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The aim of work was to determine the features of the microscopic structure of the lamina muscularis mucosae of the goose gut dur-
ing the postnatal ontogenesis. According to the review of the literature, during the characterisation of the structure of the intestinal muco-
sa, researchers first pay attention to the condition of the villi, crypts, epithelial layer and their morphometric parameters, leaving the 
lamina muscularis mucosae aside. The intestinal lamina muscularis mucosae is an under-researched structure of the intestinal wall, the 
information on which is fragmentary and contradictory. The middle parts of the duodenum, jejunum, ileum, cecum and rectum of large 
grey geese of 13 age groups were investigated. The classic histological methods of staining by hematoxylin and eosin, aniline blue – 
orange (by Mallory), as well as azure II – eosin were used. It was established that the lamina muscularis mucosae of the goose’s small 
intestine is formed by two layers of unstriated muscle tissue: internal and external. In contradistinction to mammals, the thicker inner 
layer of the LMM has not a circular, but a longitudinal direction of cell location while by contrast the thinner outer layer is located in a 
circular direction. According to results of our research, the thickness of the lamina muscularis mucosae of the small intestine of the geese 
rapidly increased with age. The thickness of the duodenum corresponded to the value of adult geese at 60 days of age; jejunum, ileum, 
and rectum – at 21 days, cecum – at 7 days age. The lamina muscularis mucosae was thinnest in the duodenum, and it was thickest in 
the ileum. The lamina muscularis mucosa of the large intestine of geese is represented by only one longitudinal layer. By contrast, the 
thinner outer layer is located in a circular direction. Detailed information of the microscopic structure of the lamina muscularis mucosae 
of the intestine of geese can be useful for specialists, both morphologists and physiologists, for analyzing the histological preparations of 
the intestine of birds by the action of biotic and abiotic factors, as well as a basis of comparison with such structure in other species of 
animals. The description of the construction of this important microscopic structure of the intestine can serve a morphological basis for 
elucidating its function.  
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Introduction  
 

According to the classic ideas, the lamina muscularis mucosae 
(LMM) of the stomach and gut of mammals, including humans, is 
located between its lamina propria and the submucosal basis. It consists 
of two layers: the inner and outer, respectively, with a predominantly 
circular and longitudinal orientation of unstriated muscle cells (Bruhin-
Feichter et al., 2012; Bello & Danmaigoro, 2019). Despite the fact that 
the LMM is a constituent element of the alimentary canal, researchers 
pay little attention to it. Besides, the physiological significance of LMM 
remains understood only at the level of hypothesis (Kuriyama et al., 
1998; Grundy et al., 2006). It is known that the motor activity of LMM 
of the alimentary canal of animals has differences both in different bio-
logical species, and in its different parts  (Kamikawa et al., 1985). Pa-
thophysiological changes of motor activity of LMM can change the 
antibacterial barrier of mucosa (Percy et al., 1998). It is different from 
the layers of the muscular tunic by type of intercellular contacts and 
blood supply, autonomic innervation and pharmacological sensitivity 
and bioelectric activity. A large number of mast cells were found in the 
LMM of the rat’s ileum, but not in the muscular tunic. Cultivation of 
muscle cells of LMM was unsuccessful, and characteristics of their ion 
channels according to electrophysiological results are not established 
(Uchida & Kamikawa, 2007). The status of the LMM of the trans-
planted intestine is important during the transplantation to the recipient 
(Websky et al., 2015). Due to human Crohn’s disease, hyperplasia of 
the muscle tissue of the bowel has a direct correlation with general 
inflammation, and LMM with acute inflammation of the submucosa 

(Chen et al., 2017). The degree of development of the LMM of the 
intestine is influenced by the tone of the autonomic nervous system. 
Compared to sympathicotonic hens, the sympathico-normotonic hens 
had a greater volume of LMM in the duodenum and the jejunum. Due 
to dysbiosis, the thickness of LMM of hens becomes smaller (Teirlynck 
et al., 2011). A 50% limitation in the amount of food given to rats 
caused thickening of the colon along with a thickening of its own lami-
na (Schoffen et al., 2014).  

Information about features of structure of the LMM of the avian gut, 
including poultry, is fragmentary and sometimes contradictory. The fact of 
the presence of LMM in the gut of birds is often indicated only: in the 
helmeted  guinea fowl (Numida meleagris) (Singh et al., 2017) and in the 
Japanese quail (Coturnix japonica) (Wilkinson et al., 2018). A number of 
researchers speak about the absence of LMM of the gut: in the African 
pied crow (Corvus albus) (Igwebuike et al., 2010) and feral pigeon (Co-
lumba livia) (Udoumoh, 2016). In connection with absence of LMM, the 
intestinal mucosa of quail and broiler chickens is represented only by a 
simple columnar epithelium and lamina propria. At the same time, its 
muscular tunic consists of three layers: internal longitudinal, middle circu-
lar and outer longitudinal (Kachave et al., 2009).  

According to other researchers, there is only one layer of smooth 
muscle cells in the small intestine LMM: Trifonov & Kuleshov (2008) 
in the domestic hen, Khaleel & Atiea (2017) in domestic duck. Accor-
ding to Al-Saffar & Al-Samawy (2016), in the striated scops owl (Otus 
brucei) LMM is found only in the duodenum and is absent in the jeju-
num and ileum. According to Trifonov & Kuleshov (2008), the thick-
ness of LMM is 8–15 μm in a one-day bird, and 15–30 μm and 10–
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30 μm in geese of 8 weeks and 6 months age respectively. In chickens, 
the thickness of lamina muscularis increases in proportion to age. It vari-
es in the same range in the duodenum, jejunum and cecum, but it is 
thicker in the ileum and rectum (Kuleshov, 2010). The LMM of the 
goose gut is well expressed. Separate bundles of unstriated muscle cells 
enter to the tops of folds and villi (Strizhikov et al., 2007).  

The LMM of the small intestine of the cattle egret (Bubulcus ibis), 
black winged kite (Elanus caeruleus) and mulard (Cairina moschata × 
Anas platyrhynchos) is represented by two layers: the inner (wide), and 
the outer (narrow). The inner layer has bundles which are vertically 
oriented towards its proper lamina and which stretch to the tops of villi. 
The outer layer is formed by longitudinally oriented unstriated muscle 
cells close to the submucosal basis (Kachave et al., 2009; Hussein & 
Rezk, 2016; Al-Samawy et al., 2017).  

The LMM of the gut of the African ostrich (Struthio camelus) con-
sists of two layers: longitudinal and circular oriented bundles of un-
striated muscle cells. The circular bundles of the large intestine enter 
into the circular folds and stroma of the intestinal villi (Bezuidenhout, 
1990).  

The LMM of large intestine has the form of longitudinally oriented 
bundles of unstriated muscle cells, which stretch in the folds in form of 
vertical pillars in the African pied crow (Corvus albus) (Igwebuike & 
Eze, 2010), cattle egret (Bubulcus ibis) (Hussein & Rezk, 2016) and do-
mestic hen (Pandit et al., 2018). The LMM of the goose rectum is di-
vided by layers of loose connective tissue, which consist of nerve ele-
ments, whereby it is double-layer (Strizhikov et al., 2007).  

The majority of intestinal morphological studies are devoted to the 
influence of various environmental factors on its structure, using the fol-
lowing known markers characterizing its functional state: thickness of 
the mucous membrane and its layers, height of villi, depth of crypts, 
surface area of villi. The LMM remains unaddressed. The peculiarities 
of the structure of LMM in birds are not thoroughly researched and, 
sometimes, mechanically transferred from those of mammals. There-
fore, taking into account the contradictory information regarding the 
microscopic structure of LMM in the gut of birds, this issue is not yet 
fully resolved and needs to be thoroughly researched.  

The purpose of the paper was to fill this gap and draw the attention 
of researchers to such an important structure of the bowel of geese as 
LMM in its various sections during the postnatal ontogeny period. 
The main elements of the study were to find out the number of layers in 
the LMM, determine their thickness at different stages of postnatal on-
togeny, the direction of placement of smooth muscle cells in them, as 
well as the presence or expression of the submucosal basis.  
 
Materials and methods  
 

The research was conducted at the department of anatomy and his-
tology of the Faculty of Veterinary Medicine in the Kharkiv State Zoo-
veterinary Academy, Ukraine. The protocol of the studies was agreed 
with the local ethics committee of the Kharkiv State Zooveterinary 
Academy. During the experimental studies, all manipulations with ani-
mals that were involved in the experiment were conducted in accordance 
with the European Convention on the Protection of Vertebrate Animals 
used for Experimental and Scientific Purposes (Strasbourg, 1986) and 
the General Ethical Principles of Animal Experiments, adopted by the 
First National Congress of Bioethics (Kyiv, 2001). The birds were de-
capitated under light ether anesthesia.  

The conditions of maintenance were standard. All geese were clini-
cally healthy, received standard granular feed. Material for research was 
selected from the large grey breed domestic geese (Anser anser). There 
were formed into 13 groups of the following ages: 1, 3, 7, 14, 21, 30, 60, 
180, 240, 365, 730, 1195 and 1825 days old.  

The portions of the middle regions of duodenum, jejunum, ileum, 
cecum and rectum of 5 geese of each age group were selected for histo-
logical studies. These were fixed by 10% solution of neutral formalin 
and embed into paraffin. The histological slides of gut were stained by 
hematoxylin and eosin, aniline blue – orange (by Mallory), as well as 
azure II – eosin. The investigations of histological slides were performed 
using light microscopes Jenamed 2. Determination of the thickness of 

intestinal LMM was carried out using an ocular grid. The parameters of 
geese older than 240 days were determined by indices of the LMM thick-
ness of the gut of adult birds. We used the parameter of average age indi-
cator of the gut – middle age point (MAP) (Kushch, 2015) in order to 
generalize comparative estimation of size and development of LMM of 
each gut. The mean age indicator of the LMM thickness of each gut was 
defined as the arithmetic mean of the values of its 13 age indices.  

The experimental data analysis was performed using the ANOVA 
method. Differences between the values in the different age groups 
were determined using the Tukey test, where the differences were con-
sidered reliable at P < 0.05 (taking into account the Bonferroni correc-
tion). The numerical data in the tables are presented as x ± SD.  
 
Results  
 

The LMM of goose gut is formed by unstriated muscle tissue. 
It consists of two layers (internal and external) in the small intestine (Fig. 1).  
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Fig. 1. Light micrograph of wall of the ileum of a 180 day old goose  

of (cross-section), azure II – eosin: 1 – crypts, 2 – inner layer of LMM,  
3 – outer layer of LMM; 4 – pillars of unstriated muscle cells  
(between crypts); 5 – inner layer of muscular tunic, 6 – outer  

layer of muscular tunic; 7 – submucosal nerve node  

The bundles of unstriated muscle cells of the thicker inner layer are 
located in a longitudinal direction, and the thinner outer layer – in a cir-
cular direction. The layers of the LMM are separated by thin layers of 
loose connective tissue, in which the elements of submucosal nerve 
plexus (nerve nodes and bundles of nerve fibers) are located.  

The inner layer of the LMM is clearly expressed. It is located di-
rectly under the base of the crypt and has the appearance of a wide 
oxyphilic stained strip. The narrow strips of unstriated muscle tissue 
originate from the inner layer of LMM. They are located between the 
crypts and stretching to the tops of the villi.  

The outer layer of the LMM is poorly developed. In this connec-
tion, it is not always possible to differentiate it on histological slides of 
the intestinal wall, stained with hematoxylin and eosin (Fig. 2).  
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Fig. 2. Light micrograph of wall of the jejunum of a 1,195 day old 
goose (longitudinal section), hematoxylin and eosin: 1 – epithelium  
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of crypt, 2 – lamina propria of mucosa; 3 – inner layer of LMM,  
4 – outer layer of LMM, 5 – inner layer of muscular tunic  

It is more clearly distinguished on the histological slides of gut stai-
ning azure II – eosin, as well as by Mallory (Fig. 3).                         
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Fig. 3. Light micrograph of wall of the ileum of a 21 day old goose, 

staining by Mallory: 1 – epithelium of crypt; 2 – inner layer of LMM;  
3 – outer layer of LMM; 4 – ganglion of submucosal nerve plexus;  

5 – inner layer of muscular tunic  

The thickness of the LLM of the duodenum of the goose gut grad-
ually increases with age (Table 1). The mean age parameter (MAP) of 
the thickness of LMM of duodenum was 34.1 ± 5.47 μm. The relative 
thickness of the layers of LMM changed with age. The pattern of thick-
ness of LMM was its increasing in the inner layer from 56.8% in 3 day 
to 70.7% at 60 day old geese and, accordingly, decreasing in the exter-
nal layer. The relative thickness of the inner layer was smaller and 
equalled 64.1–64.8% in 1,195–1,255 day old geese. 

Table 1  
Thickness of the lamina muscularis mucosae of duodenum  
of geese 1–1,825 days old (x ± SD, n = 5)  

Age, day Inner  
layer, μm 

Outer  
layer, μm 

Total,  
μm 

Relative thickness  
of inner layer, %  

1  12.5 ± 1.52a   7.2 ± 1.41a 19.7 ± 1.68a 63.5 
3  11.3 ± 1.17a   8.6 ± 1.21a 19.9 ± 1.43a 56.8 
7  12.8 ± 1.84a   9.6 ± 0.69a 22.4 ± 1.45a 57.0 
14  21.8 ± 0.74b 10.9 ± 0.99a 32.8 ± 2.46b 66.7 
21  18.4 ± 2.71b 11.3 ± 1.43a  29.7 ± 2.15ab 61.8 
30  28.7 ± 4.14c 12.9 ± 1.23a 41.6 ± 4.08c 68.9 
60  27.0 ± 5.04bc 11.2 ± 0.94a  38.2 ± 3.62bc 70.7 
180  26.7 ± 4.61c 13.4 ± 0.85a 40.1 ± 3.89c 66.7 
240  27.8 ± 3.25c 14.2 ± 1.08a 42.0 ± 4.49c 66.2 
365  31.8 ± 2.42c 13.1 ± 0.94a 44.9 ± 4.74c 70.9 
730  29.6 ± 5.09c 12.9 ± 0.94a 42.5 ± 3.89c 69.7 
1195   22.3 ± 4.86bc 12.2 ± 0.96a  34.8 ± 3.73bc 64.1 
1825   22.6 ± 4.37bc 12.3 ± 1.12a  34.9 ± 3.89bc 64.8 
Note: different letters indicate values which reliably differed one from another 
within one column of table according to the results of comparison using Tukey 
test with Bonferroni correction.  

The thickness of the LLM of jejunum as with the duodenum of the 
goose gut gradually increased with age; it approximates to the values of 
adult poultry (79.4 ± 5.31 μm) at 180 days old (Table 2). The MAP of 
thickness of LMM of the jejunum was 51.9 ± 9.23 μm. It was larger 
than in the duodenum by 52.2% (P < 0.05). The relative thickness of the 
inner and outer layers of LMM of the jejunum varied with age. The 
general pattern of changes was reduction in the thickness of the inner 
layer (from 80.6% at 3 days to 55.6% at 1,825 days old) and, according-
ly, increase in the thickness of the outer layer.  

The thickness of LMM of the ileum increased unevenly with the 
birds’ age. It approximates to the values of adult birds (58.6 ± 2.96 μm) 
at 21 days old (Table 3). The MAP of thickness of the LMM was high-
er than this indicator of the jejunum by 17.6 % and was equaled 61.1 ± 
12.59 μm for 240–730 day old geese.  

Throughout the observation period, the relative thickness of the in-
ner layer of LMM of the ileum fluctuated from 64.4% to 79.7%. 
The relative thickness of the inner layer of LMM of the jejunum had 
higher values and equaled 70.2–79.7% for geese 30–1195 days old.  

Table 2  
Thickness of lamina muscularis mucosae of the jejunum  
of geese 1–1825 days old (x ± SD, n = 5)  

Age, day Inner  
layer, μm 

Outer  
layer, μm 

Total,  
μm 

Relative thickness  
of inner layer, %  

1  20.4 ± 3.09a 6.2 ± 0.69a 26.6 ± 3.38a 76.6 
3  21.5 ± 2.42a 6.1 ± 0.54a 27.7 ± 1.03a 80.6 
7  31.4 ± 2.51a 10.2 ± 1.05b 41.6 ± 1.88b 75.4 
14  30.9 ± 4.30a 11.9 ± 0.76b 42.7 ± 2.49b 72.3 
21  40.9 ± 7.71a 14.0 ± 0.72b 54.9 ± 2.96c 74.5 
30  38.5 ± 11.75a 14.5 ± 1.64b 52.9 ± 2.84c 72.6 
60  42.1 ± 2.51a 17.4 ± 1.59b 59.5 ± 4.86c 70.8 
180  56.1 ± 3.32b 23.3 ± 2.06c 79.4 ± 5.31d 70.7 
240  39.2 ± 4.30a 24.9 ± 2.29c 64.2 ± 5.42c 61.1 
365  43.1 ± 6.32ab 24.1 ± 1.88c 65.0 ± 5.02c 63.0 
730  38.5 ± 11.49ab 21.3 ± 2.15c 59.8 ± 5.20c 64.3 
1195  23.4 ± 2.31a 23.9 ± 1.05c 47.3 ± 4.52bc 49.5 
1825  29.6 ± 3.02a 23.7 ± 1.97c 53.2 ± 5.31c 55.6 
Note: see Table 1.  

Table 3  
Thickness of the lamina muscularis mucosae of ileum  
of geese 1–1825 days old (x ± SD, n = 5)  

Age, day Inner  
layer, μm 

Outer  
layer, μm 

Total,  
μm 

Relative thickness  
of inner layer, %  

1  18.1 ± 2.49a 10.0 ± 1.05a 28.1 ± 2.78a 64.4 
3  26.3 ± 0.92a   9.1 ± 0.85a 35.4 ± 3.38a 74.3 
7  29.7 ± 3.74a   9.0 ± 0.99a 38.7 ± 2.87a 76.8 
14  32.5 ± 2.42a 13.5 ± 1.46b 46.0 ± 3.40a 70.7 
21  42.2 ± 6.43a 16.3 ± 1.45b 58.6 ± 2.96b 72.2 
30  71.1 ± 2.49b 18.1 ± 1.41b 89.2 ± 6.43c 79.7 
60  66.6 ± 0.92b 18.4 ± 1.55b 85.0 ± 6.00c 78.4 
180  64.6 ± 6.59b 19.2 ± 1.66b 83.8 ± 7.44c 77.0 
240  53.7 ± 6.05ab 18.4 ± 1.41b 72.0 ± 5,82d 74.5 
365  52.2 ± 6.59ab 17.9 ± 1.61b 70.0 ± 6.65d 74.5 
730  61.1 ± 8.60b 17.0 ± 1.34b  78.0 ± 6.76cd 78.3 
1195  39.1 ± 7.06a 16.7 ± 1.46b  55.8 ± 4.93ab 70.2 
1825  35.2 ± 6.14a 18.1 ± 1.68b  53.2 ± 3.74ab 66.1 
Note: see Table 1.  

Unlike the small intestine, the LMM of the large intestine of geese 
is represented by a single layer of unstriated muscle cells with a longitu-
dinal location (Fig. 4). Thin strips of unstriated muscle tissue stretched 
from the LMM in the folds of the mucosa between the crypts. These 
strips became thicker in the composition of villi.  
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Fig. 4. Light micrograph of wall of the rectum of a 30 day old goose, 

staining by Mallory: 1 – crypts; 2 – lamina muscularis mucosae;  
3 – inner layer of muscular tunic  
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The thickness of the LMM was uneven in the individual sections of 
the large intestine. It was narrow for the cecum and wide for the rectum 
(Table 4). The thickness of LMM of the cecum increased for 7 day old 
geese by 73.4% (P < 0.05) and reached the maximum value of 15.9 ± 
1.84 μm. This indicator ranged from 14.1 to 16.1 μm for 21–730 day old 
geese and it was smaller (9.3–9.5 μm) for 1,195–1,825 day old geese. 
The MAP of the thickness of LMM of the cecum was smaller (12.7 ± 
1.90 μm) by 4.81 times (P < 0.05) than its indicator for the ileum.  

Table 4  
The thickness of the lamina muscularis mucosae  
of large intestine of 1–1825 day old geese (x ± SD, n = 5)  

Age, day Cecum, μm Rectum, μm 
1  7.0 ± 1.55a 23.4 ± 3.07a 
3  9.1 ± 0.94a 29.4 ± 4.64a 
7  15.9 ± 1.84b 30.2 ± 4.03a 
14  15.1 ± 1.97b 31.9 ± 4.46a 
21  14.8 ± 1.66b 52.4 ± 7.33b 
30  14.3 ± 1.55b 49.4 ± 5.31b 
60  14.1 ± 2.64b 49.2 ± 2.96b 
180  14.3 ± 2.98b 50.5 ± 5.98b 
240  16.1 ± 2.35b 45.4 ± 6.23b 
365  14.8 ± 1.66b 52.4 ± 4.03b 
730  11.3 ± 2.29ab 59.4 ± 7.33b 
1195  9.3 ± 3.34ab 59.3 ± 8.60b 
1825  9.5 ± 2.28ab 53.2 ± 5.58b 
Note: see Table 1.  

The thickness of LMM of the rectum reached the value of adult 
geese (52.4 ± 7.33 μm) in the 1 day old birds. Later it ranged from 
49.4 μm (for 30 day old geese) to 53.2 μm (for 1,825 days old geese). 
The MAP of the thickness of LMM of the rectum (47.5 ± 9.79 μm) was 
higher by 3.7 times (P < 0.05) than that indicator of the cecum.  
 
Discussion  
 

It is necessary to constantly monitor the health of birds’ intestines due 
to the conditions of today’s intensive poultry management. It is important 
to search for appropriate markers of gut condition (Ducatelle, 2018), 
which is impossible without a detailed understanding of its microscopic 
structure. The morphometric indices of intestinal structures are an impor-
tant indicator of productivity of poultry used in breeding (Schmidt et al., 
2009; Alshamy et al., 2012). The condition of the intestinal mucosa de-
termines almost all its major functions (Lilburn & Loeffler, 2015; Okpe 
et al., 2016).  

One of the under-researched structures of the intestinal wall of both 
mammals and birds is LMM (Uchida & Kamikawa, 2007). It is known 
that the LMM consists of two layers of unstriated muscle tissue in 
mammals, including humans (Bruhin-Feichter et al., 2012). Despite the 
fact that the LMM is a component of the mucosa of almost the entire 
alimentary canal, researchers pay little attention to it (Kuriyama et al., 
1996; Grundy et al., 2006). It is not surprising that it was called “the 
forgotten sibling” in one of the few articles devoted to the structure and 
function of LMM (Uchida & Kamikawa, 2007). It is established that 
the LMM provides movement of the villi, participates in the processes 
of absorption, secretion, and protection. Therefore changes in its activity 
may cause a violation of the corresponding functions of the gut (Green-
wood & Davison, 1987). Like muscular tunic, it is constructed of un-
striated muscle tissue, but differs significantly by bioelectric activity and 
participation in pathological processes of the intestinal wall (Van 
Montfrans et al., 2002; Lembo, & Camilleri, 2003).  

Our studies established that the LMM of the goose gut has a cha-
racteristic structure, but its expressiveness and architectonics in different 
sections are unequal. It is formed by two layers of unstriated muscle 
tissue (internal and external) in the small intestine. The external layer is 
poorly developed. Unlike mammals (King et al., 1947; Bello & Dan-
maigoro, 2019), the thicker inner layer of the LMM has a longitudinal 
direction of cell location, and the thinner outer layer has a circular direc-
tion. Such features of the location of smooth muscle cells can probably 
be explained by the peculiarities of the digestive processes among birds. 
The results of our research on the two layers of LMM of the goose’s 

small intestine confirm the information obtained regarding chickens 
(Gabella, 1985), ostriches (Bezuidenhout, 1990), mulards (Al-Samawy 
et al., 2017), some species of wild birds: cattle egret (Bubulcus ibis) 
(Hussein & Rezk, 2016), black-winged kite (Elanus caeruleus) (Kacha-
ve et al., 2009), and contradicts information according to which the 
small intestine LMM is represented by only one longitudinal layer: in 
goslings (Liu et al., 2010), hens (Trifonov & Kuleshov, 2008; Khalid, 
2014), ducks (Khaleel & Atiea 2017). According to research (Igwe-
buike & Eze, 2010), the mucous membrane of the small intestine of the 
African pied crow (Corvus albus) contains no muscle plate at all.  

According to results of our research, the thickness of the LMM of 
the small intestine of geese increased rapidly with age, acquiring the 
features of adult birds at an early age. It corresponded to the value of 
adult birds in the duodenum at 60 days old, in the jejunum and ileum at 
21 day old. Such asynchrony of LMM development both in embryonic 
and post-embryonic ontogeny in individual intestines is a characteristic 
feature of other intestinal structures, which is evidenced by the indica-
tors such as the villi height and volume, number of enterocytes per 
villus, which is indicated in their research by Uni et al. (1995), Chin 
et al. (2017). It is the presence of a reliable difference with the previous 
age, which observed at the age of 14 and 30 days in the duodenum, at 
the age of 7, 21 and 180 days – in the jejunum, at the age of 21 and 
30 days – in the ileum, at the age of 21 days – in the rectum (as well as 
at a later age of geese) which indicates precisely such asynchrony. 
As shown by the middle age point (the MAP), the thickness of the 
LMM was smallest in the duodenum, and largest in the ileum. At the 
age of 365–1,825 days, it was determined within the range of 34.8–
44.9 μm for the duodenum, 47.3–65.0 μm for the jejunum, 53.2–
70.0 μm for the ileum.  

The LMM of the large intestine of geese is represented by only one 
longitudinal layer, from which the bundles of unstriated muscle cells 
enter into folds and villi. Its thickness increased with age. It correspon-
ded to the value of adult birds at 7 days old for the cecum, and at 
21 days old for the rectum. At the same time, according to Bezuiden-
hout (1990), LMM of the large intestine of the ostrich consists of two 
layers; the dove it is absent in the cecum (Udoumoh, 2016).  

The acquisition of intestinal LMM by goslings along with other 
microscopic structures of the thickness of adult birds (7–60 days of age) 
indicates the importance of the formation of this digestive organ, which 
ensures the fulfillment of its important functions (digestion, nutrient ab-
sorption, immune protection, etc.) in the early stages of the postnatal 
ontogeny period (China et al., 2017). Early intestine development is 
important for maximizing growth potential. Thicker LMM is an indica-
tor of intestine maturity (Cheled-Shoval et al., 2011).  

The presence of two layers of LMM in the thin compartment and 
one layer in the thick compartment of the bird’s intestine might be asso-
ciated with their functional features and the corresponding nature of the 
contractions, which provides shape change of the villi, the processes of 
absorption. Even slight differences in organ structure cause significant 
changes in their function (Verdal et al., 2010).  

Considering the information concerning the LMM of birds’ intes-
tines, it is worth noting such a structure as the submucosal base with 
which it borders. As is known, the submucosa of the intestinal wall of 
mammals is well developed (Tootian et al., 2012). Its loose fibrous con-
nective tissue is rich in elastic fibers and fat cells, contains elements of 
submucosal venous, lymphatic and nerve plexuses, cluster of lymphoid 
tissue. The submucosa of the duodenum has digestive duodenal glands 
(Accogli et al., 2018). Literature sources about the submucosal base of 
the gut of birds are ambiguous.  

Some researchers point to its presence: in domestic hens (Casteleyn 
et al., 2010; Kuleshov, 2010; Pandit et al., 2018), in the African pied 
crow (Igwebuike & Eze, 2010), in the domestic goose (Liu et al., 2010), 
striated scope owls (Otus brucei) (Al-Saffar & Al-Samawy, 2016), 
guinea fowl (Singh et al., 2017), others point to its absence in domestic 
hens (Hodges & Michael, 1975; Gabella, 1985; Kachave et al., 2009). 
The mulard has sufficiently thick LMM which contain a large number 
of blood vessels (Eyhab et al., 2017). The domestic duck (Khaleel & 
Atiea, 2017) and chicken’s (Alshamy, 2018) LMM “was weakly de-
veloped and appeared to be almost nonexistent”. The notion of the 



 

Regul. Mech. Biosyst., 2019, 10(4) 386 

absence of a submucosal base in the wall of a bird’s intestine allowed 
some researchers to conclude that it had a three- or four-layered struc-
ture of its muscular membrane (Gabella, 1985; Kachave et al., 2009). 
Such features of the microscopic structure of the intestinal wall may be 
a species characteristic, which is associated with the trophic specializa-
tion and the corresponding nature of the processes of digestion and 
peristalsis. At the same time, the presence of the submucosal base in the 
intestinal wall of the same species of birds – domestic hens is indicated 
by Kuleshov, 2010, and its absence is indicated by Hodges & Michael 
(1975), Gabella (1985), Kachave et al. (2009).  

According to the results of our studies, the submucosal base is ab-
sent from the wall of the goose gut. The histological specimens between 
the LMM and the inner layer of the musculature reveal only a narrow 
strip of amorphous substance. It was detected only in the form of a 
narrow strip of amorphous substance between the LMM and inner layer 
of the muscular tunic. The LMM was clearly separated from the muscu-
lar tunic and contained thin layers of loose connective tissue only in pla-
ces where the submucosal nerve plexus (nerve nodes and fibers) were 
located. Consequently, the outer layer of LMM of the small intestine is 
directly adjacent to the inner layer of muscular tunic due to the lack of 
submucosal base.  

Considering the above, the following should be noted. Accordingly, it 
is not always possible to clearly separate the LMM on transverse sections 
of the intestinal wall. But on the longitudinal slides of the gut, it is noticea-
ble that the unstriated muscle cells of the inner (circular) layer of the mus-
cular tunic form bundles separated from each other by thin layers of loose 
connective tissue; while the outer layer of LMM is in the form of a conti-
nuous thin stripe. In addition, the LMM is more intensely stained by azure 
II – eosin, as well as by Mallory compared to staining of the muscular 
tunic.  
 
Conclusions  
 

The insignificant number of studies devoted to the structure of the 
LMM, as well as the considerable contradictions regarding the peculiar-
ities of its structure and even its presence indicate the relevance and 
need for further studies in this area to clarify the importance of this 
structure of in the functioning of the intestine. The information about the 
peculiarities of the LMM structure of the goose gut can be used to eva-
luate comparison with other species of birds, the state of the digestive 
apparatus in the postnatal ontogeny, to understand pathological pro-
cesses, to carry out diagnostic and prophylactic measures, to establish 
the action mechanism of environmental factors on the body of animals, 
as well as breeding work.  
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