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The trial evaluated the effects of different fiber sources on growth performance, gut
health, nutrient digestibility, digesta attributes and microbial counts in broilers. A
total of 600 Ross 308 broiler chicks (day old) were allotted to five groups with six
replicates (20 birds/replicate). The control diet (CON) contained a 3% filler, which
was replaced with 3% of either soybean hulls (SH), wheat bran (WB), maize bran
(MB), or sugar beet pulp (SBP) in the other four treatments. Growth performance
was monitored phase wise, whereas development of gastrointestinal tract and pH,
digesta attributes, gut health, nutrient digestibility and microbial population were
assessed on day 35 of the experiment. The SBP significantly reduced (P<0.05)
growth performance across all the phases. Conversely, during grower phases, WB
and SH groups exhibited greater average daily gain (ADG) and better FCR
(P<0.05). Overall, WB and SH had the highest (P<0.05) ADG, average daily feed
intake (ADFI) and FCR, whereas SH was similar (P>0.05) to CON. The SH group
had the greatest gizzard weight (P<0.05) than all the groups. The SBP significantly
increased (P<0.05) digesta viscosity, small intestinal weight, duodenal crypt depth
and cecal E. coli counts. In contrast, WB improved (P<0.05) the villus height and
villus height to crypt depth ratio, ileal digestibility of CP and ether extract than the
MB and SBP, whereas remained comparable to the SH and CON. The WB and SH
increased (P<0.05) the cecal Lactobacillus spp. counts. In conclusion, 3% WB and
SH supported growth, gut development and CP digestibility, whereas SBP reduced
growth, worsened duodenal morphology and nutrient digestibility, increased digesta
viscosity and cecal E. coli, in broilers.
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INTRODUCTION

Modern broilers have been selected for rapid growth
and high feed efficiency (Aylward ef al., 2024). To fully
exploit their genetic potential, broilers are fed nutrient-
dense pelleted diets, which are low in fiber and lack
physical texture necessary for physical stimulation of the
digestive tract, particularly the gizzard. The absence of
structural elements impairs the gut development and health
ultimately affecting the nutrient digestibility (Svihus, 2011;
Mateos et al., 2012; Abdollahi et al, 2018). However,
coarse cereal particles, whole grains and insoluble dietary
fiber have been reported to potentially improve feed
texture, which enhances the digestive functioning and feed
efficiency in broilers (Soltan et al., 2024).

The dietary fiber (DF), historically regarded as a
nutrient diluent and an anti-nutrient (Donadelli et al., 2019),
has recently gained attention in poultry nutrition due to its
functional benefits. It primarily comprises a heterogeneous
group of carbohydrate polymers like cellulose,
hemicelluloses, pectin, mucilage, gums, - glucans,
oligosaccharides, resistant starch and lignin that are resistant
to enzymatic breakdown and are fermented by the microbes
(Kurul et al, 2020). The DF is further classified either as
soluble dietary (SDF) containing pectin, gums, B-glucans
and hemicellulose, and insoluble dietary fiber (IDF),
containing lignin and cellulose. These two types of DF
stimulate contrasting physiological responses in the avian
gut (Okrathok and Khempaka, 2020). The higher
concentration of SDF impairs the broiler performance by
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increasing the intestinal viscosity leading to hypertrophy of
the GIT, reducing the nutrient digestibility by encapsulating
nutrients and compromises the gut health by promoting the
proliferation of detrimental microbes like Clostridium
perfringens and coliforms (Sadeghi ez al., 2015; Kurul ef al,
2020; Bamedi et al, 2024). Conversely, IDF provides
essential structural elements and stimulates HCI secretion
and gizzard function resulting in greater acidity, longer
retention time, better mechanical grinding and increased
digesta reflux (Rodrigues and Choct, 2018; Kiarie and Mills,
2019; Liebl et al, 2022). Consequently, supplementing
moderate IDF has been shown to enhance growth, gut
development, intestinal functioning and nutrient utilization
in broilers (Shang et al., 2020; Rasool et al., 2023).

A growing competition among humans and animals
necessitates the use of agro-industrial byproducts that are
not fit for humans (Gargon et al, 2023). Fibrous dictary
ingredients are inexpensive and sustainable in agro-
industrial countries (Babatunde er al., 2021). These
fibrous byproducts, however, differ widely in their
chemical and physicochemical properties, which has
historically limited their use in poultry diets (Lindberg,
2023). Soybean hulls (SH, an oil-extraction byproduct)
and maize bran (MB, a starch-manufacturing byproduct)
are predominantly rich in highly lignified IDF fractions,
with variable proportions of cellulose, hemicellulose and
lignin (Raza et al., 2022; Faryadi et al., 2023). Wheat bran
(WB) as an IDF is abundant in arabinoxylans (Veluri et
al., 2024). In contrast, sugar beet pulp (SBP) is rich in
soluble pectin (21 to 30%), which increases water-binding
capacity and digesta viscosity, whereas serving as a highly
fermentable substrate in the ceca (Berrocoso et al., 2020).

Reported responses to DF in broilers are inconsistent
ranging from improved growth performance (Tejeda and
Kim, 2020; Abdel Magied et al, 2021; Rasool ef al., 2023)
to reduced growth (Saadatmand et al.,, 2019; Kakhki et al.,
2024) or no effect (Faryadi et al.,, 2023). These differences
are mainly attributed to composition and physicochemical
properties of the DF source (Kakhki ef al, 2024). The
response also depends on the inclusion level, solubility,
hydration capacity and particle size of the DF as well as basal
diet and bird age (Mateos et al., 2012; Berrocoso et al., 2020;
Rybicka et al., 2024). Differences in these factors among the
studies make direct comparison of DFR sources difficult.
Maize bran has received little attention as a source of DF in
broilers, and to our knowledge, no study has compared it
with SH, WB and SBP under identical conditions, although
these fibers differ widely in lignification, arabinoxylan and
pectin contents. This information is required to explore the
suitable agro-industrial byproducts for broiler feeds. The
present trial, therefore, examined the impacts of different DF
sources included at 3% on growth performance, gut
developments and health, nutrients utilization, digesta
attributes and cecal bacterial counts in broilers. It was
hypothesized that supplementing a modest level (3%) of
these DF sources would improve gut development and
health, enhance nutrient utilization and ultimately growth
performance in broilers.

MATERIALS AND METHODS

All the processes followed during the research were
permitted by the Animal Care and Use Committee,
UVAS, Lahore, Pakistan (No. DR/426, dated 19/09/2023).
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Experimental design, diets and bird management: The
DF sources including SH, MB, SBP and WB were
sourced from the local market and ground using a 1mm
sieve to standardize their particle size. A total of 600 Ross
308 mixed sex broiler chicks (day old) were acquired and
randomly allotted to five dietary treatments with six
replicates (20 birds/replicate) in a completely randomized
design. The five experimental diets were tested including
a standard control (CON) diet containing 3% filler (acid
insoluble ash). The four experimental feeds were
formulated by substituting the filler with 3% of either SH,
MB, SBP or WB (w/w) into the CON (Table 1) so that the
diets differ mainly in crude fiber and crude ash. The feeds
were prepared to satisfy the nutrient needs of the broilers
as indicated by Aviagen (2022). Additionally, 1% Celite®
was supplemented for the digestibility parameters. All the
treatments were offered as pellets in starter (0 to10 day),
grower (11 to 24 day) and finisher (25 to 35 day) phases.
The broilers were vaccinated for Infectious Bursal Disease
on first day and further vaccinated against Newcastle
Disease and Infectious Bronchitis on fifth and 15™ day of
the trial. The broilers were provided feed and water ad
libitum. The Ross 308 management guidelines were
followed for management practices, including the
temperature, relative humidity and lighting (Aviagen,
2018).

Table I: Dietary ingredients and nutrient composition (% as-fed) of the
basal experimental diets.

Starte Growe Finishe

Ingredients (%) r r r
Maize 56.95 63.67 64.68
Soybean meal 26.00 20.00 19.00
Poultry by product meal 6.00 6.00 5.00
Maize gluten (60) 2,00 200 3.00
Vegetable oil 200 200 251
Limestone .01 094 087
DCP 097 0.65 052
Lysine Sulphate 083 0.7 052
L-Methionine 033 022 020
L-Threonine 0.18 o.I1 00l
L-Valine 0.0l 0.02 0.0l
L-Isoleucine 0.01 0.02 00l
L-Arginine 0.12 0.13 o0.l0
Vit-Min Premix' 0.10 0.0 0.10
Na Bicarbonate 0.18 0.17 0.17
Salt 021 020 020
Choline 0.10 0.10 o0.10
Filler 3.00 3.00 3.00
Nutrient Composition (%, unless otherwise

mentioned)

ME (Kcal/kg) 2980 3100 3150
CcpP 22.00 21.00 20.00
CF 274 245 255
Ca 096 087 0.80
Av.P 048 043 040
Dig Lys 128 I.I5 1.03
Dig M+C 095 087 0.80
Dig Thr 086 0.77 0.69
Dig Tryp 020 0.18 0.16
Dig Leu 141 1.27 .13
Dig Isoleu 086 0.79 071
Dig Valine 096 088 0.78
Dig Arginine 1.37 123 1.10

'Vit-Min premix composition (per kg of diet) 13000 L.U vitamin A,
5000 I.U vitamin D3, 30mg vitamin E, 2mg vitamin K3, 3mg vitamin
Bl, émg vitamin B2, 4mg vitamin B6, 0.0lmcg vitamin Bl2, 40mg
nicotinamide, 0.02mcg biotin, Img folic acid, [0mg Ca d-
panthothenate, 80mg manganese, 65 mg zinc, 48mg iron, 10mg
copper, 0.2mg selenium.



Parameters studied

Growth performance: The body weight (BW) and feed
intake (FI) were measured phase wise. The mortality BW
were noted to correct the FCR. The data on BW and FI
were employed to calculate average daily gain (ADG),
average daily feed intake (ADFI) and FCR for each
feeding phase and cumulatively for entire duration of the
experiment (Yu et al., 2024).

Organ weights and pH: On day 35 of the experiment,
two broilers from every pen were chosen, humanely
euthanized and necropsy was performed to collect the
samples. The visceral organs were excised and separated.
The proventriculus, gizzard, duodenum, jejunum, ileum
and ceca were weighed (% of LW) and the lengths (cm) of
the mentioned intestinal segments were also recorded as
stated by Rasool ef al. (2023). The pH in these organs was
recorded using a standardized pH meter (model 507,
Crison instruments) following a procedure described by
Moradi et al. (2021).

Gut health: For intestinal morphometric examination,
2cm mid duodenal tissues from the selected broilers
were collected and preserved as recommended by Rasool
et al. (2023). The preserved duodenal tissues were
processed using the standard hematoxylin and eosin
procedure (Bancroft and Gamble, 2008; Gul et al,
2025). The sample slides were scanned for villus height
(VH) and crypt depth (CD) using a light microscope
(Olympus CX31, Olympus USA) equipped with a digital
imaging system from 5 intact villi and crypts per bird.
The VH:CD (VCR) was calculated from VH and CD
data.

Nutrient digestibility: The ileal digesta was collected
from the euthanized birds during necropsy examination as
suggested by Rasool et al. (2023). The samples within a
pen were combined and preserved at -20°C. The AID of
CP and ether extract (EE) was calculated using acid
insoluble ash (AIA), CP and EE data of the feed and
digesta as stated by Moradi ef al. (2021);

AID (%) = [(nut/ATA)d — (nut/AIA)T] / [(nut/ATA) d] x 100

Where, (nut/AIA)d represents the dietary proportion
of CP and EE and AIA in the feed and (nut/AIA)I shows
the digesta proportion of CP and EE and AIA.

Digesta characteristics: The digesta transit time was
recorded following a procedure used by Moradi et al
(2021) using the chromic oxide (1g/kg) as a marker. The
digesta was collected from the euthanized birds during
necropsy examination and used for analyzing digesta
viscosity using a procedure described by Anwar et al.
(2023).

Cecal microbes: The cecal digesta was used to measure
cultivable E.coli, Salmonella spp. and Lactobacillus spp.
population as described by Yang et al. (2012). Briefly,
the cecal contents were diluted with 2ml isotonic saline
and three 10 folds’ dilutions were prepared using the
already diluted cecal contents. A 0.1ml of the dilutions
was spread on selective media. Escherichia coli spp.
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were incubated on MacConkey agar at 37°C for 24 h.
Salmonella spp. were incubated on Salmonella Shigella
agar at 37°C for 24h. Lactobacillus spp. were incubated
on de Man, Rogosa and Sharpe agar for 48h at 37°C. All
the cultured plates with presumptive countable growth
were enumerated and reported as a log CFU /g of cecal
contents.

Chemical analysis: The feed and digesta samples were
passed through a 0.5mm screen. The proximate
composition contents of the ground feed samples and
neutral detergent fiber and acid detergent fiber contents in
the fiber samples (Table 2) were analyzed using the
standard procedures (AOAC, 2005). The AIA contents in
the sampled digesta and feed were evaluated as stated by
Siriwan et al. (1993).

Table 2: Nutrient composition of the dietary fiber sources.

Fiber sources'

Nutrient (%- as such basis) SH MB SBP WB
Dry matter 90.05 9535 9362 90.42
Crude ash 258 073 788 452
Crude protein 10.05 1038 6.96 13.87
Ether extract 040 564 04I 3.60
Crude fiber 4380 9.11 18.67 10.20
Neutral detergent fiber 7266 5584 4892 4378
Acid detergent fiber 57.63 11.51 2891 11.04

ISH; Soybean hulls, MB; Maize bran, SBP; Sugar beet pulp, WB; Wheat
bran.

Statistical analysis: The pen was considered an
experimental unit and data from euthanized birds (2 birds
per pen) were averaged prior to statistical analysis. The
collected data were analyzed as one-way analysis of
variance (ANOVA) through PROC GLM in SAS (9.1;
SAS Inst. Inc., Cary, NC). Tukey’s test was used to
distinct the significant means when P-value was smaller
than 0.05. The use of six replicates per treatment (20
birds/ pen) were consistent with previously published
studies evaluating the effects of DF in broilers (Tejeda
and Kim 2020; Rasool et al., 2023).

RESULTS

Growth performance: Throughout the trial, the dietary
treatments significantly influenced (P<0.05) growth
(Table 3). During all the phases, the SBP supplementation
reduced ADG, lowered FI and worsened FCR among all
the treatment groups. During the starter period, the CON,
SH and WB groups, however, had greater ADG and an
improved FCR than the SBP and MB. The broilers in SBP
group had the lowest ADG and ADFI (25.10 and
29.80g/d). During the grower period, the WB and SH
groups had the highest ADG (61.2 and 60.5g/d) and
improved FCR (1.39 and 1.42), whereas SH was similar
to the CON. The broilers fed MB diets, however, showed
a better ADG and a superior FCR than the SBP group.
The CON diet fed broilers, however, showed a better
ADG than those fed MB and SBP based diets. The SBP
group had the lowest ADG and ADFI (55.50 and
84.01g/d) and the highest FCR (1.51) among all the
groups.

During the finisher phase, the WB group yielded a
greater ADG than the CON, MB and SBP treatments,



whereas at par with the SH. The WB group showed a
greater ADFI than the SBP and statistically at par with the
CON, MB and SH groups. WB supplementation to the
broilers improved the FCR than the MB and SBP and
statistically similar to the SH and CON groups. The SH
group, similarly, had a better ADG than SBP and MB,
however, at par with CON and WB groups. The WB
group showed more ADFI than the SBP and similar to the
CON, MB and SH. Overall, the broilers fed WB
supplemented diets yielded a greater ADG (60.30 g/d) and
an improved FCR (1.47) than the CON (58.70 and 1.51),
MB (57.02 and 1.55) and SBP (54.51 and 1.59) and
similar to SH (59.77 and 1.48). The SH group, similarly
had a greater ADG and a better FCR than the MB and
SBP groups, whereas at par with the WB and CON
treatments. Overall, the SBP group had the lowest ADG
and ADFI (54.51 and 86.77 g/d) and the highest FCR
(1.59).

Organ weights and pH: Table 4 represents the influence
of different DF on relative weights of the visceral organs.
The relative weight of proventriculus did not respond to
the experimental treatments (P>0.05). The gizzard,
conversely, responded (P<0.05) to the supplemented
fibers. The broilers in CON group had the lowest gizzard
weight (1.30% of LW) among the experimental groups.
Among the fiber supplemented treatments, feeding the SH
yielded highest gizzard weight (1.66%) than the SBP
treatments. The gizzard weight remained statistically
comparable (P>0.05) in WB, SBP and MB groups.
Supplementing the FS impacted (P<0.05) the intestinal
weights in the broilers compared with the CON treatment.
The broilers fed CON diets had the lowest weights (% of
LW) of duodenum (0.84), jejunum (1.43), ileum (1.52)
and ceca (0.73) than those fed the fiber supplemented
groups. Among the fiber supplemented treatments, the
broilers fed SBP had the highest weights of duodenum
and jejunum (1.13 and 1.77% of LW, respectively). The
broilers in SH, MB and WB groups had statistically
comparable (P>0.05) duodenal and jejunal weights. The
broilers in SBP, WB and MB groups had the highest ileal
weights than those in the SH and CON groups. The SBP
addition yielded the highest cecal weight than the SH and
MB, however, similar to the WB treatment. The SH and
MB groups, likewise had similar Ileal and cecal weights.
The dietary treatments, however, had no effect on the
lengths of different GIT segments of the broilers (Table
4).

Table 4 represents the effects of the dietary
treatments on organ pH in broilers. The CON diet fed
broilers exhibited the highest (P<0.05) pH in
proventriculus (3.39) and gizzard (3.50) among all the
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treatments. The broilers in SH group showed the lowest
(more acidic) pH in proventriculus (3.04). The SH and
WB groups showed the lowest pH in gizzard (3.24 and
3.27). The WB group showed a lower pH in
proventriculus compared with the MB and SBP groups.
However, the broilers in SH group had a lower pH
compared to the CON, MB and SBP fed diets, whereas
similar to those fed WB diet. The WB and MB groups had
a similar gizzard pH, however, less than the SBP
treatment. The broilers in CON and fiber supplemented
treatments had statistically similar (P>0.05) pH in
duodenum, jejunum and ileum. The broilers in CON,
however, showed the highest (P<0.05) cecal pH (6.97)
among all the treatments. The SBP fed broilers had a
lowest (6.79) cecal pH than those in the MB and SH
groups (P<0.05) and similar to those in the WB groups.

Gut health: The effects of various dietary FS on gut
health in the broilers are documented in Table 5. Feeding
WB diets increased (P<0.05) VH in broilers than the MB
and SBP groups, whereas similar (P>0.05) to the SH and
CON groups. The SH and CON treatments yielded longer
(P<0.05) villi than the SBP and similar to the MB
treatments. The MB and SBP groups had similar (P>0.05)
VH. The SBP supplementation yielded the lowest
(P<0.05) VH (1810.50 um) than the other groups. The CD
was affected (P<0.05) in reaction to the treatments. The
broilers in SBP and MB treatments had deeper crypts
(267.03 and 260.61 pm) than the CON (229.90 um), WB
(223.85 um) and SH (234.20 pum) treatments. The broilers
fed CON, WB and SH diets, however, had similar
(P>0.05) CD. The broilers in CON, WB and SH groups
had statistically comparable (P>0.05) VCR, whereas
greater (P<0.05) than MB and SBP groups. The MB and
SBP groups had comparable (P>0.05) VCR. The broilers
on SBP diets, however, yielded the lowest VCR (6.84)
than all the treatments.

Nutrient digestibility: The impacts of supplementing
various FS on AID of CP and EE are shown in Table 5.
The WB group showed higher (P<0.05) AID of CP than
the CON, MB and SBP, whereas similar (P>0.05) to the
SH group. The SH and CON had a greater AID of CP
than the MB and SBP. The highest AID of CP was
recorded in WB (73.97%) and SH (72.96%) groups,
whereas The SBP had the lowest AID of CP (66.71%)
among all the treatment groups. The broilers in CON,
WB and SH groups had comparable (P>0.05) AID of
EE. The CON and MB fed broilers did not differ
(P>0.05) in AID of EE. The broilers in SBP group had
the lowest AID of EE (77.26%) among all the other
dietary treatments.

Table 3: Influence of different fiber source on average daily gain (g/b/d), average daily feed intake (g/b/d) and FCR (g/g) in the broilers'.

Age (d) — Starter (1-10) Grower (11-24) Finisher (25-35) Overall (1-35)

Effects® ADG ADFI FCR ADG ADFI FCR ADG ADFI FCR ADG ADFI FCR
CON 27.33* 30.97° 1132 59.22° 85.08®°  1.44° 86.41*  144.86® 1.68* 58.70° 8841* 151°
SH 27.85* 31.16 1.12? 60.51° 85.67% 1.42% 87.83* 144.89% 1.65* 59.77*® 8871*  1.48®
MB 26.21° 30.79° 1.17° 57.88° 85.34* 1.47¢ 83.94° 14491 1.73° 57.02¢ 88.50*  [.55¢
SBP 25.1¢ 29.82° I.19° 55.50¢ 84.01° 1.51¢ 80.11¢ 142.05° 1.77¢ 54.51¢ 86.77°  1.59¢
WB 28.2% 31.21° 112 61.15° 85.20®  1.39* 88.40* 145.90* 1.65* 60.30* 88.84* .47°
SEM 0.211 0.216 0.010 0.322 0.294 0.010 0.600 0.779 0.010 0.311 0.335 0.010
P-value <0.001 <0.001 <0.001 <0.001  0.007 <0.001 <0.001 0.023 <0.001 <0.001  0.012 <0.001

*dMeans with dissimilar superscripts in a column vary significantly (P<0.05). 'Each value indicates the mean of 6 replicate pens (20 broilers per pen).
2CON; Control, SH; Soybean hulls, MB; Maize bran, SBP; Sugar beet pulp, WB; Wheat bran.



Table 4: Impacts of different fiber source on organ weights (% of LW),
intestinal lengths and organ pH in the broilers'

Treatments?

Observations CON SH MB SBP WB SEM P-Value
Organ weights (% of LW)

Proventriculus 042 046 044 043 045 0.013 0.273
Gizzard 1.30° 1.66* 1.60*® 1.57° 1.63* 0.018 <0.00I
Duodenum 0.84° 0.97° 0.95° 1.13* 0.95° 0.021 <0.001
Jejunum 1.43¢ 1.55° 1.58° [.77¢ 1.58° 0.027 <0.00I
lleum 1.52¢ 1.71° 1.74*® 1.83* 1.80* 0.024 <0.00I
Ceca’ 0.73° 0.82° 0.83° 0.91* 0.86*® 0.014 <0.001
Intestinal length (cm)

Duodenum 29.83 29.05 27.75 27.92 28.17 0.888 0.390
Jejunum 80.00 80.92 81.25 81.42 80.08 1.270 0.904
lleum 86.50 86.17 87.75 85.92 87.25 1.200 0.804
Ceca® 17.17 17.92 17.08 17.26 18.25 0.686 0.685
Organ pH

Proventriculus 3.39* 3.04¢ 3.21% 325 3.14¢ 0.019 <0.001
Gizzard 3.50° 3.24¢ 3.32% 341> 327¢ 0.021 <0.00l
Duodenum 599 6.03 596 6.05 599 0.054 0.791
Jejunum 632 631 628 639 631 0.035 0280
lleum 688 692 691 695 691 0.030 0.690
Ceca 6.97° 6.88° 6.89° 6.79° 6.83> 0.019 <0.001

*“Means not sharing same superscript in a row vary significantly
(P<0.05). 'Each value indicates the mean of 6 replicate pens (average of
2 birds/pen). 2CON; Control, SH; Soybean hulls, MB; Maize bran, SBP;
Sugar beet pulp, WB; Wheat bran. 3single ceca.

Table 5: Effects of different fiber source on ileal digestibility of
nutrients, duodenal morphology and digesta characteristics in the
broilers'.

Treatments?
Observations CON SH MB SBP WB  SEM P-Value
AID of nutrients
oy
CcP 7161°  7296°  69.19°  66.71° 7397° 0554<000I
EE 8140 8366 8044° 7226 8399 0642<000I
Duodenal
morphology(um)*
VH 1932.40* 1995.80 1898.71> 1810.50°2034.88*2760<000I
CD 29990° 23420° 260.61*° 267.03* 22385° 5880<000I
VCR 853 862* 7.40° 684° 9170 0.67<000I
Digesta
characteristics
Digesta  Transit249.50 25750 283.83 27800 26550 84900.144
Time (min)
Digesta Viscosity4.65° 453° 479 753 448" 0.187<000I
(cps)

*Means having dissimilar superscript in a row vary significantly
(P<0.05).'Each value denotes the mean of 6 replicate pens. 2CON;
Control, SH; Soybean hulls, MB; Maize bran, SBP; Sugar beet pulp, WB;
Wheat bran. 3CP; crude protein, EE; Ether extract. “VH; Villus height,
CD; crypt depth, VCR; VH: CD.

Digesta characteristics: The results of various FS on
digesta transit time and its viscosity in the broilers are
reported in Table 5. The digesta transit time did not differ
significantly (P>0.05) among all the experimental
treatments. However, the dietary treatments significantly
affected (P<0.05) the digesta viscosity. The broilers in
SBP group showed the highest digesta viscosity (7.53 cps)
than those fed the other dietary treatments, which had
statistically similar (P>0.05) digesta viscosity.

Cecal microbes: Impacts of various dietary FS on cecal
bacterial counts in the broilers are presented in Fig. 1. The
counts of E. coli and Lactobacillus spp. population in the
ceca significantly differed (P<0.05) by the dietary
treatments. The SBP supplemented broilers exhibited the
greatest E.coli counts (7.06 logio CFU/g) among all the
treatments with MB and CON groups having similar
E.coli counts, but greater than the SH and WB fed groups.
The WB fed group had the lowest E.coli counts (6.59
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logio CFU/g) among all the treatments. The highest
Lactobacillus spp. counts were recorded in WB (6.98) and
SH (6.91 logio CFU/g) fed groups. The CON diet fed
broilers had greater Lactobacillus spp. counts than the MB
and SBP treatments. The SBP fed group had the lowest
Lactobacillus spp. counts (6.53 logio CFU/g) among all
the dietary treatments. The cecal Salmonella spp.
population remained unchanged (P>0.05) in response to
the treatments.

7.2
7.1 A

7 4
w6 ]
5 6.8
= 6.7
< 6.6 -
& 6.5 4
6.4
6.3
6.2
6.1 A

CON SH MB SBP WB

Dietary Treatments
BE. coli OLacrobacillus spp. BSalmonella spp.

Fig. 1: Effects of fiber source on cecal microbial counts (Logio CFU/g)
in broilers. CON; Control, SH; soybean hulls, MB; maize bran, SBP;
sugar beet pulp, WB; wheat bran. Error bars represent the pooled SEM
(n=6). Bars with different letters within a bacterial group differ
significantly (P<0.05).

DISCUSSION

This study explored the impacts of different DF
sources on growth indices, gut health, nutrient utilization,
digesta attributes and cecal microbial counts in broilers. It
was hypothesized that dietary supplementation of a
moderate amount of fiber may improve gut development
and its health, nutrient digestibility leading to better
growth performance in broilers. Nutrient utilization, gut
health and organ weights and their pH, and cecal
microbial counts were evaluated as explanatory variables.
Longer villi with reduced crypt depths, greater VCR in
duodenum and modulated cecal microbes were used as
markers of a healthy intestine in the broilers.

The improved overall growth performance recorded
in WB and SH groups during all phases is in line with the
earlier research showing that moderate supplementation of
IDF enhances growth rather than diluting the nutrients
(Abdel Magied et al., 2021; Idan et al., 2023). Consistent
with the current results, Shang et al. (2020a) and
Pourazadi et al. (2020) reported that 3% WB improved
ADG by 6.6 and 7.4% and FCR by 9.8 and 10%,
respectively, in broilers. Likewise, Tejeda and Kim (2020)
and Liebl et al. (2022), reported 5.1 and 4.3% greater
BWG in broilers fed SH diets than those in the CON,
correspondingly. Rather than acting as a nutrient diluent,
these structurally intact fibers potentially stimulate upper
gastrointestinal development, which improve the birds’
capacity to assimilate nutrients. Poorer growth
performance in broilers fed MB supplemented diets than
those fed the WB, SH and CON diets is in agreement with
findings reported by Sharifi and Masoudi (2024). These
latter authors reported 8.3% lower ADG and 7.7% lower
FI with 5% dietary MB supplemented diets compared
with the CON group. Adedokun and Adeola (2020)



reported that type of fiber may influence the GIT in
different manners by increasing the digesta viscosity and
abrasion of the intestinal walls. The Ilatter authors
concluded that feeding the corn bran to broilers enhanced
the endogenous secretion of various amino acids. In the
present study, MB fed broilers had lower VH and VCR
with deeper crypts than CON, WB and SH fed groups,
which may be related to abrasive nature of the MB. Their
lower digestibility of CP and EE may have contributed to
poorer growth performance and lower CP digestibility
may be due to higher endogenous amino acid losses as
suggested by Adedokun and Adeola (2020). The SBP
supplementation reduced the ADG and FI and worsened
the FCR throughout the trial. Comparable to the current
findings, Saadatmand et al. (2019) reported that feeding
SBP (3-4%) to broilers resulted in 5.9% reduced BW and
6.1% poor FCR. Kakhki et al. (2024) reported that 3%
SBP addition to broiler diets reduced the BWG (2.5 and
2.4%) and FI (3.2 and 3.7%) than the WB and SH groups,
respectively. These latter authors suggested that the
reduced FI in addition to the higher digesta viscosity may
resulted in the reduced growth performance. Bamedi et al.
(2024), likewise, reported that feeding 4% SBP decreased
the BWG by 8.1% and increased FCR by 9.9% than the
CON in quails. The poor gut health and reduced nutrient
digestibility may have contributed to the worsened growth
in the SBP fed broilers.

The gizzard serves as pacemaker of the avian
digestive tract (Ravindran and Abdollahi, 2021). In the
present trial, addition of IDF sources, mainly SH and WB,
resulted in significantly increased gizzard weight
compared to the CON probably due to the physical
features of these fiber sources. The IDF are selectively
retained within the gizzard to go through severe
mechanical grinding (Sharifi and Masoudi, 2024), which
may lead to muscular hypertrophy of the gizzard that is
supported by previous research where WB or SH
supplementation enhanced the gizzard weight (Shang et
al., 2020a; Tejeda and Kim, 2020). This greater gizzard
weight has been suggested to enhance the pancreatic
activity, digesta holding time and interaction of HCI and
digesta leading to improved nutrient digestion (Sharifi and
Masoudi, 2024). In contrast, it was stated that
supplementing the DF fails to affect the visceral organ
weights (Kurul et al., 2020; Jangiaghdam et al., 2022).
Kakhki et al (2024), similarly, described that
supplementing various FS did not affect the gizzard
weights in broilers at the end of the trial. Our findings,
however, suggest that the type of the FS influences the
structural changes in the GIT.

The activity of digestive enzymes is influenced by
intestinal pH and any alteration in the pH influences
digestibility of nutrients (Ravindran and Abdollahi, 2021).
Supplementation of WB and SH led to a significant lower
pH of both the proventriculus and the gizzard, with the
lowest reduction recorded in the SH treatment. This lower
pH may be resulted from the prolonged digesta retention
in the gizzard that encourages greater endogenous
hydrochloric acid (HCI) secretion from the proventriculus
(Rasool et al., 2023; Rybicka et al., 2024). The lower pH
in the upper GIT may be beneficial since it enhances the
activation of pepsinogen to active pepsin, thus improving
the protein digestibility (Ravindran and Abdollahi, 2021).
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The fiber supplementation significantly increased the
relative weights of duodenum, jejunum, ileum and ceca
than the CON. SBP supplementation yielded the highest
duodenal and jejunal weights. This increase may be due to
the greater viscosity and bulk of digesta caused by pectin
and rapid adaption of the GIT (Sadeghi et al, 2015;
Faryadi et al, 2023). In agreement with Kurul et al
(2020) and Sharifi and Masoudi (2024), the relative
lengths of the intestinal segments remained unchanged in
response to the treatments. This suggests that broilers
adapt to moderate DF addition through structural
alterations rather than lengthening the GIT.

The broilers in WB and SH groups showed greater
VH and improved VCR. Liebl ef al. (2022) and Shang et
al. (2020b) similarly described that moderate IDF
supplementation stimulates mucosal development. In
contrast, SBP supplementation resulted in the lowest VH
and a worsened VCR. Reduced VH has been reported in
broilers fed SDF high in pectin, whereas IDF has been
reported to improve the villus development (Singh and
Kim, 2021). The higher CD in SBP groups may indicates
increased cellular proliferations. Consistent with our
results, Sadeghi et al. (2015) and Kardel ef al. (2025),
stated that supplementing 3% SBP to broilers resulted in
28.7% lower VH in duodenum and 27% lower VH in
ileum than the CON.

The structural and physiological improvements
recorded in the GIT were reflected to our nutrient
digestibility results. The broilers in WB and SH
treatments had greater AID of CP and EE. Gonzalez-
Alvarado et al. (2010) similarly reported improvements in
nitrogen retention and EE digestibility in broilers
supplemented with dietary fibers. These authors suggested
that these improvements in nutrient digestibility were
related to greater HCl production and pepsin activity
together with increased bile acid and pancreatic
secretions. The reduced gastric pH recorded in the groups
with improved gut health may have contributed to greater
nutrient utilization (Pourazadi et al., 2020; Zhang et al.,
2023). In contrast the SBP group showed lowest CP and
EE digestibility. The SBP is abundant in uronic acid and
pectic arabinose, making it rich in SDF (Kakhki ef al,
2024). Pectin may increase digesta viscosity which could
reduce the diffusion of digestive enzymes into the digesta
and limiting the digestion and absorption of the nutrients
(Berrocoso et al, 2020). In addition, the viscous gel
network formed by SDF may increase the thickness of the
unstirred water layer over the mucosa, which has been
suggested to reduce the efficiency of nutrient absorption
in poultry (Sing and Kim, 2021). In this trial, the SBP
supplementation resulted in 65% increase in digesta
viscosity than the CON, whereas the IDF resulted in lower
digesta viscosity comparable to the CON. Furthermore,
the viscous digesta associated with SDF can bind bile
acids and fats, which may reduce EE absorption (Sing and
Kim, 2021) and the greater digesta viscosity in SBP group
(65% higher than the CON) may have further reduced
lipid digestion. These mechanisms may partially explain
the lower EE digestibility observed in this group, although
bile acids and micelle formation were not measured in the
present trial.

In the present study, the digesta transit time was not
influenced by the DF sources. Comparable to our results,



it has been reported that digesta holding time did not
differ in response to various DF sources (Abdollahi et al.,
2019; Kakhki et al., 2024). In dissimilarity, the previous
literature reports that high-fiber diets (5.19%) shorten
transit times (Kras et al., 2013) or that certain fibers (OH,
LC, RH and SFH) enhance gizzard retention (Moradi e?
al., 2021; Garcon et al., 2023). A likely explanation for
these opposing findings may be the fine particle size of
the chromium oxide that was used as a marker to record
the digesta holding time. Similar to our study, these latter
authors also used chromic oxide as a marker to record the
digesta holding time. Garcon et al. (2023), further,
concluded that the fine particles (<0.1mm) of insoluble
marker like chromium oxide are promptly excreted from
the gizzard, hence, did not precisely determine the holding
time of coarse particles.

The composition of the cecal microbiota is a key
indicator of gut health. In the present study, dietary
treatments significantly modulated cecal counts of
cultivable Lactobacillus spp. and E. coli. The higher
Lactobacillus spp. counts were reported in WB and SH
groups and the WB group achieving the lowest E. coli
counts. The structural carbohydrates particularly in WB
are slowly fermented by the cecal microflora, which may
favor the proliferation of saccharolytic bacteria such as
Lactobacillus spp. (Vermeulen et al, 2018). These
bacteria produce acetate, propionate and butyrate, which
could lower the pH and may suppress E. coli through
competitive exclusion. However, the SCFA production
was not measured directly in the trial, therefore this
mechanism should be considered as a possible explanation
of the observed effects. Despite the lower cecal pH than
the CON, the lowest Lactobacillus spp. and the highest E.
coli counts were recorded in the SBP group. This
microbial profile is consistent with Bamedi et al. (2024),
who reported that feeding 4% SBP as DF increased the
counts of E. coli in quails by 8.5 and 12.6% than in the
CON and RH, respectively. A possible explanation is that
the rapid fermentation of highly soluble pectin together
with an increased digesta viscosity may create a
fermentation profile favoring the proliferation of E. coli
(Berrocoso et al., 2020). This altered microbial balance
may have contributed to the poor overall productivity in
the SBP group, although a causal relationship cannot be
established from the data.

Conclusions: The effects of 3% DF supplementation were
source-dependent. The WB and SH supported growth
comparable to or better than the CON, with the WB group
showing the highest overall ADG and an improved FCR
compared with the CON, MB and SBP. The WB and SH
increased gizzard weight and lowered pH of the
proventriculus and gizzard than the CON. The SH and
WB resulted in greater VCR, improved AID of CP and the
highest cultivable cecal Lactobacillus spp. counts
compared with the MB and SBP groups. The MB
supplementation did not improve performance and
resulted in deeper crypts, a lower VCR and lower AID of
CP than the WB and SH. The SBP group exhibited the
lowest ADG and the highest FCR with the highest digesta
viscosity and cecal E. coli counts, deeper crypts with the
lowest VH and VCR, the lowest AID of CP and EE, and
the lowest Lactobacillus spp. counts.
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