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Effect of Aqueous Ginger (Zingiber officinale) Extract Supplementation on Growth Performance and Production Efficiency in Broiler Chickens 


ABSTRACT
An experiment was conducted to assess the effect of aqueous ginger extract supplementation on growth performance, production efficiency and return over feed cost in broiler chickens. A total of 192, day-old broiler chicks were allocated randomly into four dietary treatments with 48 birds per treatment. The dietary treatments were T1: Basal diet (as per BIS, 2007), T2: Basal diet + 50 ml aqueous extract of ginger in 1000 ml of water per day, T3: Basal diet + 100 ml aqueous extract of ginger in 1000 ml of water per day and T4: Basal diet + 200 ml aqueous extract of ginger in 1000 ml of water per day. The parameters studied were body weights, feed intake, feed conversion ratio, protein intake and efficiency, production efficiency and return over feed cost. Results revealed that the final body weight and overall body weight gain were significantly (P<0.001) improved in T3 and T4 groups followed by T2 group as compared to control (T1) group. The total feed intake was 3880.13, 3866.97, 3832.72 and 3761.29 g/bird in T1, T2, T3 and T4 groups, respectively, indicating significant (P<0.001) reduction in feed intake with increasing levels of aqueous ginger extract supplementation in broiler chickens. The overall FCR values were 1.81, 1.75, 1.68 and 1.64 in T1, T2, T3 and T4 groups, respectively, showing significant (P<0.001) improvement in feed conversion efficiency with increasing levels of ginger extract. The mean protein efficiency ratio in broiler chickens were significantly (P=0.002) improved in T4 (2.57) followed by T3 (2.50) and T2 (2.41) groups as compared to the T1 (2.32) group. The overall production efficiency factor was significantly (P=0.004) higher with increasing levels of aqueous ginger extract supplementation than the control group. The return over feed cost over the T1 (control) group was 25.20, 48.48 and 63.48 % in the T2, T3 and T4 groups, respectively. Higher return over feed cost in broiler chickens supplemented with aqueous ginger extracts. Based on the results of the study, it could be concluded that supplementation of aqueous ginger extract in water improved body weight gain, feed conversion ratio, protein and production efficiency and return over feed cost in broiler chickens. 
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1. INTRODUCTION
The livestock sector plays a substantial role in the economic upliftment and overall well-being of the rural population in India. Although global demand for meat continues to rise, the consumption of animal protein in developing countries remains inadequate (Miassi and Dossa, 2023). Poultry farming, owing to its rapid turnover and affordability, offers an effective means to combat low protein intake in such regions (Castro et al., 2023). Over the past three decades, poultry has emerged as the fastest-growing component of Indian agriculture. As per the 20th Livestock Census, the national poultry population reached 851.81 million in 2019, an increase of 16.8% from 2014 (BAHS, 2019). In India, the total meat production is 10.50 million tonnes and poultry contributing about 49% of total meat production during the year 2024-25 (BAHS, 2025). In Gujarat, the poultry population was 2.177 crore, with a meat production of 33.12 thousand tonnes in 2022. Feed accounts for nearly 70% of total production costs, making feed efficiency a decisive factor in profitability (Waithaka et al., 2022). The antimicrobial growth promoters, feed supplements and feed additives have been used to enhance productivity and reduce feed costs (Patel et al., 2024; Kharadi et al., 2025). Antibiotics, introduced as feed additives in the 1940s, significantly improved growth and feed efficiency in broilers over the past eight decades. However, their prolonged use has led to residues in animal products and antimicrobial resistance, posing risks to both poultry and human health (Ghimpețeanu et al., 2022). These concerns have encouraged the search for natural, plant-based alternatives to antibiotic growth promoters (Arsène et al., 2022), leading to increased interest in herbal feed additives such as ginger, turmeric, onion and garlic (Abdel-Latif et al., 2025).
Ginger (Zingiber officinale), an ancient medicinal herb of the Zingiberaceae family, is native to Southeast Asia. India remains the world’s largest producer and consumer, contributing 31% of global output (Praveen Kumar et al., 2025). Ginger contains key bioactive phytochemicals including gingerol, gingerdiol and gingerdione, known to enhance nutrient absorption by stimulating digestive enzymes, inhibiting pathogenic gut microorganisms, modulating intestinal health and exerting strong antioxidant effects (Sajjad et al., 2025). It also contains volatile compounds such as borneol, camphene, citral, eucalyptol, linalool, phellandrene and zingiberol, along with minerals and phenolic compounds that contribute to its pharmacological properties (Edo et al., 2025). Ginger’s antioxidant, anti-atherosclerotic, lipid-lowering and immunomodulatory effects have been widely documented (Preciado-Ortiz et al., 2025). Numerous studies have demonstrated that ginger powder improves weight gain, feed conversion ratio, carcass characteristics and antioxidant status without adversely affecting haemato-biochemical traits (Al-Khalaifah et al., 2022; Kairalla et al., 2022; Ndams et al., 2024). However, ginger powder may impart a pungent flavour at higher inclusion levels, affecting palatability. Additionally, gingerols remain encapsulated within plant cell walls in powdered form, reducing their bioavailability. In contrast, aqueous ginger extract, enriched in readily available gingerols, offers superior absorption and potentially greater efficacy as a feed additive. This makes aqueous ginger extract a promising, cost- effective and farmer-friendly alternative for improving broiler performance. Despite extensive research on ginger powder supplementation, very limited work—particularly in India—has focused on feeding extracted active compounds to broilers. Therefore, this study was conducted to assess the effect of aqueous ginger extract supplementation on growth performance, feed conversion ratio, production efficiency and return over feed cost in broiler chickens.

2. MATERIALS AND METHODS
2.1 Birds and Experimental Design 
A total of 192 day-old broiler (Vencobb 430Y) straight run chicks were weighed on arrival and uniformly distributed into four treatment groups having 48 birds per treatment with five replicates of 12 chicks in each treatment for a period of 42 days. The dietary treatments were T1: Basal diet (as per BIS, 2007), T2: Basal diet + 50 ml aqueous extract of ginger in 1000 ml of water per day, T3: Basal diet + 100 ml aqueous extract of ginger in 1000 ml of water per day and T4: Basal diet + 200 ml aqueous extract of ginger in 1000 ml of water per day. Supplementation of aqueous ginger extract was started after the first week of age.
2.2 Preparation of Aqueous Extract of Ginger
Fresh ginger roots were procured from the local market, peeled, sliced and sun-dried to a constant weight before being ground into powder and stored in airtight containers. For preparation of the aqueous extract, 14 g of ginger powder was mixed with 1 L of boiled water in non-metallic containers and allowed to steep for 12 hours at room temperature; the mixture was then filtered through muslin cloth and fresh extract was prepared daily following Leila’s (1977) method.
2.3 Management of Experimental Birds
Prior to chick placement, the poultry house and equipment were thoroughly cleaned, disinfected and limed and the birds were distributed into four treatment groups of 48 chicks each, with each group further divided into four replicates to minimize housing effects. Uniform management practices were maintained throughout the experiment and artificial lighting was provided. All birds received Gumboro vaccination on days 7 and 14 and Newcastle disease vaccination on days 21 and 28. On arrival, chicks were given jaggery water to reduce transportation stress, followed by pre-starter feed up to 7 days of age, starter feed from days 8 to 21 and finisher feed from days 22 to 42. Feed was offered twice daily at 08:30 and 16:00 h, while clean drinking water was made available ad libitum. 
2.4 Data Collection and Observations
The body weights (g/bird) were recorded at initial and thereafter at weekly intervals. The weekly body weight gain (g/bird) was determined as difference between the previous week’s body weights from the current week's body weight. The average daily feed intake (g/bird/day) was calculated as the difference between quantity of feed offered and the quantity of feed left over, divided by the number of birds per replicate. Feed conversion ratio (FCR) was calculated by dividing feed intake per bird (g) by the weight gain per bird (g). The return over feed cost was calculated as difference between income generated through sale of birds and the expenditure on feed during experimental period. The proximate composition (Table 1) of pre-starter, starter, finisher feeds and ginger powder were analysed according to AOAC (2007).

Table 1. Proximate composition of basal diet and Papaya leaves powder 
	Composition
	Pre-starter feed
	Starter feed
	Finisher feed
	Ginger powder

	Dry matter
	93.20
	92.50
	91.70
	94.34

	Crude protein
	23.76
	22.43
	20.27
	12.46

	Ether extract
	3.54
	3.59
	4.78
	2.45

	Crude fibre
	3.27
	3.80
	3.65
	13.35

	Total ash
	7.67
	7.95
	6.10
	7.70

	Nitrogen free extract
	61.76
	62.23
	65.20
	64.04



2.5 Data Analysis 
The data obtained were subjected to analysis of variance (ANOVA) using the statistical package of SPSS software v.20 (SPSS Inc./IBM Corp., Armonk, New York, NY, USA). Differences between treatments means were statistically compared using Duncan’s post-hoc test procedure, when significant (p<0.05) treatment effects were detected.

3. RESULTS AND DISCUSSION
3.1 Growth Performance 
The effect of aqueous ginger extract supplementation on growth performance of broiler chickens at weekly intervals is given in Table 2.The mean body weights in broiler chickens were 2180.29, 2257.85, 2321.67 and 2340.77 g/bird in T1, T2, T3 and T4 groups, respectively. The overall body weight gain in broiler chickens was 2137.28, 2214.78, 2278.57 and 2297.82 g/bird in T1, T2, T3 and T4 groups, respectively. The final body weight and overall body weight gain were significantly (P<0.001) improved in T3 and T4 groups followed by T2 group as compared to control (T1) group. The improved body weight of experimental birds supplemented with ginger could be attributed to the action of active ingredient like gingerol which promotes the development of healthier intestinal flora and improved digestion and absorption of nutrients (Tekeli et al., 2011). Similar improvements in body weight of broiler chickens supplemented with ginger have been reported by earlier studies (Kairalla et al., 2022; Dosu et al., 2023; Ndams et al., 2024; Hassan et al., 2024). In contrast, some researchers have reported no significant effect of ginger supplementation on broiler body weight (Tollba et al., 2007; Fakhim et al., 2013), which may be due to differences in ginger form, dosage, variety, environmental conditions or method of dietary incorporation.

Table 2. Effect of aqueous ginger extract supplementation on growth performance of broiler chickens
	Age in weeks
	Treatments
	SEM
	P value

	
	T1
	T2
	T3
	T4
	
	

	Body weights (g/bird)
	

	Initial
	43.02
	43.07
	43.10
	42.96
	0.203
	0.996

	I
	149.49
	147.52
	151.41
	148.42
	0.922
	0.524

	II
	409.54
	412.38
	413.90
	411.31
	1.375
	0.761

	III
	759.46a
	784.53ab
	809.64b
	791.68b
	6.025
	0.010

	IV
	1224.53a
	1265.99b
	1308.90c
	1305.19c
	9.666
	P<0.001

	V
	1721.07a
	1808.03b
	1859.57c
	1870.73c
	15.410
	P<0.001

	VI
	2180.29a
	2257.85b
	2321.67c
	2340.77c
	16.613
	P<0.001

	Body weight gain (g/bird)
	

	I
	106.47
	104.45
	108.31
	105.46
	0.948
	0.566

	II
	260.05
	264.86
	262.50
	262.89
	1.025
	0.466

	III
	349.93a
	372.15ab
	395.74b
	380.38b
	5.776
	0.020

	IV
	465.07a
	481.46b
	499.26c
	513.51c
	5.175
	P<0.001

	V
	496.54a
	542.05b
	550.67b
	565.54b
	7.442
	P<0.001

	VI
	459.22
	449.82
	462.10
	470.05
	3.149
	0.145

	Overall
	2137.28a
	2214.78b
	2278.57c
	2297.82c
	16.587
	P<0.001


a, b, c, Means in the same row with different superscript are significantly different; SEM: standard error of the mean; T1: basal diet; T2: basal diet + 50 ml aqueous ginger extract in water per day; T3: basal diet + 100 ml aqueous ginger extract in water per day; T4: basal diet + 200 ml aqueous ginger extract in water per day

3.2 Feed Intake and Feed Conversion Ratio
The effect of aqueous ginger extract supplementation on feed intake and feed conversion ratio (FCR) in broiler chickens at weekly intervals is given in Table 3. The total feed intake was 3880.13, 3866.97, 3832.72 and 3761.29 g/bird in T1, T2, T3 and T4 groups, respectively, indicating significant (P<0.001) reduction in feed intake with increasing levels of aqueous ginger extract supplementation in broiler chickens. Reduced feed intake in ginger supplemented birds may be attributed to the pungent aroma and the slightly bitter taste of ginger oils, which may reduce palatability (Abd El-Hack at el., 2020). Birds’ taste sensitivity can influence feed preference and certain ginger varieties may impart bitterness, leading to lower feed consumption (Nasir et al., 2015). The present findings are in agreements with earlier reports of decreased feed intake due to ginger supplementation (Kairalla et al., 2022; Ndams et al., 2024), although some studies have noted an opposite trend with increased feed intake (Fakhim et al., 2013; Ahmed et al., 2014).
The overall FCR values were 1.81, 1.75, 1.68 and 1.64 in T1, T2, T3 and T4 groups, respectively, showing significant (P<0.001) improvement in feed conversion efficiency with increasing levels of ginger extract. The improved FCR may be attributed to enhanced body weight gain combined with reduced feed intake in the aqueous ginger extract supplemented groups. Previous studies reported that ginger stimulates digestive enzyme activities—including pancreatic lipase, intestinal lipase, disaccharidase, sucrase and maltase—in monogastric animals (Lee et al., 2003), which may support more efficient nutrient utilization. Additionally, nutrient competition between gut tissues and skeletal muscle in rapidly growing birds and energy losses to intestinal microbial fermentation may be reduced through ginger’s digestive-enhancing effects. Ginger’s antioxidant and antimicrobial properties may further contribute to improved gut health and feed conversion (Attia et al., 2017). The present results are consistent with earlier findings showing improved FCR with ginger supplementation (Wen et al., 2020; Asghar et al., 2021; Kairalla et al., 2022; Ndams et al., 2024). 

Table 3. Effect of aqueous ginger extract supplementation on feed intake and feed conversion ratio in broiler chickens
	Age in weeks
	Treatments
	SEM
	P value

	
	T1
	T2
	T3
	T4
	
	

	Feed intake (g/bird)
	

	I
	129.17
	129.17
	129.17
	129.17
	-
	-

	II
	408.97
	405.95
	412.25
	403.97
	1.770
	0.403

	III
	655.48
	648.88
	645.04
	637.65
	3.355
	0.317

	IV
	840.70b
	836.33b
	822.57b
	800.19a
	5.012
	0.004

	V
	916.14ab
	927.50b
	917.34ab
	902.33a
	3.223
	0.029

	VI
	929.67c
	919.16c
	906.36b
	887.99a
	4.385
	P<0.001

	Overall
	3880.13c
	3866.97c
	3832.72b
	3761.29a
	12.621
	P<0.001

	Feed conversion ratio
	

	I
	1.22
	1.24
	1.20
	1.23
	0.011
	0.595

	II
	1.57
	1.53
	1.57
	1.54
	0.013
	0.345

	III
	1.88b
	1.75a
	1.64a
	1.68a
	0.029
	0.005

	IV
	1.81d
	1.74c
	1.65b
	1.56a
	0.026
	P<0.001

	V
	1.85c
	1.71b
	1.67b
	1.60a
	0.026
	P<0.001

	VI
	2.03b
	2.05b
	1.97ab
	1.89a
	0.020
	0.005

	Overall
	1.81d
	1.75c
	1.68b
	1.64a
	0.018
	P<0.001


a, b, c, d, Means in the same row with different superscript are significantly different; SEM: standard error of the mean; T1: basal diet; T2: basal diet + 50 ml aqueous ginger extract in water per day; T3: basal diet + 100 ml aqueous ginger extract in water per day; T4: basal diet + 200 ml aqueous ginger extract in water per day

3.3 Protein Intake, Protein and Production Efficiency
The effect of aqueous ginger extract supplementation on protein intake, protein and production efficiency in broiler chickens is shown in Table 4. The overall protein intake was 921.92, 918.80, 910.66 and 893.6 g/bird in T1, T2, T3 and T4 groups, respectively. The significant (P=0.002) reduction in protein intake was attributed to the deceased feed intake with increasing levels of aqueous ginger extract supplementation in broiler chickens. The mean protein efficiency ratio in broiler chickens were significantly (P=0.002) improved in T4 (2.57) followed by T3 (2.50) and T2 (2.41) groups as compared to the T1 (2.32) group. Ginger enhances digestive enzyme activity and thus, improves protein utilization and protein efficiency in broiler chickens. The mean production efficiency factors in broiler chickens were 274.02, 295.08, 321.81 and 340.50 in T1, T2, T3 and T4 groups, respectively. The overall production efficiency factor was significantly (P=0.004) higher with increasing levels of aqueous ginger extract supplementation than the control group. Production efficiency factor is calculated by using the data of feed conversion ratio, livability and daily gain in broiler chickens (Gosai et al., 2023). The higher production efficiency in aqueous ginger extract supplemented groups were contributed by the better feed conversion ratio and higher body weight gain during the experimental period.

Table 4. Effect of aqueous ginger extract supplementation on protein intake, protein and production efficiency in broiler chickens
	Age in weeks
	Treatments
	SEM
	P value

	
	T1
	T2
	T3
	T4
	
	

	Protein intake (g/bird)
	

	I
	30.69
	30.69
	30.69
	30.69
	0.000
	1.000

	II
	97.17
	96.45
	97.95
	95.98
	0.420
	0.403

	III
	155.74
	154.17
	153.26
	151.51
	0.797
	0.317

	IV
	199.75b
	198.71b
	195.44b
	190.13a
	1.191
	0.004

	V
	217.68ab
	220.37b
	217.96ab
	214.40a
	0.766
	0.029

	VI
	220.89c
	218.39c
	215.35b
	210.99a
	1.042
	0.005

	Overall
	921.92c
	918.80c
	910.66b
	893.68a
	2.999
	0.002

	Protein efficiency ratio
	

	I
	3.47
	3.41
	3.53
	3.44
	0.031
	0.564

	II
	2.68
	2.75
	2.68
	2.74
	0.017
	0.383

	III
	2.25a
	2.41ab
	2.58b
	2.51b
	0.042
	0.009

	IV
	2.33a
	2.42b
	2.56c
	2.70d
	0.039
	0.006

	V
	2.28a
	2.46b
	2.53b
	2.64c
	0.036
	0.007

	VI
	2.08a
	2.06a
	2.15ab
	2.23b
	0.021
	0.006

	Overall
	2.32a
	2.41b
	2.50c
	2.57d
	0.025
	0.002

	Production efficiency factor
	

	I
	410.08a
	416.68a
	453.72b
	455.02b
	6.456
	0.003

	II
	316.58a
	336.11b
	344.69b
	362.77c
	4.724
	0.008

	III
	265.56a
	295.52b
	332.56c
	332.45c
	8.151
	0.000

	IV
	275.17a
	296.63b
	328.52c
	357.79d
	8.257
	0.008

	V
	269.54a
	301.09b
	324.94c
	349.30d
	7.781
	0.023

	VI
	245.73a
	252.12a
	276.10b
	295.07c
	5.442
	0.001

	Overall
	274.02a
	295.08b
	321.81c
	340.50d
	6.623
	0.004


a, b, c, Means in the same row with different superscript are significantly different; SEM: standard error of the mean; T1: basal diet; T2: basal diet + 50 ml aqueous ginger extract in water per day; T3: basal diet + 100 ml aqueous ginger extract in water per day; T4: basal diet + 200 ml aqueous ginger extract in water per day

3.4 Return over Feed Cost
The effect of aqueous ginger extract supplementation on return over feed cost in broiler chickens is given in Table 5. Total feed costs (Rs. /bird) for experimental broiler chickens over the study period (1-42 days) were recorded as 190.86, 190.56, 189.23 and 186.40 for the T1, T2, T3 and T4 groups, respectively. The income through selling of broiler chickens were highest the T4 group followed by T3 and T2 groups as compared to the T1 group. Mean return over feed cost (Rs. /bird and Rs/kg of body weight) in broiler chickens were highest the T4 group followed by T3 and T2 groups as compared to the T1 group. The return over feed cost over the T1 (control) group was 25.20, 48.48 and 63.48 % in the T2, T3 and T4 groups, respectively. Higher return over feed cost in broiler chickens supplemented with aqueous ginger extracts were attributed to the higher final body weights with reduced feed intake as compared to the control group. Furthermore, there was higher production efficiency in aqueous ginger extracts supplemented groups which is directly co-related with maximum economic returns. Our results are in agreement with Elmakki et al., (2013) and Karangiya et al., (2016) who have reported that adding ginger to the broiler chicken diet improved performance, decreased feed expenses, and improved to be cost-effective as compared to the control group.

Table 5. Effect of aqueous ginger extract supplementation on return over feed cost in broiler chickens
	Particulars
	Treatments

	
	T1
	T2
	T3
	T4

	Feed intake (g/bird)

	Pre-starter
	129.17
	129.17
	129.17
	129.17

	Starter
	1064.45
	1054.83
	1057.29
	1041.62

	Finisher
	2686.51
	2682.99
	2646.27
	2590.51

	Feed cost (Rs./bird) ¥

	Pre-starter
	5.94
	5.94
	5.94
	5.94

	Starter
	52.69
	52.21
	52.34
	51.56

	Finisher
	132.23
	132.06
	130.25
	127.50

	Ginger cost
	-
	0.35
	0.70
	1.40

	Total
	190.86
	190.56
	189.23
	186.40

	Return over feed cost (ROFC)

	Final body weight (g/bird)
	2180.29
	2257.85
	2321.67
	2340.77

	Income from sale of birds¶
	218.03
	225.79
	232.17
	234.08

	ROFC (Rs. /bird)
	27.17
	35.23
	42.94
	47.68

	ROFC (Rs. /kg BW)
	12.46
	15.60
	18.50
	20.37

	ROFC (%) over T1
	-
	25.20
	48.48
	63.48


  ¥Cost of pre-starter, starter, finisher feed – Rs. 46.00/-, 49.50/- and 49.22/-, respectively; ¶Price of broiler birds – Rs. 100/kg live body weight; T1: basal diet; T2: basal diet + 50 ml aqueous ginger extract in water per day; T3: basal diet + 100 ml aqueous ginger extract in water per day; T4: basal diet + 200 ml aqueous ginger extract in water per day
   
4. CONCLUSION
Based on the results of the study, it could be concluded that supplementation of aqueous ginger extract in water improved body weight gain, feed conversion ratio, protein and production efficiency and return over feed cost in broiler chickens. Thus, aqueous ginger extract may serve as a promising natural growth promoter in broiler production.
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