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 This research was designed to study the histological characteristics of gizzard in 

turkey by light and scanning electron microscopes. The study was performed on 

ten healthy mature birds of turkey. The specimens were immediately removed 

after slaughter, gently cleaned and fixed in 10% buffered neutral formalin then 

processed for light and scanning microscopic studies. The histological 

observations revealed that as other species of birds the turkey gizzard was 

consisted of four tunics; mucosa, sumbucosa, musculosa and serosa. Thick layer 

of cuticle was lined the gizzard mucosa which contains gastric pits.  The lamina 

epithelialis lined with simple cuboidal epithelium, the lamina propria contained 

simple tubular glands which arranged in groups. These glands are lined by simple 

cuboidal epithelium. The inner part of these tubular glands contains an 

eosinophilic secretion. PAS positive material distribute nearly in almost region. It 

was within the lumen of the glands, within the cells lining the surface and crypts, 

Also, within the deep glandular cells. The submucosa consists of connective tissue 

formed mainly from collagen fibers. The tunica muscularis was very thick formed 

from parallel bundles of smooth muscle fibers, these bundles separated by thin 

layer of connective tissue. Scanning electron microscopic observations revealed 

that the surface of the koilin cuticle was very thick and appeared in form of clusters 

separated by grooves resembling the cracked ground appearance. These clusters 

were in the form of rodlets. 
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1. INTRODUCTION 

Turkeys are found to be of high economic value in our 

life as it is an important source of food in many parts 

of the world. Turkey meat has nutritional properties 

which make it almost ideal raw material for rational 

nutrition.  

The alimentary canal of birds is physiologically totally 

different from alternative animals. It is a double-ended 

open tube starting at the beak and finishing at the vent 

(Zaher et al., 2012). The bird can take advantage of a 

wide variety of food due to presence of proventriculus 

and gizzard. Also, the digestive system of bird helps to 

supply conditions for flight; it’s overall less length as 

compared to it of mammals, lack of teeth, light-weight 

beak, high metabolic rate. (Harndi et al., 2013).  

The bird's stomach composed of two components the 

proventriculus and the ventriculus or gizzard. The two 

parts separated by an intermediate zone (Dyce, 2002). 

The ventriculus would have the mechanical operate of 

trituration of food (Sturkie, 2000).  
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The gizzard is found posteriorly within the abdomen. It 

is characterized by presenting a secretion plate on the 

inner surface and a well-developed muscle layer. Each 

characteristic represents associate adaptation to grind 

grains (Catroxo et al., 1997; Aksoy & Cinar 2009; 

Liman et al. 2010).  

The membrane lining the ventriculus appeared as wavy 

lines running parallel to the surface. It is “horny” and 

appeared to consider that it was absolutely a keratinous 

substance. (Calhoun, 1954) reported that the 

ventriculus cuticle is keratohyalin, keratinoid and 

keratin-like.  However,  later  researchers (Eglitis  and  

Knouff,  1962;  Akester, 1986)  indicate  that  the  

gizzard  membrane is  a  mucoprotein  complex  and  its  

nomenclature  was differed  (Akester, 1986)  but  it  is  

now  referred  to  as  the  gastric cuticle  (Baumel  et  

al.  1993).  

Little studies have demonstrated on turkey gizzard so 

the essential point of this work was to study the 

histological structure of gizzard by light and scanning 

electron microscope.  

2. MATERIALS AND METHODS 

2.1. Tissue preparation for Light microscopically 

studies: 

This study has been conducted on ten adult turkeys of 

either sex from farms in Sharkia governorate. The 

specimens were removed after slaughter, cleaned with 

normal saline to remove any debris then fixed in 10% 

buffered neutral formalin, the tissue samples were 

routine histological processing. The slides stained by 

Harris’s Hematoxylin and Eosin (H & E) stain to 

demonstrate general structure. Van Gieson stain: to 

detect collagen and muscle fibers. Periodic acid Schiff 

technique for neutral and some acidic 

mucopolysaccharides. The methods of processing and 

staining were adopted after (Bancroft and Gamble, 

2008). 

2.2. Tissue preparation for scanning electron 

microscopy (Bozzola and Russel, 1999). 

The specimen were fixed in 2.5℅ glutaraldehyde in 0.1 

m sodium phosphate buffer, PH 7.3, then the specimens 

were washed in in 0.1 m sodium phosphate buffer, PH 

7.3 for 10 minutes each and post fixed in 1%  buffered 

osmium tetroxide for 2 hours at 4°C, the specimens 

were again washed in0.1 m sodium phosphate buffer, 

PH 7.3 and then in distilled water (2 times for 5 min 

each), dehydrated in alcohol and dried to the critical 

point. The specimens were mounted in metal base, 

sputtered with gold in an Emitech K550 sputter 

apparatus analysed and photographed under LEO 435 

VP and JEOL JSM 5200 scanning electron microscope 

in Faculty of Medicine Tanta University. 

3. RESULTS 

3.1. Histological structure: 

In the turkey, the gizzard was consisted of four tunics, 

the tunica mucosa, tunica submucosa, tunica 

muscularis and the tunica serosa. Upon the surface of 

tunica mucosa there was a thick layer of cuticle that 

may be detached throughout the preparation of 

histological section. The mucosa contains gastric pits.  

The lamina epithelialis of this organ lined with simple 

cuboidal epithelium, the surface epithelium invaginate 

toward the lamina propria. Lamina propria contained 

simple tubular glands that produce a material called the 

gastric cuticle. These glands are lined by simple 

cuboidal epithelium. The inner part of these tubular 

glands contains an eosinophilic secretion, along with 

the cuticle (Fig. 1). 

The cuticle showed a positive reaction to PAS stain. 

The reaction of PAS positive material distribute nearly 

in almost region. It was within the lumen of the glands, 

within the cells lining the surface and crypts, within the 

deep glandular cells. Also, within the submuocosa and 

between the smooth muscle bundles of tunica 

musculosa (Fig. 2). 

No muscularis mucosa was observed. Propria 

submucosa in the gizzard of turkey consists of 

connective tissue formed mainly from collagen fibers. 

The tunica muscularis was very thick formed from 

parallel bundles of smooth muscle fibers, these bundles 

separated thin layer of collagen fibers. Well-developed 

blood vessels were observed within tunica musculosa. 

Tunica serosa was formed from connective tissue 

covered with mesothelium (Fig. 3).  

3.2. Scanning microscopic observation: 

The surface of the koilin cuticle was very thick and 

composed by plates which present in form of clusters 

separated by grooves resembling the cracked ground 

appearance. (Fig.4). In higher magnification the cuticle 

plates were in the form of rodlets (Fig. 5). The side 

view showed the layers of gizzard, superfecially the 

thick cuticle, underneath the tubular glands then the 

thick tunica musculosa (Fig. 6). 
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Fig.1. Photomicrograph of turkey gizzard. (A) showing thick koilin cuticle (K), lamina propria containing the mucosal glands (g), 

thick tunica musculosa (M). (B) showing the simple tubular glands (g)  and summucosa (S). (C) showing the glands are lined by 

simple cuboidal epithelium (arrow head) and contains of eosinophilic secretion (arrow) . (D) showing the gastric pit (p) and the lining 

epithelium of surface epithelium (arrow head). Stain: H&E. (x. 100in A&B, x. 1000in C&D). 

  

 

Fig. 2.  Photomicrograph of turkey gizzard. (A) showing PAS positive reaction in the koilin cuticle (K). (B) the reaction of PAS within 

the deep glandular cells (g),  within the submuocosa (S) and between the smooth muscle bundles of tunica muculosa (M).  (C) showing 

the reaction within the cells lining the surface (arrow head) and crypts (arrow). PAS stain. (x. 100 in A&B, x. 1000 in C)  
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Fig. 3. Photomicrograph of turkey gizzard. (A) showing cuticle (K), gland lobules of mucosa (g) separated by collagen fibers (arrow 

head), submucosa (S), muscle bundles of musculosa (M) separated by thin layer of collagen fibers (arrow head). (B) showing the 

submucosa (S), thick musculosa (M) contains well developed blood vessels (arrow). Stain: Van Gieson stain in A, x. 100. Stain: H&E 

in B, x. 100  

 

  

 

 

Fig.4. Scanning electron 

micrograph of turkey gizzard 

showing the cuticle membrane 

consists of clusters (c) of plates 

separated by grooves (arrow 

heads).  

Fig.5. Scanning electron micrograph of 

turkey gizzard showing the rodlets 

(arrow) of hard cuticle which found in 

clusters(c) separated by grooves (arrow 

head). 
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Fig. 6. Scanning electron micrograph of turkey gizzard showing the side view of gizzard formed from cuticle koilin 

membrane (k), tubular glands (g) and thick tunica musculosa (M).  

4. DISCUSSION  

Gizzard is a very important organ in birds because it 

permits the mechanical reduction of tough material 

through powerful muscular development. (Nasrin et al., 

2012) stated that the gizzard was an extremely 

muscular organ liable for grinding and macerating the 

ingesta. 

As mentioned previously in other researches, the 

turkey gizzard consists of four tunics, (Rodrigues et al., 

2012) In maccaws, (Batah et al., 2012) in coot bird, 

(Nasrin et al., 2012) in broilers, (Selvan et al., 2008) in 

fowl. 

In turkey gizzard the mucosa has simple cuboidal 

epithelium and the lamina propria contains simple 

tubular glands that produce a material called the cuticle 

(Akster, 1986; Batah et al., 2012; Nasrin et al., 2012). 

(Qureshi et al., 2017) mentioned that gizzard was lined 

internally by yellowish layer of cuticle secreted by 

gizzard glands. 

In the present study the mucosal surface was coated by 

koilin cuticle, , this cuticle may be not observed as it 

has been destroyed during the preparation of the 

histological sections, These results are similar to the 

findings of (Rodrigues et al., 2012) in macaws. 

The koilin cuticle which is a secretary layer above the 

mucosa, showed a positive reaction to PAS. The 

surface epithelium was PAS positive; these results are 

in line with the findings of (Selvan et al., 2008) and 

(Ahmed et al., 2011) in quail.  

Turkey gizzard contains gastric pits in the mucosa 

these gastric pits lead to gizzard tubular glands lined by 

cuboidal epithelium and stained positively to PAS. The 

gizzard tubular glands located in the lamina propria, 

these results are in line with (Ahmed et al., 2011), 

(Rossi et al., 2005) and (Akester, 1986).  

Similar to the finding was mentioned by (Nasrin et al., 

2012) the results obtained in this study revealed that 

propria submucosa in the gizzard consist of connective 

tissue formed mainly from collagen fibers. On the other 

hands submucosa was not observed in the gizzard of 

coot bird (Batah et al., 2012) due to confused of 

mucosal layer with muscularis layer. 

 (Qureshi et al., 2017) mentioned the lamina propria 

contained many tubular glands that were the protruding 

lamellae of the glandular cells making elongated 

crypts. The simple glandular tubules and the simple 

tubular glands open into the shallow crypts.  

The gizzard of turkey confirmed that all the 

components of the gizzard were PAS positive these 

results are in line with Gaikwad et al. (2002) in chicken 

and disagree with the finding of (Selvan et al., 2008) 

and (Demirbağ et al., 2015) who observed that PAS 

positive material was present in the lumen of the glands 

and in the cells lining the surface and crypts but the 

deep glandular cells were found to lack mucin.  

The inner part of the tubular glands contains an 

eosinophilic secretion, located along with the cuticle, 

which was also observed by (Catroxo et al., 1997). 
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The finding showed that the turkey gizzard have not 

contained the muscularis mucosae, these results are in 

accordance with (Catroxo et al., 1997) in red-capped 

cardinal and (Ahmed et al., 2011) in quail. This 

character allows the tubular gizzard glands to penetrate 

the lamina propria more deeply and to become more 

active in secreting the keratinized layer. (Jain, 1976) 

found less developed muscularis mucosae in the ring-

necked parakeet (fruit bird) while in the macaw 

(Rodrigues et al., 2012) were found only single layer.  

Ahmed et al. (2011) mentioned that the tubular glands 

lined mostly by chief cells which stained basophilic, 

similar to fowl (Toner, 1964). These cells are suggested 

to secrete photolytic enzyme, pepsin.  

In this study the tunica muscularis of turkey gizzard is 

very thick, and consists of parallel bundles of smooth 

muscle fibers as (Nasrin et al., 2012) and (Rodrigues et 

al., 2012) while (Qureshi et al., 2017), (Batah et al., 

2012) and (Samuelson, 2007) reported that the tunica 

muscularis consists of two layers internal circular and 

external longitudinal.  

Starck et al. (2003) in quails described that muscles of 

gizzard consisted of smooth muscles which were 

separated by layers of connective tissue giving an 

onion structure shape to gizzard muscles. Mathias and 

Abdul Rahman (2003) mentioned that thickness of 

gizzard muscles were approximately 180.52 mm in two 

weeks old Japanese quails.  

In turkey gizzard the serosal layer is covered with 

mesothlium and rich with blood vessels and these 

results similar to that observed in chicken (Caceci, 

2006).  

 (Gosomji et al., 2017)  revealed that the epithelial 

lining of the primordial ventriculus  exposed the 

tubular glands which later became canalized from 23 th 

day and gain prominence at  the 27th day indicate that 

starting from the 19th day there could slight 

functionality of the ventriculus agreeing with the 

findings of Soliman  et al.  (2015) that observed in quail 

from the 12th day and by 14 th day it has become 

canalized.  

The present work revealed that in turkey the cuticle 

appeared in form of plates present in form of clusters 

separated by grooves which resemble the cracked 

ground appearance; this is similar to (El-Ghazali, 2013) 

in pigeon. In macaw’s ventricle (Rodrigues et al., 2012) 

demonstrated the presence of a hard and thick gastric 

cuticle observed macroscopically and few folds of 

mucosa of dense connective tissue band. 

 (El-Ghazali, 2013) also mentioned that in duck the 

koilin cuticle has longitudinal folds separated by 

grooves, and in goose each fold had a honey comb 

appearance. All types of folds of koilin membrane were 

formed of groups of clusters of rodlets of hard koilin 

simulating the finding of (Akester, 1986) in domestic 

fowl. However the layers of the macaw’s koilin cuticle 

(Rodrigues et al., 2012) only display koilin plates and 

desquamated dead epithelial cells.  

The cuticle which differs according the bird species, 

bird habits and food consumed, in which (Akester, 

1986, Catroxo et al., 1997, Dyce et al, 2002). In the 

Eurasian Hobby (Abumandour, 2014), found that, over 

a small area of the mucous membrane of ventriculus, 

which was situated at the region around the pyloric 

opening only was a small weak cuticle layer while the 

remainder of the luminal surface not have cuticle 

membrane. (Gionfriddo and Best, 1996) refer to that 

the thickness of the cuticle was highly correlated with 

food consumed; thin in frugivorous and nectarivorous 

while thick in granivorous,  

CONCLUSION. The gizzard which is the muscular 

portion of bird's stomach is very important; its thick 

cuticle and thick musculosa perform functions which 

are important in the process of digestion. The 

difference in the structure of turkey gizzard may be 

attributed to the diet and its alimentary habits. 

5. REFERENCES  

Abumandour, M. M. A. 2014. Histomophological studies on 

the stomach of Eurasian Hobby (Falconinae: Falco 

subbuteo, Linnaeus 1758) and its relation with its feeding 

habits. Lif. Sci. J. 11(7): 809-819  

Ahmed, Y. A., Kamel, G., Ahmad, A. A. 2011. 

Histomorphological Studies on the Stomach of the 

Japanese Quail. Asi. J. Pou. Sci. 5 (2): 56-67 

Akester, A. R. 1986.  Structure of glandular layer and koilin 

membrane in the gizzard of domestic fowl (Gullus gullus 

domesticus).  J. Anat. 147:1-25. 

Aksoy, A., Cinar, K. 2009. Distribution and ontogeny of 

gastrin and serotonin-immunoreactive cells in the 

proventriculus of developing chick, Gallus gallus 

domesticus. J. Vet. Sci. 10(1):9-13 

Bancroft, J. D., Gamble, M. Theory and Practice of 

Histological Techniques. 6th ed., Churchill, Livingstone, 

New York, London. 2008. Ch. 6, PP: 83-92, Ch. 21: 440-

450. 

Batah, A. L., Selman, H. A., Saddam, M. 2012. HIistological 

study for stomach (proventriculus and gizzard) of coot bird 

Fulica atra. Diy. Agri. Sci. J. 4(1): 9-16 

Baumel, J. J., King, A. S., Breazile, J., E., EV Ans. H. E., an 

den Berg, C. Handbook of avian anatomy: Nomina 

file:///E:/Ø§Ø¨ØØ§Ø«%20ØªØ±Ù�Ù�Ù�/Ø§Ø¨ØØ§Ø«%20ØªØ±Ù�Ù�Ø©/Gizzard/Histomorphological%20Studies%20on%20the%20Stomach%20of%20the%20Japanese%20Quail%20-%20SciAlert%20Responsive%20Version.htm%23719336_ja


Beheiry (2018). AJVS 59 (1): 37-43 

 

43 
 

Anatomica avium,  Cambridge Massachusetts:  Nuttall  

Ornithological  Club. 779p.1993 

Bozzola, J., Russel, L. Electron microscopy. Principles and 

techniques for biologists. 2nd ed. Boston, Toronto, 

London, Singapore: Jones & artlett Publishers 1999; 2 Sub 

edition October 1998; p. 148–201. 

Caceci, T. 2006. Avian digestive system .www.education.vet 

med.vt.edu/curriculum/vm8054/lab/labtoc.htm 

Calhoun, M. Lois. 1954. Microscopic anatomy of the 

digestive system of the chicken. Ames, Iowa: Iowa State 

Colleage Press. 

Catroxo, M. H. B., Lima, M. A. I., Cappellaro, C. E. M. P. 

D. M. 1997. Histological aspects of the stomach 

proventriculus and gizzard) of the red-capped cardinal 

(Paroaria gularis gularis, Linnaeus, 1766). Revi. Chil. De. 

anat. v.15 n.1 Temuco, 0716-9868. 

Demirbağ, E., Çınar, K., Tabur, M.A, Aşt, R.N. 2015. 

Histochemical Structure of Stomach (Proventriculus and 

Gizzard) in Some Bird Species. J. Nat, and Appl. Scie. 

19(2): 115-122 

Dyce, K., Sack, W. O., Wensing, C. J, G. Text book of 

veterinary anatomy.W.B. Sounders CO.U.S.A. 2002. pp: 

806-811. 

Eglitis, R., Knouff, I.A. 1962. An histological  and 

histochemical  analysis  of  the inner  lining  and  glandular  

epithelium  of  the chicken  gizzard.  J.  Anat.1 11:  49-66. 

El-Ghazali, H. M. Some morphological studies on the 

stomach of some birds. Ph.D. Thesis, Fact .Vet. Med., 

2013; Zagazig University. 

Gaikwad, S. A., Lambate, S. B., Patil, A. D., Dhande,  P.L., 

Shankhapal, V.D., Deokar, M.S.  2002. Histologicalstudy 

of the gizzard in broilers (Gallus gallus domesticus). 

Technical bulletin of XVII Annual convention of Indian 

Association of Veterinary Anatomists, pp: 44 

Gionfriddo, J. P., Best, L. B. 1996. Griteuse patterns in North 

American birds: the influence of diet, body size, and 

gender. Wilson Bull, 108:85-696. 

Gosomji, Jonah, I., Salami, Olawoye, S., Nzalak, Oliver, J., 

Kawu, Umar, M., Okpe, Chidozie, G., Gurumyen, George, 

Y., Omirinde, Oyewole, J., Dung, Christopher, E., Plang 

and James, N.2017. Histogenesis of the stomach of 

helmetedguinea fowl (Numida Meleagris). Ani.Res. Int. 

14(1): 2660 – 2665 

Harndi, H., Ghareeb, A. W. E., Zaher, M., AbuAmod, F.  

2013. Anatomical, histological and histochemical 

adaptations of the avian alimentary canal to their food 

habits. Elanuscaeruleus. Inter. J. Sciand Eng. Res. 4:1355-

1364. 

Jain, D. K. 1976. Histomorphology and proteolytic activity 

in the gastric apparatus of frugivorous, carnivorous and 

omnivorous species of birds. Acta Biol. Acad. 

Sci.hung.27:135-45. 

Liman, N., Alan, E., Kücük Bayram, G. 2010. The 

differences between the localizations of MUC1, 

MUC5AC, MUC6 and osteopontin in quail proventriculus 

and gizzard may be areflection of functional differences of 

stomach parts. J. Anat. 217(1):57-66. 

Mathias, S. J., Abdul Rahman, G. H.  2003. Phenotypic 

flexibility of structure and function of the digestive system 

of Japanese quail. J. Exp.Biol. 206: 1887-1897 

Nasrin, M., Siddiqi, M. N. H., Masum, M. A., Wares, M. A. 

2012. Gross and histological studies of digestive tract of 

broilers during postnatal growth and development. J. Bang. 

Agri. Univ. 10(1): 69–77 

Qureshi, A. S., Faisal, T., Saleemi, M. K., Ali, M. Z. 2017. 

Histological and histometric alterations in the digestive 

tract and accessory glands of duck (Anasplatyrhynchos) 

with sex and progressive age. The J. of Ani. & Plant Scie. 

27(5): 1528-1833 

Rodrigues, M.N, Abreu, J. A. P., Tivane, C., Wagner, P.G., 

Campos, D.B., Rici, R. E. G., Miglino, M. A. 2012. 

Microscopical study of digestive tract of blue and yellow 

maccaws. Current Microscopy Contributions to Advances 

in Science and Technology (A. Méndez-Vilas, Ed.). 414-

421  

Rossi, J.R., Baraldi-Artoni, S.M., Oliveira, D., da Cruz, C., 

Franzo, V.S.,  Sagula, A. 2005. Morphology of glandular 

stomach (Ventriculus glandularis) and muscular stomach 

(Ventriculus muscularis) of the partrigde Rhynchotus 

rufescens. Ciecia Rural. 35: 1319-1324 

Samuelson, D. A. Text book of veterinary histology. 

Sounders Elsevier, china. 2007. 348-352. 

Selvan, S. P., Ushakumary, S., Ramesh, G. 2008. Studies on 

the Histochemistry of the Proventriculus and Gizzard of 

Post-Hatch Guinea Fowl (Numida meleagris). Int J. Pou. 

Sci. 7 (11): 1112-1116 

Soliman, S. A., Ahmed, Y. A., Abdel Sabour-Khalaf, M. 

2015. Histogenesis of the stomach of the pre-hatching 

quail: A light microscopic study. Anat. Scie. Inte. 

91(4):407 – 418. 

Starck, J. M., Hasan, G. and Rahman, A. 2003. Phenotypic 

flexibility of structure and function of the digestive system 

of Japanese quail. The J. Exp. Bio. 206: 1887- 1897. 

Sturkie, P. D.  Avian physiology, 5th ed. Academic press.  

London.  2000.pp : 299-321. 

Toner, P. G.1964.The fine structure of gizzard gland cells in 

the domestic fowl. Anat. lond. 98(1): 77-86. 

Zaher, M., Ghareeb, A. W. E., Hamdi, H., Amod, F. A. 

2012. Anatomical, histological and histochemical 

adaptations of the avian alimentary canal to their food 

habits: I-Coturnixcoturnix. Life.

 

http://www.scielo.cl/scielo.php?script=sci_serial&pid=0716-9868&lng=es&nrm=iso
http://www.scielo.cl/scielo.php?script=sci_serial&pid=0716-9868&lng=es&nrm=iso

