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Highlights

Intestinal health is a key factor to achieve optimal zootechnical performance.

Few studies evaluated sampling methods for histological evaluation.

Histology is a traditional and cheap technic for intestinal health evaluation.

Swiss roll method best preserved the intestinal morphology of broilers.

Abstract

After the growth-promoting antibiotics prohibition, intestinal health became an increasing concern 

worldwide in poultry farming. The intestinal histological evaluation is an inexpensive technique that brings 

relevant information, but in poultry, the immediate process of intestinal post-mortem autolysis interferes 

directly on the samples quality for histological analysis hindering a precise diagnosis. This study aimed 

to standardize a technique for broilers’ intestines sample collection and fixation for histological analysis. 

Seven broiler chickens received a standard diet until 23 days of age when they were euthanized. Fragments 

of duodenum, jejunum, and ileum were collected using three methods: intestine strips, transverse section, 

and Swiss roll and posteriorly fixed in 10% buffered formalin and bouin solution. Tissue samples were 

submitted for histological (number of villi and viable villi per field) and morphometrical (villi height, crypt 

depth and villi:crypt ratio) evaluations and the results analyzed statistically. A significant high number of villi 

and viable villi per field in all regions was observed in the Swiss roll method. In the duodenum (p= 0.0066) 
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and jejunum (p= 0.0058) an interaction between the Swiss roll method and the fixative buffered formalin 

was observed in the viable and number of villi per field, respectively. Regarding the morphometrical 

analysis significant differences were observed, in the jejunum villi height sampling by the methods Swiss 

roll (1,157.66 ± 148.25 µm, p= 0.0015) that showed the highest mean. Deeper crypt depths were observed 

in the jejunum (156.59 ± 15.68 µm, p= 0.0002) and ileum (131.13 ± 15.01 µm, p= 0.0006) collect by the Swiss 

roll method. An interaction between the bouin fixative was also observed in the jejunum (p= 0.0223) for this 

variable. Duodenum sampling by transversal section (12.68 ± 1.45 µm, p= 0.0076) was the only segment 

that had a significant difference for villi:crypt ratio, showing the highest mean. It can be concluded that 

the Swiss roll technique was the best method for morphometrical evaluation of the chickens’ intestines, 

since the highest counts of villi per field and viable villi per field were obtained, while buffered formalin was 

considered as the best fixative.

Key words: Post-mortem autolysis. Histology. Intestinal health. Intestinal morphometry. Poultry.

Resumo

Após a proibição da utilização dos antimicrobianos promotores de crescimento, saúde intestinal se tornou 

uma preocupação crescente na avicultura mundialmente. A avaliação histológica intestinal é uma técnica 

de baixo custo que traz informações relevantes, porém nas aves, o imediato processo de autólise intestinal 

post-mortem interfere diretamente na qualidade da amostra para histologia dificultando um diagnóstico 

preciso. Este estudo objetivou a padronização de uma técnica para coleta e fixação do intestino de frangos 

de corte para análise histológica. Sete frangos de corte receberam uma dieta padrão até 23 dias de vida, 

quando foram eutanasiados. Fragmentos de duodeno, jejuno e íleo foram coletados utilizando três métodos: 

intestino aberto, corte transversal e rocambole, e posteriormente fixados em formalina tamponada 

10% e solução de bouin. Amostras de tecidos foram submetidas a avaliações histológicas (número de 

vilosidades e vilosidades viáveis por campo) e morfométricas (altura de vilosidade, profundidade de cripta 

e relação vilosidade:cripta) e os resultados analisados estatisticamente. Um significativo maior número de 

vilosidades e vilosidades viáveis por campo foi observado, em todos os segmentos intestinais, no método 

rocambole. No duodeno (p= 0,0066) e jejuno (p= 0,0058) uma interação entre o método rocambole e o 

fixador formalina tamponada foi observado para as variáveis vilosidades viáveis e número de vilosidades 

por campo, respectivamente. Referente a análise morfométrica diferenças significativas foram observadas 

na altura de vilosidade no jejuno amostrado pelo método rocambole (1.157,66 ± 148,25 µm, p= 0,0015) 

que apresentou a maior média. Criptas mais profundas foram observadas no jejuno (156,59 ± 15,68 µm, 

p= 0,0002) e íleo (131,13 ± 15,01 µm, p= 0,0006) coletados pelo método rocambole. Uma interação entre 

o fixador bouin também foi observado no jejuno (p= 0,0223) para esta variável. Amostragem do duodeno 

pelo método corte transversal (12,68 ± 1,45 µm, p= 0,0076) foi o único segmento que teve uma diferença 

significativa para relação vilosidade:cripta apresentando a maior média. Pode-se concluir que o método 

rocambole foi o melhor para avaliação morfométrica do intestino de frangos de corte, uma vez que as 

maiores contagens de vilosidades e vilosidades viáveis por campo foram obtidas, enquanto formalina 

tamponada foi considerada o melhor fixador. 

Palavras-chave: Autólise post-mortem. Histologia. Saúde intestinal. Morfometria intestinal. Aves.
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Introduction

The gastrointestinal tract (GIT) is 
responsible for the digestive functions, and 
also for immunological and endocrinological 
roles (Oviedo-Rondón, 2019). Anatomically 
the small intestine of birds is divided into three 
parts duodenum, jejunum, and ileum, and its 
main function is the absorption of nutrients, 
electrolytes, and water (Ito, Miyaji; Myaji, & 
Lima, 2009).  

In the current animal production system 
a healthy intestine is required to achieve the 
best performance results, and the concept 
of intestinal health can be summarized as a 
state of intestinal homeostasis (Kogut, Yin; 
Yuan, & Broom, 2017). The technological 
advances in the intensive animal production, 
the sanitary challenges and its increases 
after the prohibition of the use of growth 
promoters antibiotics in animal feed, due to 
the elevate bacterial resistance rates, made 
the topic intestinal health more relevant in the 
world poultry farming (Morgan, 2017; Oviedo-
Rondón, 2019).

 Morphometric and morphological 
evaluations of the intestine using the light 
microscopy are simple and inexpensive 
methodologies widely used in intestinal health 
and performance evaluations (Belote et al., 
2018; Suresh et al., 2020; Swatson, Gous, Iji, 
& Zarrinkalam, 2002). In birds, post mortem 
autolysis occurs extremely fast, starting at 
the intestine of broilers within 5-10 minutes 
(Smyth, 2016). Changes such as epithelial 
cell loss and lamina propria detachment are 
observed in this process that starts from the 

tip of the villus and later in the crypt making 
diagnosis difficult due to the complexity in 
differentiating autolysis from mild lesions 
(Fletcher & Tahseen, 2016). This fast process 
observed in birds makes it a challenge to 
obtain high-quality histological sections.

Despite the significant technological 
advances, many sanitary challenges leads 
to economic losses to poultry production, 
especially those affecting the gastrointestinal 
tract (Oviedo-Rondón, 2019), and the 
histological evaluation of the intestines is often 
crucial in the diagnosis of these diseases. In 
necrotic enteritis disease, a severe broilers’ 
intestinal infection caused by Clostridium 
perfringens, histological analyses are 
commonly performed to establish diagnosis. 
However, the differentiation of necrotic 
enteritis lesions from autolysis is challenging 
in some cases (Smyth, 2016). 

There are numerous studies in 
rodents to evaluate different sampling 
methods (Bialkowska; Ghaleb, Nandan, & 
Yang, 2016; Moolenbeek & Ruitenberg, 1981; 
Silva, Lourenço, Marmello, Bitteti, & Teixeira, 
2019; Williams, Duckworth, Vowell, Burkitt, & 
Pritchard, 2016). However, similar evaluations 
in broilers are scarce; to the best of the 
authors´ knowledge this is the first study to 
evaluate the intestine of broilers with the 
Swiss roll sampling technique. Considering 
that post-mortem autolysis begins early in 
broilers, and that good quality samples are 
necessary to achieve a precise diagnosis, 
this study aimed to standardize a sampling 
technique that better preserves the integrity 
of the intestinal tissue. 
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Figure 1. Sampling methods of broilers chickens’ intestines at 22 days of age.
Jejunum. A- intestine strips sampling method; B- transverse section sampling method; C, D, E - 
Swiss roll sampling method.

Material and Methods

Animals and sample collection forms

The experiment was approved by the 
Institutional Ethics Committee for Animal 
Experimentation under the protocol number: 
12433.2018.03.

One day old broilers chickens (n=7) 
were housed in experimental cages. Water 
and feed was provided ad libitum and heating 
according to the lineage guideline (Aviagen, 
2018). At 22 days of age (DA) the animals were 
euthanized by cervical dislocation. Between 
the euthanasia and intestinal sampling no 
more than 15 minutes were spent to avoid 
changes due to post-mortem autolysis. The 

samples were collected using three methods: 
i. intestine strips: an intestinal fragment (2 cm) 
was opened by the mesenteric border; the 
ends were fixed in a polystyrene plate using 
stainless steel pins; ii. transverse section: an 
intestinal fragment (2 cm) was removed; iii. 
Swiss roll (Figure 1): an intestinal fragment (9 
cm) was opened by the mesenteric border, 
feces were carefully removed, after which the 
intestinal mucosa was washed with cold PBS 
solution, and a wooden stick (4 mm Ø) was 
placed under the intestinal serosa and rolled 
as described (adapted from Moolenbeek 
and Ruitenberg (1981)). After samplings, the 
intestinal fragments were fixed in 10% buffer 
formalin or bouin solutions.

Intestinal morphometry and histological 
analysis

After fixation for 24 h, the fragments 
were cleaved, dehydrated in increasing 
alcohol concentrations and embedded in 
paraffin for histological analysis. Each sample 
of the duodenum, jejunum, and ileum were 
sectioned to 5 μm thickness parallel to the 

villi axis, stained with hematoxylin and eosin 
(HE). For the morphometrical analysis (villi 
height, crypt depth and villi crypt:ratio) thirty 
villi and crypts were measured per animal 
at the duodenum (2.5X magnification for 
villi; 10X for crypt), jejunum and ileum (10X 
magnification). Histological analysis was used 
to evaluate the number of villi per field and to 
characterize the number of viable villi per field. 
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Viable villi were characterized by straight villi 
clearly embedded in the submucosa, lined 
by columnar enterocytes and with no lamina 
propria detachment. Ten random fields were 
analyzed at the duodenum (2.5X magnification), 
jejunum and ileum (10X magnification). 
The Motic Image Plus 2.0 software (Motic 
Instruments, Richmond, Canada) was used for 
morphometrical assessment.

Statistical analysis

The experimental design was 
the factorial 3X2. The means from the 
measurements were submitted to the two-way 
ANOVA and later to Tukey multiple comparison 
test at significance level of 5%.

Results and Discussion

The gastrointestinal tract has the 
important function of absorbing nutrients, 
and is also the largest exposed body 
surface, acting as a barrier against toxins 
and pathogens ingested by the animal 
(Yegani & Korver, 2008). After the European 
Union’s prohibition on the use of growth-
promoting antibiotics in commercial poultry 
farming, intestinal diseases developed into an 
increasing challenge (Immerseel, Rood, Moore, 
& Titball, 2009). In this context, the histological 
evaluation of the intestine has become an 
important tool for intestinal health evaluation.

Birds have a fast post-mortem intestinal 
autolysis process (Fletcher & Tahseen, 2016; 
Smyth, 2016). One of the motivations to 
execute this study was the difficulty of our 
research group in obtaining a high-quality 
material for an accurate histological analysis. 
We believe that our results will contribute to 
the works of researchers that are involved 
in the intestinal histological evaluations of 
broilers. There are several studies comparing 
different forms of intestinal tissue sampling for 
histological evaluation in rodents (Silva et al., 
2019; Williams et al., 2016), with comparatively 
few data for broilers. 

Morphometrical measurement is an 
important tool for the evaluation of intestinal 
health since villi height is correlated with the 
intestinal absorption area and cryptal depths 
are correlated with the intestinal renewal rate 
(Swatson et al., 2002; Yamauchi, 2007; Qi 
et al., 2020), and is an essential step widely 
used during zootechnical performance trials 
(Biasato et al., 2018; Boroojeni; Manner; Rieger; 
Calvo, & Zentek, 2019; Suresh et al., 2020). 

The results of the intestinal 
morphometry for all regions are shown on Table 
1. Relative to the villi height, jejunum collected 
by the Swiss roll technique (p= 0.0015) had 
the highest mean (1,157.66 ± 148.25 µm). The 
best results of crypt depth were observed at 
the jejunum (p= 0.0002, 156.59 ± 15.68 µm) 
and ileum (p= 0.0006, 131.13 ± 15.01 µm) 
collected by the Swiss roll technique. 
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Swiss roll method showed the best 
morphometrical results, mainly at the jejunum; 
these findings are in accordance with those of 
Gava et al. (2015) that described the jejunum 
as the best region for morphometric analyses 
in the intestines of broilers.

When the morphometrical analysis 
was compared an interaction between the 
fixative and sampling method was observed 
only at the jejunum crypt depth (p= 0.0223), 
the best was attained with Swiss roll sampling 
fixed with bouin solution.

In the present study, the Swiss 
roll sampling method showed the highest 
number of villi (@ 2.5 fold in duodenum and 
jejunum, @ 1.6 fold in ileum) and viable villi 
per field (@ 1.7 fold at duodenum; @ 2.6 fold 
in jejunum, @ 1.3 fold in ileum) in all intestinal 
regions evaluated when compared with 
collections done using the intestinal strips 
and transverse section methods (Figure 2, 
3). Similar findings were reported in previous 
studies in mice that evaluated only Swiss roll 
(Bialkowska et al., 2016) and gut bundling 
(similar to the transverse section applied on 
this research) and Swiss roll (Williams et al., 
2016). Bialkowska et al. (2016) and Williams 
et al. (2016) have considered that the Swiss 
roll method allows the evaluation of a large 
tissue section, this fact can be associated 

with the best results found in this study. A 
higher number of villi and viable villi per field 
will facilite histological evaluations such as: 
goblet cells and intraepithelial lymphocytes 
count, and lesion score evaluations. On the 
other hand, in a study using intestinal broilers’ 
section, the hemicylindrical sectional method 
was considered the best, but the Swiss roll 
methodology was not evaluated (Gava et al., 
2015). In addition, in rodents, intestinal strips 
were considered most suitable for wider 
histological evaluation (Silva et al., 2019), while 
the gut bundling method was considered 
better for villi and crypt measurements 
(Williams et al., 2016). To the best of the 
authors´ knowledge, this is the first evaluation 
of Swiss roll sampling method in broilers’ 
intestine. 

A significant histological feature within 
the normal parameters with few artifacts was 
observed in all intestinal tissues sampled by 
the Swiss roll technique (Figure 4). In these 
sections, well-delineated and straight villi were 
observed, whereas the intestinal sections 
collected by other methods were folded, and 
broken villi were commonly observed (Figure 
4A, B). In addition, a high number of villi per field 
was noticed in the Swiss roll sampling method 
when compared to the other techniques 
(Figure 4C).
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Figure 2. Comparative number of villi per field in duodenum, jejunum and ileum by three different 
sampling methods (intestine strips, transverse section and Swiss roll) and fixed in two types of 
fixatives (bouin and buffered formalin).
Duodenum, jejunum and ileum. SCM (sample collection method), F (fixative). IS- intestine strips 
SCM fixed with bouin (      ); TS- transverse section SCM fixed with bouin (     ); SR- Swiss roll SCM 
fixed with bouin (      ). IS- intestine strips SCM fixed with buffered formalin (     ); TS- transverse 
section SCM fixed with buffered formalin (       ); SR- Swiss roll SCM fixed with buffered formalin (      ). 
a, b, c Different letters are significantly different (P ≤ 0.05). Tukey test. Means ± standard deviation.

Figure 3. Comparative number of viable villi per field in duodenum, jejunum and ileum sampled by 
three different methods (intestine strips, transverse section and swiss roll) and fixed in two types 
of fixatives (bouin and buffered formalin).
Duodenum, jejunum and ileum. SCM (sample collection method), F (fixative). IS- intestine strips 
SCM fixed with bouin (     ); TS- transverse section SCM fixed with bouin (     ); SR- Swiss roll SCM 
fixed with bouin (     ). IS- intestine strips SCM fixed with buffered formalin (     ); TS- transverse 
section SCM fixed with buffered formalin (      ); SR- Swiss roll SCM fixed with buffered formalin (      ). 
a, b, c Different letters are significantly different (P ≤ 0.05). Tukey test. Means ± standard deviation.

Swiss roll method showed the best morphometrical results, mainly at the jejunum; these findings 

are in accordance with those of Gava et al. (2015) that described the jejunum as the best region for 

morphometric analyses in the intestines of broilers. 

When the morphometrical analysis was compared an interaction between the fixative and sampling 

method was observed only at the jejunum crypt depth (p= 0.0223), the best was attained with Swiss roll 

sampling fixed with bouin solution. 

In the present study, the Swiss roll sampling method showed the highest number of villi (≅ 2.5 fold 

in duodenum and jejunum, ≅ 1.6 fold in ileum) and viable villi per field (≅ 1.7 fold at duodenum; ≅ 2.6 fold 

in jejunum, ≅ 1.3 fold in ileum) in all intestinal regions evaluated when compared with collections done 

using the intestinal strips and transverse section methods (Figure 2, 3). Similar findings were reported in 

previous studies in mice that evaluated only Swiss roll (Bialkowska et al., 2016) and gut bundling (similar to 

the transverse section applied on this research) and Swiss roll (Williams et al., 2016). Bialkowska et al. 

(2016) and Williams et al. (2016) have considered that the Swiss roll method allows the evaluation of a large 

tissue section, this fact can be associated with the best results found in this study. A higher number of villi 

and viable villi per field will facilite histological evaluations such as: goblet cells and intraepithelial 

lymphocytes count, and lesion score evaluations. On the other hand, in a study using intestinal broilers’ 

section, the hemicylindrical sectional method was considered the best, but the Swiss roll methodology was 

not evaluated (Gava et al., 2015). In addition, in rodents, intestinal strips were considered most suitable for 

wider histological evaluation (Silva et al., 2019), while the gut bundling method was considered better for 

villi and crypt measurements (Williams et al., 2016). To the best of the authors´ knowledge, this is the first 

evaluation of Swiss roll sampling method in broilers’ intestine.  
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Figure 4. Photomicrography of jejunum of broilers chickens with 22 days of age sampled by 
different methods and fixed with 10% buffered formalin solution.
A- Intestine strips method. The villi apical region is folded, and some villi are broken. HE. Bar 200 
µm; B- Transverse section method. Villi showing folds and breaks, interfering with morphometrical 
analysis. HE. Bar 200 µm; C- Swiss roll method. Villi showing a straight position. A high number of 
villi is observed in the field. HE. Bar 200 µm.

The overlapping of tissue layers in the 
Swiss roll method can be a reason of the best 
results, preserving the morphology of the 
intestinal villi, once even the mucus layer is 
conserved. There are two principal challenges 
in the utilization of Swiss roll method: it´s 
laborious and training is needed. When the 
executant is not well trained a common 
artifact found on the Swiss roll slides is the villi 
distorting in the inner layers, as consequence 
of the excessive pressure during the rolling 
process, but same with this artifact the slides 
evaluator will still have a large amount of tissue 
to examine from the outer layers. Although the 
advantages this method needs training and 
experience for a correct execution. 

Concerning the fixatives, a significant 
difference was observed only for the variables 
that showed interaction (fixative and sampling 
method). Jejunum (p= 0.0058) villi per field, 

and duodenum (p= 0.0066) viable villi per field, 
were higher when fixed with buffered formalin. 
Bouin fixative was considered as the best to 
observe and analyze the crypt depth at the 
jejunum (p= 0.0223). 

Formalin is considered for some authors 
as the “universal” fixative (Buesa, 2008; Jones, 
2007; Patil, Premalatha, Rao, & Ganavi, 2013; 
Rajanikanth, Ravi, Sreenath, Sonia, & Shyam, 
2015). Besides the best results found in this 
study, some of its use advantages are: a rapid 
penetration on the tissue, a good preservation 
of proteins, a good preservation of lipids, 
most commercial antibody manufactured for 
immunohistochemistry techniques optimized 
their products for formalin-fixed tissues, it is 
readily available, cheap, fairly convenient to 
store, allows long-term storage, and it is very 
safe to use when the security protocols are 
followed (Buesa, 2008). Another advantage 
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of this fixative is the good results when the 
DNA extraction from formalin-fixed tissues 
are performed, the same does not occur when 
bouin fixative is used (Santos, Saito, & Line, 
2008).

Conclusions

The results of this study have shown 
that the Swiss roll method was the best 
technique for morphometrical evaluation of 
the chickens’ intestines, since the highest 
counts of villi per field and viable villi per field 
were obtained; in relation to the fixatives the 
buffered formalin showed the best results. 
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