.75 ± 6.65 and 191.76 ± 2.60, respectively. Among the treatments, T2 recorded the highest overall performance index, which was significantly (P < 0.05) higher than all other treatment groups. The overall performance index values of T3 and T4 were statistically comparable, whereas the control group T1 recorded the lowest overall performance index.
The results of the present study clearly indicate that supplementation of citric acid (T2) resulted in the highest improvement in both weekly and overall performance indices, followed by the combination treatment group T4, when compared with the control group. The improvement in performance index observed in the citric acid supplemented group may be attributed to enhanced growth performance and feed utilization efficiency. Chowdhury et al. (2009) reported that supplementation of organic acids such as citric acid improved body weight gain and feed conversion ratio in broilers, thereby enhancing overall productivity and economic returns. Similar findings have also been reported by Islam et al. (2008), Ismita et al. (2022), 
Table 3 Weekly feed consumption, FCR and Weekly Average Performance Index (PI) of different treatments.
	Age in weeks
	Treatments

	
	T1
	T2
	T3
	T4

	Weekly Average Feed Consumption (g/bird) 

	0 Day
	154.6±11.93
	203.05a±23.68
	179.41a±14.36
	182.56a±12.74

	Ⅰ Week
	388.35a±31.32
	429.52a±31.13
	369.91a±10.73
	372.67a±0.75

	Ⅱ Week
	742.43a±12.01
	686.33a±14.06
	717.55a±48.02
	636.14a±16.05

	Ⅲ Week
	1065.45a±58.80
	983.23a±25.03
	1071.05a±66.96
	1125.75a±24.66

	Ⅳ Week
	2350.85± 15.22
	2302.15±89.87
	2337.13a ± 94.90
	2317.94± 17.22

	Weekly Average Feed Conversion Ratio (FCR)

	0-I
	1.93a±0.00
	1.63a±0.06
	1.74a±0.12
	1.67a±0.09

	I-II
	1.97b±0.01
	1.73a±0.06
	1.85ab±0.06
	1.76ab±0.01

	II-III
	1.91c±0.02
	1.56a±0.02
	1.71b±0.02
	1.65ab±0.03

	III-IV
	1.93c±0.00
	1.70a±0.01
	1.84b±0.02
	1.79b±0.00

	Total
	1.93d±0.07
	1.66a±0.01
	1.80c±0.03
	1.74b±0.01

	Weekly Average Performance Index (PI)

	       0-I
	41.47a±2.95
	75.53c±3.82
	59.51b±4.06
	65.67bc±3.19

	      I-II
	99.55a±8.79
	143.51b±6.43
	107.63a±4.23
	119.48a±2.55

	     II-III
	203.56a±2.48
	281.27b±11
	246.30ab±21.88
	231.90a±3.88

	     III-IV
	284.99a±15.04
	337.94b±13.79
	313.52ab±12.21
	349.96b±5.39

	    Total
	157.40a±2.05
	209.57c±7.97
	181.75b±6.65
	191.76bc±2.60



Conclusion:-
The present study demonstrated that supplementation of organic acids through drinking water significantly improved (P < 0.05) growth performance and feed efficiency in broiler chickens. Birds receiving organic acids showed better body weight gain and improved feed conversion ratio compared to the control group, indicating enhanced nutrient utilization. Among the treatments, citric acid at 0.2% (2 g/L drinking water) was found to be the most effective, although other organic acid treatments also produced comparable results. The beneficial effects may be attributed to improved gut health, reduced microbial load, and enhanced digestion. Based on these findings, citric acid supplementation at 0.2% in drinking water can be recommended as a safe and effective alternative to antibiotic growth promoters in broiler production systems.
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