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Background: The parotid gland in sheep ends freely in front of the masseter 
muscle, and paracondylary section of occipital bone and extends deep until 
pterygoid extends of sphenoid bone and hyoid bone. The structure of salivary 
glands in mammals has been thoroughly studied using histological and sialo-
graphic method. This study aimed to reveal the detailed anatomic features and 
race-specific differences of the canal system of the parotid glands in Akkaraman 
sheep by using the corrosion cast technique.
Materials and methods: Thirteen sheep parotid glands from 7 Akkaraman sheep 
were used in this study. Parotid glands were removed from their places with ducts. 
Measurements were made with a calliper from back to front, top to bottom 
and inside to outside. After dissection of the parotid glands, their volumes were 
measured according to the ‘Archimedes principle’. Also, 13 sheep parotid glands 
were examined using the polyester resin method.
Results: In the present study, our average metric results were: length of parotid 
duct was 10.92 ± 1.027 cm, length of parotid gland was 5.87 ± 1.04 cm, volume 
of parotid gland was 12.50 ± 2.48 cm3, thickness of parotid gland was 0.75 ± 
± 0.36 cm and width of parotid gland was 4.07 ± 0.43 cm. The average weight 
of the parotid gland of Akkaraman sheep was identified as 25.3 g. Accessory  
parotid gland was not encountered in the current study.
Conclusions: It was observed that polyester entered into the parotid duct and 
filled up until the acinus and made both acinus and secretory ducts well-examined 
in this study. It was also observed that the parotid gland consisted of lobes and 
lobules. The average number of lobes was 12. The number of lobules in a lobe 
varied between 3 and 16, each lobe consisted of an average of 9 lobules. It was 
found that each lobe has its own lobar duct. (Folia Morphol 2022; 81, 3: 679–684)
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INTRODUCTION
The salivary glands play an important role in the 

ruminants and are classified as major and minor. In 
ruminants, the major salivary glands are parotid, 

submandibular, and sublingual, while minor salivary 
glands are buccal and labial [16, 21]. Their secretion, 
saliva, is serous and mucous in character, and is pro-
duced in large quantities, e.g. the amount of saliva 

https://orcid.org/0000-0003-4992-6915
https://orcid.org/0000-0001-5340-1260
https://orcid.org/0000-0003-2203-3850
https://orcid.org/0000-0002-3275-0573


680

Folia Morphol., 2022, Vol. 81, No. 3

secreted during a 24 hour period in sheep is 1–4 L [6]  
or 6–16 L [10, 22].

Histologically parotid salivary gland is usually a se-
rous gland in all domestic animals, man and rodents; 
a few mucous cells or adenomeres may be present in 
carnivores [6, 10, 22].

The parotid gland, the largest salivary gland in 
sheep, is situated on the masseter muscle along the 
caudal border of the vertical ramus of the mandible 
from the zygomatic arch to the angle of the junction 
of the linguo-facial and maxillary veins and is located 
at the base of the ear between the back side of ramus 
mandibulae and transvers process of atlas.

The parotid duct leaves the gland at its ventral 
and rostral surface, coursing along the ventral and 
rostral border of the masseter muscle, as it is located 
between the muscle and the facial vein. It enters the 
oral cavity and opens into the papilla salivalis opposite 
to the upper second molar tooth [9, 15, 22].

Human parotid glands are the largest major 
glands (average weight: 25–30 g) located on each 
side of the head, behind the external auditory canal 
of the mandible and the skull base. The development 
of human parotid glands starts from the 5th and 6th 
week of the intrauterine stage. The main excretory 
duct of the parotid gland is Stensen’s duct; it runs 
through the anterolateral edge of the gland over the 
masseter muscle, culminating at the buccal mucosa in 
the upper molar region. Parotid glands are exclusively 
formed by serous acini [2, 19].

Although the duct of the parotid gland is usually 
one, it can vary numerically. For example, a 46-year-
-old man has a double parotid canal on the right 
side of his face [1, 12, 13]. Sometimes an accessory 
parotid gland is found anterolaterally to the masseter 
muscle in humans [5].

The mass of the mandibular and parotid gland 
was reported to be 9.0 g and 11.0 g, respectively, 
in sheep [14, 22, 24]. In another study the mass of 
mandibular and parotid gland in sheep was reported 
to be 16.2 ± 4.6 g and 13.5 ± 2.6 g [7]. The mean 
length of the parotid gland was 6.04 ± 0.48 cm in 
sheep and 6.56 ± 0.361 cm in goat [18], and 3.96 ± 
± 0.26 cm in dog [11]. Human parotid glands average 
weight is 25–30 g [19] and 14–28 g [25].  

The mean diameters of mandibular and parotid 
ducts were 1.4 ± 0.3 mm and 3.1 ± 1.0 mm, respec-
tively, in sheep [7]. The parotid duct measured about 
20 ± 0.41 cm in length and 0.5 ± 0.2 cm in diameter 
in camel (Camelus dromedarius) [15]. Estecondo et 

al. [11] showed that in Zaedyus pichiy, the subman-
dibular gland consists of 2 lobes.

The parotid gland was irregular rectangular and 
had five processes. Both the parotid and the man- 
dibular salivary glands could be divided into 4 seg-
ments [15].

The normal sheep mandibular and parotid sali-
vary glands have a multilobular appearance in cadav-
er heads [7]. Sheep parotid gland was made up of  
4 lobes (cranial, middle, caudal and accessory) and 
the main excretory duct was formed from union of 
4 lobar ducts [20]. Human parotid gland is divided 
into superficial and deep lobes [25]. The duct system 
of the major salivary glands is starting from the acini, 
the intercalary duct, the intralobular duct (striated 
duct) (secretory tubule), the interlobular duct, the 
lobular duct, the intralobar duct and the (excretory 
duct) ductus parotideus, [2, 6, 8, 13, 23].

The structure of salivary glands in mammals has 
been thoroughly studied using histological, histo-
chemical, and sialographic method [7, 10, 11, 18, 24]. 

However, there is no study on parotid ductal sys-
tem in human and other animals with corrosion meth-
od. This study aimed to reveal the detailed anatomic 
features and race-specific differences of the canal 
system of the parotid glands in Akkaraman sheep by 
using the corrosion cast technique.

MATERIALS AND METHODS
Thirteen sheep parotid glands from 7 Akkaraman 

sheep (12–23 months old and 34–45 kg) were used 
in this study. We used 7 sheep in our study, but since 
the ducts of one of the parotid glands could not be 
removed to be examined under a microscope, we 
expressed it as 13 parotid glands.

Parotid glands were removed from their places 
with ducts (Fig. 1). Measurements were made with 
a calliper from back to front (length), top to bottom 
(length–height) and inside to outside (thickness). 
Course of parotid duct and length from the entrance 
of mouth to the gland were also measured. After 
dissection of the parotid glands, their volumes were 
measured according to the ‘Archimedes principle’. 
For this reason, the parotid gland was placed into  
a measured container filled with physiological saline 
solution and the volume of the parotid gland was 
measured by determining the amount of water over-
flowed from the container. This process was repeated 
6 times and the average was taken as the volume of 
the gland.
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Ten millilitres physiological saline containing 2%  
heparin was injected into the parotid duct after 
cleaning the tissues surrounding the parotid gland. 
In order to show the duct system of parotid gland,  
15 mL of the polyester resin solution was injected into 
parotid duct with a 120 mmHg pressure. Twenty-four 
hours passed for the solidification of the polyester solu-
tion. The parotid gland was put into a 37% HCL solution 
for 24 hours. Parotid gland tissues that were dissolved 
were washed under tap water and air-dried. With the 
use of a stereomicroscope, ducts of parotid gland were 
dissected with a forceps from the parotid gland [3, 4].

RESULTS 
Present findings revealed that parotid gland of the 

sheep was located on the masseter muscle and settled 
outside the mandibula. Accessory parotid gland was 
not encountered in the present study. Parotid duct was 
separated from the gland at the level of angulus mandib-
ulae. It was 2 cm above the inferior margin of mandibula 
and was extended parallel to this edge on the masseter 
muscle. After crossing the front edge of the masseter 
muscle, it run on the buccinator muscle. When it reached 

the upper edge of buccinator muscle, it opened into 
the mouth through parotid papilla between the top 3rd 
premolar and the 1st molar maxillary teeth (Fig. 2).

In the present study, our metric results were 
shown in Table 1. The average weight of the parotid 
gland of Akkaraman sheep was identified as 25.3 g.

It was observed that polyester entered into the pa-
rotid duct and filled up until the acinus and made both 
acinus and secretion canals well-examined in this study.

Usually, parotid duct was initially formed by the 
combination of 2 interlobar duct, then the thickness 
or diameter of parotid duct increased with the num-
ber of canals participating in its formation. Parotid 
duct was formed by combining lobar ducts coming 
out of the lobes in the gland (Fig. 3). Every lobe of 
the parotid gland had a lobar duct, each lobar duct 
converged with each other to create the parotid duct.

It was also observed that the parotid gland con-
sisted of lobes and lobules. The number of lobes of 
parotid glands varied from one gland to another. 
The average number of lobes was 12. The number of 
lobules in a lobe varied between 3 and 16, each lobe 
consisted of an average of 9 lobules. It was found 

Table 1. Measurement values of parotid glands in Akkaraman sheep

Parameters Right parotid gland Left parotid gland Min–Max Total

Length of parotid gland [cm] 6.0 ± 0.2 5.7 ± 1.7 4.5–7.0 5.87 ± 1.04

Thickness of parotid gland [cm] 0.9 ± 0.4 0.5 ± 0.7 0.5–1.30 0.75 ± 0.36

Width of parotid gland [cm] 4.4 ± 0.1 3.7 ± 0.3 3.50–4.50 4.07 ± 0.43

Volume of parotid gland [cm3] 14.5 ± 0.7 10.5 ± 1.4 9.50–15 12.50 ± 2.48

Length of parotid duct [cm] 11.75 ± 0.35 10.1 ± 0.5 9.70–12 10.92 ± 1.027

Data are shown as mean ± standard deviation or minimum–maximum (Min–Max).

Figure 1. Head of sheep; 1 — external ear canal; 2 — occipital 
condyle; 3 — parotid gland; 4 — parotid duct; 5 — masseter  
muscle.

Figure 2. The course of parotid duct; 1 — ductus parotideus;  
2 — papilla parotidea; Mm — masseter muscle; Bm — buccinator 
muscle; Fcm — facial muscle.
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that each lobe had its own lobar duct (Figs. 3–6). 
Secretory pathways were clearly shown in parotid 
gland in our corrosion cast technique. 

In this study, ductal connections of small-diameter 
ducts and large-diameter ducts were found in seven 
types (Fig. 7). 

Figure 5. Lobules of a lobe in parotid gland.

Figure 6. Lobar duct (1–17), excretory duct (parotid duct) in parotid 
gland.

Figure 7. A–K. Connections (arrow) of ductus of parotid gland in sheep. 

Figure 3. Ducts of a lobe and lobules in the parotid gland; 1 — in-
tralobular duct; (striated duct); 2 — interlobular duct; 3 — lobular 
duct; 4 — intralobar duct; 5 — lobar duct; 6 — excretory duct 
(parotid duct).

Figure 4. Structure of a parotid gland; 1 — lobule; 2 — interlobular 
duct; 3 — lobe; 4 — parotid duct.
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Accordingly:
 — 23.08% of ducts formed slight curvatures at this 
connections (Fig. 7A, C, D); 

 — 7.69% of ducts connected other ducts at a right 
angle (Fig. 7B); 

 — 15.38% of ducts connected other duct at different 
angles (Fig. 7G, H);

 — 7.69% of minor ducts connected initially with each 
other at the same direction, then connected with 
major ducts (Fig. 7E);

 — 7.69% of minor and major ducts connections 
usually occurred after the combination of 2 ducts 
coming here at different angles (Fig. 7A); 

 — 7.69% of minor duct merged into the major ducts 
at the same angle, which paralleled to each other 
(Fig. 7F); 

 — 23.08% of the interlobar ducts exited the lobar 
duct without curvature, while the others came 
out with a curvature (Fig. 7I, J, K). 
In our study, we did not statistically analyse the 

ductal connections of the parotid ducts. For this rea-
son, we did not express it as a percentage.

DISCUSSION
We examined macroscopically parotid gland, 

parotid duct and microscopically ductal system of 
parotid gland in the current study. 

The parotid gland is located on the lateral surface 
of the masseter muscle and surrounded back side of 
this muscle. It goes deep and is directly neighbouring 
ramus mandibulae. The upper part of the parotid 
gland is closed by the outer ear, and the paracondylar 
part by the caudal of the occipital bone. It extends 
deep until the pterygoid process of the sphenoid bone 
and the hyoid bone (Fig. 2).

Sometimes an accessory parotid gland is found 
anterolateral to the masseter muscle in humans [5], 
but accessory parotid gland was not encountered in 
the present study in sheep heads.

Some investigation indicated that parotid duct 
enters the oral cavity opposite to the upper second 
molar tooth in the sheep [9, 15, 22]. But our study 
shows parotid duct opens into the mouth through 
parotid papilla between the top 3rd premolar and the 
1st molar maxillary teeth (Fig. 2). 

Parotid gland has a parotid duct in animals, but dou-
ble parotid duct was observed in a human patients, in the 
right aspect of the face of a 46-year-old man [1, 12, 13].  
Double parotid duct was not found in our study.

In the literature, the mean length of the parotid 
gland of sheep was 6.04 ± 0.48 cm and 6.56 ±  
± 0.361 cm in goat [18] and 3.96 ± 0.26 cm in dog [11].  
In our study, the average length of the parotid  
gland in sheep was identified as 5.87 ± 1.04 cm 
(Table 1). 

The length and diameter of the parotid duct in 
the camel were reported as 20 ± 0.41 cm and 0.5 ±  
± 0.2 cm, respectively (Camelus dromedarius) [15]. 
The mean diameter of mandibular and parotid duct 
were 1.4 ± 0.3 mm and 3.1 ± 1.0 mm, respectively, 
in sheep [7]. Average length of parotid duct was  
10.92 ± 1.027 cm in our study (Table 1).

The mass of the mandibular and parotid gland 
was reported to be 9.0 g and 11.0 g, respectively, 
in sheep [14, 22, 24]. In another study the mass of 
mandibular and parotid gland in sheep was reported 
to be 16.2 ± 4.6 g and 13.5 ± 2.6 g, respectively [7]. 
Human parotid glands’ average weight was reported 
as 14–30 g [19, 25]. The average weight of the parotid 
gland of Akkaraman sheep was identified as 25.3 g 
in the current study (Table 1).

In our study, some parameters of the parotid 
gland, such as volume, thickness and width, which 
were not previously reported in the literature, were 
also measured. We found the average volume of the 
gland as 12.50 ± 2.48 cm3, the average thickness 
as 0.75 ± 0.36 cm and the average width as 4.07 ±  
± 0.43 cm (Table 1).

Parotid gland consists of lobes and lobules. The 
number of lobes of the parotid glands can vary from 
one gland to another. The number of lobes in the pa-
rotid gland is related to the number of ducts [17], and 
some studies have shown that the mandibular gland 
consists of 2 lobes [11]. Both parotid and mandibular 
salivary glands can be divided into 4 sections [15]. 
While sheep mandibular and parotid salivary glands 
have a multilobular appearance [7], the human pa-
rotid gland is divided into superficial and deep lobes 
[25]. The sheep parotid gland consists of 4 lobes: cra-
nial, middle, caudal and accessory [20]. The present 
study showed that the parotid duct is divided into 
lobar ducts and each lobar duct represents one lobe, 
and in this context, the average number of lobes in 
the parotid gland is 12. Also, lobar duct is divided 
into lobular ducts, each lobe consists of an average 
of 9 lobules (Figs. 3–6). We believe that our research 
will be useful in studies on the ductal system of the 
parotid gland.
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CONCLUSIONS
The structure of the salivary glands in mammals 

has been studied in depth by histological, histochem-
ical, and sialographic method. Polyester injection 
and corrosion method shows the ductal anatomy 
of the salivary glands very well. However, there is 
no study about the corrosion method and parotid 
ductal system in mammals. Therefore, this study was 
conducted to define the histological and anatomical 
features of the adult sheep parotid acini and ductal 
system in this method. In this study, it was observed 
that the polyester entered the parotid duct and filled 
up to the acini and examined both the acinus and 
secretion channels well. 
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