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Palm oil refining process produced palm fatty acid distillate (PFAD) as a by-product in deodorization stage. 

Saponification of PFAD produced unsaponifiable matter (USM) which was rich in vitamin E mainly 

tocotrienols, phytosterols, and squalene. This study evaluated the therapeutic effect of food products (instant 

noodle, bread, and biscuit) enriched with bioactive compounds from USM on the aorta of hypercholesterolemic 

rats. Rats were fed with atherogenic diet for 14 days to have blood total cholesterol ≥200 mg/dl. Rats then were 

fed according to each treatment group for 8 weeks.  Total cholesterol, HDL (high density lipoprotein) 

cholesterol, and LDL (low density lipoprotein) cholesterol were analyzed at the end of experiment.  Rats were 

then sacrificed and aorta abdominal was collected for histopathological study. The result showed total 

cholesterol and LDL cholesterol of rats fed by USM enriched food products were lower than that of 

corresponding products.  Also, the ratio of total cholesterol to HDL and LDL cholesterol to HDL were better.  

Rats fed with USM enriched food products had a better aortic histopathological image than rats fed with non-

enriched food products.  Rats fed with USM enriched foods had less severe morphological lesions of the aortic 

wall with less foam cells in tunica intimae, less fat deposits in tunica media, elongated nuclei and organized 

myofibrils. This study indicated bioactive compounds in food products enriched with USM of PFAD offered 

good therapeutic effect against atherosclerosis development of hypercholesterolemic rats.  USM enriched biscuit 

revealed the best therapeutic effect. 
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INTRODUCTION 
 

Palm oil contains minor components such as 

carotenoids, vitamin E (tocopherol and tocotrienols), 

phytosterols, squalene, and phenolic compounds (Mukherjee and 

Mitra, 2009; Loganathan et al., 2009; Che et al., 2014). 

Deodorization stage on palm oil refining process is aimed to 

remove undesirable odor and free fatty acid, which also produces 

palm fatty acid distillate (PFAD) as a by-product. PFAD contains  
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free fatty acids and other minor components. Estiasih et al. (2013) 

reported PFAD was consisted of 85-90% fatty acids as main 

compound and bioactive compounds such as vitamin E (60-200 

ppm), phytosterols (400-7500 ppm), and squalene (400-2800 ppm) 

as minor components. Separation of free fatty acids and bioactive 

compounds in PFAD can be occurred by saponification reaction. 

Fatty acids are hydrolyzed by the base to produce soap and other 

unsaponifiable components are dissolved in unsaponifiable fraction 

(Fernandes and Cabral, 2007). The study by Estiasih et al. (2014) 

showed unsaponifiable matters of PFAD was contained vitamin E 

19600 ppm, phytosterols 5500 ppm, and squalene 323000 ppm.                 
. 
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Research by Ahmadi et al. (2012) showed unsaponifiable matters 

of PFAD was contained 35000 ppm vitamin E that consisted of 

11844 ppm α-tocopherol, 7441 ppm α-tocotrienol, 2250.5 ppm δ-

tocotrienol, and 13464.5 ppm γ-tocotrienol. 

Vitamin E, phytosterols, and squalene from USM of 

PFAD have a potential hypocholesterolemic effect. Estiasih et al. 

(2014) reported USM of PFAD decreased total cholesterol, 

triglyceride, LDL cholesterol, and increased HDL cholesterol level 

in hypercholesterolemic rats. Cholesterol, especially LDL 

cholesterol is a major risk factor for atherosclerosis. The                 

presence of HDL cholesterol will affect the atherogenic                    

degree of LDL cholesterol, therefore atherosclerosis could                   

be prevented by improving lipid profiles (Tomkin and Owens, 

2012). 

Vitamin E in USM of PFAD is dominated by 

tocotrienols. Study by Qureshi et al. (2002) showed tocotrienols 

rich fraction supplementation decreased total cholesterol, LDL 

cholesterol, and triglyceride levels in human subjects with 

hypercholesterolemia. Oxidized LDL is the major cause of 

atherosclerosis. Vitamin E as antioxidant prevented oxidation of 

LDL cholesterol in in vitro study (Niki, 2011). A study in 

hyperlipidemic rats showed the group of rats treated with vitamin 

E had smaller atherosclerotic area than groups without vitamin E 

treatment (Hasty et al., 2007).  

Phytosterols have the ability to compete with cholesterol 

during the formation of micelles in the intestine. Rats that given 

additional phytosterols in high-fat diet had lower total cholesterol, 

LDL cholesterol, and triglyceride levels (Awaisheh et al., 2013). 

Squalene, as an antioxidant, prevents free radical damage in cells 

(Buddhan et al., 2007). Squalene also reported to decrease 

cholesterol levels in plasma (Bombo et al., 2013), inhibit 

atherosclerosis formation, and decrease cholesterol levels in liver 

(Guillen et al., 2008). 

Increasing number of chronic diseases such as 

cardiovascular disease, diabetes mellitus, and cancer, leads to 

increase promotion of enriched foods that have a health benefit in 

form of functional foods (Jew et al., 2009). Fortification of 

phytosterols have been done in some food products such as bread, 

cereals, and margarine which were decreased LDL cholesterol in 

human subject with hypercholesterolemia (Nestel et al., 2001). 

Fortification of vitamin E in milk (Hayes et al., 2001) and 

margarine (van het Hof et al., 1998) prevented LDL cholesterol 

oxidation and increased LDL cholesterol resistance to oxidation. 

The addition of high squalene containing food such as amaranth in 

pasta (Martinez et al., 2016), and rice bran oil in biscuit (Bhanger 

et al., 2008) increased squalene content of the food products and 

made them as a good source of antioxidant. USM of PFAD that 

contained phytosterols, squalene, and vitamin E is possible to use 

as ingredient for enriching foods to have hypocholesterolemic 

effect and aortic protection.  

This study examined therapeutic effect of USM enriched 

instant noodle, bread, and biscuit against atherosclerosis 

development in hypercholesterolemic rats.  

 

MATERIALS AND METHOD 

Materials 

PFAD kindly obtained from PT Salim Ivonas Pratama, 

Surabaya, Indonesia. Reagents that used in this study were the 

technical grade reagents for preparation of USM and other 

chemical reagents for preparation of fresh specimens. Cholesterol 

kit (CHOD PAP) was used for lipid profile analysis.  Other 

materials were instant noodle, bread, and biscuit ingredients, 

standard diet AIN-93M, and atherogenic diet ingredients 

(cholesterol, cholic acids, and tallow). 

 

Preparation of USM from PFAD 

Preparation and saponification of PFAD was according 

to the method of Estiasih et al. (2014). 

 

Preparation of USM enriched Food Products 

Instant noodle was made by mixing wheat flour, eggs, 

salt, water, and alkaline water until smooth. USM of PFAD as 

much as 1% of the dough (w/w) was added and mixed well. The 

dough was rested for 20 min then sheeted and slotted until had the 

strands of noodle. Noodle strands were steamed for 10 min at 

100°C and fried in palm oil for 15 s. 

Bread was made by mixing dry ingredients such as wheat 

flour, sugar, milk powder and instant yeast. Egg yolks, margarine, 

and warm water were added to the dry ingredients and 

mixed. USM as much as 1% weight of dough (w/w) was added to 

the dough and mixed until smooth. The dough then rested for 30 

min. The dough was divided into 100 g and baked for 20 min at 

180°C. 

Biscuit was prepared by mixing butter, margarine, egg 

yolk and sugar powder for 3 mins. Wheat flour, baking powder, 

salt and vanilla then added and mixed until smooth. USM as much 

as 1% of the dough (w/w) added and mixed well. The dough was 

sheeted and cut into 4x4x1 cm, then baked for 15 min at 180°C. 

All food products were analyzed for bioactive 

compounds including vitamin E, phytosterols, and squalene levels. 

 

Animals Preparation and Treatment 

This study was approved for Ethical Clearance No. 608-

KEP-UB from Animal and Care and Use Committee, Brawijaya 

University. About 40 male Wistar rats, age 2-3 months, weight 

150-200 g, were adapted for 1 week and fed ad libitum with 

standard diet AIN-93M. After the adaptation period, rats were 

divided into 8 groups consisted of one normal group and seven 

hypercholesterolemic groups. Groups of hypercholesterolemic rats 

were given atherogenic diet whereas the group of normal rats was 

given standard diet AIN-93M (Table 1). Aterogenic diet was given 

for 14 days. After rats from hypercholesterolemic groups had 

reached blood total cholesterol level ≥ 200 mg/dl, atherogenic diet 

was stopped and all groups of rats were fed according to each 

treatment group for 8 weeks.  At week 8, blood serum total 

cholesterol, HDL cholesterol, and LDL cholesterol of rats was 

analyzed photometrically by CHOD-PAP method (Cholesterol            
. 
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Oxidase-Phenol Aminophenazone) (Siedel et al., 1983).  The ratio 

of total cholesterol/HDL cholesterol and LDL cholesterol/HDL 

cholesterol were analyzed as the indicator of risk factors of 

coronary heart disease. 

Treatment groups consisted of normal group of rats fed 

with standard diet AIN-93M (K1), hypercholesterolemic rats fed 

with non enriched instant noodle (K2), hypercholesterolemic rats 

fed with non enriched bread (K3), hypercholesterolemic rats fed 

with non enriched biscuit (K4), hypercholesterolemic rats fed with 

USM enriched instant noodle (K5), hypercholesterolemic rats fed 

with USM enriched bread (K6), hypercholesterolemic rats fed with 

USM enriched biscuit (K7), and hypercholesterolemic rats fed 

with standard diet AIN-93M (K8). In the end of week-8, all rats 

were sacrificed and abdominal aorta from the heart to the liver was 

collected.   

 

Table 1: Composition of standard diet AIN-93M and atherogenic diet. 

Ingredient 
Composition (g/kg Diet) 

AIN-93M Atherogenic Diet 

Corn starch 
casein 

Sucrose 
Soy bean oil 

CMC 

Mineral mix 
Vitamin mix 

L-cystin 

Choline bitartrate 

TBHQ 

Cholic Acid 

Cholesterol 
Tallow 

620.692 
140 

100 
40 

50 

35 
10 

1.8 

2.5 

- 

- 

- 
- 

620.692 
116.528 

100 
40 

50 

35 
10 

1.8 

2.5 

- 

2 

20 
185 

Source: Reeves et al.  (1993). 

 

Aorta Histopathology Analysis  

Aorta samples were prepared according to the method of 

Thent et al. (2012). Embedding samples were performed on 

paraffin wax with tissue embedding center (Tissue-Tek TEC 5, 

Sakura, Japan). Aorta was cut in 5 μm thickness of with 3 

replications for each rats using microtome (LEICA RM2245). 

Samples were stained with Haematoxylin and Eosin (H&E) 

(Tissue-Tek DRS 2000, Sakura, Japan) and then analyzed under 

the microscope (Olympus XC 10, Tokyo, Japan) with 400x 

enlargement. The histopathology image was analyzed using 

software OlyVIA 2.2. Intimae media thicknesses (IMT) was 

measured with dotSlide virtual microscopy system in four different 

section (0°, 90°, 180°, 270°).  

 

Analysis of Bioactive Compounds 

Phytosterols analysis was followed method of Khatoon et 

al. (2010), vitamin E analysis was according to Ball (1988), and 

squalene analysis was using GC MS (GCMS-QP2010S Shimadzu) 

with derivatization method according to Mendez et al. (2003). 

 

Data Analysis 

Data were analyzed for variance test (ANOVA) and 

further tested by Duncan Multiple Range Test (DMRT) using 

software SPSS. 

RESULT AND DISCUSSION  

 

Bioactive Compounds 

Table 2 showed all food products contained bioactive 

compounds from USM.  Predominant bioactive compound in 

USM was phytosterols. The level of squalene was higher than 

vitamin E in USM (data not shown). Among food products there 

was different bioactive content.  The highest amount of 

phytosterols and squalene was found in biscuit. Meanwhile, the 

highest quantity of vitamin E was in instant noodle.  Bread showed 

the lowest bioactive compounds among all foods.  All vitamin E in 

all food products is tocotrienols and no tocopherols was detected. 

 

Table 2:  Bioactive compounds of USM enriched food products. 

Bioactive Compound 

(mg/100 g) 

Product 

Biscuit Instant Noodle Bread 

Total vitamin E 

(tocotrienols) 
23.460.71 35.761.09 22.680.05 

Total phytosterols 261.355.01 186.433.71 122.112.59 
Squalene 128.452.26 72.511.42 56.291.25 

 

Total Cholesterol Level 

Table 3 showed blood serum total cholesterol level after 

8 week feeding.  The lowest total cholesterol was found in normal 

group and the highest was hypercholesterolemia group, both were 

fed by standard diet. Group of rats treated by USM enriched 

products showed lower total cholesterol level than their 

corresponding food.  It means that USM enriched food products 

decreased total cholesterol.  The highest decrease was found in 

USM enriched bread compared to non-enriched.  Compared to 

hypercholesterolemia group fed by standard diet, all 

hypercholesterolemia group fed by non-enriched biscuit, bread, 

and instant noodle showed lower total cholesterol level. 

Ratio of total cholesterol to HDL cholesterol and LDL 

cholesterol to HDL cholesterol were indicators of the risk of 

coronary vascular diseases (CVD) (Fernandez and Webb, 2008).  

Hypercholesterolemic group which fed by standard diet showed 

the highest ratio, meanwhile the normal group fed by standard diet 

revealed the lowest.  All food products caused decrease in the ratio 

although without enrichment of USM.  Compared to non-enriched 

foods, all enriched foods showed better ratio of total cholesterol to 

HDL cholesterol and LDL cholesterol to HDL cholesterol.  This is 

an indicator that enrichment of foods by USM improved lipid 

profile and lower the risk of CVD.  Among all USM enriched 

foods, bread had the best ratio although the level of bioactive 

compounds in bread was the lowest. 

  
Aorta Histopathology 

Atherogenic diet was given for 14 days to raise blood 

cholesterol levels in hypercholesterolemic groups. Beside raising 

blood cholesterol levels, atherogenic diet also affected aortic 

histopathology. The normal group of rats (K1) showed a normal 

shape of the aorta with none foam cells, none visible fat 

accumulation or vacuolization in intima media layer, and none 

development of aortic plaque (Figure 1).  
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Fig. 1: Aortic histophatological image of normal group of rats + AIN-93M 

(K1) showing normal tunica intimae (TI), tunica media (TM), and tunica 

adventitia (TA) (enlargement: 400x, scale bar: 20μm). 

 
A group of hypercholesterolemic rats fed with standard 

diet (K8) showed a different result. There were irregular tunica 

intimae with a development of plaque and foam cells. Some fat 

deposits and dense irregular nuclei were found in tunica media. 

The elastic fibers were wavy and interrupted (Figure 8). 

Atherosclerosis is caused by elevated blood cholesterol levels 

especially low-density lipoprotein (LDL) cholesterol and the 

appearance of free radicals; reactive oxygen species (ROS); 

reactive nitrogen species (RNS) (Niki, 2011).  

This group (K8) also revealed high level of LDL 

cholesterol and low level of HDL cholesterol (Table 3).  Also, the 

ratio of total cholesterol to HDL cholesterol and LDL cholesterol 

to HDL cholesterol was the highest.  Both ratio was an indicator of 

the risk of coronary vascular disease that usually initiated by aortic 

plague formation.  High level of total cholesterol, LDL cholesterol, 

and low level of HDL cholesterol were probably as the cause of 

plague development in aorta of this group. 

Rats fed with USM enriched food products showed better 

aortic histopathological image than non-enriched foods. USM 

enriched food groups had less fat deposit in tunica media, elastic 

fibers were straight and less wavy, foam cell also only found in 

USM enriched bread group (Figure 5, 6, 7). While non-enriched 

foods groups showed more fat deposit in tunica media, more foam 

cells in tunica intimae, elastic fibers were wavy and slightly 

interrupted (Figure 2, 3, 4). Rats fed with USM enriched food 

products had less severe morphological lesion and the aortic 

looked similar with normal group.  

 

 

 

 

 

 

 

 

 

 

 

 

Profile lipid has main role in atherosclerosis 

development. In the end of week 8, profile lipid of rats fed with 

USM enriched food products was better than that of non-enriched 

food products. Nevertheless, rats fed with USM enriched food 

products had better profile lipid than non-enriched food products, 

as well as lower ratio of total cholesterol to HDL cholesterol and 

ratio of LDL cholesterol to HDL cholesterol (Table 3). Better 

aortic histopathology possibly was related to better profile lipid 

improvement in rats fed with USM enriched food products.  The 

best ratio of total cholesterol to HDL cholesterol and LDL 

cholesterol to HDL cholesterol was found in group of rats fed by 

USM enriched bread.  However, among USM enriched foods, the 

histopathological analysis revealed that the best therapeutic effect 

was found in USM enriched biscuit and the worst was in USM 

enriched bread.  It seemed that in this case, the ratio of total 

cholesterol to HDL cholesterol and LDL cholesterol to HDL 

cholesterol not the only indicator for the aortic plaque 

development.  Food intake also affected the therapeutic effect of 

USM enriched foods.  Among USM enriched foods, intake of 

bread was the lowest (data not shown) that meant the intake of the 

bioactive compounds from bread also the lowest.  Moreover, bread 

also showed the lowest fat content (data not shown) among USM 

enriched food products.  Presumably, less fat intake resulted in 

better lipid profile and cholesterol ratio. 

Previous research reported USM of PFAD contained 

bioactive compounds such as vitamin E (tocopherol and 

tocotrienols), phytosterols, and squalene (Estiasih et al., 2014; 

Ahmadi et al., 2012).   Table 2 showed that all USM enriched food 

contained tocotrienols, phytosterols, and squalene.  Bioactive 

compounds in USM presumed had a protective effect on aorta wall 

from radical damage and inhibited lipid oxidation. Aortic 

histopathological image of rats fed with USM enriched biscuit 

(K7) and instant noodle (K5) were slightly better than rats fed with 

USM enriched bread (K6) (Figure 5, 6, 7). USM enriched biscuit 

had the highest bioactive compounds and USM enriched bread had 

the lowest bioactive compounds (Table 2). The amount of 

bioactive compounds was assumed to be the cause of different 

therapeutic effect among USM enriched foods against 

atherosclerosis development.  However, the existence of bioactive 

compounds in USM enriched food products, surely gave 

significant impact on prevention of atherosclerosis development 

compare with non-enriched food products. 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3: Total cholesterol level of group of rats after 8-week feeding. 

Group 

Total 

Cholesterol 

(mg/dl) 

LDL 

Cholesterol 

(mg/dl) 

HDL 

Cholesterol 

(mg/dl) 

Total 

Cholesterol/ 

HDL 

Cholesterol 

LDL 

Cholesterol/ 

HDL 

Cholesterol 

K1 = Normal Group, Standard Diet 95.21±3.17 a 29.89±3.50   a 79.56±2.51 f 1.20±0.00 h 0.37±0.03 g 

K2 = Hyphercholesterolemia Group, Instant Noodle 142.11±8.05 e 44.66±2.01   d 53.20±3.62 b 2.67±0.03 b 0.84±0.02 b 

K3 = Hypercholesterolemia Group, Bread 125.78±6.69 d 37.09±1.43  bc 60.44±2.62 c 2.08±0.02 e 0.61±0.00 d 

K4 = Hypercholesterolemia Group, Biscuit 126.61±3.76 d 39.30±1.65  bc 55.00±2.51 b 2.30±0.04 d 0.71±0.00 c 

K5 = Hypercholesterolemia Group, USM Enriched Instant Noodle 127.77±4.94 d 38.33±1.80  bc 53.23±1.76 b 2.40±0.01 c 0.72±0.01 c 
K6 = Hypercholesterolemia Group, USM Enriched Bread 102.31±4.02 b 31.83±1.89   a 73.82±1.69 e 1.39±0.02 g 0.43±0.02 f 

K7 = Hypercholesterolemia Group, USM Enriched Biscuit 108.93±4.46 c 36.12±1.33   b 68.67±1.98 d 1.63±0.07 f 0.53±0.00 e 

K8 = Hypercholesterolemia Group, Standard Diet 202.98±1.99 f 77.64±2.21   e 25.00±2.32 a 8.18±0.68 a 3.12±0.20 a 
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Fig. 2: Aortic histophatological image of hypercholesterolemic rats + instant 
noodle (K2) revealing irregular tunica intimae (TI) with foam cells (red 

arrows), irregular tunica media (TM) with fat deposits (stars) and dense 

irregular nuclei (black arrow), (enlargement: 400x, scale bar: 20μm). 

 

 
Fig. 3. Aortic histophatological image of hypercholesterolemic rats + bread 
(K3) showing irregular tunica intimae (TI) with more foam cells (red arrows), 

irregular tunica media (TM) with more fat deposits (stars), and dense irregular 

nuclei (black arrows) (enlargement: 400x, scale bar: 20μm). 

 

 
Fig. 4: Aortic histophatological image of hypercholesterolemic rats + biscuit 

(K4) revealing irregular tunica intimae (TI) with foam cells (red arrows), 
irregular tunica media (TM) with fat deposits (stars) and dense irregular nuclei 

(black arrows) (enlargement: 400x, scale bar: 20μm). 

 

 
Fig. 5: Aortic histophatological image of hypercholesterolemic rats + USM 
enriched instant noodle (K5) illustrating straight tunica intimae (TI), less fat 

deposits in tunica media (TM), and elongated nuclei (black arrow) 

(enlargement: 400x, scale bar: 20μm). 

 

 
Fig. 6: Aortic histophatological image of hypercholesterolemic rats + USM 

enriched bread (K6) showing less severe morphological lesions of aortic wall, 
less foam cells (red arrow), less fat deposits (stars) in tunica media (TM), and 

elongated nuclei (black arrows) (enlargement: 400x, scale bar: 20μm). 

 

 
Fig. 7: Aortic histophatological image of hypercholesterolemic rats + USM 
enriched biscuit (K7) revealing straight tunica intimae (TI), less fat deposits 

(stars) in tunica media (TM), and elongated nuclei (black arrow) (enlargement: 

400x, scale bar: 20μm). 

 

 
Fig. 8: Aortic histophatological image of hypercholesterolemic rats + standard 

diet AIN-93M (K8) showing irregular tunica intimae (TI) with foam cells and 
plaque development (red arrows), irregular tunica media (TM) with fat deposits 

(stars) and dense irregular nuclei (black arrows),  (enlargement: 400x, scale 

bar: 20μm). 

 
Vitamin E as antioxidant has the ability to decrease the 

level of oxidized LDL and expression of CD38 which had a role in 

foam cell formation (Tang et al., 2014). The present study showed 

rats fed with USM enriched food products had none foam cells 

except group fed with USM enriched bread, which contained the 

lowest amount of vitamin E.  Vitamin E also can decrease 

homocysteine in the blood and prevent the proliferation of smooth 

muscle cells (SMC) (Kirac et al., 2013). High level of 
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homocysteine and cholesterol in blood will increase proliferation 

of SMC and oxidative stress which induced atherosclerosis (Ozer 

et al., 2003). Supplementation of vitamin E in rats increased 

expression of peroxisome proliferator activated receptor gamma 

(PPARγ), liver-x-receptor-α (LXRα), and ATP-binding cassette 

transporter ABCA1. Increased PPARγ gene expression stimulated 

LXRα activation. PPARγ and LXRα stimulated more of ABCA1 

gene expression. ABCA1 removed cholesterol from macrophage 

and preventing the appearance of foam cell (Tang et al., 2014).  In 

this study, tocotrienols were the most responsible in preventing 

LDL oxidation since no tocopherols was detected in all food 

products. The addition of USM to instant noodle, bread, and 

biscuit also enriched the food products with phytosterols and 

squalene. Squalene as the antioxidant, protected cell membrane 

lipid bilayer from free radical damage (Farvin et al., 2007). Rats 

fed with high cholesterol diet and phytosterols had lower blood 

serum cholesterol levels, less damage in arterial walls, lower lipid 

accumulation in arterial walls, and less macrophages appearance 

on the arterial walls compared to control group (Bombo et al., 

2013). The human study had shown that phytosterols increased 

circulation of endothelial progenitor cells (EPCs) that have a 

function for regeneration and protection of endothelial cells to 

prevent atherosclerosis (Chen et al., 2015). In this study, groups of 

rats fed with USM enriched foods had less fat deposits in the aortic 

wall and less endothelial lesion.  

Vitamin E, phytosterols, and squalene as bioactive 

compounds in USM inhibited atherosclerosis development. Aortic 

histopathology image of hypercholesterolemic rats fed with USM 

enriched food products was the proof of its therapeutic effect. 

Hypercholesterolemic rats fed with non-enriched food products 

showed less improvement in histopathologic alterations. The 

damage of aortic in these groups was almost same with 

hypercholesterolemic rats those were fed by the standard diet. In 

the other side, hypercholesterolemic rats fed with USM enriched 

food product had less aortic damage and almost had a similar 

histopathological image with normal rats. 

 

Intimae Media Thickness (IMT) 

The present study revealed atherogenic diet treatment for 

14 days increased blood total cholesterol levels but not sufficient 

to induce thickening of aortic wall. Some groups of 

hypercholesterolemic rats had lower average of IMT than normal 

group (Figure 9). Hypercholesterolemic rats fed with USM 

enriched biscuit had the highest IMT of all, but histopathological 

image showed this group had less aortic damage than other 

hypercholesterolemic groups. Average IMT of the normal group 

also did not significantly different with hypercholesterolemic rats 

fed the standard diet. Nevertheless, the histophatological image of 

hypercholesterolemic rats fed with standard diet showed aortic 

damage and started the atherosclerosis development.  

Variation of intimae media thickness is                                

caused by myoelectric (smooth muscle cells) structure and density 

of aortic layers with 18% degree of variation (Davis et al., 2010). 

Atherogenic diet treatment for a longer time may need                            

to induce aortic wall thickening in hypercholesterolemic rats. 

 
Fig. 9: Aorta intimae media thickness (IMT) at week 8. K1=normal group, 

standard diet AIN-93M; K2=hyphercholesterolemia, instant noodle; 

K3=hypercholesterolemic, bread; K4=hypercholesterolemic, biscuit; 
K5=hypercholesterolemic, USM enriched instant noodle; 

K6=hypercholesterolemic, USM enriched bread; K7=hypercholesterolemic, 

USM enriched biscuit, K8=hypercholesterolemic, standard diet AIN-93M.  

 

 

CONCLUSION 
 

USM enriched instant noodle, bread, and biscuit 

inhibited atherosclerosis plaque development in 

hypercholesterolemic rats. Bioactive compounds in USM of PFAD 

decreased foam cells development, decreased fat deposits, and 

improved morphological image of the aortic wall in 

hypercholesterolemic rats. Groups of hypercholesterolemic rats 

fed with USM enriched food products had a better aortic 

histopathological image than non-enriched food products. Between 

the USM enriched foods group, rats fed with USM enriched 

biscuit and instant noodle had better histophatological image than 

USM enriched bread. The best therapeutic effect was found in 

group of rats fed with USM enriched biscuit. However, overall rats 

fed with USM enriched food products had less severe aortic lesion 

than non-enriched foods and almost had a similar aortic 

histopathological image with the normal group of rats.  

Treatment with atherogenic diet for 14 days could not 

induced atherosclerosis plaque in hypercholesterolemic groups of 

rats. The aortic IMT was not significantly different between the 

normal group of rats with the hypercholesterolemic group of rats. 

Longer time of atherogenic diet feeding may need to induce plaque 

development. 
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