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SUMMARY

Morphological and histological examinations werce carried out in the
present work to find out the differcnce between animal species using hair
and skin examination. This difference could be helpful in the detection
of adulteration in meat and meat products. Hair and skin samples were
collected from the frontal region of buffalo, camel, donkey and dog. ITair
and skin samples were prepared and subjected to light as well as SEM
examination and measurements. Resulis revealed a significant difference
between hair and skin of different animals cither in histological
structures, measurements or scanning. The most characteristic difference
between animal samples could be observed by using the scanning
electron microscope cither in hair or in skin. In camel, hair was arranged
in bundles consists of single hair, while in dog the hair arranged as
bundles arises from one origin. In buffalo and donkey, hair arranged
separately, these findings confirmed by the histological examination.
Light microscopical examination of hair revealed that the thickest one
was in buffalo (72.21£5.01u), whilc the thinnest one was in camel
(33.83£0.451). The thickest medulla was in donkey (65.66%), and the
thinnest was in dog (44.30%). Histological examination of the skin
revealed difference in the thickness of dermis or epidermis or depth of
the sweat glands according to the animal species, It could be concluded
that differentiation between skin and hair of different animals is a
significant tool in detection of meat adulteration.

Key words: SEM, Hair, Skin, Medicolegal, Meat.
INTRODUCTION

Hair as well as skin examination provides a very important clews
in crimes investigations especially in cases of meat adulterations with
less desirable or objectionable meat. Because hairs remain identifiable
even in states of most advanced putrefaction. its examination offers a
great help in the identification of animal species even in putrefied
carcasses. Identification of animal hair have been studied by several
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authors (Ibrahim, er al.. 1963: Gouda and Mosallam, 1983 and Abou-
Salem et al., 1999).

Meat and meat byproduct adulteration was recorded in the
Egyptian market by many authors (El-Nawawi and Nouman, 1981,
Refzi, 1982; Eldaly and Ibrahime, 1987 and Morshdy er al., 1987).
Adulteration was recorded by meat of less quality as muscles of the head
region and abdomen, Skin, tendons, fetuscs, intestine and lymph nodes
were recorded (Julini and Parisi, 1978). Meat of animals either not fit for
human consumption or of law price was also added and recorded with
the same authors.

Scanning Electron Microscope (SEM) technique can be most
efficiently applied to show intercsting morphological aspects of the hair
and skin of domestic mammals. With SEM it is possible to supplement
the knowledge available from conventional transmission electron
microscope (TEM) and light microscope. Joshua and Cyril ( 1980) used
the electron microscope for the more detailed morphology of hair. Meyer
et al.. (1997) used a computer-assisted method for the determination of
hair cuticle pattern and used it in species or group identification of
mammals.

In this study we tried to find out the difference in the histological
properties of hair and skin derived from the frontal regions of buffalo,
camel, donkey and dog using light and scanning electron microscope.
Histological features of hair structures as well as the cortico/medullary
ratio was taken into consideration. Skin differentiation based on light
microscopical examination of skin layers and skin thickness variation.
Scanning electron microscope was used to differentiate between the
surface structures of hair (cuticle) as well as hair arrangement on the
surface of the skin.

MATERIALS and METHODS

Five groups of hair and five samples of skin were collected from
the frontal region of each of normal healthy mature buffalo, camel,
donkey and dog. These samples were prepared for morphological and
histological examination using light and scanning electron microscopey
in the following manners:

I- Examination of hair by light microscope:

Hair samples were collected from the same region of the head,
cleancd using a mixture of alcohol and ether, and then cleared by xylol
and subjected to examination.
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II- Scanning FElectron Microscope:

Samples were fixed in 5% glutaraldehyde in 0.1 M cacodylate
buffer for 4 hours at 4°C. They were post-fixed in osmic acid for further
2 hours. After then, they were washed, dehydrated in ethanol, processed
in amylacetate and critically-point dried with CO3. They were sputtered
with gold and examined with JEOI, scanning electron microscope,

II1- Histological examination of the skin:

Skin samples were collected in 10% formaline solution. The
length of each piece of skin being parallel to the slope of the hair to
provide a correct orientation for the vertical sections cutting. The skin
specimens were hair clipped, then dehydrated using ethanol. Paraffin
blocks were prepared and cutted into thin sections typically 7 n
thickness. Haematoxyline and eosin stains were used for general
histological examination of the skin samples.

IV- Measurement of the hair and skin thickness:

Main computerized program (Image analysis system, Leica
Q500) was used for measuring the total thickness of the hair, as well as
the thickness of the cortex and medulla, Corticomedullary ratios were
calculated mathematically. Total skin thickness as well as skin layers,
depth of sweat glands as the length between the surface of the skin and
last sweet gland detected in the section were measured using the same
program.

Results were statistically analyzed by using SAS program
(1990).

RESULTS

1- Morphological examination of hair sample by light microscope:

Buffalo hair looks the most thicker animal hair (72.21 % 5.01 n)
compared with hair thickness of camel, donkey and dog, (33.83 + 0.45:
66.52 + 1.18 and 43.02 £ 1.22 y, respectively, table 1 & plate 1).
Medulla in dog looks the lest in thickness if compared with other
animals where it takes about 44.30% of the total thickness of the hair.
Donkey has the thickest medulla, where it takes 65.66% of the total
thickness. In Camel and buffalo, medulla takes about half of the
thickness, (51.09 and 48.60%, respectively). Ratio between medulla and
cortex were 1.06:1; 1:1.05; 1:1.9 and 1:0.8 in buffalo, camel, donkey and
dog, respectively.
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Medulla in buffalo and donkey hair did not extend to the root,
while in came] and dog medulla was observed directly after bulb of hair,
the same observation was recorded by SEM examination (Plate 2 & 3).

Table 1: Measurements (jt) of hair of frontal region in different animals
(Mean + S.E.)

Animal No. Hair Thickness | Cortex Medulia Ratio

Species | sample Mean % Mecan %o Mean Yo Med. :

Cort.

Buffalo | 130 | 722145012 100 3532+ | 48.91 | 37.51% | 51.09 | 1.06:1
2762 239D

Camel 150 33.83% 100 17.392 | 51.40 | 16.77% | 48.60 | 11 1.05
0.45¢ 028°¢ 0.58 ¢

Donkey 150 66.52+ 100 2284+ | 3434 | 4357+ [ 6566 | 1:19
1182 041 0939

Dog 150 43.02+ 100 2396+ | 5570 | 18.9x |[4430% 1:08
1.22b 056 b 0.76 ¢

Means with the same letter are not significantly different (p < 0,001)

11- Scanning Electron Microscope of hair and skin:

Outer surface of the hair (cuticle) in buffalo and dog looks as
irregular arrangement of scales allover the length off hair, while in camel
and donkey, it looks as regular scales arranged in rows allover the hair
length (Platc 4). Cross section on hair shafl showed that medulla
composed of stacked and juxtaposcd cells and of hair chambers (the
aerial vesicles). The vesicles were surrounded by wall varied in shape
from species to another. Medulla of buffalo composed of large vesicles
with smooth and regular wall. In camel, medulla composed of small
vesicles and irregular wall. Medulla in donkey was similar to buffalo but
with rough and irregular wall thickness, while dog medulla has
characteristic shape, where it arranged as similar disks (Plate 5).

The arrangement of hair follicles in camel and dog, was as
bundles consists of group of hair follicles, each hair follicle originate
separately in camel, while in dog, the group of hair bundles have same
origin. In Buffalo and donkey, hair follicles distributed hemogenizally
allover the surface of the skin (Plate 6). Histological sections confirm
these findings (Plate 7).
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II1- Histological examination of the skin by light microscope:

Big variations between the total thickness of the skin in different
examined animals were recorded. The total thickness was 923.1 + 2471,
1715.6 £ 243.1, 607.04 + 118.4 and 1103.1 £ 282.9 i for buffalo, camel,
donkey and dog, respectively. The thickest skin was recorded in camel
and the thinnest one was recorded in donkey (Table 2).

In buffalo general layers of epidermis was observed and it takes
about 51.7 + 88 p thickness and stratum basal showed few
pigmentation. The superficial layer (stratum corneum) appeared thin, as
few threads and takes about 11.3 + 2.8 u, which considered the thinnest
one compared with the other examined species (Table 2 & Figure 8a).
The epidermal thickness in camel skin is about 83.5 + 10.4 u and the
straturn basale composed of one layer rest on the basement membrane
with dark melanin pigmentation. Stratum corneum in camel is very thick
(56.6 £ 9.5 1) and composed of several lamellated layers (Table 2 &
Figure 8b).

In Donkey the thickness of the epidermis is about 37,7 + 6.2 Hy
the stratum basal composed of a single layer of high cuboidal type of
cells with diffused melanin pigments in the cytoplasm. Stratum corneum
composed of several layers of dead keratinized cornified flattened non-
nucleated cells with average thickness of 15.03 + 3.9 p (Table 2 &
Figure 8c). While in dog, the epidermis consists only of four layers,
stratum  basal, stratum spinosum, stratum granulosum and stratum
corneum and its thickness is 41.7 + 8.8 p. The basal cell layer have
nuclei and smaller amount of cytoplasm and more intensely stain than
the superficial cells. Stratum corneum is thin layer at about 29.9 = 5.9 U,
and consists of several layers of keratinized layers (Table 2 & Figure
8d).

The thickness of demmis in the same studied area was also varied
according 1o animal species, where the thickest dermis was recorded in
camel (1632.1 £ 123.8 p), while the thinnest one was recorded in donkey
(569.3 + 98.3 p). The thickness of the dermis in buffalo is about two
times more than that in camel. This layer contain the hair follicles,
sebaceous and sweat glands. In camel and dog the bundles of the hair
follicles and the sweat glands extend more deeper in the dermis just
above the region of subcutaneous tissue. The thickness of the dermis in
buffalo and dog were 872.42108.6 and 1061.4+99.7 p, respectively.

Hair follicles in skin of frontal region of buffalo and donkey are evenly
distributed in the superficial layer of the dermis as single hair. On the
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other hand camel hair are more delicate than that of buffalo and
distributed in-groups or bundles (Plate 9). In canine skin, hair follicles
oceur 1n groups each consists of one main hair and three to [ive
accessory hairs, all of which arise out of a common hair bed with the
supplemental hairs surrounding the main hair in a half circle.

In buffalo the sweat gland is simple tubular glands and its
secretory portion has a large dilated Tumen, While in camel the sweat
glend is highly coiled simple tubular gland, lined with cuboidal to low
columnar cpithelium. In donkey sweat glands are large in number
swirounded the hair follicle and occur relatively superficial. It consists of
cuboidal to low columnar epithelium while, in dog, sweat glands are
located deep in the dermis and one gland is associated with each hair
follicle complex. The body of the gland is composed of widely dilated
secretory tubules of single layer of colummar cells with basophilic
¢yloplasm containing pigment granules and spheroid nucleus. The depth
of the sweat gland varies according to animal species and the
physiological function of the skin. The sweat gland in buffalo and
donkey is superficial and occur in depth about 870.3 = 169.5 and 583.8 =
76.5 p, respectively, while in camel and dog are of no need of large
sweating, the sweat gland occur very deep (1685.9+193.8 and 1078.9 =
30.1 p (Table 2 & Plate 8).

Table 2: Average measurements of skin (p) of different animals

" Animal SKin Thickness of | Thickness of Thickness Depth of |
specics thickness corneum epidermis of dermis sweat gland
Buffalo 937.6+ 11.3% 5164 886.1% 7652+

247.1¢ 284 88 b 108.6 ¢ 934 ¢
Camel 1944 4+ 56.614 83.5+ 1860.9% 1425.8=
243.18 0 R 1044 123823 12323
Donkey 629.6+ 15.5+ 36.6+ 593.0+ 5174+
11844 3.9¢ 659 98.3d 8274
Dog 114132 | 306+ 41,7+ 1099.6: 1064.4%
14820 | s54b 8.8¢ 99.7b 464 b

Mcans with the different letter are significantly different (p < 0.001)
DISCUSSION
Hair and skin examination provides a very important clews to

detect meat adulteration where adulteration of minced meat through
addition of different kinds of meat and tissues of various origin in
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various percentage to increase their gain was recorded by Refai (1982).
Skin with hair has been recorded as one of the tissue that added for
adulteration (Julini and Parisi, 1978).

Hair composed of cuticle, cortex and medulla, this gencral
structure of hair was previously mentioned by Steven and Lowe (1977)
and Froede ef al. (1981). The results of this study revealed that there was
a species variation in the histological structure of hair, Morphometric
measurements of hair showed also great difference between hair from
different animal species. Scales examination of hair and skin surfaces
using scanning electron microscopes revealed a big difference from
animal to another. Our results for hair measurements revealed similarity
in the thickness of both medulla and cortex with slight difference where
medulla occupy 51.09 % and 48.60 % of the total hair thickness in
buffalo and camel, respectively. These results disagree with the results
obtained by Dougmag and Berg (1983) as they mentioned that the hair
medulia forms the great bulk of the hair in camels meanwhile, the cortex
forms the great bulk in buffalo. They also recorded that the cortex in
came] hair has no pigments and this result relatively disagree with our
results, where we recorded cortical pigments in some camel hairs. Qur
results also revealed that donkey has the thickest medulla and it occupics
65.66 % of total hair thickness while dog has the thinnest medulla
(44.30%). In the present work, the shape of hair cuticle was varied
between animal species, this results was in agreement with Abou-Salem,
et al. (1999).

Our results were in agreement with that of Dowling and Nay
(1962) who mentioned that the hair follicles in camel formed groups,
containing one primary follicle at the base, flanked by two or three
secondary follicles and much tertiary ones and contradict to that of Nair
and Benjamin (1965) who mentioned that there are no hair groups.

The hairs in canine skin occur in groups. Each group usually consists of
one main hair and three to five accessory hairs, all of which arise out of
a comrnon hair bed with the supplemental hairs surrounding the main
hair in a half circle. Jenkinson (1965) stated that hairs occurred singly in
cattle and in groups in carnivores, swine and smaller ruminants. The
hairs in canine skin occur in groups, each consists of one main hair and
three to five accessory hairs, all of which arise out of a common hair bed
with the supplemental hairs surrounding the main hair in a half circle.
James and Getty (1957), werc in agreement wit our results, where they
found that the hair follicles are arranged in groups of two, three or four
with the triad arrangement being the most numerous. They also
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mentioned that the multiple hairs in the follicle diverge in the deeper
layers of the dermis and branch out into separate follicles. in which the
hair originate from individual hair bulb. The hair follicles and apocrine
sweat glands extend into the subcutaneous adipose tissue. Epidermal
papiliae are normaly present on the surface of the cpidermis of the hairy
skin of the dog.

Medulla appeared different from animal to another using SEM,
where in camel it is rich in small vesicles, in donkey its large vesicles
and its wall was rough and unequal thickness, while in buffalo it
composed of large vesicles with smooth and regular wall's thickness.
These results were in accordance with that recorded by Clement er al.
(1981).

The results showed that the thickest skin was recorded in camel,
and the thinnest was observed in donkey. While the thickest epiderimis
were in buffalo, followed by camel, donkey and dog respectively. These
results disagree with that obtained by Talukdar (1972) as he found that
the thickness of epidermis in cattle and horse obtained from same region
was in the same thickness. The pigment in stratum basal in buffalo was
few compared with donkey and camel, this result was in harmony with
Shahjahan ef al. (1997). The stratum comeum is considerably thicker in
skin of occipital region of camel than that in the same region in buffalo,
donkey and dog due to presence of heavy protective coat of hair of
camel which prevent its desquamation and to accommodate with its
function to minimize water evaporation.

Our results revealed that the sweat glands in donkey were large
in number and superficiaily located around the hair bulb. These results
were in harmony with that of Talukdar ef al. (1970) who mentioned that
the skin of horse is richly supplied with well developed sweat. In the
skin areas, which contained glands, there was always onc gland
associated with each hair follicle, located either below the level of the
follicle or surrounding it. In dog, Apocrine sweat glands are located deep
in the dermis one gland is associated with each hair follicle complex.
The body of the gland is composed of widely dilated secretory tubules of
single layer of columnar cells with basophilic cytoplasm containing
pigment granules and spheroid nucleus. Muller and Kirk (1976) recorded
similar findings.

Finally it could be concluded that the use of scanning electron
microscope in hair and skin surface examination is an advanced tool
which is very useful in medicolegal differentiation of different animals
as well as in the detection of meat adultration.
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LEGENDS

Plate 1: Different animals hair by light microscope a) Buffalo b) Camel
¢) Donkey d) Dog, showing the differences between cortex and
medulla, and the special shape of medulla in dog X 40,

Plate 2: Distal end of the hair in different animals by light microscope

ay Buffaio b) Camel ¢) Donkey d) Dog, showing
disappearance of the medulia in the distal end of the hair in casc
of buffalo (X 6.3).

Plate 3: SEM of cross section near the bulb of different animals hair a)
Buffalo b) Camel c¢) Donkey d) Dog, showing the medulla and
cortex in camel and dog and only cortex in buffalo and donkey
(X 500. 240, 1500 and 500, respectively).

Plate 4: SEM of different animals hair a) Buffalo b) Camel ¢) Donkey
d) Dog, showing the outer layer of the hair (cuticle), X 1000,
1000, 1500 and 1000, respectively.

Plate 5: SEM of cross section of different animals hair a) Buffalo
b) Camel c¢) Donkey d) Dog, showing shape of the medulla (X
750, 750, 750 and 1000, respectively).

Plate 6: SEM of different animals hair a) Buffalo b) Camel ¢) Donkey
d) Dog, showing the arrangement of the hair in the skin (X 15,
50, 200 and 50, respectively).

Plate 7: Longitudinal section in skin of different animals a) Buffalo
b) Camel c) Donkey d) Dog stained with H & E: showing the
typical histological structure of the skin with its histological
difference and arrangement of hair follicle (X 4, 4, 6.3 and 6.3,
respectively).

Plate 8: Longitudinal paraffin section of skin of different animals hair
a) Buffalo b) Camel ¢) Donkey d) Dog, stained with 1 & E:
showing the epidermal structure and the keratinized layers (X
40, 40, 40 and 25, respectively).

Plate 9: Cross in paraffin section of skin of different animals hair
a) Buffalo b) Camel ¢) Donkey d) Dog, stained with H & E:
showing the structure of sweat glands (X 40. 40, 40 and 25,
respectively).
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