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Dietary inclusion of Soybean hulls as a source of insoluble fiber on the performance and gut health of broilers



ABSTRACT 
A Six-week experiment aimed to study the effect of dietary soybean hulls as a source of insoluble fiber on the growth and gut health of broiler chickens. A total of 240 day-old straight-run Cobb-430Y commercial broilers were randomly assigned to four groups (A-D), with 60 chicks per group and three replicates of 20 chicks each. The control group ‘A’ was fed with a standard basal diet, while groups ‘B’, ‘C’, and ‘D’ were fed with basal diets containing 0.5, 1.0, and 1.5% soybean hulls, respectively. Performance parameters were recorded at a weekly interval and presented for the overall period of six weeks. The gizzard and proventriculus organ indices, gizzard digesta weight, gizzard pH, histomorphology of the duodenum and jejunum, and cecal digesta microbial counts were assessed on the 35th day of age. Results indicated that the soybean hulls can be safely included at 0.5–1.5% in broiler diets as a natural insoluble fiber source without affecting final body weight, overall weight gain, cumulative feed intake, and overall feed conversion ratio. The 1.5% inclusion of soybean hulls significantly (P < .05) improved the gizzard index and gizzard digesta weight, reduced gizzard pH, and did not affect the proventriculus index. The 1.5% soybean hull significantly (P < .05) increased duodenal and jejunal villus height and villus height to crypt depth ratio, decreased duodenal crypt depth, and enhanced cecal Lactobacillus and total viable counts with a reduction in cecal  E. coli count. Research concludes that including 1.5% soybean hulls in the broiler diet improves gizzard condition, gut morphology, and cecal microbial balance, with higher beneficial bacteria, without adversely affecting growth performance.
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1. INTRODUCTION 
Rising feed energy and protein costs necessitate cost-effective nutritional strategies that enhance nutrient utilization, gut health, and production efficiency in broilers. Dietary fiber is an essential component of poultry diet, as it affects various aspects of digestive physiology, nutrient utilization, gut health, and performance (Singh and Kim, 2021). Dietary fiber is also suggested to have a positive effect on the gut microflora, gut pH, rate of feed passage, and health status of the birds (Gracia et al., 2016). Moderate amounts of selected fiber sources may benefit digestive tract development and function, improving nutrient digestibility (Yokhana et al., 2016) and performance in broilers (Adibmoradi et al., 2016). Research reviews suggest that the dietary fiber can be added to poultry diets at 3-5% without adverse effects on nutrient digestibility or growth performance (Amerah et al., 2009; Jimenez-Moreno et al., 2009). 
[bookmark: _Hlk202288341]The feed ingredients containing a higher proportion of insoluble fiber fractions are more beneficial than those containing soluble fiber fractions. The naturally insoluble, highly lignified fiber sources, such as oat hulls, sunflower hulls, and soybean hulls, have been shown to have a beneficial effect on the GIT than soluble, low lignin fibers. The inclusion of insoluble fiber-containing sources in the poultry diet stimulates gizzard development and increases retention time of smaller particles in the upper GIT (Adibmoradi et al., 2016). Insoluble fibers lower the proventriculus and gizzard PH and contribute to improvement in gut health by killing the bacteria through the acid environment in the intestinal tract (Engberg et al., 2004), which improves the digestibility of starch, lipids, and crude protein ( Mateos et al., 2012).  Nicholson et al. (2012) reported that dietary fiber is preferentially utilized by Lactobacillus and Bifidobacterial species, leading to the production of lactic acid and short-chain fatty acids. This results in low pH, which maintains the normal microorganism population, thus preventing the establishment of Salmonella and other pathogens in the GIT (Kamada et al., 2013). Dietary insoluble fiber develops intestinal villi of broilers (Sarikhan et al., 2010), leading to a faster growth rate. In contrast, soluble fiber sources were found to increase the viscosity of the digesta, decrease the passage rate, and impair nutrient absorption (Mateos et al., 2012). Hence, it is important to note that the insoluble fibers containing feedstuff are considered when formulating broiler diets as they decrease intestinal viscosity and decrease dysbacteriosis.
[bookmark: _Hlk202288262]Soybean hulls as feed ingredients for poultry are cost-effective, readily available, easily stored and transported, highly digestible, and have a high metabolizable energy value due to their rapid fermentation and substantial pectin content (Jha and Mishra, 2021). Soybean hulls contain 83.3% total dietary fiber, out of which 69.5% was insoluble dietary fiber and 13.8% soluble dietary fiber (Dust et al., 2004). This indicates that the insoluble dietary fiber content of soybean hulls is comparable with that of other dietary fiber sources. It may be beneficial to use soybean hulls as a source of insoluble fiber in a broiler diet. Dietary inclusion of soybean hulls has improved gut health and performance of broilers (Tejeda and Kim, 2020; Ahsan et al., 2024; Shuaib et al., 2025). Given their high insoluble fiber content and documented influence on gut development and performance, this study was conducted to evaluate the effects of dietary soybean hulls as a source of insoluble fiber in broiler chickens


2. MATERIALS AND METHODS 
2.1 Experimental design 
[bookmark: _Hlk159981308]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 study the effect of different levels of soybean hulls as a source of insoluble fiber on growth performance and gut health of commercial broilers. A total of 240 day-old straight-run Cobb-430Y commercial broilers were randomly assigned to four groups (A-D), with 60 chicks per group and three replicates of 20 chicks each. The control group ‘A’ was fed with a standard basal diet, while groups ‘B’, ‘C’, and ‘D’ were fed with basal diets containing 0.5, 1.0, and 1.5% soybean hulls, respectively. All diets were iso-caloric and iso-nitrogenous and formulated as per the nutrient requirements of the broiler strain used in the study. The experiment was conducted under a deep litter housing system for six weeks in pre-starter (0–14 days), starter (15–28 days), and finisher (29–42 days) phases. The metabolic energy (ME) content of pre-starter, starter, and finisher feed of all groups was 3000, 3125, and 3250 kcal/kg feed, respectively. The crude protein content of pre-starter, starter, and finisher feed of all groups was 22.50, 21, and 19.5, respectively. Feed and water were provided ad libitum, and birds were vaccinated as per the standard schedule. The following parameters were studied during the experiment.
2.2 Growth performance
Growth performance parameters included body weight, weight gain, feed intake, and feed conversion ratio. The broiler birds were weighed individually from each replicate at day-old, and weekly intervals to arrive at average weekly body weight (BW) and weight gain (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 feed intake per bird. The replicate-wise weekly feed conversion ratio (FCR) was calculated based on WG and feed intake (FI). 

2.3 Gizzard and proventriculus organ index 
Rodomly selected four birds (two males and two females) from each treatment were slaughtered, and the proventriculus and gizzard were weighed, and the organ index was calculated as organ weight (g) per body weight (kg). 
2.4 Weight of gizzard digesta:  
At the 35th day, the gizzards of four slaughtered birds from each treatment were excised, opened, and the digesta content was collected and weighed using didgital weighing scale.
2.5 Gizzard pH: 
Gizzard digesta of four slaughtered birds was collected at 35th day age and homogenized in a 50-mL beaker, and pH was measured in duplicate using a digital pH meter. 
2.6 Histomorphology of 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). 

2.7 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. The chickens were 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.

2.8 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 final BW of broilers fed with different levels of soybean hulls (0.5, 1.0, and 1.5%) did not differ significantly from the control group (Table 1). The findings indicate that the inclusion of soybean hulls in broiler diets did not adversely affect growth. Similar observations were reported by Kurul et al. (2020) and Sittiya et al. (2020), who reported that different insoluble fiber sources, such as soybean hulls, sunflower hulls, and oat hulls, did not significantly affect broiler BW. However, some researchers, including El-Azeem et al. (2024), Ahsan et al. (2024), and Hartini et al. (2019), reported improved BW with dietary inclusion of insoluble fiber sources. The total crude, insoluble, and soluble fiber levels in the present study ranged from 2.90–3.75%, 0.42–0.82%, and 0.06–0.14%, respectively, which fall within the moderate dietary fiber levels recommended by Cao et al. (2003). Overall, the results indicate that soybean hulls can be safely included up to 1.5% in broiler diets without affecting BW.
The overall WG (Table 1) of broilers was not significantly influenced by dietary inclusion of soybean hulls. Similar results were reported by Kurul et al. (2020), who observed no significant effect on WG with increasing levels of soybean hulls. In contrast, several studies using insoluble fiber sources such as soybean hulls, oat hulls, rice hulls, and sunflower hulls reported improved WG in broilers. Despite these findings, the present study indicates that inclusion of soybean hulls at 0.5–1.5% did not affect weekly or overall WG.
The cumulative FI (Table 1) of broilers did not differ significantly among treatments. Similar observations were reported by Kurul et al. (2020) and Ahsan et al. (2024), who noted that inclusion of insoluble fiber sources did not affect FI in broilers. However, some studies have reported increased FI with the inclusion of various fiber sources. The present results indicate that soybean hulls at 0.5–1.5% did not influence FI in broilers.
The overall FCR (Table 1) of broilers was not significantly affected by the dietary inclusion of soybean hulls. Similar results were reported by Kimiaeitalab et al. (2017), Dos Santos et al. (2019), and Sittiya et al. (2020), who observed no significant influence of insoluble fiber on FCR. However, other studies have reported improved FCR with the inclusion of various fiber sources. In the present study, the addition of soybean hulls up to 1.5% did not significantly influence FCR in broilers.  Overall, it was concluded that the soybean hulls can be safely included at levels of 0.5 to 1.5% in broiler diet as a natural source of insoluble fiber without adversely affecting BW, WG, FI, or FCR. 
Table 1. Overall growth performance (0-6 weeks) parameters of broilers fed with different levels of soybean hulls
	Groups
	Body weight (g)
(6th week)
	Weight gain
(0-6 weeks)
	Feed intake
(0-6 weeks)
	Feed Conversion Ratio
(0-6 weeks)

	A
	2562.47±60.93
	2514.88±61.09
	4266.72±129.35
	1.60±0.01

	B
	2545.67±33.35
	2497.45±33.93
	4236.45±68.34
	1.57±0.01

	C
	2544.27±86.51
	2497.33±85.29
	4239.25±112.56
	1.58±0.03

	D
	2623.77±34.67
	2576.78±35.41
	4277.25±54.88
	1.56±0.01

	SEm
	26.64
	26.58
	41.39
	0.01

	P-value
	0.747
	0.741
	0.987
	0.424



3.2 Gizzard and proventriculus organ index 
The gizzard and proventriculus index of broilers estimated at the 35th day of age is depicted in Table 2. Inclusion of 1.5% soybean hulls (Group D) significantly (P <.05) increased the gizzard index compared to the control and lower inclusion levels (0.5 and 1.0%). This indicates that higher levels of insoluble fiber stimulate gizzard development. Similar findings were reported by Kurul et al. (2020), Tejeda and Kim (2020), and Ahsan et al. (2024), who observed improved relative gizzard weight with inclusion of soybean hulls or other insoluble fiber sources such as oat and sunflower hulls. Insoluble fiber increases the retention time of digesta in the upper gastrointestinal tract, thereby stimulating gizzard development (Hetland et al., 2005). However, the proventriculus index was not significantly affected by the inclusion of soybean hulls at any level, which is consistent with the findings of Makivic et al. (2019), who reported no change in relative proventriculus weight with lignocellulose supplementation. Overall, the results suggest that inclusion of 1.5% soybean hulls in broiler diets improves gizzard development without affecting the proventriculus index.

Table 2: Gizzard and proventriculus organ index (g/kg) of broilers at 35th day of age fed with different levels of soybean hulls. 
	Treatments
	Gizzard index
(g/kg)
	Proventriculus index
(g/kg)

	A

	16.95a ±0.88
	4.55 ±0.16

	B

	16.74a ±0.53
	5.18 ±0.33

	C

	17.44a ±0.53
	4.66 ±0.33

	D

	19.57b ±0.53
	4.53 ±0.32

	SEm
	0.41
	0.15

	P-value
	0.030
	0.390


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

3.3 Gizzard digesta weight and pH
[bookmark: _Hlk219196332][bookmark: _Hlk218529439][bookmark: _Hlk219196356]The effect of soybean hulls on the weight of gizzard digesta and pH of broilers recorded at the 35th day of age is depicted in Table 3. Inclusion of 1.5% soybean hulls (group D) resulted in significantly (P <.05)  higher gizzard digesta weight than 0.5 and 1.0% soybean hull included groups (B and C) and the control (group A). This indicated that inclusion of 1.5% soybean hulls as a source of insoluble fiber in the broiler diet significantly (P <.05) increased the weight of gizzard digesta. In agreement with the present findings, Gonzalez-Alvarado et al. (2010) and Jimenez-Moreno et al. (2019) found that inclusion of various sources of insoluble fiber significantly (P<0.001) increased the digesta content of the gizzard. Inclusion of insoluble fibers increases the retention time of the digesta in the upper GIT, which helps to stimulate gizzard development in chicken (Hetland et al., 2005).  Additionally, Coarse insoluble fibers elevate water-holding capacity in the upper GIT without raising viscosity, slowing particle transit, and inducing digesta reflux via reverse peristalsis. Unlike soluble fibers that increase viscosity and impair nutrient access, insoluble types promote longer exposure to gastric acids and enzymes, lowering gizzard pH through increased HCl secretion from the proventriculus. 
Inclusion of different levels of soybean hulls significantly (P<0.05) decreased gizzard pH (Table 3) compared to the control. Among the soybean hulls included groups, 1.5% soybean hulls group showed significantly (P <.05) the highest reduction in gizzard pH than the 0.5 and 1.0% soybean hulls included groups. The results of the study indicated that the use of soybean hulls as a source of insoluble fiber significantly (P <.05) helps to decrease gizzard pH, where 1.5% level of soybean hulls inclusion is more beneficial than other levels included in the study. The findings of Dos Santos et al. (2019) and Kurul et al. (2020) corroborate the present research. They reported that adding different insoluble fiber sources decreases gizzard pH, leads to nutrient utilization, and might result in decreased fecal ammonia nitrogen. Gonzalez-Alvarado (2007) reported that the diets rich in fiber remain in the upper GIT longer and might be digested more completely because of increased peristalsis and production of HCL and other digestive enzymes. Jimenez-Moreno et al. (2009) reported that the lower gizzard pH improved pepsin activity and nitrogen retention, which might favour the absorption. Mateos et al. (2012) documented that insoluble fiber sources retained for a longer time in the gizzard result in a higher acidic environment by producing more HCL, leading to a lower gizzard pH. Low gizzard pH is associated with increased mineral salt solubility that improves digestion and mineral absorption in the proximal GIT. Jha et al. (2019) documented that the fermentation of dietary fiber by gut bacteria elevates SCFA levels, leading to a reduction in pH. Further, Lonkar et al. (2018) and Jimenez-Moreno et al. (2019) also reported that dietary oat hulls in broilers help to decrease gizzard pH. It is concluded that the soybean hulls (0.5, 1.0, and 1.5%) as a source of insoluble fiber in the broiler diet significantly (P <.05) help to decrease gizzard pH, with the highest reduction at 1.5% level of soybean hulls.

Table 3: Weight of gizzard digesta (g) of broilers at 35th day of age fed with different levels of soybean hulls. 
	Treatments
	Weight of gizzard digesta (g)
	Gizzard digesta pH

	A

	26.69a ±1.34
	2.65c ±0.01

	B

	31.18a ±1.52
	2.54b ±0.01

	C

	28.36a ±2.49
	2.55b ±0.01

	D

	37.99b ±1.85
	2.51a ±0.00

	SEm
	1.39 
	0.01

	P-value
	0.005
	0.000


Means bearing different superscripts within the column differ significantly (P<.05)
3.4 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 4. The results indicated that dietary inclusion of soybean hulls at 0.5, 1.0, and 1.5% levels significantly (P <.05) influenced intestinal morphology compared to the control group. The duodenal VH, CD, and VH: CD ratio was significantly (P <.05) affected by soybean hull supplementation, whereas VW was not significantly influenced. Duodenal VH increased significantly (P <.05) in all soybean hull–supplemented groups, with the highest value observed in birds fed 1.5%. The CD decreased significantly in broilers fed 0.5% and 1.5% soybean hulls compared to the control and 1.0% groups, with the greatest reduction recorded in the 1.5% soybean hull group. Consequently, the VH: CD ratio was significantly higher in birds fed 1.5% soybean hulls, followed by 0.5% and 1.0% groups. Similarly, the jejununal VH and VH: CD ratio was significantly (P <.05) increased with soybean hull inclusion, while VW and CD were not significantly affected. The highest jejunal VH and VH: CD ratio was recorded in broilers fed 1.5% soybean hulls, indicating improved intestinal morphology and absorptive capacity. These findings are in agreement with previous studies by Praes et al. (2011), Tejeda and Kim (2020), and Ahsan et al. (2024), who reported positive effects of soybean hulls on VH and VH: CD ratio. Similar improvements in intestinal morphology with insoluble fiber sources such as rice hulls, barley hulls, lignocellulose, and lignin were also reported by Chen et al. (2024), Bamedi et al. (2024), and Vikas et al. (2025). Dietary fiber is known to stimulate intestinal development by increasing VH and surface area, thereby enhancing nutrient absorption and growth performance as reported by Sarikhan et al. (2010). Moreover, higher VH is associated with greater intestinal absorptive capacity (Xu et al., 2003), while a higher VH: CD ratio reflects improved digestive potential and mucosal maturity of the small intestine (Adibmoradi et al., 2006).
Overall, the results of the present study indicate that inclusion of soybean hulls in broiler diets significantly improved intestinal histomorphology, with the 1.5% inclusion level showing the most beneficial effects by increasing VH and VH: CD ratio in both the duodenum and jejunum and reducing duodenal CD at 35th day of age. These improvements suggest enhanced intestinal development and better gut health in broilers.

Table 4: Histomorphology of duodenum and jejunum of broilers at 35 days of age fed with different levels of soybean hulls.

	Intestinal segment
	Parameter
	A
	B
	C
	D
	SEm
	P-value

	Duodenum
	VH
(µm)
	2222.00
±29.49ᵃ
	2385.00
±36.72ᵇ
	2434.42
±29.41ᵇ
	2645.50
±29.96ᶜ
	26.82
	0.000

	
	VW
(µm)
	247.58
±15.13
	247.17
±15.46
	218.75
±22.07
	249.92
±20.30
	9.14
	0.594

	
	CD
(µm)
	269.50
±12.60ᵇ
	237.75
±7.70ᵃ
	266.25
±10.78ᵇ
	233.75
±6.02ᵃ
	5.22
	0.017

	
	VH: CD ratio
	8.46
±0.44ᵃ
	10.16
±0.40ᵇ
	9.28
±0.34ᵃᵇ
	11.42
±0.37ᶜ
	0.25
	0.000

	Jejunum
	VH
(µm)
	1850.33
±42.40ᵃ
	1960.42
±60.53ᵃ
	1842.83
±31.10ᵃ
	2151.75
±24.37ᵇ
	27.24
	0.000

	
	VW
(µm)
	193.92
±14.87
	214.17
±24.03
	217.58
±20.99
	233.17
±13.68
	9.36
	0.539

	
	CD
(µm)
	239.42
±8.00
	227.67
±9.34
	231.67
±9.50
	226.42
±8.03
	4.30
	0.719

	
	VH: CD ratio
	7.80
±0.26ᵃ
	8.73
±0.37ᵃᵇ
	8.12
±0.39ᵃ
	9.63
±0.36ᵇ
	0.20
	0.003


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)

3.5 Cecal digesta microbial counts 
[bookmark: _Hlk219198808]The effect of soybean hulls inclusion as a source of insoluble fiber on the cecal Lactobacillus, E. coli, and Total Viable Count is given in Table 5. Inclusion of soybean hulls significantly (P <.05) influenced the cecal Lactobacillus count of broilers. The 1.0 and 1.5% soybean hulls included groups (C and D) showed higher Lactobacillus count than 0.5% soybean hulls group (B) and the control. Significantly (P <.05), the highest Lactobacillus count was found with 1.5% soybean hulls inclusion than other groups. Pascoal et al. (2015) found higher Lactobacillus count in the small intestine of broilers fed with soybean hulls. Vikas et al. (2025) and Baurhoo et al. (2007) reported that dietary lignin significantly increased Lactobacillus count. Bogusławska-Tryk et al. (2015) and Makivic et al. (2019) showed that dietary lignocellulose increased (P<0.05) ileal and cecal Lactobacillus spp. Saki et al. (2010) reported that the diet containing a higher insoluble cellulose fiber significantly increased (P <.05) intestinal  Lactobacilli count. Sabour et al. (2019) documented an increase (P <.05) in the intestinal Lactobacillus count as a response to the use of insoluble fiber in the diet. Similar to the present findings, these workers observed that the dietary insoluble fiber influenced  Lactobacillus count in the small intestine of broilers.
Baurhoo et al. (2007) documented that lignin inhibits the growth of pathogenic enteric bacteria and favours an increase in Lactobacilli and Bifidobacteria. Kawai et al. (2004) reported that Lactobacilli and Bifidobacteria improved gut health by competing with harmful bacteria for nutrients and attachment sites and by producing bacteriocins that inhibit pathogens in the poultry gut. Jha et al. (2019) documented that the fermentation of dietary fiber by gut bacteria elevates SCFA levels, leading to a reduction in pH that favours the proliferation of beneficial bacterial populations and improves intestinal immune barrier integrity. The Lactobacillus enhances the activity of digestive enzymes such as amylase, lipase, and protease, thereby improving nutrient absorption (Chen et al., 2024). Their correlation analysis showed that Lactobacillus was positively associated with VH and VH: CD ratio. Bogusławska-Tryk et al. (2015) suggested that the abrasive action of insoluble dietary fiber on the intestinal mucosal surface helps remove pathogenic bacteria while promoting the growth of beneficial microorganisms and leads to a reduction in gut pH due to higher concentrations of lactic, acetic, and propionic acids. Makivic et al. (2019) suggested that increased beneficial bacteria in the small intestine likely enhanced vascularization, leading to improved villus development and increased absorption.
[bookmark: _Hlk219198849][bookmark: _Hlk219198919]Cecal E. coli count of broilers was significantly (P <.05) influenced by the inclusion of soybean hulls in the broiler diet (Table 5). Lower E. coli count was found in 1.0 and 1.5% soybean hulls included groups (C and D) than 0.5% soybean hulls group (B) and the control (A). The 1.5% soybean hulls inclusion in the broiler diet resulted in significantly (P <.05) the lowest cecal E. coli count than other groups. Results corroborated with findings of Pascoal et al. (2015) and Bamedi et al. (2024), who found that the diets containing soybean hulls and sunflower hulls lowered E. coli count (P<.01) in the small intestine. Supplementation of lignocellulose (Bogusławska-Tryk et al., 2015, and Makivic et al., 2019) and modified lignin (Vikas et al., 2025) significantly reduced E. coli counts. Phenolic compounds in lignin damage and break down the bacterial cell membranes (Jung and Fahey, 1983), which helps to reduce E. coli load in the gut of chickens. Montagne et al. (2003) reported that dietary fibers are fermented by bacteria in the lower gut and produce short-chain fatty acids (SCFAs), which suppress the growth of intestinal pathogens such as E. coli and Clostridium spp. Kamada et al. (2013) documented that the low pH of the gut maintains the normal microorganism population and prevents the establishment of pathogenic bacteria in the GIT. 
Inclusion of soybean hulls significantly (P <.05) improved the total viable count in the cecum of broilers (Table 5). There was a linear increase in cecal total viable count with increasing levels of dietary soybean hulls compared to the control. Significantly higher cecal total viable count was observed in 1.5% soybean hulls included group. The increase in total viable count in the cecum of broilers fed with different levels of soybean hulls might be due to an increase in beneficial cecal Lactobacillus count at the 35th day of age. Kawai et al. (2004) reported that Lactobacilli and Bifidobacteria improved gut health by competing with harmful bacteria for nutrients and attachment sites and by producing bacteriocins that inhibit pathogens in the poultry gut. Mateos et al. (2012) in their research reported that decreased gizzard pH positively affects intestinal microflora and arrests harmful microbial populations. Baurhoo et al. (2007) documented that lignin inhibits the growth of pathogenic enteric bacteria and favours an increase in Lactobacilli and Bifidobacteria. These reports show that an increase in total viable count in the cecum of broilers might be due to an increase in beneficial bacteria.

Table 5 Cecal digesta microbial counts (Log10 CFU/g) of broilers at 35th day of age fed with different levels of soybean hulls 
	Treatments
	Lactobacillus count
(Log10 cfu/g)
	E coli count
(Log10 cfu/g)
	Total Viable Count
(Log10 cfu/g)

	A

	7.20a ±0.02
	6.28c ±0.01
	7.56a ±0.02

	B

	7.23a ±0.01
	6.25c ±0.01
	7.65b ±0.03

	C

	7.46b ±0.01
	6.15b ±0.01
	7.80c ±0.03

	D

	8.15c ±0.01
	5.59a ±0.02
	8.31d ±0.01

	SEm
	0.10
	0.07
	0.08

	P-value
	0.000
	0.000
	0.000


Means bearing different superscripts within the column differ significantly (P <.05) 
[bookmark: _Hlk192883287]
4. CONCLUSIONS 
Research findings concluded that inclusion of soybean hulls at 1.5% in broiler diets is more beneficial for improving gizzard conditions, gut morphology, and cecal microbial balance with higher beneficial bacteria, thereby enhancing gut health without adversely affecting growth performance. The soybean hulls can be included in the broiler diet up to 1.5% level as a natural source of insoluble fiber in the broiler diet.
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