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Abstract. Atherosclerosis is a significouldt health problem in developed countries and is a major 

cause of morbidity and mortality, especially in developing countries. Metabolic disorders which 

include increased levels of LDL and lipoprotein and decreased levels of HDL could cause 

atherosclerosis which is an inflammatory process due to the formation of plaques on the large artery 

walls. Black rice is a source of dietary fiber and anthocyanin could act as an antioxidant, which if 

consumed regularly could improve lipid profiles and blood antioxidants. This is expected to reduce 

the rate of disease caused by atherosclerosis. The purpose of this study to determine the potential of 

black rice on HDL and LDL levels in Sprague dawley mice with a high cholesterol diet. This study 

was in vivo experimental in Sprague dawley rats with a randomized post-test only control group 

design using 4 groups of rats weighing 175-200g. The group consisted of negative controls, positive 

controls, simvastatin and black rice drugs. The results showed that rats with hypercholesterol diet 

which were intervened with black rice feed for 12 weeks decreased LDL and increased HDL. 

Statistical tests showed that there was a significouldt effect between the treatment of feed on HDL 

and LDL levels. Further tests showed differences in each group. Conclusion of this study is black 

rice consumption could regulate lipid profiles by lowering LDL, increasing HDL levels and 

inhibiting the increase in fat oxidation results in the body with the MDA indicator. 
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1. Introduction 

Increase in blood cholesterol or hypercholesterolemia is a major cause of morbidity and 

mortality in both developed and developing countries.
1
 High LDL cholesterol levels are a risk for 

CHD. High-cholesterol foods such as meat, liver, brain, and innards cause excess cholesterol in the 

body.
2
 The state of hypercholesterolemia in animals occurs when the total cholesterol level in the 

blood exceeds normal. Mice have normal total cholesterol levels with a value of 10-54mg / dl.
3
 

Hypercholesterolemia also causes HDL levels in the blood to decrease. Normal HDL cholesterol 

level in rat blood plasma is ≥35 mg / dL.
4
 The normal threshold of LDL in rats is 7-27.2 mg / dl.

5
  

Delivered that the use of the drug hypercholesterolemia in experimental animals managed to 

control and reduce cholesterol levels in the blood, but in the use of drugs long-term 

hypercholesterolemia will cause side effects. 
6 

The choice of high fiber and anthocyanin intake as a 

source of antioxidants could be considered as one of the options for treating hypercholesterolemia. 

Food which is still a staple food source in Indonesia is rice. One rice variety that has higher fiber and 

antioxidant content is black rice. 

Compared to white rice, black rice contains higher fiber. This is caused by the epidermis 

which is still attached because of black rice not through ignition. Fiber content of food includes 
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soluble, insoluble fiber and total dietary fiber of 0.93; 10.79 and 11.72%. 

7

 Food fiber in black rice 

consists of soluble fiber and insoluble fiber. The mechanism of soluble fiber in reducing cholesterol 

levels is by binding to fat in the small intestine, so that cholesterol levels in the blood could be 

lowered. 
8
 Furthermore, in the intestine or digestive tract, fiber could bind bile salts which are the 

final cholesterol products and are released with feces. Thus food fiber will reduce cholesterol levels 

in blood plasma. Another mechanism is that when there is an increase in cholesterol excretion 

through feces, the amount of cholesterol that leads to the liver will decrease. With the reduction in 

the amount of cholesterol in the liver will cause an increase in cholesterol uptake in the blood which 

will be synthesized into bile acids, causing cholesterol levels in blood plasma to decrease.
9
 The high 

fat in the body could also trigger an oxidation reaction, which is described by the high number of 

plasma Malondealdehyde (MDA). 

MDA is the result of the oxidation process of plural unsaturated fats by free radical 

compounds in the body. Free radicals are defined as atoms or molecules that have one or more 

unpaired electrons in their atomic structure so they are reactive. Free radicals could interact with cell 

membranes and macromolecules such as lipids and proteins.
10

 Malondealdehyde (MDA) is a fat 

oxidation product that could induce blood vessel injury.
11

 The high levels of free radicals in the body 

could be demonstrated by the low activity of antioxidant enzymes and high levels of 

malondialdehyde (MDA) in plasma.
12

 This study studied the role of fiber in black rice for the 

treatment of animal models of hypercholesterolemia in terms of HDL, LDL and Malondealdehyde 

(MDA) levels. 

 

2. Method 

This research is an experimental study with a research design Pre Test and Post Test Control Group 

Design with a Completely Randomized Design (CRD). The experimental animals used in this study 

were 24 Sprague Dawley male rats, equipped with research ethics information number: 111 / KEPK-

FKM / UNIMUS / 2018 issued by the Health Research Ethics Commission (KEPK) Faculty of Public 

Health, University of Muhammadiyah Semarang. Weight inclusion criteria. between mice 175-200 g, 

male, looks active. Exclusion criteria namely; the weight of rats decreased (less than 175gr), died 

during the study period, experienced diarrhea during the study took place, at autopsy found a 

congenital abnormality that could affect the results of the examination Preparation of experimental 

animals The preparation phase of the experimental animal includes acclimatization for 5 days and 

then intervenes according to treatment. Plasma HDL, LDL, cholesterol and MDA levels were 

measured at the beginning before intervention (week 0), then at weeks 4, 8, 9, 10, 11 and 12. 

Hypercholesterol cholesterol diet by giving 1.25% cholesterol and 0.5 % cholic acid / day, the 

percentage calculated from adlibitum feed. Simvastatin medication is given at a dose of 0.18 mg/ 200 

g BB / oral / day in a sonde. Group animal experiments and interventions Rats were divided into 4 

groups, each group consisting of 6 rats each.  

1. Negative control: (AIN 93 M standard diet) 

2. Positive control (standard AIN 93 M + atherogenic diet) 

3. Drugs (standard AIN 93 M + atherogenic + simvastatin diet at doses of 0.18 mg / 200 g BB / 

oral/day.  

4. Black rice (standard diet + atherogenic + black rice flour). 

Diet is given iso calories and protein. Black rice diet groups contain higher fiber than other groups. 

This is in accordance with the calculation of the amount and calories of feed and aims to find out how 

the black rice diet with higher fiber content could have an impact on the levels of HDL, LDL, 

cholesterol and MDA plasma experimental animals.The composition of each feed group was 

calculated based on the similarity of protein and calorie levels presented in Table 1. 
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Table 1. Composition of Standard Diet AIN 93 M.

13

  

No Material   Standard AIN 93M Feed (g)  Black Rice Feed (g) 

1 Maezena 62,5 0 

2 Black rice flour 0 93,3 

3 Casein 14 6,7 

4 Sucrose 10 0 

5 Soybean oil 4 0,23 

6 Fiber 5 0 

7 Mineral mix 3,5 3,5 

8 Vitamin mix 1 1 

9 L-Cistin 0,18 0,18 

10 Cholin Bitartrate 0,25 0,25 

 Total (g) 100,40 105,16 

 

 

Methods of examination of HDL, LDL and MDA (CHOD-PAP by enzymatic 

spectrophotometry principle.
14

 Analysis of HDL and LDL is done by Precipitant and Standard for Use 

with Human Cholesterol Liquicolor Test Kit. 200 μl of serum was added with 500 μl of precipitation, 

mixed until homogeneous, then allowed to stand for 10 minutes at a temperature of 20-25
o
C. The tube 

is then centrifuged for 10 minutes with 4000 rpm. The supernatant is prepared from the precipitate 

within one hour after centrifugation. 100 μl of the supernatant plus 1000 μl of reagent were mixed, 

incubated for 10 minutes at a temperature of 20-25
o
C. Absorbance is read within one hour at a 

wavelength of Hg 546 nm. For blanks the reagent was made from 100 μl of distilled water plus 1000 

μl of reagent kit. HDL and LDL levels are calculated as follows: 

 

HDL cholesterol (mg/dl) = Standard concentration x Absorbance of the sample 

                                                                                            Absorbansi standar  

 

HDL cholesterol (mg/dl) = total Cholesterol - Triglycerides - HDL Cholesterol       

                                                                                 5  

 

Plasma Malondialdehyde (MDA) levels (Thiobarbituric Acid) 

 

Data analysis 

Numerical data from the examination of HDL, LDL and MDA levels in blood in each group 

were tested using the SPSS version 17.0 program. If the results of the analysis of variance have a 

significouldt (significouldt) effect, then proceed with the Duncould test α = 5%. to find out which 

treatment is different. 

 

3. Results and Discussion 

HDL and LDL levels in hypercholesterol cholesterol animals with a black rice diet. 

Levels of High Density Lipoprotein (HDL) or often referred to as good fats in the blood. Before 

getting feed intervention in each group, Pre Test Examination was conducted which aims to determine 

whether Sprague Dawley rats used in this study were in normal conditions and there were no 

disturbances related to cholesterol synthesis. The results of the preliminary examination before 

intervention found that all groups of mice were in normal condition and did not experience any 

disturbances associated with cholesterol levels in the blood. The results of the examination are said to 

be normal if the HDL and LDL levels are still within normal limits, namely 35-85 mg / dl for HDL 

levels and 2-27 mg / dl for LDL levels. Blood HDL levels of experimental animals are presented in 

Figure 1. 

 

javascript:void(0)
javascript:void(0)


International Conference on Food Science & Technology

IOP Conf. Series: Earth and Environmental Science 292 (2019) 012019

IOP Publishing

doi:10.1088/1755-1315/292/1/012019

4

 
Figure 1. HDL in hypercholesterol rats with a black rice diet 

 

Figure 1. shows a tendency to decrease HDL levels in all groups of experimental animals. The 

highest decrease in the positive control group, namely hypercholesterol cholesterol mice with a 

standard diet, decreased HDL to 73,14%, while the experimental group with a hypercholesterol 

cholesterol and black rice diet only experienced a 24,35% reduction almost the same as the 

Simvastatin drug interaction. This shows that black rice could play a role in controlling the decrease 

in HDL levels. 

Statistically there was an effect of treatment on HDL levels from the 8th week. At the 8th and 

9th week the black rice group was the same as the group of mice given the sivastatin drug. Weeks 10 

to 12 there are differences in each group. 

Hypercholesterolemia tends to result in LDL oxidation through increasing substrate, LDL 

conformational changes that are more susceptible to oxidation and increased O2 vascular production 

OxLDL could stimulate a number of redox-sensitive processes that have a negative impact on 

endothelial function.
15  

 

In this study, dietary fiber in brown rice could stabilize LDL blood in mice. There are several 

mechanisms for decreasing LDL cholesterol levels by dietary fiber, among others; fibers could 

modify lipid absorption and metabolism; Short chain fatty acids as a result of fermentation of fiber in 

black rice could affect cholesterol metabolism and lipoprotein; changing the absorption and 

metabolism of bile acids and fiber could change insulin or other hormone concentrations or tissue 

sensitivity to hormones that regulate cholesterol metabolism.
16, 17 

Exposure in Figure 2. shows the levels of Low Density Lipoprotein (LDL) or commonly 

referred to as bad fat in the experimental group with drug intervention and black rice is much lower 

under positive control. Black rice diets in group 4 compared to positive controls were able to reduce 

LDL levels by 52% at the end of the study or at 12 weeks. Almost the same as negative controls. 

Statistically there is an effect of giving a diet on LDL levels and further testing shows there are 

differences in each group. 
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Figure 2. LDL in hypercholesterol rats with a black rice diet 

    

Increased LDL levels and decreased HDL levels are caused by excessive amounts of 

cholesterol, which causes cholesterol buildup in the body.
18

 The results of this study indicate that they 

are still in normal condition according to the limits of LDL levels 2-27.2 mg / dl or <100 mg / dl. 

Increased LDL levels in the blood are caused by high cholesterol levels. This causes VLDL to 

form LDL. High levels of LDL make HDL depressed and could not get rid of excess cholesterol 

contained in the blood, so that HDL decreases. Hypercholesterolemia results in impaired lipoprotein 

metabolism, which includes increased LDL levels and decreased HDL levels.
19

 

Malondealdeida (MDA) 

Malonaldehyde (MDA) is the result of the oxidation process of plural unsaturated fats by free 

radical compounds in the body. Free radicals are defined as atoms or molecules that have one or more 

unpaired electrons in their atomic structure so they are reactive. Free radicals could interact with cell 

membranes and macromolecules such as lipids and proteins.
10

 Malonaldehyde (MDA) is a fat 

oxidation product that could induce blood vessel injury.
11

 The high levels of free radicals in the body 

could be demonstrated by the low activity of antioxidant enzymes and high levels of malondialdehyde 

(MDA) in plasma.
12

 MDA plasma hypercholesterol mice with a black rice diet are presented in Figure 

3. 

 
Figure 3. Levels of Malondealdehyde (MDA) in hypercholesterol rats with a black rice diet 
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Figure 3. shows the trend of increasing MDA of rats in all treatments. The highest increase 

was in the positive control group where rats were given a high cholesterol diet with standard feed. 

The other group was negative control, the interaction with the drug simastatin and black rice also 

increased but was lower than before the intervention. 

In the group of positive control rats there was an increase in MDA levels reaching 408.8%, 

whereas in rats with black rice intervention the increase was only 89%, lower than mice that were 

interfered with simvastatin drugs which reached 17.1%. Mice with high cholesterol feed could cause 

the oxidation process of plural unsaturated fats by free radical compounds in the body. With the 

intervention of black rice in feed containing anthocyanins it could act as an antioxidant so that it 

could reduce the occurrence of the oxidation process. Brown rice added with fiber from carrageenan 

and anthocyanin extract could reduce MDA formation in diabetic rats.7
 

4. Conclusion 

Black rice consumption could regulate lipid profiles by lowering LDL, increasing HDL 

levels and inhibiting the increase in fat oxidation results in the body with the MDA indicator. 

 

 

References 

 

[1] Klatt, P., Esterbauer, H. 1996. Oxidative hypothesis of atherogenesis. J Cardiovac Risk; 3: 346–

51. 

 

[2] Schlesinger, D.P. 2011. Raw food diets in companion animals: A critical review. Couldadian 

Veterinary    Journal.  52(1): 50–54. 

 

[3] Harini, M., DA, Okid. 2009. Blood Cholesterol Level of Hypercholesterolemia Rat Rattus  

norvegicus) After VCO Treatment. Journal Bioscience Vol 1 No 2 : 53-58. 

 

[4] Hartoyo, A, N., Dahrulsyah,. Sripalupi dan Nugroho P. 2008. Pengaruh Fraksi Karbohidrat 

Kacouldg Komak (Lablab Purpureus (L) Sweet) . Jurnal Teknologi dan Industri Pangan, 19: 

25-31 

 

[5] Herwiyarirasanta., BA,   Eduardus.   2010. Effect of Black Soybean Extract Supplementation in 

Low Density Lipoprotein Level of Rats (Rattus norvegicus) With High Fat Diet. Science 

Article Universitas Airlangga. Surabaya. 

 

[6] Nafrialdi, S. 2007. Farmakologidan Terapi Edisi ke-5. Gaya Baru. Jakarta. 

[7] Nurhidajah., Astuti, M., Sardjono, dan Murdiati, A. 2017. Profil Antioksidan Darah Tikus 

Diabetes dengan Asupan Beras Merah yang Diperkaya Kappa-Karagenan dan Ekstrak 

Antosianin. Agritech, Vol. 37, (1), 81-87. 

 

[8] Santoso, A. 2011. Serat pangan (dietary fiber) dan manfaatnya bagi kesehatan. Magistra. 

3(75):35–40.  

 

[9] Setyaji, D.Y dan Mulyati, T. 2013. Pengaruh Pemberian Nata de Coco terhadap Kadar Kolesterol 

LDL dan HDL pada Wanita Dislipidemia. [Skripsi]. Universitas Diponegoro. Semarang. 

 

[10] Winarsi H. 2007. Antioksidan Alami dan Radikal Bebas . Yogyakarta (ID): Kanisius 

 

[11] Hartoyo A. 2003. Teh & Khasiatnya bagi Kesehatan, Sebuah Tinjauan Ilmiah Yogyakarta (ID): 

Kanisius.  

 



International Conference on Food Science & Technology

IOP Conf. Series: Earth and Environmental Science 292 (2019) 012019

IOP Publishing

doi:10.1088/1755-1315/292/1/012019

7

[12] Zakaria F.R., Susanto, Hartoyo. 2000. Pengaruh Konsumsi Jahe (Zingiber officinale Roscoe) 

terhadap Kadar Malondialdehid dan Vitamin E Plasma pada Mahasiswa Pesantren Ulil 

Albaab Kedung Badak, Bogor. Jurnal Teknologi dan Industri Pangan . 11(1):36-40. 

 

[13] Reeves, P.G., Nielsen, F.H. and Fahey Jr, G.C. (1993). AIN-93 purified diets for laboratory 

rodents: Final report of the Americould Institute of Nutrition and ad hoc writing committee on 

the reformulation of the AIN-76A diet. Journal Nutr. 123:1939-1951.  

 

[14] Warnick GR, Benderson J, Albers JJ. (2001). Dextran sulfate-Mg2+ precipitation procedure for 

quantitation of high-density-lipoprotein cholesterol. Clin Chem. 1982;28:1379–1388. 

 

[15] Amelia, R., Oenzil, F., Nasrul, E. 2017. Pengaruh Diet Tinggi Asam Lemak Terhadap Fungsi 

Endotel Pembuluh Darah Tikus Jantan Strain Wistar. Program Studi Ilmu Biomedik, 

Universitas Andalas, Padang. Bagian Biologi Fakultas Kedokteran, Universitas Andalas, 

Padang. 

 

[16] Anderson J.W., Deakins DA, Bridges SR. 1990. Soluble Fiber, Hypocholesterolemic Effects and 

Proposed Mechanisms. In: Kritchevsky D, Bonfield C and Anderson JW, editor. Dietary 

Fiber; Chemistry, Physiology, and Health Effects. New York: Plenum Press; 339-35821. 

 

[17] Marlett JA. 1990. Analysis of Dietary Fiber in Human Foods. In : Kritchesky D, Bonfield C and 

Anderson JW, editor. Dietary Fiber; Chemistry, Physiology, and Health Effects. New York: 

Plenum Press. 

 

[18] Zhang, M., GUO, B., Zhange, R., Chi. J., We, Z.., XU, A.,Zhange, Y. and Tang, X. 2006. Separation, 

Purification and identification of antioxidant compositions in black rice. Agricultural Sciences in China 

5(6): 431-440. 

    

[19] Sargowo, D. 2001. Peranan Kadar Trigliserida dan Lippoprotein sebagai faktor Resiko 

Penyakit Jantung Koroner (Studi Pendahuluan). Jurnal Saintika. Lembaga Penelitian 

Universitas Brawijaya-Malang, Vol 13 No. 2. 

 

 

 


