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Abstract

The type of dietary fat may affect blood lipids or/and obesity, leading to various diseases.
Hyperlipidemia is an increase in total cholesterol (TC), low-density lipoproteins (LDL-C),
triglycerides (TG), or all of them. Objective: This study aimed to investigate the effect of milk ghee
(MG) and hydrogenated palm oil (HPO) on plasma lipids and white adipose tissue as an obesity
indicator in rats. Method: Twelve male albino rats were divided into two groups, each group fed on
a diet containing different fats for eight weeks. Plasma TC, high-density lipoproteins (HDL-C),
VLDL-C&LDL-C and TG were analyzed. White adipose tissues were investigated. Results: Results
showed that rats fed HPO had significantly higher levels of HDL-C than rats fed MG (56.33 and 51.66
mg/dl) respectively. The MG group had significantly high levels of TC, LDL-C, and TG (86.4, 34.73,
and 56.20 mg/dl), and the HPO group recorded (81.14, 24.80, and 47.13 mg/dl). Rats fed HPO have a
significant decrease in white adipose tissue weight than the MG group, and a small size of adipose
cells. Conclusion: The consumption of hydrogenated palm oil could have a beneficial impact on
improving plasma lipids and obesity instead of milk ghee.
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1. Introduction

The leading cause of death in the world is coronary heart disease, and hypercholesterolemia is
known as an important risk factor for coronary heart disease [1]. Hyperlipidemia play a role in the
development of atherosclerosis and are a very serious factor for heart diseases, strokes, and
peripheral vascular diseases [2]. Hyperlipidemia reflects to increased levels of blood total cholesterol
(TC), low-density lipoproteins (LDL-C), triglycerides (TG), low levels of high-density lipoprotein
(HDL-C), or a combination of these three indicators [3]. Obesity was classified as a disease by the
World Health Organization in 1948, and then in 2013, it was classified as a disease by many medical
associations and countries [4]. Obesity is a chronic, progressive, and treatable behavioral disorder
with multiple factors. The increase in body fat leads to dysfunction in adipose tissue and problems
in the body and movement, resulting in metabolic, psychological, and social health consequences.
The Body Mass Index (BMI) is a good indicator for some patients, but the precise diagnosis of obesity
involves anthropometric assessments such as body fat percentage, visceral fat, and waist
circumference [5].

The type of dietary fat or oil may affect obesity or some indicators of atherosclerosis, such as it
is impact on blood lipids. Low-density lipoproteins (LDL) and very low-density lipoproteins (VLDL)
are affected by the type of dietary fats consumed. These lipoproteins play a very important role in
the body as they are the main carriers of cholesterol and triglycerides in the blood [6]. Consuming
milk fat raises blood cholesterol levels. Feeding rats a diet rich in milk fat caused an increase in blood
cholesterol levels, which may lead to a higher likelihood of developing heart and vascular diseases
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[7]. In addition to a study indicating that the consumption of 5% to 10% of milk fat causes weight
gain [8]. Modern margarine products low in trans fatty acids may be classified as functional foods
because they contain plant sterols, which have been found to lower cholesterol levels [9]. The
consumption of rapeseed oil improved liver steatosis, liver enzymes, insulin resistance, fasting blood
glucose, plasma total cholesterol, and anthropometric measurements among individuals without
alcohol-related fatty liver, compared to those consuming milk ghee [10]. No significant changes were
observed in blood indicators when feeding rats a high-fat diet containing milk ghee, hydrogenated
oil, or vegetable oil. However, the hydrogenated oil group had the highest levels of cholesterol and
blood glucose. Additionally, a greater amount of lipids droplets were in the liver of the groups fed
hydrogenated oil or vegetable oil [11]. The effect of oils and fats on blood lipids and obesity is based
on their differences in chemical composition, especially the type of fatty acids they contain.
Conjugated linoleic acid may positively affect obesity, atherosclerosis, and some types of cancer
[12]. Palmitic acid has a lowering effect on blood and liver triglycerides [13]. Stearic acid may slightly
reduce total cholesterol to HDL-C compared to palmitic and myristic acids, and stearic acid has a
more positive effect compared to trans fatty acids [14]. There are no significant differences between
diets rich in stearic acid, oleic acid, or linoleic acid on blood lipids [15]. Feeding mice with oleic acid-
enriched soybean oil led to a reduction in the development of atherosclerosis in LDL receptor knock-
out mice independently of changes in plasma lipids compared to regular soybean oil [16]. Oils or fats
that contain medium-chain fatty acids did not affect total cholesterol, LDL-C, or HDL-C but led to a
slight increase in triglycerides [17]. Indicators of oxidative stress and liver inflammation decreased in
mice fed a diet rich in myristic acid compared to mice fed a regular diet. However, prolonged
consumption of myristic acid may exacerbate insulin resistance associated with obesity by increasing
inflammation in adipose tissue and increased secretion of resistin [18].

Food manufacturers have turned to the hydrogenation technique to solidify vegetable oils and
extend their shelf life [19]. Recently, the substitution of milk fat to hydrogenated palm oil in food
manufacturers and at the household for cooking has become more widespread. The market for
hydrogenated oil reached 686.76 million USD in value in 2022 and expected to reach 993.93 million
USD in readjusted terms by 2030 (The Brainy Insights, 2023).

In the Kingdom of Saudi Arabia, the import and use of partially hydrogenated oils have been
banned since January 2020, while the import and use of fully hydrogenated oils have been permitted
for food factories, restaurants, and others. This was due to the fact that partially hydrogenated oils
contain trans fatty acids. Partially hydrogenated oils contain trans fatty acids ranging from 10-60%.
In contrast, fully hydrogenated oils have hydrogen added to all double bonds in the oil, with the
absence of trans fatty acids [20]. It is well known that trans fatty acids cause many health problems,
such as lowering the ratio of HDL to LDL, affecting fat metabolism, weakening endothelial cell
functions, and increasing the risk of heart disease and atherosclerosis [21]. Hydrogenated oils have
been used in the food industry since the 1960s due to their functional properties on food products,
such as plasticity and improved emulsification. This type of fat is also characterized by reducing
production costs for many products like bakery products, snacks, and various fatty food products
[22].

Hydrogenated palm oil and milk ghee have different chemical compositions, and this difference
may affect their metabolism, which in turn impacts certain health indicators. Therefore, this study
aimed to compare the effects of hydrogenated palm oil and milk ghee on plasma lipids and white
adipose tissues (as an indicator of obesity) by feeding experimental rats diets containing one of these
two types.

2. Materials and Methods

Fully hydrogenated palm oil was purchased from the local market, while ghee was prepared by
melting butter and heating it until ghee was formed.
Chemical analysis of oils and fats:
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The fatty acid profile was analyzed using GC technique according to AOAC-996.01 method [23].
The fat-soluble vitamins (K, E, D, and A) were estimated using a spectrophotometer according to the
method described in [24,25]. The P-carotene pigment soluble in fat was estimated using a
spectrophotometric method as described in [26,27]. lodine value and saponification value
were determined by titration methods as [28] describe. Acid value and peroxidase value were
determined by titration methods as described in [29].

The experiment was conducted in the animal experimentation laboratory (temperature 20°C,
humidity 40%) at the College of Agricultural and Food Sciences, King Faisal University.

Twelve male albino rats, four weeks old and weighing 80 to 100 grams, were equally divided
into two groups. Each group was fed a standard diet for one week (acclimatization). Then, one group
was fed a high-fat diet (80% standard diet with 20% milk fat), while the other group was fed a diet
containing 80% standard diet and 20% hydrogenated palm oil for eight weeks, with open access to
food and water. Diet components (Table 1) were created in accordance with (Abd El-Gawad), with
an adjustment of fat proportion [30]. All the rats were weighed at the beginning of the first week and
at the end of the eighth week to calculate the body mass index (BMI) and the percentage of the body
weight gain (%BWG). A blood sample was taken from each rat before starting the first week and after
the end of the eighth week. At the end of the experiment, after the eighth week, the rats were dissected
to obtain the organs (heart, spleen, kidneys, and liver), weighed, and a part of the liver was preserved
in saline solution (0.9% sodium chloride) and stored at -18°C to estimate the total cholesterol and
triglycerides in the liver. Additionally, the white adipose tissues (epididymal, mesenteric,
retroperitoneal, and perirenal tissues) were excised, weighed, and left in 10% formalin for
histopathological analysis.

Table 1. Diet composition (g/100g).

Ingredient Milk ghee group HPO group
Starch 50 50
Casein 15 15

Oil or fat 20 20
Cellulose 10 10
Minerals mixture
Vitamins mixture 1 1

Hydrogenated Palm oil (HPO).

Blood collection:

At the beginning of the first week and after the end of the eighth week, blood samples were
taken after an eight-hour fast. 1.5 ml of blood was taken from the eye vein using a heparinized
capillary tube and placed in an Eppendorf tube containing EDTA. The blood samples were
centrifuged at 3000 RPM for 18 minutes, then the plasma was obtained and transferred to a clean
tubes [31].

Determination of plasma parameters:

Plasma total cholesterol (TC), high-density lipoprotein (HDL-C), total triglyceride (TG), plasma
glucose, Alanine aminotransferase (ALT), and aspartate aminotransferase (AST) were directly
assayed by using kits (Quimica clinica Aplicada, Spain) by using spectrophotometer UV1800, Japan
(Muniz et al., 2019). Low-density lipoprotein (LDL-C) and very Low-density lipoprotein (VLDL-C)
were calculated also Atherosclerosis index were calculated according to [30] as followed:

LDL-C & VLDL-C mg/dl = Total cholesterol - HDL-C 1)
Atherosclerosis index = LDL-C & VLDL-C/HDL-C (2)
Body mass index (BMI) and Body weight gain (%BWG):
BMI and %BWG were calculated [30].
Body Mass Index = (final weight)/(length2) (3)
% Body Weight Gain = [(final weight — initial weight)/(initial weight)]*100 4)
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Liver TC and TG:

The frozen liver was thawed at room temperature and placed in a plastic bag, then mashed. 0.1
grams of the mashed liver were weighed in a capped test tube, and 10 ml of a chloroform-methanol
solution (2:1) were added. The tube was then covered and shaken well. The contents of the tube were
filtered using filter paper. Then, 10 microliters of the filtrate were added to a clean test tube, followed
by 1 ml of the total cholesterol reagent or the total triglycerides reagent. A standard sample was also
prepared, and the tube was incubated at room temperature for ten minutes. The absorbance was
measured at 545nm, and liver TC and TG were calculated using the following equation [33].

Liver TC or Liver TG = (Absorbance of sample/absorbance of standard)*200 (5)

After being preserved in 10% formalin, white adipose tissues underwent tissue processing and
paraffin embedding. A rotary microtome (Leica microsystem, Germany) was used to cut the tissues
into 4 um sections, and hematoxylin and eosin staining was applied. An Olympus BX51
photomicroscope (Olympus Inc., Japan) set to 200x magnification was used to examine the stained
tissues. Optika Pro View software was used to measure the area of 100 adipose cells from stained
adipose tissues [34,35].

Statistical analysis:

The data were presented as means and standard deviations. The analysis was conducted using
SAS 09 software. The experiment was designed using a completely randomized design, and the
means were tested using the least significant difference test (LSD) with a significance level of 0.05.

3. Results

Table 2, showed the fatty acids profile, vitamins and pigment soluble in fat of milk ghee
and HPO. Milk ghee contains 68.17% saturated fatty acid, 31.76% unsaturated fatty acid composed
of monounsaturated fatty acid 26.26%, and polyunsaturated fatty acid 3.63%. Furthermore, milk ghee
contains 1.87% trans fatty acid. The main fatty acids in milk ghee were palmitic acid (C16:0) 36.09%,
oleic acid (C18:1n9c) 22.50%, and myristic acid (C14:0) 10.64%. Hydrogenated palm oil contains
98.97% saturated fatty acids, 0.97% unsaturated fatty acids and none of trans fatty acids. However,
the unsaturated fatty acids are composed of 0.93% monounsaturated fatty acids, and 0.04%
polyunsaturated fatty acids. The main fatty acids in hydrogenated palm oil are lauric acid (C12:0)
42.37, myristic acid (C14:0) 14.41%, palmitic acid (C16:0) 9.27% and stearic acid (C18:0) 26.23%. There
are no significant differences between the two types of fat in fat-soluble vitamins (K, E, D, and A) and
[-carotene. Milk ghee contained cholesterol, while HPO did not contain cholesterol. This is because
milk ghee is an animal fat, whereas the other is a fat from a plant source.

Table 2. Fatty acids profile, vitamins and pigments of different types of fat.

Fatty acids (%) Milk ghee HPO
C4:0 (Butryic) C4H8O2 1.48 -
C6:0 (Caproic) C6H1202 1.37 0.22
C8:0 (Caprylic) C8H1602 1.02 3.15
C10:0 (Capric)Ci0H2002 2.63 2.90
C11:0 (Undecanoic)C;1H2,0, 0.05 0.03
C12:0 (Lauric)Cy2H240, 3.00 42.37
C13:0 (Tridecanoic)Ci3H260O; 0.07 0.04
C14:0 (Myristic)C14H250, 10.64 14.41
C14:0 (Myristoleic)C14H2602 1.18 -
C15:0 (Pentadecanoic)Ci5H300, 1.37 -
C15:1 (Cis-10-Pentadecanoic) 0.02 -
C16:0 (Palmitic)Cy¢Hs,0, 36.09 9.27
C16:1 (Palmitoleic)Ci6H300, 2.18 -
C17:0 (Heptdecanoic)Ci7H340, 0.78 0.03
C17:1 (CIS-10Heptadecanoic) 0.25 -
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C18:0 (Stearic)CisHz60: 8.65 26.23
C18:1n9t (Elaidic)CisHa4O5 1.84 -
C18:1n9c¢ (Oleic)C1sH5:0, 22.50 0.07
C18:2n6t (Linolelaidic)CisHz,0, 0.03 -
C18:2n6¢  (Linoleic)Ci1sH300; 3.06 0.01
C20:0 (Arachidic)CyoHs0O, 0.14 0.29
C18:3n6 (Y-Linolenic)CisH300, 0.05 -
C20:1n9 (Cis-11-Eicosenoic)CyoH350, 0.13 -
C18:3n3 (A-Linolenic)CisH300, 0.35 -
C21:0 (Henecosanoic)Cy1Hs,0O, 0.66 -
C20:2 (Cis-11,14-Eicosadienoic)CaoH360, 0.03 -
C22:0 (Behenic)CyHysOo 0.05 0.04
C20:3n6 (Cis-8,11,14- 0.09 i
Eicosatrienoic)CaoHz40, )
C22:1n9 (Erucic)CpHsOs 0.02 -
C20:3n3 (Cis-11,14,17-Eicosatrienoic)
C20H3402 ) )
C23:0 (Tricosanoic)Cy;3Hi60O, 0.20 -
C20:4n6 (Arachidonic)acid Cz0Hs,0, 0.03 0.03
(C22:2 (Cis-13,16-Docosadienoic)CaHsO2 0.01 0.86
C24:0 (Lignoceric)CasHys0: 0.04 0.06
C20:5n3 (Cis-Eicosapentanoic 0.02 )
Acid)CzH300, '
C24:1n9 (Nervonic) C24H4602 - -
Saturated Fatty Acid 68.17 98.97
Unsaturated Fatty Acid 31.76 0.97
Monounsaturated Fatty Acid 26.26 0.93
Polyunsaturated Fatty Acid 3.63 0.04
Trans Fatty Acid 1.87 <LOQ
Vitamin A ug/g 56.15+3.49 51.09+7.09
Vitamin D IU/g 3426.5+£926.64 4832.55+2133.51
Vitamin E mg/kg 47.5186+7.17 47.5069+1.61
Vitamin K mg/g 12.304+0.23 12.334+0.12
[3-carotene mg/kg 17.3+0.77 13.12+4.93
Cholesterol mg/100g 168.16+5.20 -

Fatty acids with (-) means undetectable. Vitamins and pigments are shown as mean * SD on n=3 replicate per

sample.

Table 3, represents the chemical composition of milk fat and hydrogenated palm oil. Milk fat has
a higher iodine value than HPO, with significant differences, due to the presence of more double
bonds in it compared to hydrogenated palm oil. HPO contained more free fatty acids, which may be
due to the production processes during hydrogenation. There are no significant differences in the
saponification value between types of fat, and the saponification value reflects the average length of
the fatty acid chains that make up the oil or fat. Milk ghee had a higher peroxide value than HPO
with significant differences. The peroxide value is affected by the type of fatty acids; as the
unsaturated fatty acids increase, the oil or fat becomes more prone to oxidation.

Table 3. Chemical properties in different types of oil and fat.

Parameter Milk ghee HPO
Iodine value gl/100g 36.19+1.352 4.64+0.15b
Acid value mg KOH/g 0.34+0.02° 0.75+0.002
Saponification value mg KOH/g 207.97+5.512 208.14+6.852
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1.28+0.32 0.38+0.10°

Data are shown as mean + SD on n=3 replicate per sample. Values in the same row with different latter are

Peroxide value mEq/Kg

significant different, p < 0.05.

Table 4, shows the effect of feeding on diets containing milk ghee or hydrogenated palm oil for
eight weeks on plasma TC, HDL-C, LDL-C, atherosclerosis index, TG, blood glucose, ALT, and AST.
At the beginning of the experiment, the mean levels of TC, HDL-C, LDL-C, TG, and glucose in all
rats were 73.8, 46.91, 26.89, 32.40, and 101.60 mg/dl respectively. After eight weeks of feeding the
highest TC, LDL-C, TG, and glucose levels were found in the milk ghee group with significant
differences compared to the HPO group. Furthermore, those feeding on HPO recorded a significant
increase in HDL-C level compared to those who fed on a diet containing milk ghee. The highest
atherosclerosis index was found in the milk ghee group with a significant difference. No significant
differences were found between both groups in the ALT level. Feeding rats with hydrogenated palm
oil led to a significant increase in AST levels compared to the milk ghee group.

Table 4. The effect of feeding on different types of fat on plasma parameters.

24
Parameter Beginning AST 54+3
Milk ghee HPO

TC mg/dl 71.35+0.51 86.4+0.482 81.14+4.32b
HDL-C mg/dl 45..78+0.72 51.66+1.09° 56.33+4.012
LDL&VLDL-C mg/dl 25.57+1.36 34.73+1.572 24.80+8.34>

Atherosclerosis index 0.55+0.02 0.67+0.042 0.45+0.18
TG mg/dl 31.90+0.73 56.20+0.972 47.13+5.93p
Glucose mg/dl 102.38+0.20 138.62+3.972 131.33+2.70p
ALT U/L 21.12+0.92 30.24+7.002 32.57+3.182

AST U/L 47.54+3.24 41.29+7.64> 52.64+4.142

Data are shown as mean + SD on n=6 replicate per group. Values in the same row with different latter are

significant different, p <0.05. Hydrogenated palm oil (HPO).

Table 5, represents the body weight, BMI, %BWG, organs weight, adipose tissues, and liver
lipids of rats feeding on a diet containing milk ghee or hydrogenated palm oil. There are no significant
differences between both groups on initial and final weight. Food intake were increased in both
groups from the beginning and after eight weeks. However, the milk ghee group recorded a
significant increase in food intake in week eight compared to the HPO group. No significant
differences were found in BMI and %BWG between groups. In addition, no significant differences
were recorded between groups on the percentage of heart, liver, kidney, and spleen. The lowest liver
TC were found in the HPO group with a significant difference compared to the milk ghee group. The
HPO group recorded a significant increase in liver TG compared to the milk ghee group. Feeding on
both diets did not affect the total percentage of adipose tissues. The highest percentage of the
epididymal, retroperitoneal, and perirenal were found in rats fed on a diet containing milk ghee
compared to rats fed on HPO. However, rats fed on a diet containing HPO were the highest
percentage of mesenteric tissue compared to the milk ghee group.

Table 5. The effect of feeding on different types of fat on body weight, BMI, %BWG, origins weight, adipose

tissues and liver lipids.

Group
Parameter Milk ghee HPO
Initial weight g 94.5+11.507 88.5+9.312
Final weight g 326.0+49.292 293.0+23.002
Food intake in the beginning g 13.21+1.182 13.14+1.102
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Food intake after 8 weeks g 19.07+0.782 16.50+0.50P

BMI 0.53+0.022 0.56+0.042
%BWG 243.93+9.402 231.85+8.142

% Heart 0.42+0.022 0.37+0.062

% Liver 4.26+0.052 4.38+0.182

% Kidney 0.59+0.012 0.60+0.062

% spleen 0.33+0.042 0.34+0.04~

% Total adipose tissues 2.11+0.202 1.73+0.422

% epididymal 0.44+0.022 0.35+0.07°

% mesenteric 0.87+0.08> 0.98+0.122

% retroperitoneal 0.62+0.232 0.30+0.12°

% perirenal 0.17+0.032 0.08+0.00°
Liver TC mg/g 46.78+10.352 16.97+10.55°
Liver TG mg/g 33.75+9.07v 110.82+11.372

Data are shown as mean + SD. Values in the same row with different small letter are significant different between

groups and capital letter between time, p < 0.05. Hydrogenated palm oil (HPO).

Figure 1, Propound the average area of one hundred adipose tissue cells in the different types of
adipose tissues (epididymal, mesenteric, retroperitoneal, and perirenal). Rats feeding a diet
containing HPO recorded a significant decrease in the average area of one hundred cells of
epididymal, mesenteric, retroperitoneal, and perirenal tissues, also they have a small amount of large
adipose cells compared to the milk ghee group (Figure 2-5).

Average of 100 cells area
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Figure 1. Average of 100 cells area of different types of adipose tissue by pm?.
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palm oil; MG, Milk ghee.

4. Discussion

The TC is affected by the high-fat diet. In this research, we recorded a significant increase in the
TC from the beginning, and this increase may be due to the high amount of saturated fatty acids in
both types, as Baudet et al. reported that high consumption of saturated fatty acids can lead to an
increase in blood TC levels. However, the milk ghee group increases the TC levels, a study on mice
reported that consuming the milk fat (butter) made a significant increase in TC levels compared with
other groups [36]. In addition, our results noted that HPO elevated the HDL-C levels, while milk ghee
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had lower levels of HDL-C. According to previous studies, rats feeding on hydrogenated palm oil
increase the levels of HDL-C [37], whereas another study found that milk fat caused a reduction of
HDL-C levels and an increase in LDL-C levels in mice, and our results agreed with this study [36].
Lauric and myristic acids give a more favorable plasma lipid profile [38]. However, the positive effect
of hydrogenated palm oil on plasma lipids may be due to the fatty acid composition. Table 2
illustrates that HPO has 42.37% lauric acid and 14.41% myristic acid, whereas milk ghee contains 3%
and 10.64%, respectively. Also, Table 2 shows that hydrogenated palm oil contains a high amount of
stearic acid. A study showed that oleic acid and stearic acid may have a positive effect on blood TC
and TG, while linoleic acid may have a negative effect on blood TC and TG [39]. In addition, mice
diet free from linoleic acid is linked with an increase in lipoprotein lipase activity, and linoleic acid
increases lipogenic enzyme activity and high levels of mRNA that gird on creating fats [40]. However,
ghee is more nutritionally reliable than other fats and oils because it contains medium-chain fatty
acids, which are directly absorbed and burned by the liver to provide energy [41].

In a study, it was found that mice fed milk fat for eight weeks showed a significant increase in
final weight compared to mice fed palm oil, sunflower oil, canola oil, or the control group.
Furthermore, the milk fat group was the highest in %BWG compared with the palm oil and control
groups [42]. Rats fed on milk fat for fifteen weeks recorded the highest final weight compared with
the sunflower oil group [43]. However, mice feeding on a diet containing palm oil for fifteen weeks
recorded a significant decrease in %BWG compared with mice fed on a diet containing olive oil. In
addition, there are no significant differences in %BWG between mice fed on a diet containing palm
oil or hydrogenated palm oil and mice fed on a regular diet (control) [44]. Body mass index of normal
male rats ranged between 0.45 and 0.68 g/cm? [45,46]. Accordingly, in our experiment all groups of
rats indicate that they did not enter the abnormal stage. However, BMI is an inaccurate indicator for
overweight or obesity in some cases, while the percentage of body fat is more accurate indicator for
obesity and overweight in humans and animals [47].

The positive effect of the HPO on white adipose tissue may be due to an increased rate of
hydrolysis of triglycerides, an increased rate of beta-oxidation of fatty acids, or an increase in the
inhibition of lipogenesis. The position of stearic acid in the triglyceride may also have an effect. Stearic
acid in the third position of the triglyceride may cause hydrolysis, and then the fatty acids bind with
calcium and magnesium to form insoluble salts. This may affect fat absorption, contributing to
reducing weight [48]. In addition, the reduction of total cholesterol in the liver for the HPO group
may be due to the HPO having a high content of stearic acid. Stearic acid may lower total cholesterol
in the liver because it requires more bile salts in the gut for the emulsification, causing the liver to
consume a larger amount of cholesterol to produce bile salts [49]. Table 5 demonstrates the liver TC,
in HPO group, the liver TC is around one-third of what the milk ghee group contains of liver TC.

5. Conclusions

The consumption of HPO may have a positive effect on plasma lipids and adipose tissue
compared to milk ghee. Feeding rats HPO for eight weeks at 20% of their diet resulted in a significant
decrease in the levels of TC, LDL-C, TG, and blood glucose, as well as a significant decrease in the
atherosclerosis index and liver TC. It also led to a significant increase in HDL-C levels. While milk
ghee led to an improvement in AST levels compared to HPO, there were no significant differences
between the two types of fats on ALT. Hydrogenated palm oil also led to a significant reduction in
the percentage of white adipose tissues (epididymal, retroperitoneal, and perirenal), while milk ghee
resulted in a significant decrease in the percentage of mesenteric. HPO also led to a significant
reduction in the size of white adipose tissues cells.
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