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ABSTRACT

The differences in milk composition between different parts of the same mammary gland in camel milk have been a
point of interest in previous studies. Therefore, the aim of this study is to demonstrate the differences in the
distribution of carbohydrates, mucins and caseins between the cranial and caudal gland of the same lactating
mammary gland quarter through testing the histochemical differences by Periodic Acid Schiff (PAS), Alcian Blue
(AB), and immunohistochemical differences by o and B-casein. The examined mammary glands samples were
collected from 6 healthy mature one-humped she-camels (Camelus dromedaries) on mid of lactation just after
slaughtering. Sections were fixed in 10% neutral buffer formalin then subjected to the histochemical and
immunohistochemical examination. The intensity of the PAS reaction differed throughout the mammary gland; the
cranial gland alveolar secretion showed more intense magenta color when compared to the caudal gland. The same
lactating mammary gland quarter showed darker blue alveolar secretion in cranial gland when stained with AB in
comparison with the caudal one which showed significant faint colored secretion. The alveolar secretion of the cranial
gland showed stronger reaction for a- and [3-casein than the caudal gland alveolar secretion. The positive staining of 3-
casein in cranial gland was localized on the alveolar secretion as well as in most of the cells surrounding the lumen of
the alveoli. In contrast, week positive staining appeared in the lumen and was not observed in alveolar cells for a-

casein in cranial gland and for a and  -casein in caudal gland.
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INTRODUCTION

Camels have special anatomical and physiological
features help them to survive, reproduce and produce meat
and milk in areas where other species couldn’t survive
(Eisa 2006). In times of drought, the lactating camel loses
water in its milk, a natural adaptation to provide the
dehydrated calf with nutrients and the necessary fluid
(Sisay and Awoke 2015). Camels can produce a sufficient
amount of milk in drought areas where other domestic
animals produce very little milk (Sisay and Awoke 2015).

Compared to dairy cows, camel milk has been
neglected in milk production, and there is little literature on
differences in milk yield and composition of the various
udder parts. Recently, camel milk was given much attention
in researches, due to its potential therapeutic properties

(Agrawal et al. 2007; Quan et al. 2008; Ranjan et al. 2022).
In addition, camel milk contains all the important nutrients
that are also contained in cow's milk (Alhaj et al. 2010;
Alhafiz et al. 2022) with recommendation for consumption
by persons allergic to cow's milk (Elsayed et al. 2009). That
leads to restudying the structure of the camel mammary
gland to understand the variations in the anatomy of the
mammary gland and the composition of its milk.

Rizk et al. (2017) reported that each teat of the she
camel mammary gland is opened dorsally by cranial and
caudal orifices, and each orifice leading to a separate distinct
gland. They found that the cranial gland was more active
than the caudal gland. On other hand, Rizk et al. (2017)
mentioned some differences in the fluid produced from each
mammary gland. This point is what will be discussed in the
recent study from the histological point of view.
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Al-Bazii et al. (2019) and Hue-Beauvais et al. (2021)
pointed to the fact that the milk secretion within the
alveolar lumen and ducts of lactating mammary gland
contains three main components of the milk
(carbohydrates, proteins and lipids).

For demonstration of carbohydrates, Swapna et al.
(2020) studied the usefulness of PAS staining in
identification of carbohydrates in mammary gland by
using the colour intensity of the PAS reaction. They
concluded that the PAS technique is perhaps the most
versatile and widely used technique for the detection of
carbohydrates, mucins and glycoproteins. On the other
hand, Sulochana and Singh (1995) and Shedge et al.
(2018) used PAS and Alcian blue (AB) methods for
carbohydrates detection in mammary gland parenchyma.

As for proteins, casein is the main protein in camel
milk and accounts for about 52-87% of the total proteins.
Camel milk contains more B-casein than a-casein, 65 and
21% of total casein, respectively (Kumar et al. 2016). The
B-casein is more digestible and less allergic to humans
because it responds better to peptic hydrolysis in the
intestine. The higher content of B-casein makes camel
milk beneficial for human health (Kumar et al. 2016;
Swelum et al. 2021).

Therefore, the aim of this study is to demonstrate the
differences in the distribution of carbohydrates, mucins
and casein as a main protein component in the cranial and
caudal gland parenchyma of the same mammary gland
quarter through testing the histochemical differences by
PAS, Alcian blue, and immunohistochemical differences
by a and B-casein.

MATERIALS AND METHODS

Sample Collection

The examined samples of mammary glands were
collected from 6 healthy mature one-humped she-camels
(Camelus dromedaries) on mid of lactation just after
slaughtering. The study was conducted in accordance
with the ethical principles of the Institutional Animal
Care and Use Committee (IACUC) of the Faculty of
Veterinary Medicine, Cairo University, Egypt.

Small pieces (5mm in thickness) were taken from the
glandular parenchyma of cranial and caudal glands of the
same mammary gland quarter. These specimens were fixed
in 10% neutral buffered formalin for 24 hours, then were
embedded in paraffin in accord with standard procedures.
The 4-5um paraffin sections were prepared with a rotatory
microtome and stained with Periodic Acid-Schiff (PAS)
and Alcian Blue stain (AB) and examined by light
microscopy (Bancroft and Gamble 2013).

Immunohistochemical Evaluation

The paraffin sections were prepared and processed
according to the manufacturer's directions (Bioss
Antibodies). Slides were put on a positively charged slide,
baked at 60°C oven for 1 hour and then loaded onto the
Benchmark GX. Slides were treated with the automated
benchmark system through a series of deparaffinization and
antigen retrieval steps. The antibodies were pre-diluted and
incubated for 16 mins at 37°C. The counterstain and post-
counter stain comprise Hematoxylin for 4 mins and Post
Counterstain by Bluing reagent for 4 mins.
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Primary Antibodies Used

a-Casein polyclonal antibody (bs-8245R, 28kd,
Rabbit, Bioss), B-Casein polyclonal antibody (bs-10032R,
24Kkd, Rabbit, Bioss).

Scanning and Photos Capturing

All histochemical and immunohistochemical stained-
glass slides were scanned by using Philips digital
pathology solution medical device, version 3.2, SN 62,
REF 760001. The results were processed, stored and
viewed on Image Management System 3.3 Application
Server and Storage software and Image Management
System 3.3 Viewer software.

RESULTS

PAS Staining Observations

Sections of lactating mammary gland stained with
PAS, showed magenta color. The intensity of the PAS
reaction differed throughout the mammary gland; the
cranial gland alveolar secretion showed more intense
magenta color (Fig. 1A) in comparison to the caudal gland
(Fig. 1C). The alveolar epithelium in cranial gland (Fig.
1B) was comparatively darker than the alveolar
epithelium of the caudal gland (Fig. 1D). In caudal gland,
the alveolar epithelium was filled with negative stained
cytoplasmic vacuoles (Fig. 1D).

Alcian Blue (AB) observations

The same lactating mammary gland quarter showed
darker blue alveolar secretion in cranial gland (Fig. 2A) in
comparison with the caudal one which showed significant
faint colored secretion (Fig. 2B).

o and P casein investigations

In tissue sections from the same mammary gland
quarters, positive staining for both a- and B-casein was
found in the cranial glands (Fig. 3A, 3B; Fig. 4A, 4B).
The alveolar secretion of the cranial gland showed
stronger reaction for a- and B-casein than the caudal gland
alveolar secretion (Fig. 3; Fig. 4).

The cranial gland was less intensely stained for a-
casein than for B-casein. The positive staining of B-casein
in cranial gland was localized on the alveolar secretion in
in cranial gland was localized on the alveolar secretion in
the lumen as well as in most of the cells surrounding the
lumen of the alveoli (Fig. 3A, 3B). In contrast, week
positive staining appeared only in the lumen and was not
observed in alveolar cells for a-casein in cranial gland or
a and B-casein in caudal gland.

DISCUSSION

The gross examination of the camel mammary gland
in previous studies revealed that it is composed of four
teats. Each teat is ended by two separate orifices; cranial
and caudal (Rizk et al. 2017; Ola et al. 2022). Each orifice
leads to a separate streak canal and separate gland cistern
(Zayeed et al. 1991; Kausar et al. 2001). On examination
of the two glandular cisterns, it was noticed that the
cranial glandular cistern was considerably wider than the
caudal one (Rizk et al. 2017).
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Fig. 1: Photomicrograph of the cranial and caudal gland parenchyma of the same quarter of mammary gland during lactation stained
with PAS stain. A) Cranial gland contained dark magenta colored alveolar secretion (AS), lined by dark stained epithelium (arrow), B)
Cranial gland contained dark magenta colored alveolar secretion (AS), lined by dark stained epithelium (arrow), C) Caudal gland
contained faint magenta colored alveolar secretion (AS), lined by light-stained epithelial cells (arrow), and D) Caudal gland contained
faint magenta colored alveolar secretion (AS), lined by light-stained epithelial cells filled with negative stained cytoplasmic vacuoles
(arrow). PAS; A and C=X200; B and D=X400.

Fig. 2: Photomicrograph of the cranial and caudal gland parenchyma of the same quarter of mammary gland during lactation stained
with Alcian Blue stain. A) Cranial gland contained dark blue stained alveolar secretion (AS), and B) Caudal gland of lactating
mammary gland contained light-stained alveolar secretion (AS). Alcian Blue; X200.
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Fig. 3: Photomicrograph showing the difference in the expression of B-casein between cranial and caudal gland of the same lactating
mammary gland quarter. A) Strong expression at the alveolar secretion (AS) and alveolar epithelium (arrow) of the cranial gland, B)
Strong expression at the alveolar secretion (AS) and alveolar epithelium (arrow) of the cranial gland, C) Week expression at the
alveolar secretion (AS) of the caudal gland, and D) Week expression at the alveolar secretion (AS) of the caudal gland. Fig. A and

C=X200; B and D=X400.
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Fig. 4: Photomicrograph showing the expression of a- casein between cranial and caudal gland of the same lactating mammary gland
quarter. A) Week expression at the alveolar secretion (AS) at the cranial gland, B) Week expression at the alveolar secretion (AS) of
the cranial gland, C) scarce expression at the alveolar secretion (AS) at the caudal gland, and D) Scarce expression at the alveolar
secretion (AS) at the caudal gland. Fig. A and C=X200; B and D=X400.

Rizk et al. (2017) found that the fluids produced from
the two milk systems showed differences in consistency
and color. The fluid from the caudal system was watery,
whereas the cranial system was milky. The amount of
fluid produced was greater in the cranial gland.
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To identify the carbohydrates in the secretion of the
lactating mammary gland, Ellen et al. (2017) and Swapna
et al. (2020) used PAS stain during different stages of
milk production. The results of these studies revealed that
the intensity of the PAS reaction differed throughout the



milk production process in a direct correlation to the level
of carbohydrates and mucins in the secretion.

In the recent study, the intensity of the PAS and AB
reaction differed throughout the same mammary gland.
The cranial gland of the lactating mammary gland quarter
showed more intense PAS and AB positive stained color
when compared to the caudal gland. The alveolar
epithelium in cranial gland was comparatively darker.
That indicates the alveolar secretion of the cranial gland is
richer in PAS and AB positive substances like
carbohydrate, neutral and acid mucins than caudal one.

Leal et al. (2017) and Shedge et al. (2018) mentioned
that mucins are high molecular weight glycoproteins
known by their ability to form gels; therefore, mucins are
an important component of most gel-like secretions.
Therefore, the high level of mucins detected in the cranial
gland secretion in the current study, may illustrate the
findings of Rizk et al. (2017) that the produced fluids
from the caudal lactating camel mammary gland was
watery, while the cranial gland was milky.

In the present study, both cranial and caudal glands
showed stronger reaction to P-casein than the o-casein.
These results agreed with Kumar et al. (2016),
Ryskaliyeva et al. (2018) and Swelum et al. (2021), that
camel milk contains more B-casein than a-casein (65 and
21% of total casein, respectively). On the other hand, the
alveolar secretion of the cranial gland showed slight
stronger reaction for a- and B-casein than the caudal gland
alveolar secretion.

This different distribution of casein and the
dominance of B-casein in camel milk may be important in
explaining some of the special properties of camel milk,
especially in the processing of camel milk into yogurt and
cheese (Huda et al. 2020; Kamal-Eldin et al. 2020).

The lower expression of PAS, AB, a- & B-casein in
caudal gland than cranial gland can be explained with the
results of Rizk et al. (2017) who found that the caudal
gland secretion is less in amount than the cranial one. The
causes of that variations are of a very complex nature.
Eisa and Hassabo (2009) attributed this to either increased
growth and number of secretory cells or increased
secretory activity of the udder tissue, while Rizk et al.
(2017) referred that to the adaptation to water deprivation
as well as to physiological rest between the successive
births.

Conclusion

The results obtained in this study suggest that the
alveolar secretion of the cranial gland of the same
lactating mammary gland quarter of the she camel contain
higher amount of carbohydrates, mucins, a- and B-casein
than caudal gland of the same quarter. While both alveolar
secretion of cranial and caudal glands contain higher level
of B-casein than a-casein.
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