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Histological Detection of Unauthorized Herbal and Animal Contents 
in Some Meat Products

The quality assurance of meat products is very important for human health protection. In this study, 50 samples 
from burger, kofta, and sausage were examined histologically for the detection of adulteration. Histological 
sections from the three meat products were stained with hematoxylin and eosin stain. Adulteration by unautho-
rized plant and animal tissues was detected microscopically. The results revealed that burger was adulterated 
with lung, heart, connective tissue, smooth muscles, cartilage, and plant tissues. Burger samples showed par-
asitic infection with sarcocystis within skeletal muscles. Kofta was adulterated with lung, connective tissue, 
smooth muscles, cartilage, blood vessels, and plant tissues. Sausage was adulterated with intestine, connective 
tissue, smooth muscles, cartilage, blood vessels, fat, and plant tissue. This study confirms the availability of 
histological examination in detecting adulteration of meat products and parasitic infection. 
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INTRODUCTION

The meat industry became distributed worldwide. Meat 
product consumption has increased due to modern manufactur-
ing techniques which provide good taste and low prices for con-
sumers (Maghami et al., 2022). Confirmation of meat products’ 
compatibility with general hygienic standards is very necessary 
for human health preservation (Trienekens and Zuurbier, 2008). 
Adulteration of meat products increased to reduce their prices 
more than the original meat. Therefore, adulteration of these 
meat products was confirmed by several methods. Meat product 
adulteration could be detected by DNA analysis (Kang and Tana-
ka, 2018; Cottenet et al., 2020). protein analysis for the detection 
of less valuable additives such as blood, connective tissue, and 
plasma (Jiang et al., 2018). Small molecules metabolites analysis 
could be used for differentiation between different meat species 
(Lim et al., 2017). DNA, protein, and small molecules metabo-
lites analysis methods are time-consuming and invasive (Wang 
et al., 2018). Therefore, researchers developed non-destructive 
technologies via spectroscopic analysis for detecting adultera-
tion (Rady and Adedeji, 2018; Shaltout et al., 2020b).

Histological examination was confirmed to be suitable for the 
detection of adulteration of meat products (Abd-Elhafeez et al., 
2022). Histology is an accurate technique in detecting adulter-
ation by using frozen-thawed smoked salmon instead of fresh 
salmon industry (Pezzolato et al., 2020). As well as, unauthorized 
tissue could be detected microscopically such as the lung, heart, 
intestine, ligaments, blood vessels, connective tissue, and plant 
tissue (Mokhtar et al., 2018; Abdel-Maguid et al., 2019). There-

fore, histology is an accurate rapid, and cheap method for the 
detection of adulteration in the food industry. The present study 
aimed to detect the adulteration of three meat products (burger, 
kofta, and sausage) via histological methods. 

MATERIALS AND METHODS

Sampling 

This study is performed on kofta, beef burgers, and oriental 
sausage.  The three meat products were collected from a com-
mercial hypermarket of the same brand name. The meat prod-
ucts were obtained from a local market (Giza, Egypt). The experi-
ments were performed on fifty meat products. 

 
Histological examination 

Three random samples were collected from each meat prod-
uct and preserved in 10% neutral buffered formalin for one week. 
Then the samples were dehydrated, cleared, and embedded in 
paraffin wax. Serial sections 5µm each were cut via a microtome 
for further hematoxylin and eosin staining. The photos were 
captured via Leica light microscope. The histological procedures 
were according to Bancroft and Gamble (2008).
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RESULTS

The present study demonstrated the availability of micro-
scopical examination for the detection of adulteration of meat 
products by unauthorized tissue. In general, the amount of 
skeletal muscles in the three meat products was lower than the 
amount of unauthorized tissue (Fig. 1). The skeletal muscle fi-
bers are characterized by striated muscle fibers with a peripheral 
elongated nucleus in longitudinal sections. Adulteration by the 
addition of lung, plant tissue, cartilage, and fat were observed in 
the burger, kofta, and sausage samples (Fig. 1A-C). 

In burger, several unauthorized tissues were noticed in 
sections observed by light microscope (Fig. 2). Cardiac mus-
cles (heart) were noticed with their characteristic striated and 
branched muscle fibers (Fig. 2A).  Connective tissues (collagenous 
fibers) were observed (Fig. 2B). Smooth muscles of the internal 
organs were detected in burger samples (Fig. 2C). Sarcocystis 
parasitic infection was found in cross sections of skeletal muscles 
(Fig. 2D).  Several sections showed different kinds of plant tissue 

including palisade and extrudate of soya, dicot leaf, and other 
kinds (Figs. 2E-I).

In kofta, dense regular bundles of collagen fibers were ob-
served (Figs. 3A, and B). Smooth muscles of the internal organs 
were observed (Fig. 3C). Lung tissue was added to kofta samples 
(figure not shown). Several blood vessels were noticed in kofta 
sections (Fig. 3D). Hyaline cartilage (Fig. 3E) and three parts of the 
soya plant (palisade, extrudate, and cotyledon cells) were noticed 
(Figs. 3E and F). Other kinds of plant tissues were added to the 
kofta samples including onion (Figs. 3G, H, and I). 

In sausage, intestinal villi were detected (Fig. 4A). Smooth 
muscles (Fig. 4B), connective tissue, blood vessels, and fat were 
also noticed. Several kinds of plant tissues including soya with 
food additives were added to sausage (Figs. 4C-I) 

DISCUSSION

The obtained results indicated the addition of several unau-
thorized tissues in meat products. Recently food fraud increased 
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Fig. 1. Photomicrograph shows H&E staining of burger, kofta, and sausage. The figure shows cross sections of skeletal muscles (SK) and tissue adulteration by unauthorized tissue including 
lung tissue (L), plant tissue (pt), hyaline cartilage (arrow), and fat tissue (F). 

Fig. 2. Photomicrograph shows H&E staining of burger samples for detection of tissue adulteration with unauthorized tissue. (A) photomicrograph of cardiac muscle (H). (B) photomicro-
graph of connective tissue (ct).  (C) photomicrograph of smooth muscle (sm). (D) photomicrograph of sarcocystis (arrows) within skeletal muscles (SK). (E) photomicrograph of palisade 
tissue of soya (p). (F) photomicrograph of palisade tissue (p) in between extrudate of soya. (G) photomicrograph of plant tissue (pt). (H) photomicrograph of Dicot leaf (DL). (I) photomi-
crograph of plant tissue.
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via the use of unauthorized tissue to increase meat industry prof-
itability (Ruiz Orduna et al., 2015; Li et al., 2020). Several govern-
ments established food safety strategies to protect consumers 
from food fraud (Charlebois et al., 2016; Sammut et al., 2021). 
Histology has proved to have a valuable role in the detection 
of meat product adulteration. Our results indicated adulteration 

by unauthorized tissues including lung, heart, smooth muscles, 
bundles of connective tissue, hyaline cartilage, intestine, fat, and 
plant tissues. Following our results, Mokhtar et al. (2018) showed 
adulteration of minced meat and sausage by the addition of 
the heart, intestine, lung, fascia, thyroid gland, bone, cartilage, 
and plants. Additionally, Abdel-Maguid et al. (2019) illustrated 
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Fig. 3. Photomicrograph shows H&E staining of kofta samples for detection of tissue adulteration with unauthorized tissue. (A) and (B) photomicrographs of connective tissue (ct). (C) pho-
tomicrograph of smooth muscle (sm). (D) photomicrograph of blood vessels (bv). (E) photomicrograph of extrudate of soya (EX) and hyaline cartilage (C). (F) photomicrograph of palisade 
tissue (p) and cotyledon cells (CO) of soya. (G) plant tissue (pt), (H) epidermal cells of onion peel, and (I) photomicrograph of an onion root.

Fig. 4. Photomicrograph shows H&E staining of sausage samples for detection of tissue adulteration with unauthorized tissue. (A) photomicrograph of intestinal villi (arrow). (B) photomi-
crograph of smooth muscle (sm). (C) plant tissue (pt), (D) cucumber seeds, (E), and (F) show plant tissue (pt) within sausage samples. (G) photomicrograph of palisade tissue of soya (p). 
(H) photomicrograph of plant tissue with food additives (fa) has a brown color. (I) photomicrograph of plant leaf containing mesophyll (m).
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adulteration with the nuchal ligament, lung, heart, tendons, fat, 
smooth muscles, cartilage, and blood vessels.

Both histological and ATPase enzyme activity were used for 
the detection of adulteration in different meat sandwiches (ha-
wawshi, kofta, and shawerma) in New Valley City, Egypt. Several 
tissue types were detected histologically including lung, blood 
vessels, cartilage, spongy bone, adipose tissue, heart muscles, 
lymphatic tissue, and plant materials. ATPase enzyme activity 
detected the presence of dark (slow contracting) fetal tissue in 
comparison to light (fast contracting) adult muscle fibers (Abdel 
Hafeez et al., 2016). Chicken gizzard and soya were detected via 
histological examination of minced beef meat. Therefore, histol-
ogy is an effective technique for the detection of adulteration in 
minced meat (Sadeghinezhad et al., 2016).

Ready to eat kofta and hawawshy sandwiches were found 
to be adulterated by chicken meat and other foreign tissues in 
Assiut city, Egypt  (El-Aziz, 2018). As well as adulteration by the 
addition of heart muscles, smooth muscles of hollow organs, 
cartilage, bone, lung tissue, thyroid gland, intestinal tissue, pro-
ventriculus, tendons, ruminant stomach, brain, and nerve trunk. 
Furthermore, plant tissue was used including poppy seeds, cysts, 
and parts of parasites. This adulteration was confirmed histo-
logically in meat products randomly collected from supermar-
kets in Assiut city, Egypt (Mokhtar et al., 2018). In Iran sausage, 
minced meat, and hamburger were adulterated by the addition 
of smooth muscles, gizzard, glandular tissue, nerves, adipose 
tissue, skin, cartilage, bone, tendons, and plant tissue (Maghami 
et al., 2022). Adulteration of low and high-priced meat products 
was confirmed following histological examination by light, scan-
ning electron microscope (SEM), and fluorescence microscope in 
Sohag City, Egypt. Several tissues were used for meat products 
adulteration including cardiac muscles, cartilages, bone, and lig-
aments, tendons, and arteries. As well as, bacterial contamination 
was recognized (Abd-Elhafeez et al., 2022). 

For confirming the suitability of meat products for human 
consumption they should be evaluated for microbial, fungal 
(Hassanien et al., 2018; Shaltout et al., 2020a) and parasitic con-
tamination. This study confirmed sarcocyst infection of skeletal 
muscles in beef burger. Consumption of infected meat products 
could affect human health and lead to the spread of pathogens 
(Mavi et al., 2020). Sarcocystis hominis infect beef muscles and 
is pathogenic to the human when consumed via cyst-laden in 
undercooked meat (Pritt et al., 2008). 

CONCLUSION

This study proves the presence of food fraud by unauthorized 
tissue in burger, kofta, and sausage. Cardiac muscles, smooth 
muscles, lung tissue, connective tissue, blood vessels, hyaline car-
tilage, fat, and several kinds of plant tissue especially soya were 
detected in meat products. As well as parasitic infection by sar-
cocystis was observed in burger samples. Hematoxylin and eosin 
histological staining is a cheap, rapid, and valuable method for 
the detection of food fraud. 
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