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Summary 

Yovchev, D. & G. Penchev, 2021. Age-related histochemical investigations of small intesti-
nal goblet cells in bronze turkeys (Meleagris gallopavo gallopavo). Bulg. J. Vet. Med., 24, 
No 2, 176183. 

The aim of the study was to investigate the goblet cell types and their density in the small intestine of 
bronze turkey (Meleagris meleagris gallopovo), by means of Alcian blue-PAS staining. Sixty birds 
from 10 age groups were used. In the duodenum and jejunum, goblet cells produced acid, neutral and 
mixed mucins, while in the jejunum  acid mucins. A negative relationship was observed between cell 
density and either duodenum  or jejunum lengths; such a correlation was not established in the ileum.  
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INTRODUCTION 

The rate of development of enterocytes in 
broiler chickens is a key factor of produc-
tive performance in broiler chickens, as-
sociated with digestive physiology. The 
small intestinal epithelium is the site 
where the utilisation and absorption of 
nutrients occur. It is made of constantly 
renewing cells located in the areas of 
crypts, from which derive enterocytes and 
goblet cells. The latter migrate on intesti-
nal villi and undergo functional alterations 
(Uni, 2006). 

Goblet cells in the gut of mammals 
and birds, including turkeys, are an impor-
tant element of non-specific immunity in 

intestinal infections. The function of these 
cells is influenced by the morphological 
intactness of intestinal mucosa (Solis et 
al., 2007; Kim & Khan, 2013). 

According to Osho et al. (2016), the 
jejunal mucosa of turkey poults produces 
only acid mucins. This specific feature is 
related to biological defense function of 
the jejunal mucous layer with respect to 
bacterial agents.  

In the small intestine of rodents and 
broiler chickens, the epithelium is lined 
with a mucous later. This layer acts as a 
protective barrier and at the same time, 
facilitates the transportation of nutrients in 
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epithelial cells (Gaudier & Hoebler, 2006; 
Uni, 2006; Pelaseyed et al., 2014). 

The mucous layer in broiler chickens 
comprises mainly glycoproteins produced 
by mucus-secreting goblet cells. The other 
mucous layer components are water, se-
rum derivatives, cell macromolecules, 
electrolytes, microorganisms and desqua-
mated epithelial cells. This layer is a 
component of non-specific immune re-
sponse and protects the intestinal mucosa 
from mechanical damage (Apajalahti, 
2005; Smirnov et al., 2004; 2005; 2006). 

Ding et al. (2011) investigated the 
density of small intestinal goblet cells in 
Muscovy ducks. The cells were divided 
into two types: Alcian-blue positive and 
PAS-positive. At hatch, their density was 
the same in all three small intestinal seg-
ments. As age advanced, their concentra-
tion decreased in the duodenum and jeju-
num, and was the highest in the ileum. 
The Alcian blue-positive to PAS-positive 
cells ratio was substantially reduced until 
the 9th day post hatch. 

According to Uni et al. (2003) and 
Smirnov et al. (2004), goblet (mucin-
producing) cells were present in the small 
intestine of broiler chickens and turkey 
poults during the embryonic development 
until the 7th day post hatch. The number of 
these cells increased from the duodenum 
to the ileum. Their development began 
during the late embryonic period and con-
tinued to the post hatching period.. 

Some researchers affirm that acid 
mucins were predominant in the intestinal 
tract mucus of broiler chickens. Sulfated 
acid mucins are found mainly in the large 
intestine. The changed chemical composi-
tion of mucins in the intestinal tract is a 
marker of pathological changes (Sheahan 
& Jervis, 1976; Shehata et al., 1981). 

Published data are mainly on histo-
chemical features of the intestinal tract in 

broiler chickens and ducks. There are only 
scarce or inconsistent data on the histo-
chemical features of the duodenum, jeju-
num and ileum in bronze turkeys. The aim 
of the present study was to differentiate 
the goblet cells types according to the 
chemical composition of their secretion as 
well as their density and distribution in the 
small intestinal compartments of bronze 
turkeys with regard to the age. 

MATERIALS AND METHODS 

For the study, 60 clinically healthy bronze 
turkeys (30 females and 30 males) pur-
chased from state hunting enterprise Ma-
zalat, were used. The birds were reared in 
an aviary. They were divided into 10 age 
groups (at 1, 7, 13, 28, 35, 49, 56, 90. 120 
and 240 days of age). Each group con-
sisted of 3 male and 3 female turkeys. The 
experiments were carried out in strict 
compliance with the rules of the Ethical 
Committee to the Trakia University, Stara 
Zagora. 

The working protocol was as followed. 
Eighteen tissue samples (3 from the mid-
dle of each small intestinal segments) of 
the respective age group were used to 
prepare permanent histological prepara-
tions. Tissue samples were fixed in 10% 
formalin (Merck KGaA, Darmstadt, Ger-
many). After the fixation, they were 
washed in running water, dehydrated in an 
ascending ethanol series, cleared in xylene 
and embedded in paraffin. Cross sections 
5 to 6 μm were cut on rotational micro-
tome YD-335A (J. Y. M. A. Ltd., China). 
They were stained after double deparaf-
finisation in xylene and rehydration in a 
descending ethanol series using a Alcian 
blue-PAS commercial staining kit (Merck 
KGaA Darmstadt, Germany). The staining 
technique was as followed: Alcian blue 
solution application (pH 2.5)  5 min; 
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rinsing in running water  3 min; rinsing 
in distilled water; periodic acid solution 
application for 10 min; rinsing in running 
water  3 min; rinsing in distilled water; 
Schiff’s solution application – 15 min; 
rinsing in running water  3 min; rinsing 
in distilled water; staining with haema-
toxylin Gill III for 20 s; rinsing in running 
water  3 min. Preparations were dehy-
drated in an ascending ethanol series, 
cleared with xylene and mounted in Entel-
lan (Carson, 1997; Kiernan, 2008). 

Preparations were observed with a 
Leica DM 1000 light microscope and re-
sults: documented with Leica DPC 290 
digital camera. Data were processed with 
LAS V 410.0 2016 software. 

Histochemical differentiation of goblet 
cells was done according to chemical 
composition of mucins. Cells containing 
acid mucins were AB+, neutral mucins: 
PAS+, and those producing mixed mucins 
 AB/PAS+.  

Histochemical interpretation of results 
was done according to Nomina His-
tologica Veterinaria (2017). 

Density of goblet cells containing acid, 
neutral and mixed mucins was calculated 
as number of cells per 1 mm2 оf intestinal 
villous area (Boguсka et al., 2016). The 
proportions of the three goblet cell types 
in the duodenum, jejunum and ileum were 
calculated. 

Results were processed with SPSS 
17.5 statistical software. Goblet cell den-
sity and proportions of cells containing 
acid, neutral and mixed mucins were pre-
sented as mean and SEM. Multifactorial 
ANOVA was used to compare the values 
among the different age groups and t-test: 
for tissue samples within an age group. 
Pearson’s correlation analysis was used 
for evaluation of relationship between 
studied parameters (Arhipova et al., 2003; 
Duritis et al., 2013). 

RESULTS  

Duodenum 

Goblet cells were found out among the 
enterocytes lining the intestinal villi and 
crypts. Their nuclei were situated at the 
base. 

On the first day post hatch, goblet cells 
producing neutral and acid mucins were 
clearly visible among the enterocytes. 
Single cells containing mixed mucins 
were identified. Intestinal crypts were not 
distinct and goblet cells were distributed 
on intestinal villi (Fig. 1). 

During the next age period (7 days of 
age), goblet cells assumed their specific 
elongated shape. They produced both neu-
tral and acid mucins. Compared to the 
previous age period, the number of goblet 
cells producing mixed mucins has in-
creased (Fig. 2). 

 

Fig. 1. Duodenum of a bronze turkey, 1 day of 
age: 1. intestinal villus; 2. intestinal epithe-
lium; 3. goblet cells producing mixed mucins; 
4. goblet cells producing neutral mucins; 5. 
goblet cells producing acid mucins. AB/PAS, 
bar=100 μm. 

 
In the later age periods (28, 56, 120 

and 240 days of age), goblet cells demon-
strated the features already described in 
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previous age groups. The cells were  lo-
cated among intestinal mucous entero-
cytes, their shape was oval and the nu-
cleus was located in the basal part. Cells 
producing  the three  mucin types  acid,  

 

Fig. 2. Duodenum of a bronze turkey, 7 days 
of age: 1. intestinal villus; 2. intestinal epithe-
lium; 3. goblet cells producing mixed mucins; 
4. goblet cells producing neutral mucins; 5. 
goblet cells producing acid mucins. AB/PAS, 
bar=50 μm. 

 

Fig. 3. Duodenum of a bronze turkey, 28 days 
of age: 1. intestinal villus; 2. intestinal epithe-
lium; 3. goblet cells producing mixed mucins; 
4. goblet cells producing neutral mucins; 5. 
goblet cells producing acid mucins. AB/PAS, 
bar=50 μm. 

neutral and mixed   were present. The 
intestinal crypts were well shaped mucosal 
structures (Fig. 3). 

Jejunum 

On the first day of life, goblet cells with 
specific oval shape were present among 
jejunal enterocytes. Two types of secre-
tory cells were identified with respect to 
the chemical composition of mucins they 
contained – acid and neutral. Intestinal 
crypts were not well discriminated (Fig. 4). 

In the jejunums of bronze turkeys from 
the other age groups  (post hatch days 7, 
14, 28, 56, 120 and 240), goblet cells pro-
ducing acid, neutral and mixed mucins 
were found out. They were observed 
along the intestinal villi and in intestinal 
crypts. The shape of cells was both 
strongly elongated with a narrow basal 
part, as well as oval (Fig. 5 ). 

Ileum 

From hatch to 240 days of age, only one 
type of goblet cells was found out in the 
ileum – cells producing acid mucins. 
These cells were located along the length 
of villi  and  crypts. Under light microsco- 

 

Fig. 4. Jejunum of a bronze turkey, 1 day of 
age: 1. intestinal villus; 2. intestinal epithe-
lium; 3. goblet cells producing neutral mucins; 
4. goblet cells producing acid mucins. AB/ 
PAS, bar=50 μm. 
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scope, the intestinal crypts appeared as 
distinct structures of the intestinal mucosa 
(Fig. 6). 

 

Fig. 5. Jejunum of a bronze turkey, 7 days of 
age: 1. intestinal villus; 2. intestinal epithe-
lium; 3. goblet cells producing mixed mucins; 
4. goblet cells producing neutral mucins; 5. 
goblet cells producing acid mucins. AB/PAS, 
bar=50 μm. 

 

Fig. 6. Ileum of a bronze turkey, 56 days of 
age: 1. intestinal villus; 2. intestinal epithe-
lium; 3. goblet cells producing acid mucins. 
AB/PAS, bar=50 μm. 

 
The goblet cell density in the mucosa 

of the duodenum, jejunum and ileum was 
counted per 1 mm2 area from the longitu-
dinal section of intestinal villi. 

Age-related goblet cells density in the 
different small intestinal segments of birds 
decreased from the 1st to the 240th day of 
life at a different extent. During the first 

seven days of life, goblet cell density in 
the duodenum varied from 960±38.7 (post 
hatch day 1) to 601±26.4 (post hatch day 
7). After the 7th day, the number of goblet 
cells per 1 mm2 mucosa decreased rela-
tively rapidly (P<0.01) to attain 376±11.3 
by post hatch day 56. At 90, 120 and 240 
days of age, respective counts were 
297±12.5, 250±13.4 and 168±9.8. 

A similar tendency was observed in 
the jejunum, where the goblet cell density 
decreased insignificantly until the 28th day 
of life; these changes were most pro-
nounced from post hatch days 7 to 28 
(P<0.05). By the 28th day, average jejunal 
goblet cell density was 97±9.1 and tended 
to increase to 56 days of age when it 
reached 130±18.7 per 1 mm2. Afterwards, 
detected average density was 110±10.8, 
103±9.5 and 98±9.9 at 90, 12 and 240 
days of age respectively. 

The ileum also showed a tendency to-
wards reduction of goblet cell density 
from the first (2367±135) to the 14th day 
post hatch (462±31.5). In the subsequent 
age groups, it increased to attain the peak 
value of 820±145.2 by the 56th day. Af-
terwards, counts were as followed: 680± 
38.8 (day 90), 705±37.4 (day 120), 714± 
38.6 (day 240) (Тable 1). 

Goblet cells’ density correlated nega-
tively with duodenum and jejunum lengths 
(r>–0.5; P<0.01) e.g. their number de-
creased as intestines grew. Such negative 
correlation was not found out in the ileum.  

During the entire study period, goblet 
cells producing acid (AB+) and mixed 
(AB/PAS+) mucins prevailed in the duo-
denum and the jejunum. At the same time, 
the density of cells producing neutral 
(PAS+) mucins was statistically signifi-
cantly lower in both segments (P<0.05). 
In the ileum, only goblet cells producing 
acid mucins (AB+) were found out. 



D. Yovchev & G. Penchev  

BJVM, 24, No 2 181 

At hatch, PAS+ cells in the duodenum 
were 11.9±2.6% of all goblet cells. Their 
density was relatively high in the last stu-
died age group: 240 days of age – 25.5± 
12.7%. During the first 14 days of life, the 
number of AB+ positive goblet cells in-
creased and reached a peak (64.3±13.1%). 

On the day of hatch, both AB+ и 
PAS+ goblet cells were found out in the 
jejunum. The number of AB+ increased 
gradually to attain maximum percentage 
on 7 days of age (78.3±14.2%). On that 
day, PAS+ cells proportion was 4.5± 
0.7%, and that of AB/PAS+ cells – 17.2± 
4.8%. At 56 days of age, the relative share 
of АВ+ and AB/PAS+ cells was almost 
identical: 44.6±11.8% and 45.1±10.2%, 
for AB+ and AB/PAS+ cells, respectively. 
The PAS+ cell percentage was the lowest: 
10.3±1.1%. 

In birds from 56 to 240 days of age, 
the proportion of duodenal and jejunal 
AB+ goblet cells was lower compared to 
increased share of PAS+ cells. At the 
same time, the number of AB/PAS+ cells 
remained relatively constant. 

 

DISCUSSION 

The results from this histochemical study 
presented goblet cells as mucinous glands 
with oval shape, located among intestinal 
crypts. These data correspond to histo-
chemical features of ostrich small intestine 
reported by Duritis et al. (2013). 

Considering the biological role of 
small intestinal epithelium in birds for 
utilisation of nutrients, our study was fo-
cused on histochemical features of goblet 
cells in the three small intestinal segments 
in bronze turkeys as did Uni (2006) in 
broiler chickens. It should be noted that 
cells found out in the duodenum and jeju-
num produced acid, neutral and mixed 
mucins whereas in the ileum, goblet cells 
were only from the type producing acid 
mucins. 

These results of ours allowed propo-
sing another classification of goblet cells 
in the small intestinal epithelium of 
bronze turkeys, namely cells producing 
acid, neutral and mixed mucins. Our in-
terpretation differs from that of Cheng 
(1974) for same cells in mammals, which 
have been typed on the basis of location 
of secretory granules.  

Table 1. Goblet cell density in small intestinal mucosa of bronze turkeys from the 1st to the 240th day 
of age (mean ±SEM, n=18). 
 

Segment of the small intestine Age, days 

          Duodenum Jejunum Ileum 
    1 960±38.7 131±20.8 980±140.5 

    7 601±26.4 124±15.7 785±115.5 

  14 550±15.7 115±18.9 462±91.5 

  28 480±20.8   97±9.1 518±87.3 

  56 376±11.3 130±18.7 820±145.2 

  90 297±12.5 110±10.8 680±38.8 

120 250±13.4 103±9.5 705±37.4 

240 168±9.8   98±9.9 714±38.6 
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The goblet cells in the small intestine 
of bronze turkeys were investigated as a 
key biological factor for mucous layer 
secretion. This layer is a protective barrier 
and participates in the absorption of nutri-
ents. Both the types of cells in the three 
small intestinal segments as well as their 
age-related distribution are reported. 
These data add to knowledge about these 
cells and their primary role for maintain-
ing the intestinal mucosal physiology 
(Smirnov et al., 2004; 2005; 2006; Pe-
laseyed et al., 2014). 

Similarly to Ding et al. (2011) in Mus-
covy ducks, this study investigated the 
goblet cell density in bronze turkey’s 
small intestine. The goblet cell density in 
the duodenum and jejunum correlated in-
versely with the length of respective seg-
ment, e.g. goblet cell number decreased as 
the intestine length increased. Such a rela-
tionship was not found out in the ileum.  

The study experimental design in-
cluded monitoring of histochemical fea-
tures and goblet cell density in bronze 
turkeys from hatch to 240 days of age. 
Three goblet cell types were demonstrated 
in the duodenum and jejunum, while in 
the ileum, goblet cells produced only acid 
mucins. This specific feature disagrees 
with data of Uni et al. (2003) and Smir-
nov et al. (2004), affirming that goblet 
cells produced only acid and neutral 
mucins. Our data confirmed that the num-
ber of these cells increased from the duo-
denum to the ileum, thus adding to data 
described by Uni et al. (2003) and Smir-
nov et al. (2004).  

In our opinion, goblet cells producing 
acid mucins were encountered in the duo-
denum, jejunum and ileum, being the only 
type identified in the latter segment. This 
fact was not in line with reports for pres-
ence of acid mucins only in jejunum and 
large intestine in turkey poults (Osho et 

al., 2016) and broiler chickens (Shehata et 
al., 1981). 
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