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Abstract –The study investigated the hypolipidemic effect on 

diet induced hyperlipidemic Sprague Dawley rats of three 

brown pigmented rice (BPR) varieties namely, Inpari 24, 

Mawar and Segreng from Indonesia. Study phases included: 

1) chemical analysis of the proximate composition, total 

phytosterol, amylose and dietary fiber contents of BPR, 

estimated glycemic index (EGI), and the fecal fat content; 2) 

intervention phase 1 where effective dose of BPR was 

determined; and 3) intervention phase 2 where the in vivo 

evaluation of the effective dose was established. Segreng 

variety exhibiting relatively high phyrosterol, dietary fiber 

and amylose contents and moderate glycemic index (GI) was 

the variety used. Highest lipid lowering effect was observed in 

rats fed with of 75% cooked BPR in the effective dose 

determination. The 75% cooked BPR exhibited significant 

reduction of 53.48% in total cholesterol (TC), 53% in LDL-

cholesterol (LDL-c), 37.4% in triglycerides and more than 

131.96% increase in HDL-cholesterol (HDL-c) in the in vivo 

evaluation of the effective dose. The observed mean TC, LDL-

c, triglycerides and HDL-c in hyperlipidemic rats fed with 

75% BPR were comparable with those of the hyperlipidemic-

statin-treated rats at 20 mg/Kg of body weight. Significant 

positive association for TC, LDL-c and triglyceride levels with 

increased calorie and fat intakes were also observed.  

Therefore, the study concludes that consumption of cooked 

BPR can lower lipid levels in diet-induced hyperlipidemic 

Sprague Dawley rats. The lipid lowering effect could possibly 

be due to the phytosterol, amylose and dietary fiber contents 

present in brown pigmented rice. Further study utilizing 

humans as subjects is recommended. 

 

Keywords – Brown Pigmented Rice, Hypolipidemic Effect, 

Phytosterol, Segreng Variety. 

 

I. INTRODUCTION 
 

The prevalence of coronary heart disease (CHD) is 

increasing along with the rapid advancement where 

people's dietary and lifestyle pattern are changing. 

According to the latest World Health Organization (WHO) 

data published in May 2014, deaths due to coronary heart 

disease in Indonesia reached 138,380 or 9.89% of total 

deaths, ranking 97th in the world. Bittner (2011) states that 

dyslipidaemia is an important risk factor in the occurrence 

of atherosclerosis which is closely associated with 

cardiovascular diseases such as CHD.  

Hyperlipidemia is a condition characterized by elevated 

levels of lipids that includes increasing one or more of 

normal levels of cholesterol, cholesteryl esters, 

phospholipids or triglycerides. Based on Household Health 

Survey in 2004, the prevalence of hyperlipidemia in 

Indonesia at the age of 25 to 34 years increased to 9.3% 

while those aged 55-64 years approximately increased to 

15.5% (DOH 2004). With this growing concern, the 

consumption of natural foods like whole grains or brown 

rice is being promoted for the prevention and management 

of heart diseases since they have no side effects and are 

relatively cheaper.  

In terms of nutrient profile, researches have shown that 

the bran in brown rice is superior over white rice for its 

crude ash, protein, dietary fiber, B-vitamins, vitamin E, 

minerals, polyphenols and fatty acid content (Dinesh Babu 

et al. 2009, Juliano 2007). The major components of brown 

rice which are believed to exhibit cholesterol and 

triglyceride lowering effects are the fiber, phytosterols and 

vitamin E contents.  

Researchers believed that insoluble fiber in brown rice 

not only speeds intestinal transit time but also lowers 

triglycerides. Soluble dietary fiber was also seen for its 

potential to decrease the levels of total cholesterol and LDL 

cholesterol in the serum (Glore et al. 1994). Investigators 

believed that the viscosity and the ion-change capacity of 

the dietary fibers are important in lipid absorption (Guillon 

and Champ 2000). Furthermore, the absorption of bile salts 

by dietary fibers and the products of bacterial fermentation 

of dietary fibers play key roles in the changes in lipid and 

cholesterol levels (Thebaudin et al. 1997).  

Dehulled or brown pigmented rice (BPR) is seen as a 

potential solution, it is thought to contain dietary fiber and 

phytosterols that can lower blood cholesterol. The Food and 

Drug Administration (FDA) and the Indonesian Food and 

Drug Administration have approved the claims of 

phytosterol health in reducing the risk of heart disease with 

a minimum of 1.3 g/day ester of fitosterol intake in two 

serving as part of a low-saturated and low-cholesterol diet 

(FDA 2010, BPOM 2011). Increasing body of evidence 

indicates that brown rice constituents such as sterols (e.g. β-

sitosterol, stigmasterol and γ-oryzanol), resistant starch 

(e.g. amylose) and dietary fibers (e.g. β-glucan, pectin and 

gum) have anti-hyperlipidemic and anti-hyperglycemic 

effects. 

The purpose of this study was to evaluate the effect of 

diet with BPR on the lipid profile of Sprague Dawley rats 

induced with hyperlipidemic conditions. Efforts are 

currently being undertaken to address the acceptability and 

promote awareness on consumption of brown rice and one 

way to convince them is to provide evidence on the 

potential health claims and benefits through this study. 

 

II. MATERIALS AND METHODS 
 

Three pigmented rice varieties, namely, Inpari 24, 

Mawar, and Segreng, were procured from Yogyakarta 

Assessment Institute for Agriculture Technology, 

Indonesia.  The rice grains were cleaned then dehulled in 
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the Food and Nutrition Gadjah Mada University. The 

dehulled BPR was packed in moisture proof containers and 

stored in a clean, cool and dry place for later use. The rice 

grains were analyzed for proximate composition, 

carbohydrate profile, phytosterol and dietary fiber contents 

using the standard procedures of Association of Official 

Analytical Chemists - AOAC (1995) while glycemic index 

was determined in vivo experiment in human with the 

approval of the Committee of Ethical Clearance for Pre-

Clinical Research of the Integrated Laboratory of Research 

and Testing, Gadjah Mada University, Yogyakarta (Ref. 

00119/04/LPPT/11/2017.   

Preparation of Animals 
Sprague Dawley rats were used since many genes of mice 

are relatively similar to humans. The ability of breeding the 

mice is very high, relatively suitable for use in a mass 

experiment; the physique of small rodents is easily 

maintained and drugs used in the body can be quickly 

manifested. The use of female rats was avoided because of 

hormonal (estrogen/progesterone) fluctuation during 

menstruation cycle which might influence the results of the 

experiment. Clearance from the ethical committee of Food 

and Nutrition Study Center, Universitas Gadjah Mada 

Yogyakarta was obtained prior to the start of the study. 

Acclimatization 
Eight healthy male Sprague Dawley rats, 6-8 weeks old, 

weighing between 150-250g were acclimatized for a week 

(7 days) for adaptation in captivity and feed before the 

experiment, then placed in a plastic enclosure with a lid 

made of wire. Feeds and drinks were given ad libitum. 

Environmental enclosures were maintained with relative 

humidity of 60-70% at temperature of about 25oC and with 

alternating exposures to light and dark conditions at 12 

hours interval. Each group of 2 mice was placed in separate 

cages and maintained so as not to interact with each other.  

Preliminary Observation 
Usual food intake was observed using the same rats in 

acclimatization. Sprague Dawley rats were grouped into 

four and assigned a specified test food; the first group was 

fed with cooked pigmented rice; the second group with 

cooked white rice; the third group was fed with high fat 

(HF) rodent feed; and the fourth group was given a feed of 

50% BPR and 50% HF. The feeding was done for 7 days. 

Blood lipid levels were measured before and after the intake 

of the test foods. All animals were killed at the end of the 

experiment. 

Induction of Hyperlipidemia 
A total of 24 Sprague Dawley rats were induced with 

hyperlipidemia. A high fat (HF) rodent feed from the Food 

and Nutrition Laboratory in Gadjah Mada University in 

Indonesia as hyperlipidemic inducer were given ad libitum. 

Baseline lipid profile of the rats, including TC, triglyceride, 

HDL and LDL was collected before the induction process. 

The rodent feed was administered for 30 days and the blood 

lipid level was again measured to determine the effect of the 

feed. 

Determination of Effective Dose 
The diet-induced hyperlipidemic Sprague Dawley rats 

were grouped into four, with 6 rats per group. One group 

was given pure HF rodent feed (hyperlipidemic control, 

HC). The three other groups were given various mixtures of 

cooked BPR and HF rodent feed as follows: 

Hyperlipidemic Dose 1 (HD1) group was given 25% 

cooked pigmented rice and 75% HF rodent feed; 

Hyperlipidemic Dose 2 (HD2) with 50% cooked pigmented 

rice and 50% HF rodent feed; and Hyperlipidemic Dose 3 

(HD3) with 75% cooked pigmented rice and 25% HF rodent 

feed. Blood lipid level was measured at baseline and every 

week thereafter for one month. Daily changes in feed intake 

and physical change were observed. Weight was also 

monitored every week. 

Determination of the Lipid Lowering Effect of the 

Effective Dose  

Induction of Hyperlipidemia 
For this phase, another set of 24 Sprague Dawley rats 

were induced with hyperlipidemia implementing the same 

method in effective dose determination. Blood lipid level 

was collected before and after the induction to establish 

baseline levels and determine the effect of the feed.  

A total of 30 Sprague Dawley rats, 6 non-hyperlipidemic 

and 24 feed-induced hyperlipidemic rats were used. Five (5) 

groups were created with 6 rats per group which included 

four control groups and one treatment group. The four 

control groups were composed of non-hyperlipidemic rats 

which received commercial feed only (NHC), 

hyperlipidemic rats (negative control) fed with HF rodent 

feed only (HC), hyperlipidemic rats (negative control) fed 

with 50% HF rodent feed and 50% cooked pigmented rice 

(HPR), and hyperlipidemic rats (positive control) were 

given HF rodent feed plus 20 mg/kg BW of simvastatin 

drug (HST). The treatment group was the hyperlipidemic 

rats that were given the 75% cooked pigmented rice and HF 

rodent feed from the effective dose experiment (HCBPR). 

The control groups were intended for comparison of lipid 

lowering effects and total fat present in the feces.  

Statistical Analysis 
Data were analyzed using Statistical Package for Social 

Science (SPSS) version 22.0 and Microsoft Office Excel 

software. Analysis of Variance (ANOVA) was used to 

compare groups and T-statistics was used to determine the 

level of significance. The probability value of <0.05 was 

considered as significant result. Bivariate correlation 

analysis was also done using SPSS. 

 

III. RESULTS 
 

Chemical Composition of Brown Pigmented Rice 
Segreng variety showed high amounts of phytosterol and 

dietary fiber at 2.50 and 5.59%, respectively, moderate 

amylose content of 17.22% and also moderate glycaemic 

index value of 55 (Table 1). Thus, it was selected as the test 

food for the intervention phase of the study. 
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Table 1. Glycemic index, phytosterol, dietary fiber, amylose and amylopectin contents of brown pigmented rice. 

Variety Glycemic Index (Gi)* Phytosterol (%)** 
Dietary Fiber 

(%) 

Amylose 

(%) 

Mawar 59.79 2.39b 4.78a 19.65a 

Inpari 24 59.95 2.49a 4.37a 15.06b 

Segreng 55.00 2.50c 5.59b 17.22c 

* moderate (55-70) classification of GI value 

** only β-sitosterol and stigmasterol 

 

Acclimatization 
The mean food intake regardless of groupings was 12.52 

g/day. Generally, the rats experienced weight gain between 

9.5 to 10.5g and all were healthy. This indicated that the 

room temperature and humidity conditions during 

acclimatization provided proper growth and development 

of the rats. No significant difference was observed in the 

lipid profile of all groups, due to standard rodent feed and 

drink.  Regardless of grouping, the mean TC observed in 

the rats was 79.37 mg/dL, triglycerides of 69.71 mg/dL, 

 

Table 2. Lipid profile (mg/dL) and feed intake (g) of the rats during acclimatization 
Treatment 

Groups 
Total Cholesterol 

(Mg/Dl) 
Triglycerides 

(Mg/Dl) 
Hdl-

C(Mg/Dl) 

Ldl-C(Mg/Dl) Feed Intake 

(G) 
Group  1 78.47 68.47 65.75 26.60 12.28 

Group  2 79.79 70.54 65.75 25.60 13.25 

Group  3 80.14 71.37 62.99 26.60 12.25 

Group  4 79.09 68.46 65.75 26.60 12.31 

Average 79.37 69.71 65.06 26.35 12.52 

 

Preliminary Observation 

Feed Intake 
Feed intake was highest in rats fed with high fat (HF) 

rodent feed and cooked white rice at 12.36g/day, followed 

by rats fed with cooked brown rice. Feed intake was 

observed to be lowest in rats fed with 50% BPR and 50% 

HF rodent fed at only 12.07 g/day. The latter observation 

could have been caused by the early satiety (fullness) 

experienced by the rats since brown rice contains dietary 

fiber and rodent feed contains fat that is high enough 

compared to white rice (Table 3).  

 

 

Table 3. Mean feed intake (g) and body weight gain (g) during the observation. 
 

Treatment Feed Intake 

(G) 

Weight Gain  (G) 

Cooked brown pigmented rice 12 .14a 7.0a 

High fat (HF) rodent feed 12. 36b 10.5b 

Cooked white rice 12.36b 8.5c 

 

50% cooked brown pigmented rice 

and 50% high fat rodent feed 

12. 07c 7.0a 

Means having the same superscript(s) within same roware not significantly different at α=0.05using t-test. 

 

Weight Gain 
Body weight gain was within the range of 7.0-10.5 

g/week. The highest weight gain of 10.5 g/week was 

observed in rats fed with HF rodent feed and the lowest at 

7.0 g/week in those fed with pure BPR as well as those fed 

with 50% BPR and 50% HF feed. Results of statistical 

analysis revealed the body weight gain in rats fed with pure 

BPR was not significantly different with rats fed with 50% 

feed cooked BPR and 50% HF rodent feed but both differed 

significantly in those fed with either pure rice or high fat 

rodent feed. These imply the potential weight reducing 

effect of BPR over white (well milled/polished) rice (Table 

3). 

Lipid Profile 
The highest TC, triglyceride and LDL-c levels were 

observed in rats fed with HF rodent feed at 159.39 mg/dL, 

150.20 mg/dL and 68.53mg/dL while the lowest levels were 

observed in rats fed with cooked BPR at 83.14 mg/dL, 

69.48 mg/dL and 29.60 mg/dL, respectively. On the other 

hand, the highest HDL-c was found in rats fed with cooked 

BPR at 64.18 mg/dL and the lowest in those fed with HF 

rodent feed at 25.17 mg/dL. Results were found to be 

significantly different from each other indicating the 

potential lipid lowering effect of the consumption of 

pigmented rice (Table 4). 
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Table 4.  Mean* level of lipid profile in rat blood during the observation period. 
 

Treatment Groups 
Total 

Cholesterol 

(Mg/Dl) 

Triglycer

ide 

(Mg/Dl) 

Hdl 

(Mg/D

l) 

Ldl (Mg/Dl) 

Cooked brown pigmented rice 

(HBR) 

83.14a 69.48a 64.18a 29.60a 

High fat(HF)rodent feed 159.39b 150.20b 25.18b 68.53b 

Cooked white rice 129.89c 131.73c 32.62c 58.85c 

50% cooked pigmented rice, 

50% high fat rodent feed 

106.51d 106.83d 62.06d 35.02d 

 Means having the same superscript within the column are  not significantly different at α=0.05 using t-test. 

 

Effective Dose of Brown Pigmented Rice in 

Hyperlipidemic Rats 
In this phase, three doses of cooked BPR rice were used, 

namely, Dose 1 (HD1): 25% HF rodent feed and 75% BPR, 

Dose 2 (HD2): 50% HF rodent feed and 50% BPR and Dose 

3 (HD3): 75% HF rodent feed and 25% BPR. No significant 

difference in the mean food intake was found among and 

between the different rice doses and the control. 

The caloric intake of HD3 rats (159 kcal) was 

significantly higher compared with the other groups and the 

lowest caloric intake was observed in the control (71 kcal). 

No significant difference was observed in the protein 

intakes between groups. HD3 treated group recorded the 

highest mean total carbohydrate intake and was 

significantly higher compared with the other groups. It must 

be noted that with increasing amounts of BPR in the rodent 

feed resulted in an increasing amounts of carbohydrate and 

energy intakes while decreasing the fat and protein intakes. 

Total Cholesterol 
Different doses of PBR on lipid profile, levels of TC, 

LDL-c, HDL-c, and triglycerides were measured weekly for 

one month. Baseline (Week 0) mean levels of total 

cholesterol were high in four rat groups exhibiting 

hyperlipidemia in the early phase of the study. HD3 rats had 

the largest reduction since the beginning of the intervention 

phase, this decrease was statistically significant against the 

control and HD1and HD2 (Figure 1a). The percentage 

change in total cholesterol weekly was computed 

cumulatively from the baseline Week 0. 

 

 
Fig. 1. Weekly mean (a) total cholesterol, (b) triglyceride, (c) high density lipoprotein and (d) low density lipoprotein 

level of feed-induced hyperlipidemic Sprague Dawley rats in effective dose determination 
 

Decreased level of total cholesterol was observed in 

HD1, HD2, and HD3 rats (Table 5). All rats given rice doses 

significantly decreased in TC level from baseline until week 

4, and reduction was highest in HD3 rats. Figure 1a further 

reveals that TC levels were above the normal limit of 79.37 

mg/dL which was observed in the acclimatization, and only 

the total cholesterol level of HD3 rats was observed nearing 

the said normal limit.  
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Table 5. Weekly mean percent change in total cholesterol, triglyceride, HDL-c and LDL-c level from the baseline 

measurement in feed-induced hyperlipidemic Sprague Dawley rats for effective dose determination. 

 Mean Percent Change + Sd 

Treatment Group Total Cholesterol 

 Week 1 Week 2 Week 3 Week 4 

HFD -0.27(+0.25)a -0.57(+0.57)a -0.28(+0.28)a -0.30(+0.44)a 

HD1 4.89(+1.54)b 24.86(+2.32)a 8.98(+ 0.60)b 21.0(+2.01)a 

HD2 7.91(+ 2.50)b 28.74(+1.51)c 15.23(+1.11)d 22.6(+1.27)a 

HD3 9.80(+3.27)b 35.74(+2.27)c 19.27(+ 1.65)b 28.75(+0.75)a 

 Triglycerides 

HFD -0.47(+0.40)a -0.52(+0.61)a 0.77(+0.37)a -0.94+0.56a 

HD1 9.92(+1.98)a 15.46(+4.15)b 4.29(+0.60)c 8(+ 5.28)d 

HD2 9.08(+2.99)a 7.97(+ 2.72)a 2.95(+1.89)c 4.75(+3.31)d 

HD3 21.29(+ 2.66)a 10.58(+1.96)b 0.88(+1.13)c 10.14(+3.56)b 

  High density lipoprotein-cholesterol (HDL-c)  

HFD 3.34(+6.55)a 4.51(+2.41)a 0.02(+1.37)b 0.18(+3.07) b 

HD1 -44.86(+13.16)a -2.93(+2.32)b -6.49(+5.15)c -16.36(+ 2.91)d 

HD2 -41.75(+14.73)a -23.13(+ 10.48)b -3.87(+ 2.94)c -19.76(+2.81)d 

HD3 -67.88a(+32.42)a -2.30b(+11.01)b -3.97c(+1.84)c -18.20d(+7.70)d 

  Low density lipoprotein-cholesterol (LDL-c)  

HFD 
-0.85(+0.82)

a

 -2.38(+1.56)
b

 1.90(+0.96)
c
 -1.04(+1.41)

d

 

HD1 
16.55(+2.86)

a

 13.94(+3.10)
a

 6.51(+2.95)
c

 21.37(+1.27)
d

 

HD2 
13.58(+3.93)

a

 1.70(+4.17)
b

 18.85(+ 3.63)
c

 -16.64(+1.21)
d

 

HD3 
4.84(+6.04)

a

 8.13(+6.46)
b

 8.13(+7.95)
b

 19.77(+2.73)
c

 

HF; high fat; BPR: brown pigmented rice; HFD: 100% high fat rodent feed, control; HD1: 75% HF rodent feed and 25% 

BPR; HD2: 50% HF rodent feed and 50% BPR; HD3: 25% HF rodent feed and 75% BPR. Values with positive (+) sign 

mean a reduction. Means within the row followed by the same letter(s) are not significantly different at α = 0.05 using t- 

test. 

 

Triglycerides 
High triglyceride levels were observed at the beginning 

of the intervention period (Figure 1b). The triglyceride level 

did not decrease in the control (HFD) rats during the entire 

duration of the intervention period. However, significant 

decline was observed for the HD1, HD2, HD3 rats, from 

week 1 to 4, the highest of which was observed in the HD3 

rats. Figure 1b further shows that HD3 rats exhibited 

triglyceride level that was nearest to the normal TG limit 

(69.71 mg/dL) observed during the acclimatization period. 

Moreover, consistent increase in the triglyceride level was 

observed in the control group until week 4 (Table 5). 

HDL-c 
Mean levels of HDL-c for the control and treatment 

groups did not differ significantly at baseline measurements 

(Figure 1c) but was observed to increase at the end of the 

intervention period except in the HFD rats (control). In 

HD3 rats, the increase in HDL-c was significantly higher 

than in HD1, HD2 and the HFD rats. Mean HDL-c levels in 

the control group decreased while it increased in the treated 

rats (Table 5). HD2 rats had the highest increase (19.76%), 

which is more than in HD3 rats (18.20%) and HD1 rats 

(16.36%). Figure 1c also shows that HD3 almost reached 

the normal blood HDL-c level limit at 65.06 mg/dL from 

the acclimatization experiment. 

LDL-c 
High levels of LDL-c were observed for all groups before 

the start of the intervention period (Figure 1d). Mean LDL-

c did not differ significantly between HD1 and HD2 rats but 

differed with HD3 rats. LDL-c of the treated rats was 

significantly different from the control.HD3 rats had a 

consistent reduction trend throughout the intervention 

period, with the reduction of almost 19.77% while in HFD 

rats the level increased to 1.04 at week 4 (Table 5). 

In-vivo lipid lowering effect of effective dose of brown 

pigmented rice 

Mean Feed Intake 
The non-hyperlipidemic control (NHC) group received 

commercial feed of 12.56 g/day, while the hyperlipidemic 

control (HC) group was given 12.64 g/day of HF rodent 

feed and the hyperlipidemic Simvastatin treated (HST) was 

given 12.42 g/day of HF rodent feed plus simvastatin. 

Meanwhile, the hyperlipidemic brown pigmented rice 

group (HBPR) received 12.61 g/day of 75% BPR and 25% 

HF rodent feed and hyperglycemic pigmented rice group 

(HPR) at 12.18 g/day of 50% well milled PR and 50% HF 

rodent feed. The calorie content of the food given to 

respective groups differed significantly, with the highest in 

HC group and lowest in the NHC group. 

Total Cholesterol 
The mean TC of the NHC rats was maintained during the 

entire intervention period. Meanwhile at baseline (Week 0), 

the average levels of TC in the HST, HPR, and HBPR 

significantly differed with the NHC group. Figure 2a 

presents that none of the level of cholesterol in treated rats 

i.e., HST, BPR and HBPR met the cholesterol level in NHC 

rats. Lowest reduction in cholesterol level was observed in 

HST and HBPR rats however, it was not significantly 

different. Both observed TC levels were either nearest to 

NHC rats at 80.59 mg/dL or the normal limit of 79 mg/dL 

in the acclimatization period. 

Continuous decrease was observed for HST and HBPR 

group with close mean percent (%) change of 21 and 20 

respectively at week 4, found to be significantly lower than 
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the HC group (Table 6). No reduction in mean TC levels 

was observed for HC group; in fact it even increased at the 

end of the intervention period. This is expected because this 

group was only given 100% HF feed. While the NHC group 

 

 
Fig. 2. Weekly mean (a) total cholesterol, (b) triglyceride, (c) high density lipoprotein and (d) low density lipoprotein 

level of non-hyperlipidemic control and feed-induced hyperlipidemic Sprague Dawley rats for in vivo evaluation of the 

effective dosemaintained low TC levels from the beginning to the end of the intervention period since the group was not 

given a HF rodent feed. 

 

Table 6. Weekly mean percent change in the lipid profile and fat content of feces of non-hyperlipidemic and feed-

induced hyperlipidemic Sprague Dawley rats for in vivo lipid lowering effect of the effective dose 

Treatment MEAN PERCENT CHANGE + SD  

group Total Cholesterol  

 Week 1 Week 2 Week 3 Week 4 % Red. 

NHC 0.68(+ 1.07)a -0.99(+ 1.14)a -0.29(+ 0.37)b -0.62(+ 0.78)b -0.31 

HC -0.30(+ 0.44)a -0.27(+ 0.25)a -0.28(+ 0.28)a -0.354(+ 0.33)a  -4.41 

HST 24.13(+1.81)a 10.09(+ 2.35)b 15.97(+0.84)c 21.08(+1.08)d 54.78 

HPR  19.02(+1.81)a 14.61(+2.20)b 7.20(+3.62)a 18.24(+1)c 47.57 

HBPR  88.60(+ 1.24)a 9.80(+3.27)a 9.27(+ 1.65)b 20.34(+0.86)c 53.48 

 Triglycerides  

NHC 0.15(+ 0.79)a -1.68(+ .69)b -1.60(+ 1.29)b -0.77(+ 0.62) c -3.94 

HC -0.74(+ .0.40)a -0.52(+0.61)a -0.77(+ 0.37)a -0.94(+ 0.56) a -2.75 

HST 17.69(+2.21)a -0.52(+0.61)a 12.93(+ 3.37)a 3.87(+ 0.87) a 39.36 

HPR 9.44(+6.71)a 16.28(+6.98)a 3.80(+1.18)b 3.18(+ 1.21)c 29.75 

BPR 20.36(+ 2.09)a 10.58(+1.96)b 0.88(+ 1.13)b 10.14(+3.56)c 37.40 

  High density lipoprotein-cholesterol (HDL-c)   

NHC 1.30(+ 1.28)a 1.03(+ 0.51)a 3.26(+ 1.29)a 2.01(+ 2.06)a 7.45 

HC 3.34(+6.35)a 4.51(+2.41)a 0.02(+1.37)a 0.18(+3.07)a 7.85 

HST -56.44(+ 8.09)a -21.69(+6.10)a -1.79(+ 1.95)b -12.39(+6.34)b -116.75 

HPR -45.42(+14.94)a -26.62(+15.50)b -4.74(+2.99)c -8.87(+2.99)d -106.66 

HBPR -44.86(+13.16)a -2.92(+2.32)b -6.49 (+5.15)a -16.36 (+ 2.90)c -131.96 

 Low density lipoprotein-cholesterol (LDL-c)  

NHC -3.22 (+1.76)a -4.21(+5.42)a -1.50(+3.27)a -3.19(+ 1.61) a -12.53 

HC -0.85 (+ 0.82)a -2.38(+ 5.42)b -1.90(+ 0.96)b -1.04 (+ 1.41)b -2.39 

HST 24.42(+ 3.02)a 25.66(+3.93)b -6.77(+3.55)b 29.79(+ 0.96)c 60.11 

HPR 19.27(+3.37)a 13.17(+9.39)b 5.86(+3.29)c 20.91 (+1.88)a 48.05 

HBPR 20.46(+6.10)a 9.35(+3.10)a 6.51(+2.95)a 35.29 (+ 5.58)b 53.00 
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  Fat content  (g/100g)  
  First 10 Days Middle 10 Days Last 10 Days  

NHC  1.98 (+0.99)a 1.08 (+ 0.63)a 1.96 (+ 0.98)a  

HC  2.16(+0. 71)a 3.19 (+ 1.05)b 2.09 (+ 1.06)c  

HST  2.20 (+1.00)a 3.39 (+ 1.54)b 2.56 (+ 1.58)c  

HPR   2.25 (+ 1.00)a 4.05 (+ 1.61)b 2.72 (+ 1.32)a  

HBPR   2.91(+ 1.16)a 4.83 (+ 1.92)b 3.37 (+ 1.92)b  

HF-high fat; BPR-brown pigmented rice; NH: non-hyperlipidemic, control fed with commercial rodent feed; HC: 

hyperlipidemic control fed with HF rodent feed; HST: hyperglycemic simvastatin treated; HPR: 50% well milled 

pigmented rice and 50% HF rodent feed; HBPR: 75% brown pigmented rice and 25% HF rodent feed.  Values with positive 

(+) sign mean a reduction. Means within same row with the same letter(s) are not significantly different at α=0.05 sing t-

test. 

 

Triglycerides Level 
High triglyceride levels for the HC, HST, HPR and 

HBPR groups were observed at baseline. The mean 

triglyceride level of the HC group was significantly higher 

than in any of the other groups. It must be noted that the 

triglyceride levels of the simvastatin and BPR treated 

groups continued to decrease significantly from the 

baseline. Further, at week 4 the triglyceride levels of HST 

and HBPR rats did not differ significantly, implying the 

potential affectivity of BPR in decreasing the levels of 

triglyceride in the blood but still unable to meet the normal 

limit of 69 mg/dL observed in the acclimatization period 

(Figure 2b). Mean triglyceride level of HC group increased 

continuously with 0.94% recorded at the end of the 

intervention period (Table 2). HST group showed about 4% 

reduction at the end of the intervention period, while HBPR 

rats exhibited about 10% reduction. 

HDL-C – Cholesterol Level 
There was no significant difference in the levels of HDL-

c of rats in the HC, HST, HPR and HBPR groups at baseline 

(Figure 2c). However, the HDL-c of these groups was 

significantly lower than the NHC group. The continued 

cumulative percent change increase in the HDL-c levels of 

HBPR and Simvastatin treated groups may be due to the 

phytosterol present in the brown pigmented rice (Table 2) 

and statin in Simvastatin. Mean HDL-c values obtained at 

the start were more than doubled by the end of the 

intervention period. The HDL-c level in HBPR rats was not 

significantly different from that of the statin treated group 

implying that BPR even at 75% substitution for white rice 

in the feed can enhance the protective effect of HDL-c 

against dyslipidemia. Figure 2c further shows that HDL-c 

levels in HST and HBPR rats were near the normal limit (65 

mg/dL) in the acclimatization experiment. 

LDL-c 
The average level of LDL-c in the NHC group was 

significantly lower than the other groups during the entire 

intervention period (Figure 2d). High values were obtained 

for the HC, HST, HPR and HBPR groups at the start of the 

intervention period but are not significantly different from 

each other. In the HC group, LDL-c remained high while 

simvastatin and BPR treated groups decreased. It can be 

observed that HBPR ranked next to simvastatin treated 

group in lowering LDL-C levels in the blood of the rats, 

although not significantly different, this indicates the 

potential of BPR in lowering LDL-c in the blood. Both 

exhibited LDL-c level proximate to the NHC rats and 

normal limit of 26.35 mg/dL in the acclimatization period. 

The percent change in average weekly LDL-c levels based 

on initial measurements, reduction was observed only for 

groups given statin and pigmented rice (Table 6).  

Weight Assessment 
No significant difference in body weight was observed in 

the four treatment groups at the start of intervention period. 

During weeks 2 to 4, HBPR (253g) group achieved the 

highest mean in weight, followed by the HC (251g), HPR 

(250g) and HST (245g) groups. Non-hyperlipidemic rats 

(NHC) retained its relatively low body weight (189g). HST 

rats had lower body weight than the other groups. This 

group was given statin drugs by gavage method and 

required more handling, which put much stress on them and 

affected their weight gain. 

Fat Content 
Analysis showed that HBPR rats had the highest fat 

content in the feces at each collection period, ranging from 

about 3.37 g/100 g (Table 6), followed by HST group at 

2.56 g/100 g. Manure from the HC rats approximately 

contained 2.09 g/100 g fat. The group with the lowest fat 

content was in the NHC rats, with only about 1-2 g/100g. 

This is expected, because the NHC group was not given a 

HF rodent feed. The phytosterols and dietary fiber in 

cooked brown pigmented rice consumed by HBPR rats may 

have helped in the excretion of lipids. 

 

IV. DISCUSSION 
 

Total cholesterol and triglyceride levels increased with 

increased high fat feed intake. The abnormally-elevated 

levels of total cholesterol and triglycerides characterized 

hyperlipidemia. The bivariate analysis undertaken in this 

study ascertained the positive relationship between calorie 

with the levels of TC, triglycerides and LDL-c, and a 

positive relationship between fat intake with TC and 

triglycerides. 

Results of the analysis showed that calorie intake was 

positively correlated significantly with TC (total 

cholesterol), triglycerides and LDL levels (Table 7) while 

fat was also positively correlated significantly with TC, and 

triglycerides. This indicates that fat intake is a strong 

predictor of TC and triglycerides while calorie was a strong 

predictor of TC, triglycerides and LDL-c levels. As fat 

intake increases (particularly saturated and Trans fats) the 

TC level also increases. The negative relationship observed 

between fat intake and HDL-c level implies that high fat 

intake lowers HDL-c level in the body.
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Table 7. Bivariate correlation of intake with lipid levels. 

COMPOSITION 

TOTAL CHOLESTEROL TRIGLYCERIDES HDL-c 
 

LDL-c 

Correlation Coefficient 

Intake     

Calorie 0.81** 0.72* 0.69 0.69** 

Carbohydrate -0.29 -0.21 -0.22 0.02 

Protein -0.19 0.12 -0.44 -0.21 

Fat 0.82** 0.74** 0.22* -0.46 

*Correlation is significant at p-value < 0.05; ** Correlation is significant at p-value < 0.01 

 

In the study, the positive correlations between fat intake 

and lipid levels were observed in the HC and NHC groups. 

The HC group, as the negative control, was given 100 % 

high fat (HF) feed and had a mean fat intake of 12.66 g/day, 

the highest fat intake among the four study groups and 

maintained lower HDL-c and high cholesterol and 

triglycerides levels above the desirable amount all 

throughout the intervention period (Figures 1 and 2). The 

positive association between dietary fat intake and 

cholesterol and triglyceride levels observed in this study 

was in agreement with the results obtained by Ueshima et 

al. (2000). 

Although the HST and HBPR groups were likewise given 

high fat (HF) rodent feed, and both had mean fat intakes not 

significantly different with that of the HC group, these two 

groups were given interventions of statin drug for HST and 

cooked brown pigmented rice containing phytosterols for 

HBPR that could presumably account for the lowering of 

cholesterol and triglyceride levels. 

The intervention drug given to HST group was 

Simvastatin, a synthetic drug considered very potent among 

other statin drugs (Lopez 2003). It was given to the HST 

group at a dosage of 20 mg/kg body weight from 5 to 6 in 

the afternoon. The statin was given at such time so as to 

account for the greater intake of rats at night time. In 

addition, since cholesterol synthesis appears to occur 

mostly at night (Mietinnen 1982), the statin drug was given 

at night to maximize its effect. 

The mechanism of action of statin drugs is attributed to 

the inhibition of HMG- CoA reductase, the first committed 

enzyme in cholesterol synthesis. Statins block the pathway 

for synthesizing cholesterol in the liver. Aside from 

competing with the normal substrate in the enzymes active 

site, they alter the conformation of the enzyme when they 

bind to its active site. This prevents HMG-CoA reductase 

from attaining a functional structure. The change in 

conformation at the active site makes these drugs very 

effective and specific (Stancu and Sima 2001). 

In this study, it was observed that the HST group given 

the statin drug had 54.78% reduction in total cholesterol, 

60.11% in LDL-c level and 39.36% reduction in 

triglycerides at the end of the intervention period (Table 8). 

The observed decrease in  

TC was proportional to the value obtained by other 

researchers (Kleemannetal.2003).  However, Vargas (2014) 

reported 25 % reduction in total cholesterol when rats were 

fed with 75 % brown rice which was lower that what was 

obtained in the study. 

 

Table 8. Summary of results for in vivo evaluation of lipid-lowering effect of cooked brown pigmented rice in non-

hyperlipidemic and hyperlipidemic Sprague Dawley rats. 

 Study Group 

Parameter NHC HC HST HBPR 

Intake (mean)* 

Food (g) 
12.40

a

 
 

12.66
a

 
 

12.42
a

 
 

12.50
a

 
 

Energy (kcal) 
47.31

a

 
 

77.23
b

 
 

69.18
c

 
 

37.08
d

 
 

Carbohydrates (g) 
6.09

a

 
 

3.67
b

 
 

3.60
b

 
 

5.09
c

 
 

Proteins (g) 
5.06

a

 
 

2.28
b

 
 

2.24
b

 
 

0.61
c

 
 

Fats (g) 
0.29

a

 
 

5.69
b

 
 

5.59
b

 
 

1.52
c

 
 

 

Lipid Levels, after 4 weeks (mg/LDL-c) 

TC  80.59a -0.31* 222.76b -4.41* 151.97c 54.78* 162.15d 53.48* 

LDL-c  29.31a -12.53* 88.10b -2.39* 56.45c 60.11* 57.16a 53.00* 

Triglycerides  72.99a -3.94* 135.18b -2.75* 102.14c 39.36* 101.31c 37.40* 

HDL-cholesterol  59.73a 7.45* 23.65b 7.85* 42.29c -116.75* 43.11a -131.96* 

Weight(mean,g)** 
188.60

a

 
 

251.37
b

 
 

245.00
c

 
 

252.77
d
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Fecal Fat Content (mean, g/100g) 

First 10 days  
0.96

a

 
 

1.23
b

 
 

1.13
c

 
 

1.42
d

 
 

Mid 10 days  
1.00

a

 
 

1.28
b

 
 

1.17
c

 
 

1.78
c

 
 

Last 10 days  
0.90

a

 
 

1.32
b

 
 

1.23
c

 
 

1.84
d

 
 

NHC - non- hyperlipidemic control group; HC - hyperlipidemic control group; HST – hyperlipidemic statin-treated group; 

HBPR – hyperlipidemic brown rice-fed group; *Food intake composed of 9.38 g cooked brown rice and 3.13 g high fat 

feed; **Weight at the end of intervention period. Means in the same row followed by the same letter(s) are not significantly 

different at α = 0.05; *Values following the mean in lipid level is the % reduction, negative (-) sign means anincrease. 

 

The HBPR group fed with 75% BPR and 25% rodent HF 

rodent feed recorded a decrease in TC 53.48%, 53% in 

LDL-c and a 37.40% reduction in triglyceride (Table 8). 

This reduction is caused by brown pigmented rice 

consumed by this group that contains phytosterols that are 

believed to have a cholesterol-lowering effect (Lichtenstein 

et al 1994; Ausman et al. 2003; Vargas, 2014).  The amount 

of phytosterol in HBPR was45 mg with % bioactive 

adequacy of about 647 but with only about 13% maximum 

effective dose had contributed to its relatively low reduction 

in TC, triglycerides and LDL-c levels but not enough to 

reach the normal limit values. Vargas (2014) showed that 

phytosterol in brown rice can be bioactive in humans even 

at a dose of 41 mg phytosterol per day produces maximum 

effectiveness to lower lipids. In this study, the phytosterol 

intake of the HBPR group was 23.45 mg with cooked brown 

pigmented rice as the main source. The phytosterol intake 

of the HBPR group met only half of the standard 

requirement for bioactive dose in rats of about 48 mg. In the 

study only about 13.36 % of the required maximum 

effective dose was met by the HBPR group (Table 9). 

Although the amount of phytosterol consumed is small, the 

study clearly shows that it can decrease significantly the 

levels of TC, triglycerides and LDL-c in the HBPR rats. 

 

Table 9. Phytosterol standard requirement, phytosterol content of intake, and percent adequacy of phytosterol intake in 

feed-induced hyperlipidemic Sprague Dawley rats for effective dose determination 

Treatment Group 

Phytosterol Standard 

Requirement 

Mean 

Intake of 

Bpr (G) 

Phytosterol Contentof 

Intake (Mg) 

% Adequacy Of 

Phytosterol 

Bioactive 

Dose (Mg) 

Maximum 

Effective 

Dose (Mg) 

Bioactive 

Dose 

Maximum 

Effective 

Dose 

HFD 

HD1 

HD2 

HD3 

3.66a 

3.62a 

3.63a 

3.62a 

48.89a 

48.36a 

48.49a 

48.36a 

- 

3.11a 

6.13b 

9.38c 

- 

7.78a 

15.33b 

23.45c 

- 

214.92a 

421.89b 

647.79c 

- 

13.36a 

13.36a 

13.36a 

HFD: high fat rodent feed; BPR: brown pigmented rice; HD1: 25 % high fat (HF) rodent feed and 75 % brown BPR; 50 % 

HF rodent feed and 50 % BPR; HD3: 75 % HF rodent feed and 25 % BPR. Means having the same superscript within a 

column are not significantly different at α=0.05 using t-test. 

 

The lowering of blood cholesterol has been accounted to 

the phytosterols’ effect on cholesterol absorption. The 

mechanisms of action include the ability of phytosterols to 

displace cholesterol within intestinal micelles decrease 

binding of cholesterol to the brush border membranes, 

decrease intracellular esterification of cholesterol, and 

decrease incorporation of cholesterol into chylomicrons, 

thus resulting in less cholesterol absorption and its 

increased excretion in the feces (Ikuo et al. 1988, 

Lichtenstein et al. 1994, Ostlund 2002, Brown 2011). 

High fat excretion was observed in the feces of HBPR 

rats (Table 4). Among the four groups, only the HBPR 

group was given cooked brown pigmented rice, and results 

of fecal analysis showed that this group had the highest fat 

content in the feces. The high fat content can presumably be 

the effect of the phytosterols present in brown pigmented 

rice, since these inhibit the absorption of cholesterols in the 

intestinal lumen and increase its excretion in the feces. 

Several studies such that of Racette et al. (2009), in their 

study on the effects of phytosterols on cholesterol 

metabolism, observed that phytosterol intakes significantly 

increased total fecal cholesterol excretion. 

The results of this study to humans, the amount of cooked 

brown rice of the Segreng brown pigmented rice variety that 

should be consumed by humans in order to observe the 

same effects on lipid levels is 229.81 g/day (Appendix 5). 

This amount, when translated into house hold cup at 195 

g/cup is equivalent to approximately 1 ¼ cups of cooked 

brown rice. This amount can be considered manageable for 

daily consumption, especially among adults whom 

recommendations to modify feed to improve blood lipid 

concentrations are most commonly made. 

 

V. CONCLUSION 
 

Results revealed that increasing the amounts of brown 

pigmented rice in the feed of the rats resulted in the 

lowering of the lipid levels of TC, triglycerides and LDL-c 

but increasing the amount of HDL-c. Specifically, the study 

showed the following: (a) Segreng exhibited relatively high 

amounts of phytosterol and dietary fiber at 2.50 and 5.59%; 

(b) inclusion of 75% cooked BPR in the feed of the rats for 

4 weeks resulted in the reduction of TC level by 53.48%, 

triglyceride level by 37.40% and LDL-c level by 53% and 
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an increase in HDL- c level by 131.96%; however, the 

amounts were insufficient to bring the lipid levels of the rats 

to normal values; (c) mean TC, LDL-c, triglycerides and 

HDL-c in hyperlipidemic rats fed with 75% BPR rats were 

comparable with those of the hyperlipidemic-statin-treated 

rats at 20 mg/Kg of body weight; (d) higher amount of 

excreted fat was found in rats fed with 75% BPR and (e) 

bivariate correlation analysis indicated higher significant 

positive correlation of fat between TC, triglyceride and 

LDL-c than carbohydrate and protein. In addition, the 

amount of cooked Segreng brown pigmented rice variety 

that should be consumed by humans in order to observe the 

same effects on lipid levels is 229.81g/day or approximately 

1¼ cups. This amount is considered manageable for daily 

consumption, especially among adults whom 

recommendations to modify feed to improve blood lipid 

concentrations are commonly made. This study may also be 

replicated using other grains like corn, adlai, sorghum and 

root crops such as arrowroot, cassava, sweet potato and 

banana or any indigenous grain or root crop flours. A 

further study on human subjects is also recommended. 
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