
BIHAREAN BIOLOGIST  6 (2): pp.108-111                                                                                          ©Biharean Biologist, Oradea, Romania, 2012 
Article No.: 121116                                                                                                                                        http://biozoojournals.3x.ro/bihbiol/index.html 

 
Histologic description of midgut in Melanogryllus desertus (Pallas, 1771)  

(Orthoptera: Gryllidae) 
 

Özlem ÇAKICI*  and  Gürsel ERGEN 
 

Ege University, Science Faculty, Biology Department, Zoology Section 35100 Bornova-Izmir, Turkey 
*Corresponding author, Ö. Çakıcı, E-mail: ozlem.cakici@ege.edu.tr 

 
 

Received: 02. August 2012  /  Accepted: 22. October 2012  /  Available online: 24. October 2012  /  Printed: December 2012 
 

 

Abstract. In this work, histologic structure of midgut of Melanogryllus desertus was investigated for the first time and some scanning 
electron microscope photographs were also presented. Two big and large gastric caeca anterolaterally surrounded the midgut. 
There were microvilli on the surface of columnar epithelial cells arranged as a single layer by forming foldings in the gastric caeca. 
Gastric glands consisted of cubic epithelial cells arranged as single layer were encircled by connective tissue. Because of the 
activities of epithelial cells, many secretory granules with different size were observed. There was a peritrophic membrane 
encircling food in the lumen of midgut. Cells in the basal portion of midgut were clustered and called nidi. Longitudinal and circle 
muscle layer encircled midgut, respectively. Pyloric valve was located at junction of midgut and hindgut. 
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Introduction 
 
In insects, digestive tract is mainly composed of three parts: 
foregut, midgut and hindgut. Midgut is also called mes-
enteron, ventriculus and stomach. It is the main site secret-
ing the secretory granules. In addition, digestion and ab-
sorption occur here (Chapman 1998, Cruz-Landim 1999). 
Generally, gastric caeca are located in anterior of midgut but 
sometimes can be located in different regions. In some in-
sects, gastric glands play an important role for the absorp-
tion of the digestion products. In addition, some digestive 
enzymes are secreted by gastric glands. In Orthopteroid spe-
cies, crop is the major part for digestion of nutrients and di-
gestion products are rapidly absorbed by gastric caeca (Le-
hane 1997).  

Insect midgut epithelium is composed of columnar di-
gestive cells and regenerative cells (Chapman 1985). Colum-
nar epithelial cells are the most numerous cells in the midgut 
(Nation 2002). Regenerative cells in the basal surface of 
epithelial cells may form groups called nidi (Snodgrass 1935, 
1956). They transform to epithelial cells (Chapman 1985). 
Epithelial cells secrete a layer called cuticle, but midguts of 
many insects form peritrophic membrane in chitin and pro-
tein structure. Pyloric valve is located between the junction 
of midgut and hindgut and this place is called pyloric re-
gion. It controls the movement of digestion products be-
tween midgut and hindgut (Snoddgrass 1935, 1956, Lehane 
1997, Nation 2002).  

There is no doubt that digestion is very important for the 
survival of species. Therefore the studies on the histologic 
description of digestive system of insects are of importance 
(Cruz-Landim et al. 1996, 1999, Gallo et al.  2002, Bution et al. 
2006, Turanlı et al. 2006, Wanderley-Teixiera et al. 2006, 
Woodring & Lorenz 2007, Rost-Roszkowska 2008, Biagio et 
al. 2009). From this point of view, we investigated the mid-
gut of Melanogryllus desertus which damages on the plants by 
eating their shoots. This species are distributed in South 
Europe, North Africa, south parts of Siberia and middle 
Asia, middle and west Anatolian region in Turkey (Lodos, 
1975). We hope that our findings will be the basis for further 
studies on digestive system of insects. 

 
 

Material and Methods 
 

Crickets were cultured in Invertebrate Culture and Research Labora-
tory (temperature: 26±2°C; relative humidity: 45±5%; photoperiod: 
natural) at Ege University Campus, Bornova-İzmir. They were fed 
twice a week on lettuce and chicken grain in jars. Cotton plugged 
glass tubes filled with water were put into the jars to maintain the 
water needs of the insects. Also, small Petri dishes with their surface 
covered with moist cotton where mating females laid eggs were 
placed in the jars. The first nymphs emerged within 10-12 days. They 
became adult crickets nine nymphal stages later. Adult ones were 
dissected in insect physiological saline using a stereomicroscope.  

After insect dissection, midgut specimens were fixed in Bouin’s 
solution for 24 hours. Dehydration was made by graded ethanol 
(70%, 96%, 100%). They were put xylol for transperancy and embed-
ded in paraffin. Paraffin blocks were serially sectioned in 5 µm 
thickness using microtom. Tissues stained with Mayer’s Haematoxy-
lin Eosin (HE) and Mallory’s Trichrome (MT) were photographed 
using Olympus CX 31 photomicroscope.   

Scanning electron microscopy (SEM) procedure was applied ac-
cording to Nation (1983). Isolated midguts were transferred immedi-
ately for 5 minutes to 1 % glutaraldehyde in 0.1 M cacodylate buffer, 
pH=7.0. They were washed in distilled water (5 minutes) and dehy-
drated through ethanol solutions of 70%, 85%, 95% and 100%, with 5 
minutes in each. The pieces were immersed in HMDS (hexamethyld-
isilazane) for 5 minutes, air dried at room temperature and mounted 
on steel stubs with sticky tabs. Specimens were sputter-coated with 
gold and examined under a JEOL JSM-5200 scanning electron micro-
scope.  

 
 

Results  
 

Two large and crescent shaped gastric caeca were located 
anterolaterally in midgut (Fig. 1). Histologically, columnar 
epithelial cells arranged as a single layer form folds in gas-
tric caeca (Fig. 2a) and microvilli located at the apical surface 
of these cells were easily seen (Fig. 2b). Gastric glands were 
composed of cubic epithelial cells and surrounded by con-
nective tissue (Fig. 3).  

Midgut is internally lined by single layered columnar 
epithelium. There were cubic epithelial cells basketlike 
shaped forming cellular nidi at the basal surface of these 
epithelial cells (Fig. 4a,b). The apical surface of columnar 
epithelial cells has microvilli (Fig. 4b) and these cells secret a 
thin layer  called peritrophic membrane encircling the food 
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Figure 1. Midgut of Melanogryllus desertus,  
GC: Gastric caecum, MG: Midgut. 

 
 

 
 

Figure 3. Glands (*) in the gastric caeca; Stain: MT. 

  
 

 
 

Figure 2. 
(a.) Histological sections of gastric caeca,  

note the epithelial foldings (arrow); Stain: MT,  
(b.) Microvilli (M) on the surface of epithelial cells  

in the gastric caeca; Stain: MT. 
 
 

   
 

    

Figure 4. (a.) Secretory granules (SG), columnar epithelial cells 
(E),  nidi (N), longitudinal (LM) and circular muscles (CM), 
Stain: HE (b.) Detailed view of microvilli (M) and nidi (N)
(c.) Microvilli (M) on the surface of epithelial cells of midgut, 
peritrophic membrane (P), food (F), columnar epithelial cells 
(E),  nidi (N), Stain: HE.
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Figure 5. Scanning electron photographs (SEM) of midgut (a.) General view of midgut; Lumen (L),  
(b.) Large and small secretory granules (SG) of the midgut, (c.) Secretory granules of the same size,  

(d.) Muscles (M) surrounding midgut; Trachea (T) 
 
 

   
 
 
(Fig. 4c). On the other hand, midgut was internally envel-
oped by a thin longitudinal muscle and externally circular 
muscle (Fig. 4a). General view of midgut (Fig. 5a) and secre-
tory granules (Fig. 5b,c) and encircling muscles (Fig. 5d) 
were also demonstrated with SEM photographs. Pyloric 
valve was readily seen between midgut and hingut and it 
was made up of simple cubic epithelium covered by circular 
muscles (Fig. 6). 

 
 

Discussion 
 

The midgut of Melanogryllus desertus has two large anteriorly  

placed gastric caeca. Similarly these regions were identical 
with those described for other crickets, Gryllus rubens (Tho-
mas & Nation 1984), Gryllodes sigillatus (Biagio et al. 2009), 
Gryllus bimaculatus (Woodring & Lorenz 2007), Acheta domes-
ticus (Rost-Roszkowska 2008). On the other hand, there were 
six gastric caeca in the midgut of Abacris flavolineata (Or-
thoptrea: Acrididae) (Marana et al. 1997). 

Presence of microvilli in the epithelial cells of gastric 
caeca indicate that it is responsible for absorption of diges-
tive products. Also, it has gastric glands and it implies its se-
cretion function in M. desertus. This view is in accordance 
with the statement by Gallo et al (2002).  Author stated that 
in addition to enteric bacteria storage and digestive enzyme 

Figure 6. Histologic view of pyloric 
valve (PV); cubic epithelial cells (E), 
circular muscles (CM), Stain: HE. 
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secretion, gastric caeca also have a role in water and nutrient 
absorption. Some authors (Bution et al. 2006, Wanderley-
Teixiera et al. 2006, Rost-Roszkowska 2008, 2010) reported 
that midgut epithelium arranged as a single layer and com-
posed of columnar and regenerative cells. Our results con-
firmed this in this research. Regenerative cells form groups 
called nidi (Chapman 1985, Cruz-Landim et al. 1996, 1999, 
Wanderley-Teixiera et al. 2006, Rost-Roszkowska 2008). 
They replace epithelial cells. However, different cell types 
such as goblet and endocrine cells are found among midgut 
epithelial cells of Lepidoptera, Trichoptera and Plecoptera 
(Chayka & Farafona 1980, Santos et al. 1984, Chapman, 
1985). According to Chapman (1998), endocrin cells are pre-
sent at midgut epithelium of all insects. In this study, it 
needs some specific and more detailed works to demonstrate 
endocrine cells of midgut. Outer layer of midgut is encircled 
by striate muscles and they are arranged internally longitu-
dinal and externally circular. This description is disagree-
ment with Tropidacris collaris (Wanderley-Teixeira et al. 2006) 
and Chrysomya megacephala (Boonsriwong et al. 2007). Wan-
derley-Teixeira et al. (2006) also stated that there are connec-
tive tissue between epithelial and muscle tissue layers in T. 
collaris (Orthoptera: Romaleidae). But it was not present in 
that region of M. desertus. Pyloric valve exhibited a con-
stricted structure so that food passage occurs regularly. This 
structure is caused by the projection of the muscular and 
epithelial layer towards the midgut lumen (Maranhao 1976, 
Gallo et al. 2002). 

In conclusion, midgut has anterolaterally two gastric 
caeca. Similar to midgut, gastric caecum contains columnar 
epithelial cells arranged as a single layer but it consist of gas-
tric glands. Midgut simple epithelium also contains regen-
erative cells called nidi. Midgut was enveloped by longitu-
dinal and circular striate muscles, respectively. The pyloric 
valve was composed of an simple epithelial layer and cov-
ered by circular muscles. Finally, this study firstly described 
the structure of midgut and further studies should give more 
details on midgut structure of Melanogryllus desertus.  
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