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Effect of feeding frequency on the performance and gut health of broilers




ABSTRACT 
The six-week experiment was conducted to assess the impact of feeding frequency on the performance and gut health of broiler chickens. A total of 225 day-old Cobb-430Y chicks were randomly allocated into three treatment groups (A, B, and C), each containing 75 birds with five replicates of 15 birds. Feeding schedules differed among treatments: group A received feed once daily (7:00 AM), group B twice daily (7:00 AM and 5:00 PM), and group C thrice daily (7:00 AM, 12:00 PM, and 5:00 PM). The birds were raised under a deep-litter system and provided isocaloric and isonitrogenous corn-soybean diets on an ad libitum basis. Performance parameters were recorded at a weekly interval and presented for the overall period of six weeks. The carcass parameters, histomorphology of the duodenum and jejunum, and cecal digesta microbial counts were assessed on the 35th day of age. The economics of broilers were estimated at the end of six weeks. Results indicated that the variation in feeding frequency from once to twice or thrice daily did not significantly influence final body weight, cumulative weight gain, overall feed conversion ratio, or total feed intake. Carcass traits were unaffected by feeding frequency, except for abdominal fat, which was significantly (P< .05) reduced in birds fed thrice daily compared with those fed once or twice daily. Intestinal morphology showed improvement with increased feeding frequency, as birds fed thrice daily exhibited significantly (P< .05) greater jejunal villus height and a higher duodenal villus height-to-crypt depth ratio. The birds receiving feed twice daily showed increased caecal Lactobacillus populations and higher total viable bacterial counts, whereas E. coli populations were not affected. From an economic perspective, feeding three times daily resulted in a lower feed cost per unit of live body weight. In conclusion, the broilers may be fed ad libitum feed with the adoption of thrice daily feeding practices for improving cost effectiveness, lean meat production, and supporting gut health.
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1. INTRODUCTION 
The poultry industry represents one of the most rapidly expanding sectors of livestock production worldwide and plays an important role in supplying affordable animal protein to the growing human population. Chicken meat constitutes a major proportion of global poultry output, contributing more than 89% of total poultry production (Zampiga et al., 2021). Because of its high biological value and relatively low cost, broiler meat is widely recognized as an important source of dietary animal protein for human consumption (Oluyemi and Roberts, 1981). Broiler chickens are particularly valued due to their rapid growth rate, efficient feed conversion, and high carcass yield compared with other livestock species (Odukoya et al., 2019). 
In broiler production systems, feed expenditure accounts for nearly 60-70% of the total production cost, making feeding management a key determinant of economic efficiency (Wilson and Beyer, 2000). In commercial poultry operations, broilers are commonly provided feed on an ad libitum basis to achieve maximum growth and early market weight. Although unrestricted feeding supports rapid weight gain, it may also lead to excessive fat deposition and metabolic complications (Junqueira et al., 2003). The accumulation of abdominal fat reduces carcass quality and processing efficiency, which is undesirable from both economic and consumer perspectives. Moreover, continuous access to feed has been associated with a greater risk of metabolic disorders such as ascites, skeletal abnormalities, and sudden death syndrome in fast-growing broilers (Khurshid et al., 2019, and Chaiyasing et al., 2024). These challenges have encouraged researchers to explore alternative feeding strategies that can regulate growth while maintaining productivity and bird health.
Various feed management practices have been proposed to improve feed efficiency in broiler production. Feed restriction programs, including quantitative restriction, time-restricted feeding, and skip-a-day feeding, have been investigated as methods for controlling feed intake and metabolic activity (Ballay et al., 1992; Zubair and Lesson, 1996). Moderate restriction may help reduce fat deposition and improve feed conversion efficiency, whereas severe restriction may negatively influence growth performance and final body weight (Mohammadalipour et al., 2017; Makinde, 2012). Therefore, identifying practical feeding approaches that maintain optimal growth while improving carcass composition remains an important objective in broiler nutrition and management. 
Feeding frequency refers to the number of feeding events provided to birds within 24 hours and may affect feeding patterns as well as metabolic responses (Ferket and Gernat, 2006). Several studies have suggested that modifying feeding intervals can influence body weight gain, feed conversion ratio, and carcass characteristics in broilers (Farghly and Hassanien, 2012; Aziz et al., 2021). Because nutrient digestion and absorption primarily occur in the small intestine, changes in feeding patterns may also affect intestinal function and nutrient utilization efficiency (Chaiyasing et al., 2024). Repeated feeding schedules may enhance the activity and physiological performance of broiler chickens. Therefore, the present study was undertaken to evaluate the effect of different feeding frequencies on the growth performance of broiler chickens.

2. MATERIALS AND METHODS 
2.1 Experimental design 
An experiment was conducted at the Poultry Farm of the Department of Poultry Science, Krantisinh Nana Patil College of Veterinary Science, Shirwal, Dist. Satara, Maharashtra, during the period from 25th August to 6th October, 2025, to assess the impact of feeding frequency on the performance of broiler chicken. A total of 225 day-old straight-run commercial broiler chicks of the Cobb-430Y strain were used for the study. The birds were randomly allotted into three treatment groups (A, B, and C) with 75 chicks in each group. Each treatment consisted of five replicates with 15 birds per replicate. The broilers from control group ‘A’ were fed with a standard diet with ad libitum feeding once daily at 7:00 AM (control group). The broilers from group ‘B’ were fed ad libitum feed twice daily at 7:00 AM and 5:00 PM, while those from group ‘C’ were fed ad libitum feed three times daily at 7:00 AM, 12:00 PM, and 5:00 PM. The experiment was conducted for six weeks under a deep litter housing system during pre-starter (0-14 days), starter (15-28 days), and finisher (29-42 days) phases. All the diets were corn-soybean meal-based and formulated to be isocaloric and isonitrogenous. The metabolizable energy (ME) levels of pre-starter, starter, and finisher diets were 3000, 3150, and 3250 kcal/kg feed, respectively. The crude protein levels of these diets were 22.50, 21.00, and 19.50 %, respectively. The following parameters were studied during the experiment.
2.2 Growth performance
Growth performance parameters included body weight (BW), weight gain (WG), feed intake (FI), and feed conversion ratio (FCR). The broiler birds were weighed individually from each replicate at day-old, and weekly intervals to arrive at average weekly BW and WG per bird for various treatments. The weighed quantity of feed was offered daily, replicate-wise, to broiler birds, and leftover feed was recorded daily to arrive at the average weekly FI per bird. The replicate-wise weekly FCR was calculated based on WG and FI. The data were presented as final BW, overall WG, FI, and FCR for a six-week period. 

2.3 Carcass study 
At the end of 35th day, four birds (two males and two females) were randomly selected from each treatment group for slaughter. Birds were fasted for four hours before slaughter, and pre-slaughter body weight was recorded. Eviscerated weight, giblet weight, abdominal fat weight, and dressed weight were recorded, and the percent eviscerated yield, giblet yield,, dressing yield, and abdominal fat yield were calculated based on live weight. 
2.4 Histomorphology of the duodenum and Jejunum 
	Duodenum and Jejunum samples from four birds per treatment group were collected during slaughter at the end of the 35th day. The samples were carefully excised by dissection, ensuring that the middle portion of each duodenum and jejunal segment was obtained for histomorphometric analysis. These tissue pieces were fixed and preserved in 10% neutral-buffered formalin. After fixation, the collected tissue underwent processing through an alcohol-xylene protocol in an automated tissue processor and embedded in paraffin at 60°C. The tissue sections will be cut to a thickness of 3-5 micrometers using an automated tissue microtome. The slides were stained using the routine Haematoxylin and Eosin method. The histological analysis involved measurements (µm) of villus height (VH), villus width (VW), crypt depth (CD), and villus height: crypt depth ratio (VH: CD). 

2.5 Cecal digesta microbial counts (log10 CFU/g)
Lactobacillus and E.coli Count and Total Viable Count: Cecal digesta microbial counting was performed using the standard plate count method. At the 35th day of age, the four birds per treatment were slaughtered and eviscerated manually, and the GIT was aseptically opened. Then, 1 mL of jejunal digesta was aspirated using a pipette from the slaughtered chickens, and serial dilutions were made with sterilized saline solution. A 1:10 dilution of the sample was made with PBS and vortexed for 2 minutes, followed by serial dilutions up to a 10-fold dilution. Afterward, 100 µL of the sample was taken from selected dilutions and plated onto sterilized Plate Count Agar and Eosin Methylene Blue Agar (EMB). After 48 hours of incubation at 37°C, the total aerobic bacteria and E. coli were counted. Similarly, 100 µL of the supernatant was spread onto Lactobacillus MRS (De Man, Rogosa, and Sharpe) media agar to calculate the total Lactobacillus population. All agar plates were obtained from HiMedia (India). The results were expressed as the number of CFU per gram (Log10 CFU/g) of jejunal digesta content.
2.6 Economic efficiency
Economic efficiency was determined by calculating feed cost per kilogram of live body weight. Net profit per kilogram of live broiler was calculated for each group by considering live weight and recurring expenses.


2.7 Statistical Analysis 

The data was analyzed in a completely randomized design by using one-way ANOVA with the help of IBM SPSS Software-20. The Duncan Multiple Range Test (DMRT) post-hoc analysis was done to test the significant mean differences between the groups with significance levels defined at P <.05 (Snedecor and Cochran, 1994). 

3. RESULTS AND DISCUSSION 
3.1 Performance parameters 
The growth performance of broilers in terms of final BW, WG, FI, and FCR fed ad libitum with different feeding frequencies is presented in Table 1. The results showed that feeding frequency did not significantly influence the overall growth performance of broilers. The final BW and overall WG were comparable among the treatments, indicating that broilers were able to maintain similar growth regardless of feeding once, twice, or thrice daily. Similarly, overall FI did not differ significantly among treatments, although birds fed thrice daily recorded numerically lower feed intake compared to birds fed once and twice daily. The FCR was also not significantly affected by feeding frequency. Similar results for overall growth performance have been reported by Adikari et al. (2018), who observed that variations in feeding frequency did not significantly affect BW, WG, or FCR in broilers. Chaiyasing et al. (2024) found that a change in feeding frequency did not influence WG and FCR. These findings suggested that the broilers can adapt to different feeding schedules and maintain stable growth performance when the total daily feed allowance remains unchanged (Adikari et al., 2018).  Svihus et al. (2010) reported that feeding frequency did not significantly affect WG, and FI might be due to the ability of birds to consume most of the feed shortly after feeding and temporarily store it in the crop. Similarly, Moradi et al. (2013) suggested that dividing the daily feed allowance into multiple meals may reduce fasting duration and competition among birds, thereby promoting uniform growth. The overall results of the study indicated that the feeding frequency did not significantly influence the overall growth performance of broilers. 
Table 1. Overall growth performance (0-6 weeks) parameters of broilers fed with different feeding frequencies.
	Groups
	Body weight (g)
(6th week)
	Weight gain
(0-6 weeks)
	Feed intake
(0-6 weeks)
	Feed Conversion Ratio
(0-6 weeks)

	A
	2540.14± 22.70
	2491.33 ±22.28
	4081.44 ±53.68
	1.54 ± 0.03

	B
	2538.94± 34.86
	2490.09± 34.09
	4061.34±100.44
	1.52 ± 0.01

	C
	2505.58±33.72
	2457.42±34.14
	3926.54 ± 90.59
	1.51 ± 0.03

	SEm
	17.07
	16.93
	48.52
	0.01

	P-value
	0.677
	0.684
	0.395
	0.717



3.2 Carcass study 
The results on various carcass parameters of broilers estimated at 35th day of age are presented in Table 2. The eviscerated yield, giblet yield and dressing yield were not affected by different feeding frequencies in broilers. However, there was a significant effect (P< .05) on abdominal fat percentage in broilers fed with different feeding frequencies. It was observed that broilers fed thrice daily had significantly (P< .05) lower abdominal fat percentage compared with broilers fed twice and once daily under ad libitum feeding. This indicated that the feeding of broilers thrice daily might reduce fat deposition and improve energy utilization. Similar observations have been reported by Fraghly and Hassanien (2012), Adikari et al. (2018), and Odukoya et al. (2019), who found that feeding frequency in broilers did not affect carcass traits, including live weight, eviscerated weight, dressed yield, and giblet weight. Adikari et al. (2018) reported that abdominal fat was significantly lower in birds fed more frequently. In contrast, Aziz and Masoud (2021) reported a higher carcass percentage in broilers fed once or twice daily (P<0.05), although organ weights were not significantly affected by feeding frequency. Zhan et al. (2007) also reported that complete compensatory growth occurred during the refeeding period after feed restriction. The overall results found that the carcass traits were unaffected by feeding frequency, except for abdominal fat, which was significantly (P<0.05) reduced in birds fed thrice daily compared with those fed once or twice daily. 
 
Table 2: Carcass parameters of broilers at 35th day of age fed with different feeding frequencies. 

	Treatments
	Live body weight (g)
	Eviscerated yield
(%)
	Giblet yield
(%)
	Dressing yield 
(%)
	Abdominal fat 
(%)

	A

	2222.25±37.90
	63.88±0.62
	4.74±0.09
	68.61±0.55
	1.33b±0.03

	B

	2206.00±101.78
	63.90±0.81
	4.75±0.21
	68.65±0.74
	1.25b±0.04

	C

	2176.25±76.66
	63.93±0.46
	4.71±0.25
	68.64±0.55
	1.03a±0.01

	SEm
	40.49
	0.34
	0.10
	0.32
	0.04

	P-value
	0.913
	0.999
	0.992
	0.999
	0.000


Means bearing different superscripts within the column differ significantly (P<.05)

3.3 Histomorphology of duodenum and jejunum 
The histomorphology parameters of the small intestine, namely villus height (VH), villus width (VW), crypt depth (CD), and villus height to crypt depth ratio (VH: CD), of the duodenum and jejunum recorded at the 35th day of age in broilers are presented in Table 3. The results indicated that feeding frequency did not significantly influence duodenal VH, VW, or CD. However, the VH:CD ratio was significantly (P<.05) affected by feeding frequency. Broilers fed thrice daily (Group C) exhibited a significantly (P<.05) higher VH:CD ratio compared with those fed twice (Group B) or once daily (Group A). The higher VH:CD ratio observed in broilers fed thrice daily may be due to a numerical increase in VH along with a slight reduction in CD in the duodenum. An increased VH:CD ratio indicates a greater absorptive surface area of the intestinal mucosa, which may enhance nutrient digestion and absorption, thereby improving feed utilization. Yamauchi et al. (2006), reported that VH decreased following feed withdrawal but increased after refeeding. Larger villi are associated with improved nutrient absorption and digestive efficiency, whereas shorter villi may lead to reduced nutrient uptake and poorer growth performance. Chaiyasing et al. (2024) found that feeding frequency did not significantly affect duodenal VH or CD in broilers. 
The observations on jejunal histomorphology is depicted in Table 3. The results showed that feeding frequency did not significantly influence jejunal VW, CD, and the VH:CD ratio. However, VH was significantly (P<.05) affected by feeding frequency. Broilers fed thrice daily exhibited significantly (P<.05) higher VH compared with those fed twice or once daily. Increased VH is generally associated with enhanced absorptive surface area of the intestine, which may contribute to improved nutrient absorption. The results of the present study therefore suggest that feeding broilers thrice daily may positively influence jejunal villus development. These findings are consistent with the observations of Chaiyasing et al. (2024), who reported that feeding frequency significantly affected jejunal morphology, with broilers fed four or six meals per day showing greater VH (P<.05), while the VH:CD ratio remained unaffected. Similarly, Yamauchi et al. (2006) found that increased villus size is associated with improved absorptive capacity and digestive function, whereas shorter villi may reduce nutrient absorption and growth performance. 
The overall results of the study on duodenum and jejunum histomorphology indicated that the adoption of thrice feeding program in broilers had significant impact on the improvement in gut health. Thrice feeding frequency significantly (P>0.05) improves duodenal VH:CD ratio and jejunal VH in broilers. Hence thrice feeding program may be beneficial than twice and once in a day.

Table 3: Histomorphology of duodenum and jejunum of broilers at 35th day of age fed with different feeding frequencies.

	Intestinal segment
	Parameter
	A
	B
	C
	SEm
	P-value

	Duodenum
	VH
(µm)
	2476.92 ±68.41
	2315.08 ±47.38
	2517.67 ±92.98
	43.01
	0.125

	
	VW
(µm)
	197.50 ±13.01
	231.92 ±19.51
	258.58 ±19.24
	10.69
	0.060

	
	CD
(µm)
	323.67 ±8.22
	333.67 ±10.10
	292.83 ±18.03
	7.77
	0.079

	
	VH: CD ratio
	7.69ab 
±0.22
	7.01a 
±0.27
	9.04b 
±0.77
	0.31
	0.019

	Jejunum
	VH
(µm)
	1662.75a
±28.60
	1832.50a
±78.32
	2115.75b
±112.08
	55.15
	0.001

	
	VW
(µm)
	200.92
±12.06
	214.58
±19.24
	212.75
±16.93
	9.22
	0.815

	
	CD
(µm)
	313.25
±12.13
	340.50
±13.17
	339.67
±20.10
	8.97
	0.381

	
	VH: CD ratio
	5.41
±0.24
	5.44
±0.24
	6.57
±0.58
	0.24
	0.071


Means bearing different superscripts within the row differ significantly (P <.05); Villus Height (VH), Villus Width (VW), Crypt Depth (CD), Villus Height to Crypt Depth ratio (VH: CD)

3.4 Cecal digesta microbial counts 
The observations on cecal digesta microbial counts (Log₁₀ CFU/g) of broilers at 35th  day of age are presented in Table 4 and Graph 1. The results indicated that Lactobacillus count and total viable count of cecal contents were significantly (P <.05) higher in broilers fed twice daily compared with those fed thrice or once daily. However, feeding frequency did not significantly influence the cecal E. coli count. The higher population of Lactobacillus observed in broilers fed twice daily suggests that feeding frequency may influence the population of beneficial microbes in the cecal digesta. The references related to the effect of feeding frequency on intestinal microbial count are scanty. However, similar observations were reported by Yan et al. (2021), who found that Lactobacillus was the most abundant genus in the feces of pigs fed twice daily compared with those fed ad libitum. The present findings indicated that the birds receiving feed twice daily showed increased caecal Lactobacillus populations and higher total viable bacterial counts, whereas E. coli populations were not affected.

Table 4 Cecal digesta microbial counts (Log10 CFU/g) of broilers at 35th day of age fed with different feeding frequencies. 
	Treatments
	Lactobacillus count
(Log10 cfu/g)
	E coli count
(Log10 cfu/g)
	Total Viable Count
(Log10 cfu/g)

	A

	7.26b ±0.01
	6.72 ±0.02
	7.81a ±0.02

	B

	7.43c ±0.01
	6.71 ±0.04
	7.89b ±0.03

	C

	7.21a ±0.01
	6.73 ±0.03
	7.79a ±0.02

	SEm
	0.03
	0.02
	0.02

	P-value
	0.000
	0.912
	0.026


Means bearing different superscripts within the column differ significantly (P <.05) 
Graph 1. Cecal digesta microbial counts (Log10 cfu/g) of broilers at 35th day of age fed with different feeding frequencies



3.5 Economic efficiency

The economics of broilers fed with different feeding frequencies are presented in Table 5. Broilers fed three times daily recorded the lowest total feed intake (3.93 kg) compared with twice (4.06 kg) and once daily feeding (4.08 kg). Consequently, the total feed cost per bird and net cost of production were lowest in the thrice-daily feeding group (Rs. 121.80 and Rs. 171.80, respectively). Although the 6th-week body weight was slightly higher in birds fed once and twice daily (2.54 kg) than those fed thrice daily (2.51 kg), the cost of production per kilogram live weight was lowest in the thrice feeding group (Rs. 68.55/kg). These results indicate that feeding broilers three times daily was the most economical feeding strategy.

Table 5. Economic efficiency of broilers fed with different feeding frequencies. 

	Parameters

	A

	B

	C

	Chick cost (Rs)
	45
	45
	45

	Feed Intake (kg)

	Pre-starter feed intake
	0.53
	0.50
	0.47

	Starter feed intake
	1.27
	1.26
	1.20

	Finisher feed intake
	2.28
	2.30
	2.26

	Total Feed Intake 
	4.08
	4.06
	3.93

	Feed Price/kg (Rs)

	Pre-starter feed
	30.61
	30.61
	30.61

	Starter feed
	30.91
	30.91
	30.91

	Finisher feed
	31.16
	31.16
	31.16

	Feed cost/bird (Rs)

	Pre-starter feed
	16.16
	15.28
	14.24

	Starter feed
	39.26
	38.88
	37.05

	Finisher feed
	71.16
	71.81
	70.50

	Total Feed cost/bird (Rs)
	126.57
	125.96
	121.80

	Miscellaneous cost/ bird  (Rs)
	5.00
	5.00
	5.00

	Net cost of production/bird (Rs)
	176.57
	175.96
	171.80

	Avg 6th wk body weight (kg)
	2.54
	2.54
	2.51

	Net cost of production / kg (Rs)
	69.51
	69.30
	68.55
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4. CONCLUSIONS 
Research findings concluded that the broilers may be fed ad libitum feed with the adoption of daily thrice feeding practices for improving cost effectiveness, lean meat production, and supporting gut health.
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