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Abstract

Yak meat is rich in trace elements such as calcium and phosphorus, which can enhance human immunity and is highly favored by
consumers. Some illegal elements, in order to obtain high profits, produce counterfeit and inferior beef products, disrupt market
order, and harm public health. During the process of adapting to high-altitude environments, yaks have developed
microstructures in their muscle cells that are distinct from those of other species. This is of great significance for identifying the
species source of beef products. In this experiment, yellow cattle meat, buffalo meat, yak meat and their products were cut into
3mm Samples and soaked in 25%, 50%, and 75% defatting solutions for 15 minutes, 30 minutes, and 45 minutes respectively for
gradient defatting. According to SEM observation, there are differences in muscle filament width, sarcomere length, and
sarcomere spacing among yellow cattle meat, buffalo meat, and yak meat. Yak meat has thick muscle filaments and short muscle
segment spacing, yellow cattle has slender muscle filaments with slightly longer muscle segment spacing, and buffalo meat has
slender muscle filaments with larger muscle segment spacing. High concentration ethanol solution can affect the extensibility of
muscle filament width and sarcomere spacing. The structural differences in muscle fibers provide a convenient operating method
for species identification work and provide basic data support for public security organs to crack down on meat counterfeiting
cases.
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1. Introduction

Yaks (Bos mutus) are mainly distributed in the Qinghai
Tibet Plateau and surrounding mountainous areas. Yaks have
well-developed muscles, high blood oxygen content, and are
rich in trace elements such as calcium and phosphorus, which
help improve human metabolism and enhance immunity. Yak
meat is the main food resource for nomadic peoples and is
deeply loved by consumers. Some illegal elements, in order to
obtain high profits, use yellow cattle meat and buffalo meat to

impersonate yak meat, and use inferior beef to impersonate
high priced beef products. The prevalence of synthetic beef
not only disrupts market order and endangers public health,
but also makes it more difficult to combat counterfeit and
substandard food products and to conduct judicial appraisals.
During police law enforcement operations, identifying the
species of meat products aids in reconstructing the evidence
formation process and ascertaining the value of the items in
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question. Currently, the identification of meat product species
primarily depends on DNA molecular technology. However,
this method is time-consuming, costly, and often cannot be
completed promptly in urgent cases. In underdeveloped re-
gions lacking DNA identification facilities, samples must be
sent elsewhere for testing, posing numerous challenges to
public security investigations and forensic identification
work.

Thanks to their unique growth environment and physio-
logical traits, yaks possess coarser muscle fibers, which make
the yak jerky produced from them tough in texture and suita-
ble for long-term storage. The thickness of muscle fibers in
yellow cattle varies depending on factors such as breed and
feeding method [1]. The cellular structure of muscles, in-
cluding the arrangement of muscle cells and the integrity of
cell membranes, can be observed through SEM. In the study
of yak meat, it was found that there may be some structural
characteristics of its muscle cells during the adaptation pro-
cess to high-altitude environments, such as differences in cell
gaps compared to yellow cattle meat, which may affect the
microstructure of the muscles. In addition, the degree of
muscle fiber contraction and pore structure of beef after dry-
ing are different, which is also of great significance for iden-
tifying the species source of beef jerky products.

SEM can clearly observe the microstructure of muscle fi-
bers, adipose tissue, etc. By comparing the muscle filament
width, sarcomere length, and sarcomere spacing of each beef
sample, the source of meat can be distinguished, and a more
scientific and efficient species identification method can be
established based on this. The sarcomere is the basic func-
tional unit of muscle contraction, and the longer the sarcomere,
the greater the muscle contraction force [2]. Muscle filaments
are filamentous structures that make up muscle segments and
are the material basis for muscle contraction. The thicker the
muscle filaments, the greater the muscle contraction force [3].
The main filling material between the two internodes is fat,
and measuring the distance between the internodes can
compare the fat content of different species of beef [4]. The
observation results of SEM can also evaluate the impact of

processing and techniques on beef quality.

This study selected yak meat, yellow cattle meat, buffalo
meat and their products as samples, and observed the muscle
fiber structure using SEM to distinguish the differences in
microstructure between samples [5], providing basic data for
the identification of beef products in the future.

2. Method

We purchase fresh yellow cattle meat, buffalo meat, yak
meat and their products from legitimate markets as experi-
mental materials to ensure that the meat undergoes strict in-
spection, quarantine and quality control.

Take 5¢g of each type of sample and cut it into 3mm Ztubic
samples. Prepare degreasing solutions with concentrations of
25%, 50%, and 75% by mixing 95% ethanol solution with
pure water [6]. Soak the samples in the prepared degreasing
solution for 15 minutes, 30 minutes, and 45 minutes respec-
tively, and perform gradient degreasing. After degreasing,
rinse the sample with pure water, then use absorbent paper to
remove excess moisture, and let it air dry until half dry for
later use. Place the processed sample on the sample stage, use
S-3400N II scanning electron microscope to observe the
microstructure of muscle fibers and take photos, while re-
cording the values of muscle filament width, sarcomere length,
and sarcomere spacing of muscle fibers [7].

3. Result

3.1. Microstructure of Beef Muscle

Through pre experimental observation, it was found that
soaking the samples in ethanol solutions with concentrations
of 25% and 50% for 15 minutes to 30 minutes resulted in
better degreasing effects. Prolonged or high concentrations
can affect the integrity of muscle fibers (Figures 1 to 3).
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Figure 1. Yak meat.
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Figure 2. Yellow cattle meat.
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Figure 3. Buffalo meat.

There are differences in muscle filament width, sarcomere  thicker, and the width of the muscle filaments is significantly
length, and sarcomere spacing among yellow cattle meat, larger than that of yellow cattle meat and buffalo meat. High
buffalo meat, and yak meat. The muscle fibers of yak meatare ~ concentration ethanol solution can affect the extensibility of
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muscle filament width. The sarcomere length of yellow cattle
meat is significantly greater than that of buffalo meat, which
has more connective tissue and well-developed muscles. The
difference in sarcomere spacing results in buffalo > yellow
cattle > yak, with a slight increase in sarcomere spacing with
increasing ethanol concentration (Table 1).

No obvious sarcomere was observed in the SEM of yak

meat, suggesting that the sarcomere length of yak meat may
exceed 3mm, or the sampling point of the sample may not be
located at the sarcomere. yellow cattle meat has finer muscle
fibers, smaller diameter, and tighter arrangement with smaller
gaps between fiber bundles, while buffalo meat has thicker
muscle fibers, looser arrangement, and more connective tissue
between fiber bundles.

Table 1. Muscle fiber measurement values of yellow cattle meat, buffalo meat, and yak meat.

Muscle filament width (um)

soak
time sample The average  The average
value of 25%  value of 50%
concentration concentration
yellow cattle meat ~ 32.76 34.00
15min Buffalo meat 45.73 33.71
Yak meat 41.26 42.68
yellow cattle meat ~ 32.76 34.00
30min  Buffalo meat 4457 33.71
Yak meat 41.26 42.68

3.2. Microstructure of Yellow Cattle Meat
Products

After defatting in 25% and 50% ethanol solutions for 15
and 30 minutes, there was no significant difference in muscle
filament width and sarcomere length between beef jerky and

Sarcomere length (um)

The average
value of 25%
concentration

Intermuscular distance (pum)

The average
value of 50%
concentration

The average
value of 25%
concentration

The average
value of 50%
concentration

354.8 354.6 9.67 10.37
32.06 32.06 12.35 12.35
/ / 5.74 6.24
354.8 354.6 9.67 10.37
32.06 32.06 12.35 12.35
/ / 5.74 6.24

beef slices. However, there was no significant difference in
muscle filament width and sarcomere length between beef
jerky and beef slices after defatting at different concentrations.
Due to the processing of beef jerky and beef slices, the dis-
tance between muscle segments is severely damaged, result-
ing in significant differences (Table 2).

Table 2. Measurement of muscle fibers in beef products.

Muscle filament width

Sarcomere length (um)

Intermuscular distance Intermuscular distance

(nm) (pm) (nm)

soak

time sample The average The average The average The average The average The average The average The average
value of value of value of value of value of value of value of value of
25% con- 50% con- 25% con- 50% con- 25% con- 50% con- 25% con- 50% con-
centration centration centration centration centration centration centration centration

15mi beef jerky  30.06 30.81 351.60 351.00 31.50 27.31 9.434 9.434

min
sliced beef 31.63 31.53 354.10 354.50 3.52 3.59 / /
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4. Discussion

4.1. The Effect of Defatting Time and
Concentration on Muscle Fibers

The concentration and soaking time of degreasing solution
can affect the observation results of SEM. Designing gradient
experiments to find the most suitable concentration and time
nodes is of great significance for the accuracy of experimental
results [8]. Long term high concentration degreasing soaking
can cause damage to the muscle fibers of the sample, resulting
in the dissolution of some fat soluble substances. The loss of
fat soluble substances weakens the connections and support
between muscle fibers, making them more susceptible to
damage and decomposition [9]. (1) Ethanol can alter the spa-
tial structure of protein molecules, transforming them from
their natural folded state to an extended state. Long term
soaking may cause denaturation of structural proteins such as
myofibrillar proteins in beef, leading to a loose structure of
muscle fibers that are easily broken down. (2) Ethanol can
disrupt the phospholipid bilayer structure of the cell mem-
brane, increasing cell permeability and making it easier for
various hydrolytic enzymes inside the cell to be released
outside. These enzymes break down proteins and other
components in muscle fibers. (3) High concentration ethanol
has strong water absorption, causing severe dehydration of
cells, resulting in changes in ion concentration inside the cells,
affecting enzyme activity and biochemical reactions inside the
cells, making proteins and other substances in muscle fibers
easier to decompose under the action of enzymes. Meanwhile,
muscle fibers become fragile due to dehydration, making
them more prone to breakage and breakdown.

4.2. Characteristics of Muscles

Yellow cattle, water buffaloes, and yaks belong to the cattle
family, but due to differences in physiological functions and
living environments, there are significant differences in the
microstructure of their muscles. These differences directly
affect the tenderness and water retention of the meat, which in
turn affects people's preference for different varieties of beef
[10].

According to the differences in diameter and function,
muscle fibers can be divided into two types: coarse muscle
fibers and fine muscle fibers. The two are arranged and com-
bined according to specific rules in the sarcomere, sliding
against each other to produce muscle contraction [11]. Yaks
have thicker muscle filaments and the most developed mus-
cles, which is the result of adapting to high-altitude and
low-pressure living environments [12, 13]. As agricultural
animals, water buffaloes require better muscle contraction and
endurance for long-term labor. Yellow cattle, on the other
hand, are a more adaptable species with muscle fibers that
tend to be more flexible, hence yellow cattle meat has the
smallest muscle filament width.
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The length of the sarcomere can affect the tenderness of the
meat, and the sarcomere of yellow cattle meat shrinks sig-
nificantly, resulting in a tighter texture; Water buffalo meat
has loose and rough muscle segments. Therefore, most people
enjoy eating yellow cattle meat, which leads to the price of
yellow cattle meat being much higher than that of buffalo
meat. As a result, there have been many cases of using buffalo
meat to impersonate yellow cattle meat in the market [14].

The gaps between sarcomere intervals and filaments are
mainly filled by fat, sarcoplasmic reticulum, and capillaries.
A larger sarcoplasmic space can accommodate more mito-
chondria, which produce a large amount of ATP through
aerobic respiration, which is very helpful for long-term
low-intensity exercise in water buffaloes. During muscle
movement, larger muscle spacing can also effectively reduce
muscle contraction resistance [15].

Beef jerky is processed by air drying technology, with a
large distance between muscle segments; Beef slices, on the
other hand, are processed using compression techniques,
resulting in severe muscle damage and a significant reduction
in the distance between muscle segments. The processing
method of yellow cattle meat products does not affect the
characteristic values of muscle filament width and sarcomere
length, but it does affect the sarcomere spacing of muscle
fibers.

5. Conclusion and Recommendation

The structural differences in muscle fibers are not only a
microscopic reflection of the genetic characteristics of breeds,
but also provide data explanations for the differences in meat
quality among yellow cattle, water buffaloes, and yaks. The
structural differences observed in muscle fibers under SEM
provide a convenient operational method for judicial appraisal
work and key data support for public security organs to crack
down on meat counterfeiting cases.

Yaks are a species adapted to high-altitude survival, mainly
distributed in the Qinghai Tibet Plateau of China, and there
are also breeding populations in Xinjiang and Inner Mongolia.
We believe that yaks have developed physiological charac-
teristics adapted to low altitude survival, including cardio-
vascular, respiratory, muscle, and skeletal adaptations. But
what we are most concerned about is which lineage the yak
population adapted to low altitude comes from. Our team will
uncover the secrets between the low altitude adaptive evolu-
tion and genetic lineage inheritance of yaks in the future.
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