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Purpose of the study: This study aims to determine the effects of pork (Sus
scrofa domesticus) and beef (Bos taurus) consumption on total cholesterol levels
and the histopathological structure of the heart in male ICR mice (Mus
musculus).

Methodology: This study employed an experimental laboratory design using a
Completely Randomized Design (CRD). Fifteen male ICR mice (Mus
musculus), aged 2-3 months and weighing 25-30 g, were divided into control,
pork-fed (Sus barbatus), and beef-fed (Bos taurus) groups. After 30 days of
treatment, blood samples were analyzed for total cholesterol levels, and heart
tissues were examined histologically using the Hematoxylin-Eosin (HE) staining
method. Data were analyzed statistically using SPSS.

Main Findings: Pork consumption increased total cholesterol in male ICR mice
to 704 mg/dL. Beef-fed mice showed moderate cholesterol levels (319-321
mg/dL), while the control remained normal (114 mg/dL). Heart weight was
highest in the pork group (0.25 g). Histopathology revealed fat cell accumulation
only in pork-fed mice, with normal heart structures in both control and beef-fed
groups.

Novelty/Originality of this study: This study uniquely investigates the direct
impact of pork consumption on total cholesterol levels and cardiac
histopathology in male ICR mice. It provides new evidence of fat accumulation
in heart tissue due to pork intake, contributing to early detection of dietary-
induced cardiac risks and expanding current understanding of food-based
cardiovascular effects in animal models.
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1. INTRODUCTION

Food safety is one of the essential aspects that must be considered in daily consumption. The public is
becoming increasingly aware of the importance of paying attention to the nutritional content and the long-term
effects of the food they consume, particularly in relation to metabolic health and the function of vital organs [1]-
[3]. One of the critical issues in food safety is the clarity of ingredient composition, including fat content and the
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animal origin of food products [4]-[6]. Several cases involving the discovery of pork fat in food and beverage
products highlight the urgent need for stricter supervision of the food industry.

One particular pig species that has drawn attention in the context of food consumption is Sus barbatus,
commonly known as the bearded pig. This species is known for its high fat content and physiological
characteristics that may influence the nutritional quality of its meat [7]-[9]. Although the texture and taste of Sus
barbatus meat may be appealing to some consumers, its consumption poses potential health risks, particularly
related to lipid metabolism [10], [11]. Pork generally contains high levels of saturated fat, which can raise blood
cholesterol levels and promote the formation of arterial plaque [12], [13]. This condition increases the risk of
cardiovascular diseases, including atherosclerosis, hypertension, and heart attacks..

Meat consumption—especially red meat from terrestrial animals—significantly affects consumers'
nutritional status and metabolic health. Saturated fats, which are abundant in animal-based products, can raise total
cholesterol and low-density lipoprotein (LDL) levels, both of which play key roles in the development of
atherosclerotic plaque [14], [15]. Moreover, a high-fat diet without adequate fiber intake may further worsen blood
lipid profiles [16], [17]. Numerous studies have linked red meat consumption with an increased risk of
degenerative diseases such as coronary heart disease and dysfunction of vital organs [18], [19].

Cholesterol is one of the biomolecules that plays a crucial role in the pathophysiology of cardiovascular
disease [20], [21]. A 2002 World Health Organization (WHO) report estimated that hypercholesterolemia was
responsible for approximately 4.4 million deaths annually worldwide [22], [23]. Elevated cholesterol levels can
lead to the narrowing and hardening of blood vessels (atherosclerosis), which can severely impact heart function
[24], [25]. Previous studies have shown that the consumption of red meat, including from certain pig species,
contributes to increased total cholesterol levels and organ dysfunction, either through histopathological alterations
or systemic inflammation.

Research by Jahan et al. [26] showed that consumption of fat from beef significantly increased total
cholesterol levels, LDL, and caused histological changes in the liver of mice. Meanwhile, another study conducted
by Morrison et al. [27] confirmed that animal fat from pork and beef exacerbates atherosclerosis and increases
inflammatory mediators in the blood. This fact is supported by the findings of Li et al. [28], which shows that red
meat consumption not only affects lipid metabolism but also disrupts the balance of gut microbiota, which has
systemic effects on health.

Studies on the health effects of Sus barbatus meat consumption remain very limited, particularly in the
context of experimental trials using animal models. The novelty of this study lies in its specific focus on directly
evaluating the impact of Sus barbatus meat consumption on total cholesterol levels and the histological structure
of the heart in male ICR strain mice (Mus musculus). By utilizing both biochemical and histopathological
parameters, this research aims to provide relevant and in-depth empirical data regarding the potential
cardiometabolic risks associated with consuming bearded pig meat.

The urgency of this study continues to grow in line with the increasing need for scientific evidence to
support decision-making in food safety, as well as strategies for preventing degenerative diseases through better
regulation of animal protein consumption. This research contributes to the existing body of knowledge by
addressing a specific gap in the literature and by providing a foundation for further investigations into the health
implications of consuming meat from non-conventional animal sources.

2. RESEARCH METHOD

This study is a qualitative research with an experimental approach, which applies the principles of control
over variables that influence the course of the experiment [29], [30]. The research was conducted at the
Biopharmaceutical Laboratory, Faculty of Pharmacy. The experimental animals used were male ICR mice (Mus
musculus), aged 2—-3 months and weighing 25-30 grams. The variables in this study consisted of two types: the
independent variable (types of meat: Sus barbatus and Bos taurus) and the dependent variables (lipoprotein levels
and cardiac histopathology of the mice).

The data collection method used in this study was a laboratory experiment. The tools used included mouse
cages, nipples, feeding containers, gloves, masks, a digital scale, surgical instruments such as dissection boards,
petri dishes, tweezers, glass slides, scalpels, plastic, 1 cc syringes, venoject tubes, a centrifuge, a microtome, and
a digital camera. The materials used included standard AD1 feed, husks, water, 15 adult male mice, pork (Sus
barbatus) and beef (Bos taurus) meat, ether, 10% formalin, absolute alcohol I, II, III, acid alcohol, xylol I, II,
canada balsam, egg albumin, paraffin I, I, Hematoxylin-Eosin (HE) staining solution, and distilled water.

The research began with a preparation phase, which involved obtaining pork and beef from a traditional
market. The meat was diced and boiled for five minutes before being fed to the mice. Ten male ICR mice (Mus
musculus), weighing 25-30 grams and aged 2—3 months, were acclimatized for one week with standard feed. The
mice were then randomly divided into three treatment groups: a control group (standard feed only), a group fed
with pork, and a group fed with beef. Each mouse received 5 grams of meat per day. On the 30th day, blood was
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collected via the orbital sinus to obtain serum samples, which were then analyzed for total cholesterol levels using
an autoanalyzer.

The next phase involved the preparation of heart histopathology slides, performed at the anatomical
pathology laboratory using the Kiernan method. The process included tissue fixation, dehydration, paraffin
infiltration, sectioning with a microtome, and staining using the Hematoxylin-Eosin (HE) method. The prepared
slides were examined under a microscope at 100x and 400x magnification to observe histopathological changes
such as fatty degeneration (vacuolization) and necrosis. The experimental data were analyzed using a Completely
Randomized Design (CRD) and processed with SPSS software to determine significant differences between
treatment groups.

3.  RESULTS AND DISCUSSION
This study investigated the effect of Sus barbatus (bearded pig) meat consumption on total cholesterol
levels and the histopathological profile of the heart in mice (Mus musculus). The experimental animals used in this
study were 15 male mice (Mus musculus), each weighing between 24-25 grams. The animals underwent a 7-day
acclimatization period before treatment began.
Following acclimatization, treatment was initiated on the 8th day using a Completely Randomized Design
(CRD) consisting of three treatment groups:
e PO (control): received standard feed only
e  Pl: received Sus barbatus (bearded pig) meat
e  P2:received Bos taurus (beef) meat
Each group consisted of five mice.

3.1. Body Weight Measurement of Male ICR Mice (Mus musculus)

Mice exhibit a growth curve characterized by data points representing body weight over time. The growth
pattern of mice follows a sigmoid curve. There are two distinct phases in mouse growth: the first phase is the rapid
growth phase, during which the rate of body weight gain increases sharply; the second phase is the slow growth
phase, where the rate of weight gain decreases until it reaches zero, indicating that the animal has reached full
maturity. The point between these two phases is referred to as the transition point. The average initial and final
body weights of the mice are presented in Table 1.

Table 1. Average Initial and Final Body Weight of Male ICR Mice (Mus musculus)

Treatment Mean + Std. Deviation
Initial Body Weight (g) Final Body Weight (g)
PO (Control) 28.78 £0.94 32.64+0.45
P1 (Pork Meat) 26.30 £ 0.00 28.92 +2.60
P2 (Beef Meat) 2538+ 1.88 33.98 +£0.93

The results presented in Table 1 show that the control group (P0) had a relatively low initial body weight
of 28.78 grams, which increased to 32.64 grams. This result is comparable to that of the P2 treatment group (fed
with beef), which had an even lower initial body weight of 25.38 grams but showed a significant increase to 33.98
grams. In contrast, the P1 group (fed with pork) exhibited unstable weight gain, with an initial weight of 26.3
grams and a final weight of only 28.92 grams. Thus, the average weight gain in the PO and P2 groups was greater
than in the P1 group.

The increase in mice body weight was influenced by the level of feed consumption. Mice in the PO
(control) and P2 (beef) groups showed higher consumption levels as they were able to consume the feed more
optimally. Conversely, mice in the P1 (pork) group showed lower feed intake, resulting in less stable weight gain.
This is presumed to be due to the pork hardening more quickly, making it more difficult for the mice to consume.
A decrease in appetite caused by the tough texture of pork may lead to reduced weight gain and potentially affect
animal health.

Previous studies support these findings, indicating that pork consumption in mice may induce liver
inflammation [31], [32]. During the 21-day maintenance period, it was observed that mice in the pork-fed group
consistently left more feed residues each day, whereas in the beef-fed group, there were no significant feed
leftovers (as shown in Table 2).
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Table 2. Residual feed from pork consumption
Treatment Day Residual Consumption (grams)

1 -
2 12.1
3 15.12
4 10.08
5 14.0
6 15.29
7 13.29
8 13.29
9 12.32
10 15.32
11 15.02
12 15.0
13 12.29
14 12.30
15 13.26
16 11.22
17 12.0
18 12.21
19 11.42
20 -

21 13.29

Following the body weight measurements, the mice were sacrificed to collect their hearts. The heart
organs were weighed to assess differences in heart weight across the treatment groups. These results are presented
in Table 3.

Table 3. Heart Organ Weight of Male ICR Mice (Mus musculus)
Treatment Mean + Std. Deviation

Heart Weight
PO (Control) 0.09
P1 (Pork) 0.25
P2 (Beef) 0.18

The results of the heart organ weighing presented in Table 3 show that the average heart weight varied
among treatment groups. In the control group (P0), the heart weight was 0.09 grams. The P1 treatment group (fed
with pork) had a heart weight of 0.25 grams, while the P2 group (fed with beef) had a heart weight of 0.18 grams.

These differences indicate that the heart weight of mice in the control group (P0) remained within the
normal range. In contrast, the P1 and P2 groups showed cardiac enlargement beyond normal limits. This
enlargement is presumed to result from the addition of cardiac muscle tissue, particularly due to thickening of the
left ventricular wall. Ventricular wall thickening reflects a muscular response to increased cardiac workload and
potential obstruction of blood flow, which may ultimately impair optimal cardiac filling [33], [34].

This condition is referred to as cardiac hypertrophy, which represents a compensatory response to
pressure overload or volume overload, leading to increased wall tension in the cardiac muscle. Left ventricular
hypertrophy begins with an increase in myocardial contractility, influenced by the activation of the adrenergic
nervous system as part of a neurohumoral response. This is followed by an increase in venous return due to
peripheral vasoconstriction and fluid retention by the kidneys.

The resulting increase in blood volume within the vascular system raises the workload of the heart.
Subsequently, myocardial contraction diminishes due to reduced blood supply from the coronary arteries, which
is caused by arteriosclerosis and a decline in coronary flow reserve. As peripheral resistance and systolic load on
the left ventricle increase, the heart undergoes hypertrophy as a result of sympathetic nervous system activation
aimed at enhancing myocardial contractility [35].

The differences among the three treatment groups are considerable. From the data, it can be concluded
that the treatment with the most significant effect on increasing heart weight was P1, the group fed with Sus
barbatus meat.
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Figure 1. Body Weight Chart of Mice Subjected to Treatment Over 21 Days

Figure 1 illustrates the average body weight of male ICR mice that received different dietary treatments
(PO = control, P1 = pork, and P2 = beef) over a 21-day period. In Week 1, the P2 group (beef) showed the highest
mean body weight (34.17 = 0.53 g), followed by the PO control group (29.29 + 0 g), and the P1 group (pork) with
the lowest weight (27.99 £+ 0.96 g). By Week 2, the PO group continued to show an increase (31.24 + 1.23 g),
whereas the P1 and P2 groups decreased slightly to 28.55 + 1.51 g and 28.74 &+ 0.56 g, respectively. However, by
Week 3, all groups showed weight gain. The P2 group increased to 32.37 + 1.37 g, the PO group reached 31.98 +
0.49 g, and the P1 group also improved to 30.30 = 0.96 g. Overall, the P2 group (beef) maintained the highest
average weight across the study, suggesting that beef consumption more effectively supports body weight gain in
mice compared to pork. Meanwhile, although the P1 group showed an initial decrease, it eventually experienced
weight gain by the end of the treatment period.

3.2. Total Cholesterol Level Measurement and Cardiac Histopathology Examination

For the measurement of total cholesterol levels, approximately 1 ml of blood serum is required to detect
the presence of lipids in the blood. The lipoprotein level analysis in this study used samples from five mice: PO:M3,
P1:M4, P1:M5, P2:M1, and P2:M3. As shown in Table 4.3, lipid presence was detected in one of these samples.

Table 4. Results of Total Blood Cholesterol Test in Male ICR Mice (Mus musculus)

Sample Mean Lipoprotein Level Test Result
PO (Control) 1.14
P1 (Pork Meat) 7.04
P2 (Beef) 3.19

The results of the lipoprotein level test showed an increase in cholesterol levels in the blood of mice,
although not all treatments experienced this increase. Based on the average cholesterol level data in Table 4, it is
known that the PO treatment as a control, which was only fed AD1, did not increase the blood cholesterol levels
of mice and was still within the normal range, which was 114 mg/dL. Meanwhile, the highest cholesterol levels
were found in the P1 treatment which was fed pork, which was 704 mg/dL. The P2 treatment which was fed beef
had an average cholesterol level of 319 mg/dL. The increase in blood cholesterol levels was caused by the
consumption of meat that is high in fat and cholesterol. According to data from the USDA (United States
Department of Agriculture) [36], The cholesterol content in 100 grams of pork tenderloin is around 79 mg, while
lean ground beef contains around 78 mg of cholesterol.

The fat content of pork is also higher than beef. Consuming foods high in fat and cholesterol will increase
blood cholesterol levels and LDL levels. High amounts of saturated fat cause the liver to stop taking LDL, so that
cholesterol levels in the blood increase. High LDL will cause cholesterol to stick to the walls of blood vessels,
forming plaque known as atherosclerosis [37], [38]. This cholesterol buildup narrows blood vessels, increases
blood pressure, and increases the risk of coronary heart disease [39].

Fat intake exceeding 30% of total daily energy needs can disrupt fat metabolism in the blood. Therefore,
it is recommended to consume fat no more than 30% of total daily energy needs [40]. In addition to food
consumption, cholesterol levels are also affected by physical activity. Lack of physical activity or a sedentary
lifestyle can increase the risk of coronary heart disease [41], [42].
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Food consumed will be processed through digestion of carbohydrates, proteins, and lipids into glucose,
amino acids, and fatty acids and glycerol. These products are processed into acetyl CoA and oxidized through the
citric acid cycle [43], [44]. Lipids consist of triglycerides, cholesterol, and phospholipids. Triglycerides are the
most abundant type of lipid. Saturated fats are found in animal products, while unsaturated fats are found in grains,
nuts, and vegetable oils [45], [46]. Lipids function as a source of energy, heat insulators, energy reserves
(triglycerides), precursors of adrenal hormones and gonadal steroids, and raw materials for bile acids [47], [48].
Because lipids are hydrophobic, a solvent in the form of apoproteins in the form of spherical particles called
lipoproteins is needed to transport lipids in the blood [49].

Histopathological examination was conducted to assess myocardial cell damage in the heart. For this
examination, three heart organ samples were taken from each treatment group: PO, P1, and P2. Observations were
made after staining the heart tissue sections with Hematoxylin-Eosin (HE) and examining five different fields of
view within a single tissue section at 400x magnification. The results of the histopathological examination are
presented in Table 5.

Table 5. Histopathological Examination Results of the Heart in Male Mice (Mus musculus) ICR
No Organ Code Description
1  Heart Control (P0) No accumulation of fat cells observed
2  Heart  Pork (P1) Accumulation of fat cells observed
3  Heart Beef(P3) No accumulation of fat cells observed

Based on Table 5, the results of histopathological examination show that in the PO (control) and P2 (beef)
treatments, no changes in the structure of the heart tissue or the presence of fat cells in the adipose tissue were
found. In contrast, in the P1 (pork) treatment, there was tissue damage in the form of fat cell infiltration in the
adipose tissue. Figure 4 shows changes in the histopathological structure indicating cell degeneration characterized
by fat accumulation. Fat accumulation in cells is one of the characteristics of the degeneration process, where cells
experience enlargement of fat droplets that push the cell nucleus to the edge or appear like small droplets in the
cytoplasm.

The fat content in pork was recorded at 8.25%, higher than beef which only contains 4.5% fat. Excessive
intake of unsaturated fat in mice can disrupt fat metabolism. Unlike carbohydrates and proteins that are directly
metabolized in the liver, fat is first transported to adipose tissue and muscle, which contain the enzyme lipoprotein
lipase to hydrolyze fat into free fatty acids. These free fatty acids will then be carried to the liver for further
metabolic processes [50]. Cell damage due to fat infiltration causes penetration of fat cells into the cell membrane
and accumulation of intracellular fat, including between cardiac parenchymal cells.

This is thought to be a result of the transformation of interstitial tissue cells into fat cells. The free fatty
acids formed can undergo esterification into triacylglycerols, both in the liver, adipose tissue, and muscles.
Excessive fat intake causes accumulation of triacylglycerols in the muscles, including the heart muscle. This
accumulation occurs through the transport of triacylglycerol by VLDL from the liver to the circulation, then to
peripheral tissues or muscles that have the enzyme lipoprotein lipase, thereby increasing the accumulation of fat
in myocardial cells—a condition known as myocardial fatty acid.

Free fatty acids (FA) can enter myocardial cells through three main pathways. First, FA are derived from
the hydrolysis of triglycerides (TG) in adipose tissue by hormone-sensitive lipase and circulate bound to albumin.
Second, FA are produced from the intracellular hydrolysis of TG in the lipoprotein core. Third, FA are derived
from the local hydrolysis of chylomicron TG and VLDL by the enzyme lipoprotein lipase (LPL) in local
capillaries. Although the concentration of FA in TG lipoproteins is higher, it is generally believed that FA bound
to albumin is the main source of energy for myocardial cells. Images of the heart tissues from groups PO, P1, and
P2 are shown below.
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Figure 2. Histopathology of the Heart in Male ICR Mice (Mus musculus) Under Control Treatment (P0)
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Figure 4. Histopathology of the Heart of Male ICR Mice (Mus musculus) with beef treatment (P2)

The image above is an image of the heart tissue resulting from histopathological examination of the mouse
heart, where in Figure 2 with sample PO it looks normal, there are no fat cell deposits in the adipose, and for Figure
3 with sample P1 with pork treatment there are visible fat cell deposits in the organ tissue, while in Figure 4 which
was given beef treatment, the mouse heart organ is also normal, no fat cell deposits are visible.

This study provides novel evidence on the physiological impacts of Sus barbatus (bearded pig) meat
consumption compared to Bos taurus (beef) in mice, specifically highlighting its significant effect on increasing
Jou. Acd. Bio. Ed, Vol. 2, No. 1, June 2025: 16 - 25
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blood cholesterol levels and inducing histopathological changes in cardiac tissue. The findings underscore that
pork consumption, particularly from Sus barbatus, leads to higher residual feed, unstable body weight gain, cardiac
hypertrophy, and fat infiltration in myocardial cells, which are early markers of cardiovascular risk. These results
have important implications for public health and nutritional science, particularly in regions where exotic or wild
meats are traditionally consumed without comprehensive understanding of their metabolic consequences.
However, the study is limited by its small sample size and the short duration of intervention, which may not fully
capture long-term physiological adaptations or cumulative organ damage. Future studies with larger cohorts,
longer observation periods, and broader biochemical assessments are warranted to validate and expand upon these
preliminary findings.

4. CONCLUSION

Based on the findings of this study, it can be concluded that the consumption of Sus barbatus (bearded
pig) meat significantly increases total blood cholesterol levels and causes adverse histopathological changes in
cardiac tissue, such as myocardial fat infiltration and cardiac hypertrophy, in male ICR mice. In contrast, mice fed
with Bos taurus (beef) exhibited better weight gain, lower cholesterol levels, and normal heart histology, similar
to the control group. These results indicate that the high fat and cholesterol content in Sus barbatus meat poses a
greater risk to cardiovascular health. Therefore, it is recommended that future studies be conducted using a larger
sample size, extended observation period, and include additional biochemical markers (e.g., LDL, HDL,
triglycerides, inflammatory cytokines) to better understand the systemic impacts. The implications of this research
are particularly relevant for dietary health policies and public awareness in communities where wild or exotic
meats are part of traditional diets, emphasizing the need for caution and nutritional evaluation before regular
consumption.
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