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A total of 450 samples of different meat products (luncheon chicken, luncheon meat, sausage, beef
burger, minced meat, and kofta) were examined. Fifty samples of each type of product were collected
from different supermarkets in Assiut City. All of the samples were analysed by different microscopy
techniques (light, fluorescence, histochemical microscopy, and scanning electron microscopy (SEM))
for the detection of meat adulteration. Haematoxylin-eosin (HE) staining was used for general histo-
logical examinations. Different histochemical techniques were used to stain paraffinised sections. The
adulterated tissues detected were the nuchal ligament, large elastic blood vessels, muscular artery,
elastic fibers, lung, cardiac muscle fibers, tendon, spongy bone, bone of immature animals, adipose tis-
sue, cartilage (hyaline and white fibrocartilage), and smooth muscle of visceral organs. SEM detected
contamination of the minced meat by bacteria and yeast. Fluorescence microscopy was used as an ef-
fective method for the detection of bone and cartilage. Interestingly, the stained acidophilic cytoplasm
of skeletal muscle changed to basophilic, and the skeletal muscle was suspected to be diseased. The
findings of the present work provide qualitative evaluations of the detection of unauthorised tissues in
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different meat products using different effective histological techniques.

Introduction

Meat is an abundant source of different essential nutrients,
such as vitamins, proteins and minerals (Binnie et al.,, 2014).
More than half of commercialised meat incorporates heated,
cooked, raw and processed meat products (Dayyani et al,
1998). There are myriad of meat products with ingredients that
are not included in the labels, which is considered fraud or
food adulteration (Ballin, 2010).

Food adulteration is an issue of crucial concern in many
countries not only because of the safety hazards involved but
also for economic imputations. Food adulteration is used to
increase the weight of the food or improve its appearance but
decreases its quality. Food adulteration is done without the
assent and awareness of the consumer (U.S. Law).

One type of adulteration is the use of animal tissues, such
as central nervous tissues, which is considered a major prob-
lem in the transmission of infectious agents to humans (Herde
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et al,, 2005). The usage of bovine brain tissues, spinal cord,
eyes and tonsils as a raw substance in meat products has been
banned in the European Union since October 2000. These
banned tissues are considered "specified risk material (SRM)”
and should be burnt (Tersteeg et al., 2002). Furthermore, some
meat products have plant-based additives, which can be con-
sidered allergens (Pospiech et al., 2009). Another kind of adul-
teration is the injection or addition of water or an aqueous
solution to the meat, which aims to increase its bulk weight
(Neto et al., 2016).

The next type of food product adulteration is the addition
of various flavours to mask the presence of media needed by
microorganisms to perform their actions; however, this addi-
tion increases the toughness of meat. Accordingly, meat is
considered a suitable environment for the growth of many
types of microorganisms due to its high water content and
conductive pH. Many undesired ingredients may be added to
meat products such as sausage and luncheon meat to reduce
their price or cost of processing (Lumley, 1996).

Apart from being involved in adulteration, some animal
tissues, such as the brain and spinal cord, could be a source
of infectious agents and cause problems, such as bovine
spongiform encephalopathy (BSE) in human (Herde et al.,
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2005). The quality of meat products, especially sausage, is
closely related to the amount of both skeletal muscles and
connective tissue and could be decreased by the latter
(Ghisleni et al., 2010).

Food authentication and adulteration are serious matters
in the meat industry and have raised the level of standards
(Batt et al,, 2015). An indispensable element to determine the
quality of food products is the measurement of quality param-
eters using appropriate methods and techniques. The conven-
ience with which the methods and techniques are used in
these measurements is important to ensure the information
about the quality of the food product (Lyubchyk et al., 2015).

The usual methods used for detecting meat fraud are
complex laboratory techniques, which are expensive and time
consuming. Therefore, a quick forensic method is required
(Neto et al.. 2016). The preferred methods of quality control
have been histological examinations, which have been re-
vealed by many studies to be able to detect fraud in food and
meat product (Latorre et al., 2015). Currently, different imaging
methods are available for microscopic evaluation of food con-
stituents. The most commonly used imaging methods are
light microscopy to study microstructure and electron mi-
croscopy, such as scanning electron microscopy (SEM), to
study foodstuff ultrastructure (Pospiech et al., 2011).

The aim of this work was to detect meat product adulter-
ation and risk ingredients and to evaluate meat quality using
different efficient, rapid, easy and economical histological
analyses.

Materials and methods
Sample collection

Fifty samples from 6 different meat products (luncheon
chicken, luncheon meat, sausage, beef burger, minced meat,
and kofta) shown in Table 1 were randomly purchased from

different supermarkets from Assiut City, Egypt.

Table 1. Quantities of different meat product samples.

Samples Number
Luncheon Meat 30
Luncheon Chicken 30
Beef Burger 100
Sausage 100
hMinced Meat 100
Kofta 30
Total 450

Fixation of the samples

Twenty-five samples of each meat product were selected
for light microscopic examination, and 25 samples were se-
lected for SEM examination. From each sample, three parts of
approximately 1x1 cm?® were taken from three different areas.
The samples were fixed in Bouin's solution for 24 hours for
light microscopic examination and Karnovsky's fixative for SEM
(Karnovsky, 1965).

Sample processing for light microscopic examination

The samples fixed by Bouin’s were washed in 70% alcohol
for three changes (3 x 24 h) and then dehydrated in an as-
cending series of ethanol (80% and 90% for 3 hours in each
concentration and 100% | and Il for one hour of each change).
The samples were cleared for one week using methylbenzoate
I 'and Il, followed by impregnation in Paraplast paraffin (Sigma

82

Aldrich) (I, Il, Ill for 3 hours at each concentration). Sections of
5-.7 um were serially cut from each paraffin-embedded block
by a Richert Leica RM 2125 microtome (Germany) and
mounted on glass slides. The sections were kept dry in an in-
cubator at 40°C.

Conventional histological and histochemical staining

The cut paraffin sections were stained with haematoxylin-
eosin (HE) (Harris, 1898), which is used for general histological
examinations. When the routine HE-stained tissue sections
were used, various structures could not be identified; there-
fore, special stains were used to confirm the histochemical re-
activity of the complex structure.

We used different special stains to differentiate between
the various structures: Crossman's trichrome (Crossman, 1937)
and Van Gieson'’s (Van Gieson, 1889) stains, both of which are
connective tissue stains and were used to distinguish between
the connective tissue fiber and muscle tissue in different or-
gans. The connective tissue is stained green, and the muscle
is stained red. Verhoeff's-Van Gieson (VVG) stain was used to
detect the presence or absence of elastic fibers in tissue sec-
tions of interest. The elastic fibers and cell nuclei were stained
black by the Verhoeff component of the VVG stain. The colla-
gen and muscle that had an affinity for the Van Gieson
counter-stain were stained red, and the cell cytoplasm and
other tissue components were stained yellow. Alcian blue pH
2.5-periodic acid Schiff (AB pH 2.5 / PAS) was used to stain the
neutral and acidic polysaccharide structures. Bromophenol
blue (Pearse, 1960) was used as a specific stain of total protein
structure, which appeared blue.

The conventional histological and histochemical stains
were cited by Bancroft et al. (2013). The stained sections were
examined using a Leitz Dialux 20 microscope. Photographs
were taken using a Canon digital camera (Candison Powershot
A95).

Fluorescent staining of cut paraffin sections

Acridine orange (AO) was used as a simple fluorescent
stain for demonstrating different structures, such as cartilage,
growing bone and large-sized arteries.

Using the AO stain

The procedure according to (Hoff et al,, 1985) was used
with modification. Stock solution (0.5%): 50 mg of AO was dis-
solved in 10 ml of distilled water (DW) and stored in the re-
frigerator. Staining solution: 1 ml of AO stock solution and 0.5
ml of glacial acetic acid were added to 50 ml of DW. The pH
of the solution was approximately 3, and the AO concentration
was 0.01%. Staining procedure: 5-pm paraffin sections were
dewaxed (2 times for 30 minutes) and rehydrated in a de-
scending series of ethanol (100, 95, and 70%) and DW. The
dried tissue sections on glass slides were fixed with methanol
and dried in a trough with an AO staining solution (0.01%).
After 2 minutes of staining, the slides were washed gently with
DW and dried. The sections were then analysed using a Leitz
DM 2500 microscope with an external fluorescent unit (Leica
EL 6000).

Sample processing for SEM

Three representative specimens from each sample were
washed several times in pH 7.2phosphate buffer and then
fixed in Karnovsky's fixative at 4°C for 24 hours. Thereafter, the
specimens were processed according to the description of
Abdel Hafeez et al. (2016). Finally, the specimens were coated
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with gold using a JEOL -1100 E-ion sputtering device and ob-
served with a JEOL SEM (JSM — 5400 LV) at 10 kV at the Elec-
tron Microscopy Unit of Assiut University. SEM were used to
observe bacteria, either cocci or bacilli, fungi and food additive
crystals in addition to other structures.

Digitally colouring the SEM images

SEM images were digitally coloured using the Photo Filter
6.3.2 program to identify the detailed structure of different tis-
sues and organs on the same electron micrograph. The meth-
ods used were developed by Abdel Hafeez et al. (2016); Abdel
Hafeez and Soliman (2016 and 2017); Soliman and Abdel
Hafeez (2016) and Soliman et al. (2017).

Results

Using specific stains, the articular cartilage and growth
plate contained proteoglycan. The hyaline cartilage matrix was
stained green by Crossman's trichrome and blue by AB pH
2.5/PAS. White fibrocartilage and elastic fibers were stained
dark blue or black, respectively, by the VVG stain. Bone tissue
was shown by bromphenol blue as a matrix containing protein
stained purple by the AB pH 2.5 /PAS stain, black by the VVG
stain, while red by Van Gieson'’s. The nuchal ligament was con-
firmed by the VVG stain. Additionally, the collagen structure
was stained.

The smooth muscle fibers of visceral organs were stained
red by Crossman’s trichrome and Van Gieson's stains. The elas-
tic membranes of large or elastic blood vessels and muscular
or medium-sized arteries were stained black by the VVG stain.
Tendon or fascia (collagenous fibers) appeared green with
Crossman's trichrome and orange with Van Gieson's stain. The
adipose connective tissue or fat cells were stained by Cross-

man'’s trichrome stain, Van Gieson'’s stain and bromophenol
blue. The nerve trunk was stained blue with bromphenol blue.

The crystals of food additives were demonstrated by dif-
ferent stains, such as Van Gieson's stain, and were stained
brown with bromphenol blue.

Meat luncheon contained cartilage. The cartilage matrix,
which was stained green by Crossman's, was identified by the
presence of lacunae that contained the chondrocytes (Fig. 1a).
The skeletal muscles exhibited signs of degeneration, such as
loss of the nucleus, myofibrils (Fig. 1b,c) and elastic fibers (Fig.
1d). These skeletal muscle fibers stained basophilic by HE,
which may indicate skeletal disorders such as myopathy (Fig.
Te). The meat sample containing elastic fibers appeared black
by the VVG stain, and degenerated muscle fibers were recog-
nized by the loss of cross-striations (Fig. 1 f,g). The meat sam-
ple (red by Van Gieson'’s stain), which was adulterated by the
smooth muscle fibers of visceral organs, and was identified by
the characteristic spindle-shaped muscle cells with centrally
located nuclei (Fig. 1 h). A part of the nuchal ligament was
identified by the elastic fibers and fibrocartilage in which the
chondrocytes were arranged in rows (Fig. 1i,j). This identifica-
tion was confirmed by the VVG stain, which stained the elastic
connective tissue black (Fig. 1k, I). Bone tissue was identified
in the meat sample by the presence of osteocytes located in
the lacunae (Fig. 2¢, d), the sample appears black by VVG stain
(Fig. 2a, b). The unauthorised tissue found in the scanned sam-
ples of meat luncheon was nuchal ligament (Fig. 3a), and
blood vessels (Fig. 3b).

In luncheon chicken, there were unauthorised animal tis-
sues, including immature and growing long bone, which were
identified by the epiphyseal and physeal cartilages. The epi-
physeal cartilage was distinguished by randomly organised
chondrocytic lacunae. Epiphyseal cartilage was ossified at a
secondary ossification centre to form bone tissue. The physeal
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Fig. 1. Paraffin sections showing adulteration of the luncheon meat a: The meat samples contained cartilage. The cartilage matrix, which
was stained green and identified by the presence of lacunae (L, arrowhead), contained chondrocytes. b, ¢, d: The skeletal muscles (SK.M.
F) exhibited signs of degeneration, such as loss of the nucleus and myofibrils. Note the elastic fiber: The skeletal muscle fibers stained by
HE were basophilic (arrowheads), which may indicate skeletal disorders such as myopathy. f,g: The degenerated muscle fibers that were
recognized by the loss of cross-striations. Note the elastic fibers (arrowheads). h: The smooth muscle fibers of the visceral organs were
identified by the characteristic spindle-shaped muscle cells that had centrally located nuclei. i, j: A part of the nuchal ligament that was
identified by the elastic fibers (double arrow) and the fibrocartilage in which the chondrocytes (arrowheads) were arranged in rows. k, I: A
part of the nuchal ligament that was identified by the elastic connective tissue that stained positive for VVG. Note the elastic fibers (arrow).
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cartilage was identified by the hypertrophic zone through
which endochondral ossification occurred

The unsanctioned animal tissue in a beef burger was from
heart muscle and was recognized by cardiac muscles that had
a branched architecture (Fig. 4a). The meat samples were adul-
terated by elastic artery, which was recognized by the elastic

fibers stained purple with the HE stain (Fig. 4b) and a part of
hyaline cartilage, which was identified by chondrocytes lo-
cated in the lacunae (arrowhead) and embedded in the carti-
lage matrix stained blue by AB pH 2.5 / PAS and PAS stain (Fig.
4c¢). The cartilage matrix. Spongy bone was stained purple by
AB pH 2.5/ PAS and was perceived by haematopoietic spaces

_- o

Fig. 2. Paraffin sections showmg adulteration of luncheon meat a, b,c,d: A part of bone tissue, WhICh was recogmzed by the lacunae in
which the osteocytes were located (arrows).

Fig. 3. SEM image showing the adulteration of the luncheon meat a-b: A part of the nuchal ligament, which was identified by fibrocartilage
that consisted of collagen fibers (brown coloured) and rows of chondrocytes (blue coloured). a, b: The meat samples contained blood
vessels.

Fig. 4. Paraffin sections showing the adulteratlon of the beef burger a: A part of the heart, which was recognized by cardiac muscles that
had branched architecture. b: The meat samples were adulterated by an elastic artery, which was recognized by the elastic fibers. c: A part
of hyaline cartilage, which was identified by chondrocytes located in the lacunae (arrowhead) and embedded in the cartilage matrix (arrow).
d: A part of the articular hyaline cartilage. e: Spongy bone, which was recognized by haematopoietic spaces and bone trabeculae (arrow)
that contained osteocytes located in the lacunae (arrow head). f-i: The meat samples were adulterated by lung tissue, which was identified
by the alveolar architecture (arrowheads).
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and bone that contained osteocytes in the lacunae (Fig. 4e).
Lung tissue was identified by its alveolar architecture (Fig. 4 f-
i). A part of the growth plate of a growing long bone of an im-
mature animal in which the hypertrophic zone of the growth
plate underwent endochondral bone formation was identified
(Fig. 5a, b). A part of growing bone of an immature animal.
Endochondral bone formation is a mechanism by which car-
tilage is replaced by bone tissue. Osteocytes were located in
the lacunae (Fig. 5 c-f). The cartilage matrix exhibited a ba-
sophilic affinity, while the bone matrix had an acidophilic affin-
ity for the HE stain.

The meat sample contained large sized artery or elastic
artery (Fig. 7 a, b) and a part of hyaline cartilage, which was
identified by the presence of chondrocytes embedded in the
cartilage matrix and was stained red by Van Gieson’s stain (Fig.
7¢). A portion of a tendon was distinguished by regularly
arranged collagen fibers stained red by Van Gieson's stain and
green by Crossman's trichrome stain (Fig. 7 d-f). fat tissue was
identified. Degenerated skeletal muscles were identified by
the loss of myofibril cross-striations and nuclei. These obser-
vations confirmed that the scanned samples were adulterated
by animal tissue. The meat samples were adulterated by elastic

tissue (violet coloured) and skeletal muscle (Fig. 8a). The skele-
tal muscle had very distinct myofibrils (Fig. 8b) surrounded by
collagen fibers (Fig.8 c). Fat cells (Fig.9 a), and skeletal muscle
that contained a large vein (Fig. 9b).

The scanned meat samples of the beef burger were con-
firmed to be adulterated by animal tissues, such as elastic tis-
sue, which was identified by elastic fibers with branched
features (Fig. 6a), and lung tissue, which was identified by its
alveolar architecture (Fig. 6b).

The sausage by an elastic artery. A part of the nuchal lig-
ament, which contained elastic tissue and fibrocartilage, was
identified. The fibrocartilage was recognized by the alignment
of chondrocytes in rows. Degenerated fibrocartilage, which
exhibited degeneration of the cartilage matrix, was found. The
meat samples were adulterated by elastic tissue and collage-
nous connective tissue with an irregular shape that is charac-
teristic of the capsule of parenchymatous organs.

A part of a skeleton was identified. Bone tissue was rec-
ognized by bone cells and haematopoietic cells (Fig. 10a), and
osteocytes were found in the lacunae (Fig. 10b). The meat
sample contained bone, which was stained blue with bro-
mophenol blue (Fig. 10c).

Fig. 5. Paraffin sections showing the adulteration of the beef burger a,b: A part of the growth plate of a growing long bone of an immature
animal. Note that the hypertrophic zone (arrow) of the growth plate underwent endochondral bone formation (arrowheads). c-f: A part of
the growing bone of an immature animal. The endochondral bone formation is a mechanism by which the cartilage is replaced by bone
tissue (arrow). Note the osteocytes located in the lacunae (arrowheads).

Fig. 6. SEM image showing the adulteration of the beef burger A: The elastic tissue (pink coloured) was identified by elastic fibers that
have branched features. b: The meat samples were adulterated by lung tissue, which was recognized by the alveolar architecture (violet

coloured).
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Fig. 7. Paraffm sections showmg the adulteration of the beef burger a, b: The meat sample was adulterated by a Iarge artery or elastic
artery, which was recognized by the elastic fibers (double arrowhead) predominating in the tunica media. ¢: The meat sample contained a
part of the hyaline cartilage (arrow), which was identified by the presence of chondrocytes embedded in the cartilage matrix. d-f: A part of
a tendon was distinguished by the regularly arranged collagen fibers.

- DEBELE

Fig. 8. Digitally colored scanned electron micrograph showing the adulteration of beef burger. A: meat samples were adulterated by elastic
tissue (violet colored), skeletal muscle (red colored). B: skeletal muscle (red colored) had well-distinct myofibrils. C: skeletal muscle (blue
colored) surrounded by collagen fibers (pink colored).

Fig. 9. Digitally colored scanned electron micrograph showing the adulteration of beef burger with animal tissue. a: The meat samples
were adulterated by fat cells (Pink colored). b: meat samples were adulterated by skeletal muscle (red colored) that contained Large vein
(brown color).
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Fig.10. Paraffin sections showmg the adulteration of sausage with animal tissue.a-c: The bone tissue of spongy type that was identified by
hemopoietic spaces (arrows).
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Meat containing fibrocartilage, Spongy bone tissue and
hyaline cartilage. The scanned meat samples of sausage were
confirmed to be adulterated by animal tissues. A part of a
skeleton was identified. Bone tissue was recognized by bone
cells, haematopoietic cells, and osteocytes in the lacunae, the
cartilage was identified by chondrocytes located inside the la-
cuna and surrounded by cartilage matrix (Fig.11 a,b) and a
nerve trunk that contained several axons (Fig. 11 c,d).

Minced meat was adulterated with animal tissue. The meat
samples were adulterated by adipose tissue (fat) and collage-
nous connective tissue. The meat samples contained degen-
erated skeletal muscles that had lost the myofibril
cross-striations, collagenous connective tissue (tendon), and
degenerated skeletal muscles that had lost the myofibril cross-
striations and nuclei. Additionally, the meat samples contained
a muscular artery, a part of the nuchal ligament with notable
zigzag-shaped fibers, was present, indicating the presence of
elastic fibers and a wall of visceral organ was recognized by a
thick layer of smooth muscle fibers (Fig. 12a).

The scanned minced meat samples were contaminated by
fungi (Fig 12 b,c). Bacteria and yeast contamination was de-
clared in also were adulterated by fibrous tissue (Fig. 13a).

Kofta from showed evidence of adulteration by degener-

%mmn hl{:rogléplﬁa Acridine orange

ated skeletal muscle that had lost the cross-striation. elastic
tissue that could be a part of the nuchal ligament, adipose
connective tissue and spongy bone tissue identified by
haematopoietic spaces. The cardiac muscles were recognized
by their branching architecture.

Discussion

The diversity of the finished meat products in the con-
sumer market in Egypt is quite great, but a large number of
products vary in quality. As such, quality control of meat and
meat products is very important (lyubchyk et al,, 2015). Man-
ufacturers have a duty to make certain that the meat product
quantity is in agreement with the requirements of regulation
EC No. 853/2004/10) (Malakauskiené et al., 2016).

Recently, the single most troublesome issue that has be-
come visible worldwide is meat adulteration (Sadeghinezhad
et al,, 2015), which violates food safety, health regulations and
religious beliefs. In addition to the alarming increase in food
authentication within the last few decades, there has been a
noticeable frequency in false labelling and undeclared utilisa-
tion of food additives or other contents to replace the skeletal
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Fig. 11. Paraffin sections showing the adulteration of sausage a-b: meat samples were adulterated by nerve trunk (arrows) that contained

several axons.
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Fig. 12. Paraffin sections showing the adulteration of minced meat. a: A wall of the visceral organ. Note the thick layer of smooth muscle
fibers. b, c: Digitally colored scanned electron micrograph showing fungal contamination (blue colored).

Fig. 13. Digitally colored scanned electron micrograph showing the adulteration of minced meat a: Meat sample contaminated by bacteria
and yeast (brown colored) and adulterated by fibrous tissue (violet colored).
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Table 2. The percentage of unauthorised tissues according to the whole number of samples from the meat products.

The percentage of unauthorized tissues in meat samplas

Smooth

Product name Ne. Muchal Nerve | CEIIII?L. muscle DEEEHTEE‘ Growing B

hzament trunk ung [mses (visceral £ S hone e
= (heart) it muscles

Luncheon meat 30 100%% - 2 = 0% 100% 100%

Luncheon chicken in - - - - - - 100%

Sausage 100 0% 0% - i 2 100% 100%

Beef burger 100 2 - 25% - 100% %% 50%

hinced meat 100 s - 2 2 2 100%%

Kofta 30 100% - = 50% = 100% 100%

muscles in meat products to earn economic benefits (Orduna
et al, 2015). Accordingly, precise methods can be utilised to
quantitatively and qualitatively analyse the ingredients in
processed meat products to solve the authentication problem
in the meat industry. Microbiological and chemical methods
alone could not be used to assess the properties of meat
products. Depending on the histology of the sample, histo-
logical techniques could be used to directly identify other tis-
sues in addition to meat and changes in the structure of meat
(Sadeghinezhad et al., 2016). Therefore, research tools are
needed to judge the quality or quantity of meat products.

The meat products analysed in this research are popular
in Egypt, as shown by the regular increase in their manufac-
turing and selling capacity over time (Latorre et al., 2015). Con-
sequently, this study assessed the quality of these popular
meat products by detecting the presence of unpermitted tis-
sues in different foods available to the public in Egypt
(Lyubchyk et al.,, 2015).

The composition of the products examined in this study
showed that all the suppliers of these meat products did not
completely honour the standards of hygiene, food adjustment
and products of high quality (Tremlova and Starha, 2003).

The presence of unallowed tissues that were combined
with minced meat, sausages, burgers, koftas of beef and
luncheon meat of beef and chicken was revealed by image
analysis. Those unallowed tissues included skeletal muscles,
cartilage, connective tissue, bone, nerve fibers, adipose tissue,
growing bone, nuchal ligament, smooth muscles, alveolar
elastic tissue and fibrous tissue. Furthermore, the minced meat
was contaminated with different types of bacteria and fungi.
All the unauthorised tissues, whether edible or inedible, could
cause a risk to humans. For these reasons, the criteria estab-
lished by the International Commission on Microbiological
Specifications for Foods (ICMSF) have been extensively used
for estimating the hygienic quality of edible offals (Roberts et
al., 1996). All contaminations could be a major cause of food
poisoning in humans (Scallan et al., 2011).

Various studies have evaluated unauthorised tissues in
meat products. In agreement with results from the present
study, according to the histological evaluation performed in
the USA (Prayson et al., 2008b), adipose tissues, connective
tissue, cartilage, blood vessels, and bone and peripheral
nerves were observed. Dayyani et al. (1998) detected histo-
logically smooth muscles in meat products. Latorre et al.
(2015) detected different ratios of unpermitted tissues, includ-
ing cartilage, heart muscles, bone, spleen, lymph node and
oesphagus, in different sausage samples from Iran. Another
study (Sepehri Erayi 2008) showed unauthorised tissues as
nerves, cartilages, blood vessels and adipose tissues.

The results of the present study reported the presence of
nuchal ligament in samples of luncheon meat, sausage plus
kofta, agreed with those of Dayyani et al. (1998) who identified
nuchal ligament in a heated Iranian sausage, revealing the util-
isation of meat received (gained) from a butchered animal's
head in processed meat. They also reported the presence of
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the salivary gland, which is in the head; however, it could not
be detected in the current study. We suggest that this differ-
ence is due to the fact that sections were taken randomly from
the used organ. Brain tissue could carry infectious agents that
might be transferred to consumers (Abdel Hafeez et al., 2016).
Moreover, the present study showed the presence of a nerve
trunk in sausage. One of the important views on forbidden tis-
sues, such as the spinal cord and brain, is that they can hold
infectious agents that are harmful to consumers (Herde et al.,
2005). In addition to a rigorous hygiene examination, other
new issues regarding ready-to-eat meat require attention.
Bovine spongiform encephalopathy (BSE) belongs to a family
of diseases known as transmissible spongiform en-
cephalopathies (TSEs), which were developed from the build-
up of abnormal prion proteins in the brain and central nervous
system. TSE causes a variant form of Creutzfeldt-Jacob disease
(vCJD), which leads to death in humans. As a result of this dis-
ease, certain tissues of cattle (spleen, tonsils, intestine, mesen-
tery, spinal cord and full head) that are uttermost likely to
contain the BSE agent are categorised as SRMs and must be
excluded and destroyed to avoid involving either humans or
animal food chains (Toldra et al., 2012). Recently, the Food and
Drug Administration (FDA, 2004) declared rules to avoid the
spread and establishment of BSE in the United States, inclusive
of the injunction on the use of high-risk cattle-derived mate-
rial that could hold SRMs. The materials are the skull, brain,
spinal cord, eye, terminal ganglia, vertebral column at the root
of ganglia, vertebral column, spinal cord, distal ileum and
small intestine of all cattle (FDA, 2004).

None of the examined samples were adulterated with hol-
low organs, an observation that is not in agreement with the
study by Abdel Hafeeze et al. (2016). Ince and Ozfiliz (2018)
stated that alveolar tissues were detected in Turkish-type
sausage samples. However, this study differs from that of Ayaz
et al. (2007) in that no alveolar structures were found in the
lung; only bronchi structures were detected, and this discrep-
ancy revealed differences caused by random sampling.

The smooth muscle fibers of visceral organs were detected
in the luncheon meat samples. The degenerative muscle fibers
of the heart were detected in the kofta samples, these findings
are in accordance with those of Inal (1992), who reported that
the muscle cells of intestinal mucosa and heart muscles were
detected in salami and sausage samples.

The obtained results showed that immature or growing
long bone was present in samples of luncheon chicken and
beef burger, indicating that these meat products were adul-
terated by dead foetuses. Foetal flesh is not allowed in meat
due to its soggy appearance and low quality. Additionally, it
results from abortions that may be caused by diseases and
could severely contaminate the food supply and infect the
consumers (Abdel Hafeez et al., 2016).

The appearance of bone tissue in the luncheon meat, beef
burger, sausage and kofta samples (all the sample types, ex-
cept luncheon chicken) was frequent, as mentioned by
Tremlova and Starha (2003), who quantified bone tissues in
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meat products by image analysis. Bone pieces do not ordinar-
ily exist in meat products, so their presence is uncommon and
can reveal the trouble of minimally processed meat material
(Pospiech et al., 2011), which truly affects the quality of meat
products.

The skeletal muscle fibers in the luncheon meat indicated
skeletal disorders due to different diseases, such as myopathy
(Valentine, 2008). The study revealed the existence of degen-
erative muscle in all type of samples except luncheon chicken.
Consumers need to know about processed food and the dif-
ferences between the 1=t type of skeletal muscle (slow con-
tracting, dark fiber) and the 2" type (fast contracting, light
fiber). This knowledge is important because the detection of
meat softness depends on the percentage of various fiber
types according to the proportion of light and dark fibers (Pi-
card et al., 1998). Additionally, the proportion of light and dark
fibers is a fitting metric for adult and foetal meat detection.
The skeletal muscle of a bovine foetus contains primarily more
dark fibers than light fibers (Crosier et al., 2002). Buche and
Manron (1997) evaluated meat quality through image analysis
to determine the marbling of meat or to measure the different
muscle fiber parameters that are beneficial.

Conclusion

This research approves the use of common histological
methods and scanning electron microscope to detect adulter-
ation of processed meat. Histological methods detect adul-
teration of processed meat by different tissues including
nuchal ligament, large elastic blood vessels, muscular artery,
elastic fibers, lung, cardiac muscle fibers, tendon, spongy
bone, bone of immature animals, adipose tissue, cartilage and
smooth muscle of visceral organs. SEM is valuable in detecting
contamination by bacteria and yeast. Fluorescence microscopy
is an effective method for the detection of adulteration using
bone and cartilage.
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