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RESEARCH ARTICLE
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ABSTRACT
This study evaluated the effects of isolated or combined prebiotics blended with sodium butyr-
ate and zinc proteinate on performance, intestinal morphometry, and expression of genes asso-
ciated with nutrient transport and immune response in broilers. 1,400 birds were randomly
assigned to 5 treatments (Negative control (NC) without antibiotic; Positive control (PC) with
antibiotic; Prebiotic (Prebio) composed of mannan fractions; Blend, composed of sodium butyr-
ate, hydrolysed yeast cell wall and zinc proteinate; and the combination PrebioþBlend), with
eight replications and 35 birds per experimental unit. The PC led to higher weight gain (WG)
and lowered feed conversion (FCR) from 1 to 7 days of life than the other treatments. The use
of prebio and blend resulted in high WG from 22 to 42days (1773; 1768.9 g, respectively).
However, the combination of prebioþblend was similar to PC and NC treatments. The additives
resulted in longer duodenal villi when administered alone and in ileal villi (p¼ 0.001) combined,
with no effect on jejunal villi. Crypt depth and duodenal villus: crypt ratio was higher for both
additives types. A significant difference among treatments in the expression of the sodium-
dependent glucose transporter gene (SGLT1) was noted, with greater expression in birds that
received NC. There was higher expression of the neutral and cationic amino acid transporter
gene (yþ LAT-2) with the prebio and blend, either alone or in combination. The prebio blend
with sodium butyrate and zinc proteinate additives used separately in broiler diets supported
beneficial changes in intestinal morphometry, nutrient absorption, and performance, indicating
their value in antibiotic-free broiler production systems.

HIGHLIGHTS

� The additives in the diets of broilers from 1 to 42 days resulted in beneficial performance.
� The additives influenced the health of the birds, with a positive result in intestinal
morphometry.

� The prebiotic and blend additives demonstrated increased gene expression of absorption of
neutral amino acids.
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Introduction

The use of antibiotics as growth promoters in animal
diets has been reduced, as their use is associated with
bacterial resistance to drugs, harming human health
(Costa et al. 2018; Sweeney et al. 2018). Therefore, the
development and use of additives to improve or main-
tain productive performance in antibiotic-free diets are
necessary (Gibson et al. 2017; Corrigan et al. 2023).
Much research has focused on the benefits provided

by a variety of compounds with prebiotic action,

among them, the cell wall of Saccharomyces cerevisiae

yeasts, which is mainly made up of b-glucan (35–55%),

mannan-protein (30-50%), and chitin (2–6%) (Munoz

et al. 2023).
Research has shown that supplementation with

these components increased weight gain, improved

intestinal morphometry, and reduced pathogens such

as Clostridium perfringens (Kim et al. 2011;
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Hajiaghapour and Rezaeipour 2018). Another benefit
observed with the yeast cell wall is the ability to
modulate the immune system because of having in its
structure pathogen-associated molecular patterns
(PAMPs) that stimulate through pattern recognition
receptors (PRRs) in intestinal epithelial cells of birds,
the production of inflammatory-cytokines enhancing
the immune response (Paul et al. 2013; Broom and
Kogut 2018).

A new and alternative nutritional technology is
additives produced from the metabolites of live bac-
teria (probiotics) or metabolites released after bacterial
lysis (Danladi et al. 2022). These postbiotics provide
the host with additional bioactivity, through sodium
butyrate, with an effect similar to that of probiotics,
but without using live cells (Goh et al. 2022).

Sodium butyrate, a natural product of microbial
metabolism, represents one of the main sources for
developing epithelial cells that line the intestine, thus
stimulating the development of intestinal villi (Ahsan
et al. 2016). Wu et al. (2018) reported that adding butyric
acid to the birds’ diet improved intestinal health, directly
reflected in the performance of the animals. The zinc
proteinate plays an important role in controlling the
damage caused by pathogens such as Clostridium per-
fringens, helping to maintain intestinal integrity and the
general health of birds (Bortoluzzi et al. 2019).

Several studies have reported positive effects of the
combined use of prebiotics with live cell metabolites
in poultry diets (Thanh et al. 2009; Loh et al. 2010).
Kareem et al. (2017) observed a significant improve-
ment in weight gain, feed conversion, and microbial
ecology of birds supplemented with the combined
use of inulinþ RG14 metabolites. However, despite the
benefits of these additives in poultry nutrition, are lit-
tle information in the literature regarding the syner-
gism of the prebiotic with the additives derived from
cellular metabolites, sodium butyrate, and zinc protei-
nate on the intestinal morphology and gene expres-
sion of broiler chickens. Therefore, this study aimed to
evaluate prebiotics and blend with sodium butyrate
and zinc proteinate supplementation, alone and in
combination, on performance, intestinal morphometry,
and expression of genes associated with nutrient
transport and immune response in broilers.

Material and methods

The Ethics Committee Research in Animals Production
(CEPAP) of the Federal University of Sergipe, Brazil,
approved all procedures involving animals under
protocol No. 21/2019.

Animals, experimental design, and diets

The experiment was carried out in the facilities of a
poultry company in S~ao Crist�ov~ao, Sergipe, Brazil. All
breeding techniques adopted followed the breeding
manual of the used strain. At 1 day old, one thousand
four hundred male and female Cobb broilers were
housed in pens with concrete floors and bedded. The
poultry litter was reused four times before the present
study. Each pen, 4m2, represented an experimental
unit. The lighting program adopted followed the lin-
eage recommendations.

The birds were randomly distributed into five treat-
ments, with eight replicates of 35 birds (20 females
and 15 males) per experimental unit. The treatments
adopted were Negative Control (NC), diets without
antibiotics; Positive control (PC) with antibiotics;
NCþ Prebiotic (Prebio); NCþblend; and the combin-
ation Prebioþ blend.

The inclusion rates for the additives were 0.4 kg/ton
of prebiotic ActigenVR and 1.0 kg/ton of Blend ViligenTM,
according to the manufacturer’s recommendation.
ViligenTM is composed of sodium butyrate (180 g/kg),
hydrolyzed yeast, and zinc proteinate (10 g/kg), while
ActigenVR has active fractions of mannans derived from
the Saccharomyces cerevisiae (150 g/kg) cell wall.

The antibiotics used in the PC diets were
Methylene Disalicylate Bacitracin (55 ppm) from 1 to
21 days and Virginiamycin (15 ppm) from 22 to
42 days. The use of antibiotics followed the antibiotic
use protocol of the poultry company, where the
experiment was carried out.

The experimental diets were formulated based on
corn and soybean meal to meet the nutritional
requirements of the birds, as recommended by
Rostagno et al. (2017), with four diet stages from ages
1 to 7; 8 to 21; 22 to 35, and 36 to 42 days (Table 1).
Both antibiotics and natural additives were added to
basal diets to replace corn starch partially.

Performance parameter

For performance analysis, the birds were weighed
weekly, as well as the experimental rations provided
and leftovers to determine body weight (g/bird),
weight gain (g/day/bird), feed intake (g/day/bird) and
feed conversion rate (g/g).

During all experimental periods, temperature and
relative humidity were recorded every 15min using
Thermo-hygrometers (model ITR 157; Instrutherm
Company, S~ao Paulo, Brazil), placed at three different
points in the shed (front, middle, and bottom). The
ambient temperature for the birds started at
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33 ± 0.5 �C and was reduced by 2 ± 0.5 �C each week,
and remained at 27 ± 0.5 �C after day 21 of age until
the end of the experiment. The relative humidity
ranged from 68% to 81.0%.

Clostridium perfringens colony counts and
intestinal lesion score

Poultry litter samples from all treatments were col-
lected at 7, 21, and 42 days of age, stored at �18 �C,
and sent to the lab to quantify (Colony forming unit –
CFU) the amount of C. perfringens (CFU, g/litter). The
counts were performed according to ISO (International

Organisation for Standardization)–ISO 6887-1 (ISO
2017).

Necrotic enteritis lesion scoring and sample collec-
tion were performed, as described below. Eight birds
per treatment (four males and four females), randomly
selected, were slaughtered at 42 days of age, and a
longitudinal incision was made, through which the
digestive tract was carefully removed for the evalu-
ation of intestinal lesions. Necrotic enteritis lesions
were scored from 0 to 4 following the procedure of
Lanckriet et al. (2010). Lesions were classified: 0,
absence of macroscopic lesions; 1, thin or friable intes-
tinal wall; 2, presence of necrosis or focal ulcerations;
3, major necrosis lesions; and 4, severe and extensive
necrosis, typical of clinical conditions.

Intestinal morphometry

Six birds (three males and three females), randomly
selected, aged 42 days per treatment, were slaugh-
tered, and samples from the duodenum, jejunum, and
ileum were collected, washed, and fixed in 10% buf-
fered formalin for 24 h. Twelve sections of each sam-
ple were cut to a five mm, adhered to glass slides, and
stained with Hematoxylin-Eosin (HE).

From each section, ten villi were randomly selected
to measure the relationship between the villi’s height
and the crypt’s depth. The samples were examined
using the Optical microscope P1 Olympus BX 50
coupled to an Olympus PMC 35 B camera, using the
4� objective lens. The morphometric measurements
of the duodenum, jejunum, and ileum were deter-
mined using the Image-Pro Plus computerised image
analysis system, version 4.0 (M�edia Cibertecnics). This
calculated the relationship between the villi height
and the crypt depth.

Gene expression

Total RNAs from jejunal samples (2 cm from the mid-
jejunum) were extracted from the tissues and homo-
genised with TrizolTM reagent (Invitrogen TM,
Carlsbad CA, USA), according to the manufacturer’s
protocol. Ultraviolet spectrophotometry measured RNA
concentration and purification (model Nanodrop2000
Q3 spectrophotometer; Thermo Scientific).

The RNA samples were treated with DNase I
(Invitrogen, Carlsbad, CA, USA) to avoid contamination
of the samples with DNA. For synthesising comple-
mentary DNA (cDNA), the GoScript Reverse
Transcription System kit (Promega, Madison, Wi, USA)

Table 1. Negative control diets for experimental ages, as-fed
basis.

Ingredients %

Age, days

1 to 7 8 to 21 22 to 35 36 to 42

Corn 57.28 59.53 67.21 69.98
Soybean meal 45.5% 37.83 31.11 25.11 25.84
Extruded full-fat soybean — 5.77 4.71 —
Meat and bone meal 1.55 0.91 0.28 —
Poultry fat 0.41 — — 1.69
common salt 0.57 0.54 0.52 0.47
Limestone 1.18 1.17 1.15 1.14
Sodium bicarbonate 0.24 0.18 0.18 0.18
Biolys 55 0.19 0.14 0.25 0.15
DL-methionine 0.32 0.27 0.24 0.20
Threonine 0.04 0.01 0.01 0.01
Allzyme SSF 0.05 0.05 0.05 0.05
Anticoccidial† 0.05 0.05 0.03 0.03
Vitamin premix‡ 0.05 0.05 0.05 0.05
Mineral premix§ 0.10 0.08 0.07 0.06
Starch¶ 0.14 0.14 0.14 0.14

Chemical composition
Metabolizable energy (kcal/kg) 3,000 3,080 3,150 3,220
Crude protein†† 23.67 23.17 19.88 19.19
Crude Fibre†† 2.40 2.47 2.50 2.62
Calcium 0.970 0.880 0.770 0.719
Total phosphorus†† 0.541 0.488 0.405 0.369
Phosphorus, available 0.435 0.393 0.344 0.321
Potassium 0.757 0.622 0.502 0.517
Sodium 0.230 0.220 0.210 0.190
Digestible arginine 1.53 1.39 1.77 1.08
Digestible isoleucine 0.89 0.86 0.72 0.69
Digestible lysine 1.26 1.17 1.05 0.93
Digestible methionine 0.64 0.58 0.51 0.47
Digestible Metþ Cys 0.94 0.87 0.78 0.72
Digestible threonine 0.78 0.82 0.71 0.68
Digestible tryptophan 0.25 0.24 0.20 0.19
Digestible leucine 1.69 1.65 1.46 1.40
Digestible valine 0.98 1.37 0.81 0.77
†Anticoccidial: SemduramycinþNicarbazine at ages 1 to 21 days and
Diclazuril 0.5% from 22 to 42 days. ‡Vitamin Premix: Folic Acid 800mg,
Pantothenic Acid 12000mg, Sodium Selenite 250mg, Vitamin A 9000 IU,
Vitamin B1 1500mg, Vitamin B12mg, Vitamin B2 6000mg, Vitamin B6
3000mg, Vitamin D3 2500 IU, Vitamin E 20000 IU, nicotinic acid 25,000mg,
vitamin K3 2500mg, biotin 60mg, inert material q.s.p. 1000 g. §Mineral pre-
mix: Iron sulphate 100mg, copper sulphate 20mg, zinc oxide 100mg, man-
ganese oxide 160mg, cobalt 2mg, calcium iodate 2mg, inert material q.s.p.
1000 g. ¶In the medicated treatments, 55 ppm of Methylene Disalicylate
Bacitracin was used at the age of 1 to 21days and 15ppm of Virginiamycin
from 22 to 42 days. In the other treatments, the prebiotic (Actigen) and the
Blend (Viligen). Both additives were used in partial substitution of starch.
††Analyzed values were obtained by the infra-red-reflectance-spectroscopy
method (NIRS-005), by the EvonikBrazil laboratory.
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was used, using 4 mL of DNase-treated RNA, according
to the manufacturer’s instructions.

For real-time polymerase chain reactions (qPCR),
5 mL of cDNA diluted to 40 ng, 0.5 mL of each primer at
ten mM (final concentration: 200 nM), 12.5mL of Sybr
Green PCR Master Mix and enough water to complete
the final volume of each reaction of 25mL. The qPCR
reactions were performed in a thermocycler (CFX96
Touch Real-Time PCR Detection System). The thermal
cycling parameters for all genes were: 95 �C for
10min, followed by 40 cycles of denaturation at 95 �C
for 15 s and annealing/extension at 60 �C for 1min.
Dissociation curves were performed to ensure the spe-
cificity of the analyses.

The primers used in the reactions for the amplifica-
tion of the toll-like receptor 2 (TLR2), Interleukin 1
beta genes (IL-1b) and Interleukin 2 (IL-2), glucose
transporter 2 (GLUT 2), glucose transporter
1 Naþ/dependent (SGLT1), neutral and cationic amino
acid transporter (yþ LAT2) were designed based on
gene sequences deposited at the National Centre for
Biotechnology Information (NCBI) -www.ncbi.nlm.nih.
gov (Table 2). The b-actin gene was used as an
endogenous control, according to the protocol of Del
Vesco et al. (2020) and Santana et al. (2021).

Statistical analysis

Data were submitted for analysis of variance using the
PROC GLM of the SAS statistical package, version 8.2
(SAS, 2001).

The following model was used for performance,
intestinal morphometry

Yij ¼ lþǤi þ eij

Where, Yij ¼ response variable of treatments i, repli-
cate j, l ¼ overall mean effect, Ǥi¼ fixed effect of
treatments, eij ¼ residual error. The results were

expressed as mean± standard error of the mean (SEM)
and means were compared using Tukey’s test at the
5% probability level. Descriptive statistics methods
were used to present C. perfringens results.

All data on the relative expression of TLR2, IL1b, IL2,
GLUT2, SGLT1, and y-LAT2 genes were estimated by
the 2-DDCt method (Livak and Schmittgen 2001). The
results were expressed as mean± standard error of the
mean (SEM), and the difference between the means
was estimated using the Dunnett test, considering the
differences in a significant level (p< 0.05).

Results

Performance parameter

Viability means, during the trial period, for negative
control (NC), Positive control (PC), Prebiotic (Prebio),
Blend and Prebioþ Blend were 96.8 ± 3.5, 96.8 ± 4.1,
95.7 ± 3.2, 96.4 ± 3.6, and 96.7 ± 3.2%, respectively. For
the early growth period, when examined as either day
1 to 7 or 1 to 21, birds that received the PC had
greater weight gain than all other treatments. Feed
intake was not different among groups for d1-7, but
for d1-21, PC had the highest intake, with prebiotics
having the lowest, while all other groups were inter-
mediate. This influenced the feed conversion such that
PC was most efficient from 1 to 7 days, but no differ-
ences were observed when calculated from d1-21
(Table 3). The individual prebio and blend groups had
greater weight gain from 22 to 42 days (1773;
1768.9 g, respectively), while NC had the lowest
weight gain during the same period. Intake and feed
conversion were not significantly different among
groups from 22-42d. However, when evaluated over
the full experiment (d1-42), while weight gain and
intake results mirror d22-42, the feed conversion was
lower for the prebio and blend groups (1.70; 1.72,

Table 2. Sequence of primers used in the qRT-PCR reaction.
Genes† No. Acess Gene sequence (5’! 3’) Reference

TLR2 NM_204278.1 F: ACTGCCTGCAACGGTCAT
R: CATCAGCTTCATTGTTGGTTTCTGT

Quinteiro-Filho et al. (2017)

IL1b NM_204524.1 F: GTCAACATCGCCACCTACAA
R: CGGTACATACGAGATGGAAACC

Del Vesco et al. (2020)

IL-2 GU119890.1 F: CCTCAAGAGTCTTACGGGTCTA
R: AGTTGGTCAGTTCATGGAGAAA

El-Deep et al. (2019)

GLUT2 BI392505 F: CACACTATGGGCGCATGCT
R: ATTGTCCCTGGAGGTGTTGGTG

Gilbert et al. (2007)

SGLT1 NM_207178 F: GCCATGGCCAGGGCTTA
R: CAATAACCTGATCTGTGCACCAGTA

Gilbert et al. (2007)

yþ LAT-2 XM_418326.6 F: CAGAAAACCTCAGAGCTCCCTTT
R: TGAGTACAGAGCCAGCGCAAT

Gilbert et al. (2007)

b-Actina L08165.1 F: GCCAACAGAGAGAAGATGAC
R: CACCAGAGTCCATCACAATAC

Del Vesco et al. (2020)

†TLR2¼ Toll-like receiver 2; IL-1b ¼ Interleukin 1 beta; IL-2¼ Interleukin 2; GLUT2¼Glucose transporter 2; SGLT1¼Glucose transporter 1 Naþ/dependent;
yþ LAT-2¼Neutral and cationic amino acid transporter.
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respectively) than birds without the use of additives,
while the birds in the PC and combination groups
were intermediate. Similar results have occurred from
the 1 to 42-day phase, and the ongoing use of prebio
or blend led to positive outcomes.

In the phases studied, the combined use of pre-
biotic and blend did not provide additive results that
could differentiate them from other treatments
(p> 0.05), but provided a weight gain of 100.9 g com-
pared to birds that received the control diet and
18.9 g to birds with antibiotics.

C. perfringens count and intestinal lesion score

According to the data collected at seven days, the
lowest concentration of Clostridium perfringens oocysts
in the poultry litter was observed in the prebio group
(82 CFU/g), followed using the antibiotic in the PC
group (180 CFU/g) (Table 4). In contrast, the highest
concentrations were in treatments containing blend

(200,000 CFU/g) and in the blend plus prebio combin-
ation (55,000 CFU/g).

The negative control collections from the litter at
21 days showed a decrease in the concentration of
CFUs with values lower than 10 CFU/g. Likewise, at
42 days, the use of the post-biotic and the prebiotic,
alone or in combination, resulted in concentrations of
C. perfringens below 10 CFU/g, lower than using anti-
biotics (250 CFU/g). The presence of intestinal lesions
caused by necrotic enteritis, observed between treat-
ments (Figure 1), did not show significant differences
among treatments (p¼ 0.099).

Intestinal morphometry

Using prebiotics and blending alone or in combination
resulted in a greater height of the duodenal villus
(p< 0.0001) when compared to the PC (Table 5).
However, birds in the PC group had a smaller crypt
depth (165.7 mm), although it was not different from
birds that received the blend (186.3 mm). The negative
control birds had the greatest crypt depth. The duo-
denal villus: crypt ratio showed no difference among
the prebiotic (8.6), blend (9.1), or PC (9.2) groups, and
all, including the Prebioþ Blend combination, provide
a higher villus: crypt ratio compared to birds without
any additive (6.9).

The treatment with prebiotic birds had the highest
villus: crypt ratios (p< 0.001) because of the smaller
crypt depths in the jejunum and ileum. Birds fed the

Table 3. Performance of broilers fed experimental diets.

Parameters Treatments†

Age

1–7 1–21 22–42 1–42

Weight gain (g) NC 143.5b 888.3b 1642.8b 2535.2b

PC 160.6a 942.1a 1673.4ab 2617.2ab

Prebio 142.2b 892.3b 1773.0a 2669.3a

Blend 146.5b 896.1b 1768.9a 2666.7a

Prebioþ blend 142.2b 894.9b 1741.1ab 2636.1ab

SEM 1.756 7.699 27.323 27.462
P-value <0.001 <0.001 0.007 0.017

Feed intake (g) NC 173.7 1335.0ab 3192.9 4536.3
PC 178.8 1373.1a 3212.5 4592.2

Prebio 174.3 1285.2b 3258.0 4542.1
Blend 178.2 1326.9ab 3252.7 4581.0

Prebioþ blend 177.2 1316.0ab 3245.1 4561.1
SEM 1.445 15.266 39.333 48.339
P-value 0.063 0.006 0.748 0.914

Feed conversion (g/g) NC 1.21a 1.50 1.95 1.79a

PC 1.12b 1.46 1.92 1.76ab

Prebio 1.23a 1.44 1.84 1.70b

Blend 1.22a 1.48 1.84 1.72b

Prebioþ blend 1.25a 1.47 1.87 1.73ab

SEM 0.016 7.699 0.028 0.017
P-value <0.001 0.204 0.060 0.013
†NC: diets without the use of antibiotics; PC: antibiotic diets; Prebio: diets enriched with Actigen Prebiotic; Blend¼ diets enriched with Viligen;
Prebioþ Blend: diets combined with additives. a,b Means in the same column with different superscript letters are significantly different by Tukey’s Test
(p< 0.05). SEM: Standard error of the mean.

Table 4. C. perfringens count (CFU/g) present in the aviary
litter.
Treatments† 7 days 21 days 42 days

NC 820 55 160,000
PC 180 <10 250
Prebio 82 <10 <10
Blend 200,000 <10 <10
Prebioþ blend 55,000 <10 <10
†NC: diets without the use of antibiotics; PC: antibiotic diets; Prebio: diets
enriched with Actigen Prebiotic; Blend: diets enriched with Viligen;
Prebioþ Blend: diets combined with additives.
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combined Prebioþ blend had an additive effect on
the villus height in the ileum. Also, it is possible to
observe that NC had the deepest crypts, contributing
to the lowest Villus: Crypt ratio in both jejunum and
ileum.

Gene expression

The relative expression of the immune response-asso-
ciated genes TRL2, IL1-b, and IL2 (Figure 2) and the
nutrient absorption genes, such as the glucose trans-
porter GLUT2 (Figure 3), were not significantly different
among treatments. However, the expression of
sodium-dependent glucose transporter (SGLT1) had a
lower expression in birds that received antibiotics (PC)
as compared to all other treatments and was highest
in the negative control birds (NC). However, NC was
not different from the Prebio, Blend, and combination
treatments. For the expression of the gene yþ LAT2, a
transporter of neutral and cationic amino acids (y-
LAT2), we observed that the use of prebio and blend,
alone or in combination, was twice as high (p< 0.001)
as in both NC and PC birds.

Discussion

The diets with antibiotics (PC) resulted in improve-
ments in the performance of the birds in the initial
phase (1 to 21 days) when compared with the eval-
uated additives, including the treatment without any

additive (NC). These results corroborate the literature
findings, in which antibiotics’ impact on weight gain
and feed conversion of birds in the initial period (1 to
21 days) was observed (Chen et al. 2009; Mokhtari
et al. 2015; Kazemi et al. 2019).

Rehman et al. (2020) verified that supplementation
with prebiotics (MOS) and protein (multistrain pro-
biotic) increased feed consumption of the birds since,
with the intestinal microbiota balanced, the initial
development of the intestine provided greater feed
consumption in broilers during the initial phase
(Hamasalim 2016).

The Prebio or Blend additives provided effective-
ness when used alone in the growth phases (22 to
42 days), with about 8% greater weight gain of the
birds, compared to the diet without additives (NC)
and 5% in the treatment PC, which consequently influ-
enced feed conversion in the complete production
cycle (1 to 42 days).

It is important to highlight that the combination of
Prebioþblend resulted in similar feed conversion to
birds that received diets with antibiotics (PC). This
result shows that despite their different modes of
action, their beneficial effects were similar, making
these additives beneficial when antibiotic-free broiler
production is required (Ahiwe et al. 2021). Kareem
et al. (2016) observed that birds supplemented by a
combination of prebioticþblend (postbiotic - metab-
olite products from probiotic) had better results for
weight gain (WG ¼ 2284.31 g) compared to the group
that received an antibiotic (WG¼ 2198.34 g).

The present study demonstrated that Prebio or
Blend use leads to low feed conversion values, indicat-
ing that the isolated supplementation of those addi-
tives may be an important strategy to improve bird
performance.

Among the additives evaluated, the Blend (Viligen)
is composed of sodium butyrate (180 g/kg) and zinc
proteinate (10 g/kg), and the Prebio (Actigen) includes
mannan-rich fractions (150 g/kg). Butyrate is a short-
chain fatty acid readily absorbed in the intestine of
birds, being metabolised even faster than the glucose
molecule, providing energy for epithelial cells (Wu
et al. 2018). Mannan is a well-known immunomodula-
tor promoting beneficial intestinal microflora’s pre-
dominance (Mathis et al. 2012).

Biswas et al. (2019) infer that providing substrates
that stimulate the growth of beneficial bacteria to the
host results in greater efficiency in feed digestibility
and utilisation, providing greater growth. Zhang et al.
(2011) report that using sodium butyrate for broilers
benefits the growth performance of broilers in terms

Figure 1. Effects of experimental treatments on the intestinal
lesion (duodenum to ileum) score of broilers at 42 days
(n¼ 40). NC: Negative control diets without antibiotics; CP:
Positive control diets with antibiotics; Prebio - diets with acti-
gen prebiotic; blend – diets with Viligen; Prebioþ blend: diets
combined with additives.
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of increased feed intake, body weight gain, and signifi-
cant improvement in feed conversion ratio.

Yeast mannan oligosaccharides also improved the
performance of broilers supplemented for 52 days
(Mathis et al. 2012), and possibly positively modulating
bacteria in the gut. (Hamasalim 2016). Bozkurt et al.
(2008) observed that mannans derived from the cell
wall of yeasts included at 1.0 g/kg in diets for broilers
could replace antibiotics in the feed, improving the
performance and carcase yield of broilers.

The combination of additives did not result in a
synergistic effect on broiler performance, mainly for
weight gain. Few studies evaluated the synergism of
prebiotics, a blend of sodium butyrate and zinc protei-
nate for broilers, as an alternative to antibiotics.
However, Kareem et al. (2016) reported a synergistic
effect of the prebiotic combination inulinþ blend
(postbiotic - metabolite products from probiotic) for
broilers, with better results for feed conversion (1.77
vs. 1.89 g/g) and weight gain (2190 vs. 2020.46 g) for
diets with antibiotics. These results were attributed to
organic acids, bacteriocins, hydrogen peroxide and
vitamins (postbiotics), and inulin which helps to
modulate the intestinal health of birds.

Using Prebio and Blend alone or in combination
resulted in lower CFU counts of Clostridium perfringens in
the aviary litter as the age of the birds increased.
Although no effect of treatments was observed for the
intestinal lesion score, it is possible to observe that both
the use of isolated prebiotics and in combination with
the blend resulted in lower values than those found in
the negative control treatment. Similarly, Mathis et al.
(2012) observed a reduction in the C. perfringens count in
the faeces of chickens supplemented with a biotic rich in
mannan fractions derived from the yeast cell wall
(Actigen) with C. perfringens from 21 to 23days.

Associated with these positive results on the health
of the birds, the use of the Prebio and blend with
sodium butyrate and zinc proteinate affected the
intestinal morphology, with positive changes in the
height of the villi, the depth of the crypts, and the vil-
lus: crypt ratio in the three segments of the small
intestine.

However, the effect was not synergistic, except for
ileum villus height. When Kareem et al. (2016)

Table 5. Intestinal morphometry of broilers fed experimental
diets at 42 days of age.
Treatments† Villus height (mm) Crypt depth (mm) Villus: crypt

Duodenum
NC 1523.6ab 228.8a 7.0c

PC 1453.0b 165.8d 9.2a

Prebio 1627.7a 190.0bc 8.6ab

Blend 1632.9a 186.3 cd 9.1a

Prebioþ blend 1598.7a 210.7ab 7.8bc

SEM 30.721 5.350 0.275
P-value <0.0001 <0.0001 <0.0001

Jejunum
NC 1269.5 216.1a 6.1c

PC 1302.6 187.3b 7.9b

Prebio 1246.5 144.2d 8.9a

Blend 1279.8 165.2c 7.8b

Prebioþ blend 1267.1 161.1c 8.0b

SEM 21.259 4.288 0.212
P-value 0.496 <0.0001 <0.0001

Ileum
NC 869.8b 196.9a 4.7d

PC 887.6b 171.8b 5.5c

Prebio 906.1b 118.3c 8.0a

Blend 781.6c 158.1b 5.3 cd

Prebioþ blend 1079.5a 164.1b 6.6b

SEM 22.420 5.232 0.192
P-value <0.0001 <0.0001 <0.0001
†NC: diets without the use of antibiotics; PC: antibiotic diets; Prebio: diets
enriched with Actigen Prebiotic; Blend: diets enriched with Viligen;
Prebioþ Blend: diets combined with additives. a,b,c,d Means in the same
column with different superscripted letters are significantly different by
Tukey’s Test (p< 0.05). SEM: Standard error of the mean.

Figure 2. Relative expression of the immune system genes, Toll-like receptor 2 (TLR2), Interleukin 1b (IL-1b) and Interleukin 2 (IL-
2) from the jejunum of broilers at 42 days of age (n¼ 25). NC: diets without the use of antibiotics; PC: antibiotic diets; Prebio:
diets enriched with actigen prebiotic; blend: diets enriched with Viligen; Prebioþ blend: diets combined with additives.
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supplemented broilers with different levels of pre-
bioticþ blend (postbiotic - metabolite products from
probiotic) combined, the authors reported that in all
dietary groups, there was a synergistic effect with an
increase in the duodenal and ileal villi of the birds,
compared to the control treatment.

Butyrate, one constituent of the postbiotic (product
of microbial metabolism) used in this trial, represents
an important energy source for the cells lining the
intestine, stimulating differentiation and apoptosis
(Elgeddawy et al. 2020), resulting in improvements in
intestinal function. The zinc proteinate is also associ-
ated with better bowel function in broilers (Bortoluzzi
et al. 2019).

Thus, using these blends, with two components
together may potentiate such effects, as observed in
the duodenum of birds supplemented Postbio in this
trial, where the villus height was 12% higher com-
pared to birds treated with antibiotics. In the jejunum
and ileum segments, the effect of the Prebio was
more pronounced. These results agree with previous
research; Wu et al. (2018) showed longer villi in birds
supplemented with sodium butyrate compared to the
group that received diets with antibiotics.

It is possible to infer that the changes generated in
the intestinal morphology of the birds provided an
increase in the absorptive surface area in the intestine,
which possibly affected the nutrient absorption,
potentiating the positive results for growth and feed
conversion of birds supplemented with prebiotic and
blend (Table 3).

As observed in the study of Kareem et al. (2017)
found that blend RG14 (postbiotic - metabolite prod-
ucts from probiotic) addition to broiler diets improved

intestinal villi, reduced Enterobacteriaceae strains, and
reduced faecal pH, resulting in increased performance
parameters, and better immune response and intes-
tinal health of birds.

Contrary to previous positive results of prebiotics
and postbiotics (product of microbial metabolism) on
the intestinal health of chickens (Rosyidah et al. 2014;
Kareem et al. 2016), an immunomodulatory effect was
not observed with the additives used in the present
study, as they did not affect the expression of Toll-Like
2, IL1-b and IL2.

In the present study, the additives, combined or
not, inhibited the development of pathogenic C. per-
fringens strains, and the health challenge was miti-
gated using Prebio and Blend, justifying the absence
of effects of genes Toll-Like 2, IL1-b, and IL2. In add-
ition, the absence of severe ulcerations, observed in
the enteric necrosis score, did not lead to an immune
response.

Intestinal nutrient transporters showed SGLT1 was
more highly expressed when the birds did not receive
any additive in the diets (NC), followed by treatments
with Prebio, Blend, and the combination Prebioþ
Blend.

Pacific et al. (2017) demonstrated that administer-
ing prebiotics to chickens, regardless of concentration,
increased the gene expression of nutrient transporters,
such as SGLT1. The sodium-dependent glucose trans-
porter (SGLT1) is the main glucose transporter in the
intestinal epithelium (Kaminski and Wong 2018). It can
catch glucose from the diet to take it to the blood-
stream (Zhang et al. 2011). Jahromi et al. (2016)
reported that the absorption of glucose in the gut of
broilers could be improved with probiotics, which

Figure 3. Relative expression of nutrient uptake genes, glucose transporter 2 (GLUT2), sodium-dependent glucose transporter
(SGLT1), and neutral and cationic amino acid transporter (y-LAT2) from the jejunum of broilers aged 42 days (n¼ 25). Means with
different letters a, b differ significantly (p< 0.05). NC: diets without the use of antibiotics; PC: antibiotic diets; Prebio: diets
enriched with actigen prebiotic; blend¼ diets enriched with Viligen; Prebioþ blend: diets combined with additives.
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promotes high stimulation of D-glucose absorption in
the brush border membrane of enterocytes, with an
associated increase in the SGLT1 co-transporter.

However, the low activity of SGLT1 indicates lower
absorption of nutrients through the small intestine, a
fact observed in PC, which could explain the reduced
performance for birds observed in this treatment.

The use of additives alone or in combination allowed
an increase in the expression of the y þ lat2 gene.
According to Fotiadis et al. (2013), this gene is associ-
ated with the increase in the absorption of neutral
amino acids. Corresponding to this response, the blend
and the Prebio alter the mucosal architecture in terms
of longer villi, which was reflected in the positive per-
formance of birds at 42 days of age.

Thus, the results observed in this trial for the
growth of the birds, gut morphology, and gene
expression can likely be attributed to beneficial
changes in the intestinal function of the chickens fed
with the additives, which may be an indication of
improvement in the absorption of some nutrients
from the diet (Kazemi et al. 2019). Healthy animals use
and convert the nutrients present in their diet more
efficiently. The positive effect of the use of prebiotics
and blend with sodium butyrate and zinc proteinate
alone or in combination on the intestinal microbiota
and, consequently, the animal’s weight gain and feed
conversion were observed in the present study.

Conclusion

In this trial, using a prebiotic or blend with sodium
butyrate and zinc proteinate in the diets of broilers
from 1 to 42 days resulted in beneficial changes to
intestinal morphometry and performance. This indi-
cates that these materials may be beneficial in anti-
biotic-free broiler production systems.

Ethical statement

The Ethics Committee Research in Animals Production
(CEPAP) of the Federal University of Sergipe, Brazil,
approved all procedures involving animals under
protocol No. 21/2019.

Disclosure statement

No potential conflict of interest was reported by the
author(s).

Funding

The authors would like to thank the Coordination for the
Improvement of Higher Education Personnel (CAPES) for the

financial support provided (Code 001). Coordenaç~ao de
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