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Abstract

This study aimed to assess the histomorphometry of the intestinal portions (duodenum and jejunum) in
broilers supplemented with probiotic, and histological parameters of their immune system components.
Rhizomucor spp. originated from samples of the intestinal content in Cobb 500 chickens was evaluated;
these fungi were submitted to performance assay and selected based on in vitro probiotic characteristics.
Complete randomized design was used (3 treatments x 7 replicates; 18 birds per experimental unit).
One bird at 21 and 42 days of age was sacrificed in each unit and the organs were sampled. In all samples,
fixation was conducted followed in order by dehydration and diaphanization; analyses were conducted
by light microscopy and histomorphometry, and search was performed for spots indicating the lesion’s
presence. At 21 days, the duodenum villus height was higher in the group receiving Rhizomucor spp.
probiotic, and the jejunum villus height was significantly increased in both the control and Rhizomucor
spp. probiotic groups. At 42 days, difference of the duodenum crypt depth was observed in the group
receiving commercial probiotic. With regard to the tissue changes of the intestines, spleen, and bursa, no
histological alterations were observed at 21 days in all birds (100%) receiving Rhizomucor spp. probiotic,
while alteration of the bursa was observed at 42 days in two animals. Inclusion of probiotic Rhizomucor
spp. in the diet of broilers promoted an increase in the height of the villi after 21 days, and any influence
of the probiotic was resolved after 42 days of age.
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Resumo

Objetivou-se avaliar a histomorfometria das porcoes intestinais (duodeno e jejuno) de frangos de
corte suplementados com probidtico, bem como parametros histolégicos de érgaos linféides. O fungo
utilizado Rhizomucor spp. € proveniente de amostras do contetido intestinal de frangos Cobb 500. Este
foi selecionado in vitro quanto caracteristicas probidticas e encaminhado para ensaio de desempenho.
Foi utilizado um delineamento inteiramente ao acaso com trés tratamentos e sete repeticdes e 18 aves por
unidade. Uma ave por unidade experimental aos 21 e 42 dias de idade foi sacrificada e, os 6rgaos foram
amostrados. Esse material foi fixado em formol a 10% tamponado, processado rotineiramente, incluidos
em parafina, cortados a 7um e corados pela hematoxilina-eosina (HE). Observou-se aos 21 dias que as aves
pertencentes ao grupo probiético formulado a base de Rhizomucor spp. apresentaram maior altura de vilo
no duodeno. Também constatou-se um aumento significativo na altura de vilo do jejuno para o grupo
controle e probidtico formulado a base de Rhizomucor spp. Aos 42 dias observou-se, apenas diferenca
para profundidade de cripta com uso do probidtico comercial para duodeno. Referente as analises das
alteracoes teciduais dos intestinos, baco e bursa aos 21 dias, cem por cento das aves recebendo o fungo
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Intestinal and immunological histological parameters of broilers supplemented with commercial probiotic or fungi of the autochthonous microbiota

Rhizomucor spp. ndo apresentaram alteracoes histologicas e aos 42 dias foram observadas alteracdes na
bursa em dois animais. A inclusdo do potencial probiético flingico Rhizomucor spp. na dieta de frangos
de corte aos 21 dias de idade promove maior altura de vilo e aos 42 dias de idade ndo houve influéncia.

Palavras-chave: avicultura, histomorfometria, Rhizomucor spp., trato gastrointestinal.

Introduction

Meat poultry contributes largely to Brazil's economy, and is one of the most modern and
efficient livestock sectors. Development of modern poultry farming has resulted from combined
adoption and advancement of several factors, including nutrition (Murarolli, 2008); in this sector,
use of additives in poultry diet is a main contributing factor of the increase in poultry productivity
(Aratjo et al., 2007; Bonamigo, 2017).

Antibiotics, probiotics, prebiotics, symbiotics, and exogenous enzymes have been widely
used as additives in animal feed, based on their capability to improve the animal's performance
and maximize use of diets that are difficult to degrade (Praes, 2013; Manafi et al., 2018). These
additives promote beneficial changes of the intestinal microbiota, with trophic effect on the
intestinal mucosa, and immunomodulatory stimuli (Nunes et al., 2009).

Knowledge of the gastrointestinal tract as the primary action site of food additives, allows in
depth study of probiotics. The digestive tract undergoes maturation during the post-hatching
period, particularly that of the thermoregulatory and immune systems (Furlan, 2010).

Resident microorganisms are present in both the small and large intestines, and may vary
in type along the gastrointestinal tract. Bacteria, fungi, protozoa, and viruses comprise the
microbiota (Andreatti, 2007); among these components, fungi can mechanically break down
foods concurrently with their enzymatic action in food degradation, and attain increased surface
contact due to their hyphae, which in turn enables activity of the native intestinal microbiota
(Pessoa, 2017). Moreover, presence of fungi is closely associated with development and function
of the intestines.

Development of the intestinal mucosa proceeds mainly by two cytological events associated
with cell renewal, including mitotic divisions of totipotent cells at the crypt and along the villi
and cell loss due to normal flaking process at the apex of the villi (Rocha et al., 2016). Balance of
these two processes is based on a constant rate of cell renewal and the associated digestive and
intestinal absorption capacity (Pelicano et al., 2007).

The villus density varies with the anatomic parts of the small intestine, and the number of
the villi declines at 10 days of age onward. Nevertheless, this phenomenon indicates dynamic
development of the villus instead of reduction in absorptive capacity of the gut. The number of
the villi per unit area decreases as a function of age, and broilers achieve greater reduction of the
number than layers (Yamauchi & Ishiki, 1991; Tellez et al., 2006).

The villus plays a crucial role in metabolism, especially through its apical cells that mediate
transepithelial transport of nutrients produced by food digestion; in addition, villus height
is directly correlated with intestinal health, and crypt depth (CD) is an indicator of cellular
proliferation that allows tissue renewal by compensation for cell loss at the apex of the villus
(Boaro, 2009; Pluske et al., 1997).

The mechanism of action of probiotics may include production of antimicrobial substances and
organic acids, and protection of the villus and absorptive surfaces (Breda et al., 2010). Probiotics
can provide birds with benefits including positive changes of the intestinal microbiota, activity
of the immune system, and microenvironment of the intestinal epithelium, which increase the
efficiency of nutrient absorption and prevent fixation and multiplication of pathogens in the
intestinal mucosa, and consequently, improve overall performance of the species (Fernandes,
2012; Paixao, 2016).

Based on these facts, this study aimed to assess the histomorphometry of the intestinal parts
(duodenum and jejunum) in broilers supplemented with probiotics, and histological parameters
of the lymphoid organs including the spleen and bursa.
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Materials and methods

Fungal isolates used in the present study were the same as those obtained in a previous study
(Pessoa, 2017) through sampling in October, 2016 from the small and large intestines of 12 Cobb
500 broiler chickens of average age of 42 days; those birds belonged to the Institute of Goiano,
Campus Ceres production sector, and were managed in masonry houses, and fed a basal diet
consisting mainly of corn and soybean meal under temperature and humidity control, with
pendular drinkers and tubular feeders.

Theisolates were characterized in vitro at the Microbiology laboratory of the Federal Institute
of Goiano, Campus Ceres; for probiotic profile of each isolate, tests of mycotoxin production,
resistance to bile salts, and pH and hydrochloric acid of the digestive tract, antagonism with
enterozoonotic bacteria, and species identification with molecular biology technique were
performed; as a result, Rhizomucor spp. confirmed by 99% similarity in Blast® was selected, and
the isolate was grown on a large scale for use in the present study:.

An appropriate strain was submitted for parallel i vivo performance testing at the Federal
Institute of Goiano, poultry sector. After supplementation with the probiotic strain for different
study periods, the birds were sacrificed and the organs (spleen, bursa and intestines) were collected
for evaluation; the experimental performance period was 42 days (pre-initial: 1 to 7 days, initial:
8 to 21 days, growth: 22 to 35 days, and final: 36 to 42 days). Complete randomized design was
used to evaluate three treatments as follows: T1: basal diet without probiotic; T2: basal diet with
commercial probiotic; T3: basal diet with selected fungal strain of Rhizomucor spp. The experiment
was replicated seven times, with 18 birds in each repetition, which yielded a total of 378 birds
and 21 experimental units.

Test probiotic (10" spores per mL) was sprinkled twice daily in the feed, and commercial
probiotic (Colostrum Mix®) was added during preparation of the feed (100 g /ton); the feed was
formulated with corn and soybean following the recommendations of Rostagno et al. (2011).

One bird per experimental unit was sacrificed by cervical dislocation at 21 and 42 days of age,
which yielded seven birds per treatment, and their organs (spleen, bursa, and intestines) were
collected. The duodenum fragments at the flexion of the pancreas and jejunum at the level just
before Meckel's diverticulum were opened longitudinally, and the ends were fixed with a piece of
Styrofoam. The tissues were fixed in 10% buffered formalin and sent to the Federal University of
Minas Gerais Histopathology and Immunohistochemistry Laboratory. At that facility, the tissues
were processed in a routine mannet, embedded in paraffin, cut to 7-um thickness, and stained
with hematoxylin-eosin (HE); the sections were analyzed by light microscopy according to the
method of Eto et al. (2015), and histomorphometry including VH (villus height) and CD (crypt
depth) using Image J 145 software.

The VH was measured from the apex of the villus to the base of the villus-crypt junction, and
CD was defined as invagination of the cryptrelative to the adjacent villi; twenty readings each per
slide were obtained for the two parameters in each tissue fragment, which yielded 140 readings
per treatment. In addition, the relationships between villus height and crypt depth (VH / CD)
were calculated. All acquired images were digitalized in a Leica DM 4000 B optical microscope
coupled to a microcomputer.

For histomorphometry data, exploratory analysis (normality and homoscedasticity) was
conducted with Shapiro-Wilk and Bartlett test, and subsequently, ANOVA followed by means test
(Tukey at 5% significance) was performed using R® statistical software version 3.3.0. Presence or
absence of alterations in the evaluated tissues was examined using descriptive statistics.

The study protocol was approved by the Animal Use Ethics Committee (CEUA) of the Federal
University of Goias, and (Approval number: 077/16).

Results

Mean values of the duodenum and jejunum VH, CD, and villus:crypt ratio at 21 and 42 days
of age are shown in Tables 1and 2, respectively.

The villus height in the duodenum was significantly higher in birds of the test probiotic group
with T3 (P<0.05) than in those of the commercial probiotic group with T2 and no probiotic feed
group with T1 (Table1). Significant increase in the jejunum villus height was observed in T1and T3.
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Table 1. Mean villus height (VH), crypt depth (PC) and Villus:Crypt ratio of the duodenum and jejunum in
21-day-old chickens receiving diets with or without probiotic.

21days
Treatments Duodenum
VH (um) CD (um) Villus:Crypt
T1 1145.80 ab 32445a 357ab
T2 692.99b 22897a 298b
T3 136790 a 27546a 511a
Jejunum
Treatments
VH (um) CD (um) Villus:Crypt
Tl 87345a 304.56 a 292a
T2 572.88b 20740a 2762
T3 93148a 286.16a 340a

T1, without probiotic; T2, with commercial probiotic; T3, with probiotic formulated from Rhizomucor spp. a, b: The means in the column
are statistically different at 5% significance level by Tukey test.

Table 2. Mean villus height (VH), crypt depth (PC), and Villus:Crypt ratio of the duodenum and jejunum in
42-day-old chickens receiving diets with or without probiotic.

42 days
Treatments Duodenum
VH (um) CD (um) Villus:Crypt
T1 109365a 34935a 312a
T2 105993a 27820b 385a
T3 125780 a 380.55a 336a
Jejunum
Treatments
VH (um) CD (um) Villus:Crypt
Tl 103171 a 30597 a 351a
T2 1017.34 a 32947 a 314a
T3 118293a 35946 a 337a

T1, without probiotic; T2, with commercial probiotic; T3, with probiotic formulated from Rhizomucor spp. a, b: The means in the column
are statistically different at 5% significance level by Tukey test.

Regarding CD, no significant difference of the value (P>0.05) was observed for the duodenum
and jejunum. The villus:crypt ratio was highest (P<0.05) for the duodenum in T3 versus the
other treatments, and no significant difference of that was obtained for the jejunum among the
different treatments (P>0.05).

At 42 days of age (Table 2), lower duodenal CD was observed in the commercial probiotic group
with T2 (P<0.05), while the other variables were similar among the groups (P>0.05), indicating
that probiotic effects on the intestinal epithelium do not persist in adult birds, which affects the
absorptive capacity and production parameters.

At 21 days, no histological alterations of the intestines, spleen, and bursa were observed in
any bird (100%) of the Rhizomucor spp. probiotic group; whereas, at 42 days, alterations of the
bursa were observed in two birds of this group, of which, one bird showed slight reduction in
cellularity in the lamina and lymphoid follicles in multifocal areas, and the other bird showed
moderate multifocal hemorrhage in the adjacent adipose tissue, with clot adherence (Figure 1).

In T3, no changes of the bursa were observed in all birds at 21 days of age. In contrast, changes of
the bursa were observed in two birds at 42 days of age, of which, one showed multifocal moderate
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Figure 1. Bursa histology of 21 and 42 days old birds receiving Rhizomucor spp. in the diet. A: Normal bursa of
21-day-old birds, B: Bursa with slight reduction in cellularity in the 42-day-old lymphoid follicles. (scale: 200 pum).

reduction of cellularity at the peripheral zone of the follicles, and the other showed intense focal
hemorrhage, with necrotic cells and cellular debris, and numerous clustered punctate structures
compatible with bacterial colonies within the follicle. Acellular, amorphous, and brownish
material compatible with hemosiderin was present in discrete to moderate multifocal areas in
the former sample, while dilation of the follicles and filling of those with mucinous content was
observed in the latter sample.

In T2, alterations of the bursainvolving diffuse, discrete, and diffuse inflammatory lymphocyte
infiltrate in the serosa and moderate focal extensive hemorrhage over the serosa interspersed
with adjacent adipose tissue were observed in two birds at 21 days of age.

At 21days,inall treatment groups, no histological changes in the spleen were observed (Figure 2);
whereas, at 42 days in T3, splenic alterations were observed in three birds, of which, one each

-.-'““, .ﬁ?%’% 5 p-.
g AT ,:3..... R 4
'1732. t‘ﬁ\? y v W c‘x
g A 4 e 5

i

Wy L
5 ;P)*:‘%?.vé’
5423 x,{.ﬁ'-‘.w G
Ca e

S,
AR X
NN #f:‘h

Figure 2. Spleen histology of 21 and 42-year-old birds receiving Rhizomucor spp. in the diet. A: Normal spleen
(200 um), B: Spleen with diffuse white pulp depletion, moderate with red pulp hyperplasia. (scale: 200 pm).

showed brownish acellular, discrete, and hemosiderin-compatible foci, slight diffuse increase of
the red pulp, and moderate diffuse hyperplasia of the white pulp that extended into the red pulp.

In the control group with T1, splenic alteration was observed in only one bird, which showed
extensive hemorrhage and slight, diffuse reduction of the white pulp and red pulp hyperplasia.
In the commercial probiotic group with T2, splenic alteration was observed in two animals, of
which, one each showed diffuse, moderate hyperplasia of the red pulp, with diffuse and discrete
lympholysis, and extensive focal lymphocytic, and heterophilic inflammatory infiltrate.

Inall treatment groups at 21 days, no histological changes of the intestinal parts were observed,
while at 42 days, increased reaction to injury or inflammation in these compartments was
observed in the birds of the different groups. Multifocal bleeding was observed in one bird of
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the Rhizomucor spp. probiotic group, normal range of the values was obtained in all birds of the
control group with T1, and slight bleeding in the serosa with a small clot attached to the adjacent
area was observed in one bird of the probiotic group with T2.

Discussion

Optimum height of the intestinal villi and shallow CD, which together yield a high villus:crypt
ratio, are considered desirable factors (Nabburs, 1995). The enterocytes are present in larger
numbersin anintestinal tract with higher villus:crypt ratio, which contributes to better digestive
efficiency. Lower value of the villus:crypt ratio is an indicator of villus destruction (Santos, 2010);
nevertheless, Pluske et al. (1997) reported that lower CD might be associated with cell proliferation
that allows tissue renewal. Based on these findings, investigators should study a combination
of those variables.

Another group investigating this issue (Pessoa, 2017) reported more significant weight gain
in birds receiving any type of probiotic for up to 14 days (performance periods: 1 to 7 days and
8 to 14 days), but no change of the average weight gain from 21 days to 42 days. Moreovetr, the
birds supplemented with test fungus Rhizomucor spp. showed similar feed consumption for
up to 14 days as compared to the birds on a control diet, which indicates that similar amount of
feed between the groups with and without probiotic achieved the top amount of weight gain
during the early period; hence, probiotics should be considered treatment of choice in young
birds based on high feed conversion of 1.47.

In our study, birds supplemented with test fungus Rhizomucor spp. attained higher villus:crypt
ratio for up to 21 days, which can contribute to higher digestive efficiency and, consequently, better
feed conversion and weight gain; our result highlights the probiotic effects of Rhizomucor spp.
at initial production phase.

Pelicanoetal. (2005) studied the effects of supplementation of two probiotics and two prebiotics
on the intestinal morphology of birds at 21 days of age, and reported similar histomorphometric
results to those of our study: higher duodenum villus height and smaller CD for both probiotics
and prebiotics compared to those for the control without growth promoter.

Ramos et al. (2011) evaluated the production performance and histomorphometry of the small
intestine segments in broilers at 21 days of age supplemented with different growth enhancers
(probiotics, prebiotics, and antibiotics); in corroboration with the previous studies, they reported
additive interference on the duodenum villus height, but no differences in the duodenum and
jejunum CD among the different growth enhancers compared to the control treatment.

Mezalira et al. (2014) evaluated enteric morphometry (VH and CD) in broiler chicks supplemented
with or without Lactobacillus spp. probiotic and/or betaglucan prebiotic at 1 to 7 days of age; those
authors reported no group-wise difference in the parameters of the duodenum and jejunum in
the small intestine.

Bueno et al. (2012) evaluated the influence of probiotic supplementation on the intestinal
morphology of birds; they reported a significant treatment effect at 42 days of age in birds
supplemented with probiotics, and the result of their study was confirmed in the later studies.
Moreover, those authors reported that probiotic added in the diet caused a reduction of the
duodenum CD as compared to that by a control diet without probiotic, which conflicts with
the result of lower duodenum villus height in the control group without probiotic versus the
treatment group with probiotics of Pelicano et al. (2003).

Nunes et al. (2009) compared the performance and intestinal morphology of broilers fed
diets containing probiotic composed of Lactobacillus acidophilus, Streptococcus faecium and
Bifidobacterium bifidum and mananoligosaccharide prebiotic derived from the cell wall of
Saccharomyces cerevisiae and reported no benefits from probiotic supplementation, which conflicts
with the results of the duodenum and jejunum villus height and CD at 42 days of age for broilers
in the present study. Ribeiro et al. (2007) evaluated supplementation of prebiotic, probiotic, and
symbiotic in birds challenged with Salmonella enteritidis, and reported no differences in the
parameters of villus height and CD among the treatments.

Okamoto et al. (2009) evaluated histopathology of the intestinal mucosa in broilers challenged
with Salmonella Enteritidis and Lactobacillus spp. at 21 days and reported that there were no
apparent lesions in the gastrointestinal tract; with regard to treatment with Lactobacillus spp.
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alone, they reported some mild injury with mild edema that resolved quickly, while with regard
to that with Salmonella Enteritidis they reported most pronounced lesions of severe necrosis,
severe edema, and congestion.

Azza et al. (2018) evaluated the tissue changes of chicks challenged with Escherichia coli, and
reported some focal leukocyte infiltration with degenerative changes in the cecum for birds of
the probiotics and antibiotics groups, and no changes for those of the control group without
Escherichia coli challenge.

In this context, Teixeira et al. 2007) evaluated the efficacy of betaine against Eimeria acervulin
infection in broilers, and reported initial development of the lesions with small whitish plaques
and progression of those to yellowish or fully yellow lesions in the duodenum with extension
to the jejunum and ileum in some cases.

Conclusion

Inclusion of fungal probiotic potential candidate Rhizomucor spp. in the diet of broilers
promoted an increase of the villus height and villus:crypt ratio at 21 days of age, which indicates
higher efficiency of the digestive tract and, consequently, better feed conversion at the initial
phase of poultry farming. Rhizomucor spp. probiotic supplement produced no change in the
duodenum and jejunum villus height, CD, and villus:crypt ratio at 42 days of age. Moreover, it
produced no tissue changes in the intestines, spleen, and bursa at 21 days, while it promoted
changes in the bursa of two animals at 42 days. Studies in addition to the few available relevant
studies are needed to clarify the mechanism of action involved in alteration of these parameters
by the different treatments.
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