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Effects of ingredients of Korean brown rice cookies on attenuation 
of cholesterol level and oxidative stress in high-fat diet-fed mice
Sun Hee Hong, Mijeong Kim, Minji Woo and Yeong Ok Song§

Department of Food Science and Nutrition and Kimchi Research Institute, Pusan National University, 2 Busandaehak-ro 63 beon-gil, Geumjeong-gu, Busan 46241, Korea

BACKGROUND/OBJECTIVES: Owing to health concerns related to the consumption of traditional snacks high in sugars and 
fats, much effort has been made to develop functional snacks with low calorie content. In this study, a new recipe for Korean 
rice cookie, dasik, was developed and its antioxidative, lipid-lowering, and anti-inflammatory effects and related mechanisms 
were elucidated. The effects were compared with those of traditional rice cake dasik (RCD), the lipid-lowering effect of which 
is greater than that of traditional western-style cookies.
MATERIALS/METHODS: Ginseng-added brown rice dasik (GBRD) was prepared with brown rice flour, fructooligosaccharide, red 
ginseng extract, and propolis. Mice were grouped (n = 7 per group) into those fed a normal AIN-76 diet, a high-fat diet (HFD), 
and HFD supplemented with RCD or GBRD. Dasik in the HFD accounted for 7% of the total calories. The lipid, reactive oxygen 
species, and peroxynitrite levels, and degree of lipid peroxidation in the plasma or liver were determined. The expression 
levels of proteins involved in lipid metabolism and inflammation, and those of antioxidant enzymes were determined by western 
blot analysis. 
RESULTS: The plasma and hepatic total cholesterol concentrations in the GBRD group were significantly decreased via downregulation 
of sterol regulatory element-binding protein-2 and 3-hydroxy-3-methylglutaryl-CoA reductase (P < 0.05). The hepatic peroxynitrite 
level was significantly lower, whereas glutathione was higher, in the GBRD group than in the RCD group. Among the antioxidant 
enzymes, catalase (CAT) and glutathione peroxidase (GPx) were significantly upregulated in the GBRD group (P < 0.05). In addition, 
nuclear factor-kappaB (NF-κB) expression in the GBRD group was significantly lower than that in the RCD group. 
CONCLUSIONS: GBRD decreases the plasma and hepatic cholesterol levels by downregulating cholesterol synthesis. This new 
dasik recipe also improves the antioxidative and anti-inflammatory status in HFD-fed mice via CAT and GPx upregulation and 
NF-κB downregulation. These effects were significantly higher than those of RCD.
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INTRODUCTION2)

The western diet has become popular in Korea since the late 
1970s, which has concomitantly increased the Korean population’s 
consumption of western-style cookies. Although Korean 
traditional confectionaries are not as diverse as western-style 
cookies, they are generally higher in nutritional value. In 
particular, the Korean rice cookie (dasik; literally “tea food”) does 
not require baking or frying process, and sugar, butter, milk, 
and eggs are not contained. Rice cake dasik (RCD), a 
representative dasik, is made by mixing rice cake flour, mung 
bean starch, and honey, and then forming the dough into a 
certain shape by using a special-purpose mold. Therefore, the 
nutritional value of RCD is higher than that of western-style 
cookies. In our previous study, the plasma and hepatic lipid 
levels in mice fed a high-fat diet (HFD) supplemented with RCD 

were lower than those in mice fed a western-style cookie [1]. 
In addition, the plasma cholesterol levels of middle-aged 
women who consumed ginseng-added brown rice dasik (GBRD; 
newly developed by our team) for 6 weeks were significantly 
lower than the levels in women who consumed a western-style 
cookie [2]. 

Consumption of whole grains in a diet is strongly advised 
[3] to reduce the prevalence of obesity, which can cause 
cardiovascular diseases, diabetes, or cancer. Natural sweeteners 
such as fructooligosaccharide (FOS), stevia, and short-chain FOS 
have been tested as sugar alternatives in the food manufacturing 
industry to minimize the detrimental health effects of cane 
sugar [4]. Recently, the prebiotic effects of FOS have been 
addressed [5], which has shown protection against colon cancer 
as well as immunomodulatory [6], anti-obesity [7], anti- 
inflammatory [8], and lipid-lowering effects [8]. Moreover, 
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RCD GBRD

Ingredient (g)

Rice cake flour 56.8

Mung bean starch 20.6

Brown rice flour 75.6

Honey 22.6

Fructooligosaccharide 22.0

Red ginseng extract 2.3

Propolis 0.1

Nutritional value 

Calories (kcal/100 g) 347.9 344.0

Carbohydrate (g/100 g) 75.1 77.4

Fiber (g/100 g) 1.7 10.7

Protein (g/100 g) 8.0 5.8

Lipid (g/100 g) 1.0 2.1

RCD, Rice cake dasik; GBRD, ginseng-added brown rice dasik. 

Table 2. Recipes and nutritional value of the dasiks tested in this study

Ingredient (g) Normal1) HFD2) HFD + dasik3)

RCD GBRD

Casein 200 171 171 171

dl-Methionine 3 3 3 3

Corn starch 350 203 124 124

Sucrose 300 280 257 256

Cellulose 50 43 43 43

Corn oil 50 39 39 39

Lard 217 217 217

Cholesterol 4 4 4

Mineral mix 35 30 30 30

Vitamin mix 10 9 9 9

Choline bitartrate 2 2 2 2

Rice cake flour 58

Mung bean starch 21

Brown rice flour 79

Honey 23

Fructooligosaccharide 23

Red ginseng extract 2

Propolis 0.1

HFD, High-fat diet; RCD, Rice cake dasik; GBRD, ginseng-added brown rice dasik. 
1) The normal diet was prepared synthetically according to AIN-76A guidelines.
2) Calories from fat in the HFD amounted to 46.53% of the total calories.
3) Calories from RCD and GBRD in the HFD amounted to 7% of the total calories, 

respectively. 

Table 1. Composition of the experimental diets functional ingredients with pharmacological properties, such as 
herbs, essential oils, and ginseng, are being used to develop 
healthier recipes. The health-promoting effects of ginsengs are 
well established with respect to their antioxidative [9], 
anti-inflammatory [10], antihypertensive [11], hypolipidemic 
[12], anti-diabetic [13], and cancer preventive activities [14]. 

A HFD is an underlying cause of hyperlipidemia, which is 
characterized by high levels of total cholesterol (TC) and 
triglyceride (TG) [15]. Under prolonged hyperlipidemia, liver- 
damaging effects, including hepatic steatosis, are often 
observed [16]. In addition, a HFD might contribute to the 
overproduction of reactive oxygen species (ROS) during energy 
production in the mitochondrial respiratory chain [17-19]. These 
highly reactive ROS molecules have detrimental effects on DNA, 
lipids, and proteins in the biological system [20,21]. Moreover, 
ROS activate the nuclear factor-kappaB (NF-κB) pathway [17,18], 
which further augments oxidative stress and inflammation 
[18,19]. It is a well-known fact that any agent with lipid-lowering, 
antioxidative, and/or anti-inflammatory effects may attenuate 
HFD-induced dyslipidemia and its associated injuries.

In our previous studies, GBRD exerted a plasma cholesterol- 
lowering effect in middle-aged women [2], and RCD demonstrated 
a better lipid-lowering effect than that of a western-style cookie 
in HFD-fed mice [1]. Therefore, in this study, we investigated 
the mechanism of action of GBRD to reveal its lipid-lowering, 
antioxidative, and anti-inflammatory effects in HFD-fed mice, for 
comparison with RCD. 

MATERIALS AND METHODS

Dasik ingredients 
All dasik ingredients were purchased, except for the rice cake 

flour. To prepare the rice cake flour, rice was first soaked in 
water for 2 h, following which it was ground and steamed. The 
steamed rice cake was then powdered using a household mixer 
and sieved (40-mesh) twice. Mung bean starch, brown rice 
powder, honey, ginseng extracts (Korea Ginseng Co., Daejeon, 
Republic of Korea), FOS (Cheiljedang Co., Seoul, Republic of 
Korea), and propolis (Withealth Co., Gochang, Republic of Korea) 
were purchased from a local market. 

Animal study
The AIN-76 synthetic diet (normal diet, ND), HFD, and various 

dasik-containing HFDs were prepared as shown in Table 1. The 
HFD was prepared by adding lard (21.7%, w/w) and cholesterol 
(0.4%, w/w) to the ND to provide 46.72% of the total calories 
from the fats. For the dasik diet preparation, each ingredient 
of RCD and GBRD was directly added according to the 
respective recipes shown in Table 2. The calories supplemented 
from dasik accounted for 7% of the total calories. All the 
experimental diets were isocaloric (5.0 kcal/kg diet) except for 
the ND (3.9 kcal/kg diet). 

Male ICR mice (4-week old) were purchased from Orient Bio 
Inc. (Seongnam, Korea). The animals were kept in individual 
cages during the entire experimental period, under controlled 
conditions of 23 ± 1°C and 50% humidity with a 12 h light-dark 
cycle. After 1 week of acclimatization, the mice were randomly 
assigned into four groups (n = 7 per group) on the basis of body 

weight. The experimental groups were mice fed the ND (NOR 
group) or the HFD only (HFD group) or dasik-supplemented 
HFDs (RCD and GBRD groups). The animals were raised for 9 
weeks with free access to the diet and water. The food 
consumption and body weight of each mouse were measured 
weekly. The animal protocols were reviewed for their ethical 
procedures and scientific care and approved by the Institutional 
Animal Care and Use Committee of Pusan National University 
(PNU-IACUC; Approval No. PNU-2012-0118).

Plasma, liver, and epididymal fat pad collection 
After completion of the feeding period, the mice were fasted 

for 12 h and then anesthetized by intraperitoneal administration 
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Group1) Food intake
(g)

Body weight gain
(g)

Epididymal fat mass
(g/100g bw)

Liver weights
(g/100g bw)

NOR  4.63 ± 0.27NS   7.95 ± 1.16c 0.91 ± 0.24d 5.37 ± 1.32b

HFD  4.52 ± 0.20  20.10 ± 0.60a 4.36 ± 0.98a 7.61 ± 1.66a

RCD  4.36 ± 0.18  14.72 ± 1.73b 3.38 ± 0.73b 7.20 ± 1.86ab

GBRD  4.47 ± 0.39  12.57 ± 4.36b 2.49 ± 0.24c 6.58 ± 1.53ab

Data are the mean ± SD (n = 7 / group).
1) NOR, mice fed the AIN-76 diet; HFD, mice fed the high-fat diet (HFD) only; RCD, 

mice fed the HFD supplemented with rice cake dasik; GBRD, mice fed the HFD 
supplemented with ginseng-added brown rice dasik.

a-d Data with different letters in the column are significantly different based on 
ANOVA followed by Duncan's multiple-range test at P < 0.05. 

NS Not significantly different at P < 0.05.

Table 3. Food intake, body weight gain, and epididymal fat mass in mice fed
a high-fat diet supplemented with different dasiks for 9 weeks 

of 30 mg/kg of a combination of zolazepam and tiletamine 
(Zoletil 50; Virbac Laboratories, Carros, France) and 10 mg/kg 
of xylazine (Rompun; Bayer Korea, Seoul, Korea). Blood was 
collected from the inferior vena cava into a heparin tube and 
then centrifuged at 3,012 × g and 4°C for 20 min to obtain the 
plasma. The liver was excised after perfusion with ice-cold 
phosphate-buffered saline (PBS) and weighed after it had been 
cleared of impurities and rinsed several times with PBS. The 
liver was then immediately placed in liquid nitrogen and stored 
at -80°C. Epididymal fat pads were also removed and weighed.

Determination of transaminase activities
Plasma alanine transaminase (ALT) and aspartate transaminase 

(AST) activities were measured with a commercially available 
kit (AM101-K; Asan Pharm., Seoul, Korea). 

Determination of plasma and hepatic lipid concentrations
Plasma TG and TC concentrations were measured using 

commercially available kits (AM157S-K and AM202-K, respectively; 
Asan Pharm.). The hepatic lipids were extracted from the liver 
tissue using a modified method of Folch et al. [22]. Hepatic 
TG and TC concentrations were measured with the same kits 
used for the plasma lipid analysis.

Preparation of liver homogenates, post-mitochondrial fractions, 
and whole cells

Liver homogenates for the lipid peroxidation and glutathione 
(GSH) assays were prepared using a homogenizer (PT-MR 3100; 
Polytron, Kinematica, Lucerne, Switzerland). Post-mitochondrial 
fractions of liver for ROS and peroxynitrite (ONOO-) analyses 
were prepared by centrifugation of the liver homogenates at 
18,627 × g and 4°C for 20 min. 

Determination of hepatic oxidative stress-related parameters
Hepatic lipid peroxidation was determined as thiobarbituric 

acid-related substances (TBARS) and expressed as the malon-
dialdehyde concentration [23]. The hepatic GSH concentration 
was measured using the GSH standard curve [24]. The hepatic 
ROS level was measured with 2′,7′-dichlorofluorescein diacetate, 
whereas the ONOO- level was determined using dihydrorho-
damine buffer [25]. Changes in the fluorescence of the reaction 
mixtures of ROS and ONOO- were measured for 30 min at an 
excitation wavelength of 485 nm and emission wavelength of 
530 nm.

Immunoblot analysis 
Liver tissue was homogenized in ice-cold lysis buffer (50 mM 

Tris, pH 8.0, 5 mM ethylenediaminetetraacetic acid, 150 mM 
NaCl, and 1% nonidet-P40 containing a protease inhibitor 
cocktail) using a homogenizer (PT-MR 3100; Polytron), placed 
on ice for 1 h, and then centrifuged at 18,627 × g and 4°C for 
20 min. Sodium dodecyl sulfate polyacrylamide gel electrophoresis 
was performed using a method previously reported [26]. The 
primary antibodies used for the western blot assay were those 
for sterol regulatory element-binding protein (SREBP)-1 (H-160; 
sc-8984), acetyl-CoA carboxylase alpha (ACCα; T-18; sc-26817), 
peroxisome proliferator-activated receptor alpha (PPARα; H-98; 
sc-9000), carnitine palmitoyltransferase 1 (CPT1; S-17; sc-139482), 

peroxisomal acyl-CoA oxidase 1 (ACOX1; H-140; sc-98499), 
SREBP-2 (H-164; sc-5603), 3-hydroxy-3-methylglutaryl-CoA reductase 
(HMGCR; H-300; sc-33827), microsomal cytochrome P450 family 
7 subfamily A member 1 (CYP7A1; H-58; sc-25536), superoxide 
dismutase (SOD; FL-154; sc-11407), catalase (CAT; F-17; sc-34285), 
glutathione peroxidase (GPx; B-6; sc-133160), NF-κB p65 (A; 
sc-109), nitric oxide synthase 2 (iNOS; C-11; sc-7271), and 
cyclooxygenase-2 (COX-2; M-19; sc-1747) from Santa Cruz 
Biotechnology Inc. (Santa Cruz, CA, USA), and fatty acid synthase 
(FAS; ab22759) from Abcam Inc. (Cambridge, UK). The horseradish 
peroxidase-conjugated secondary antibodies used (all procured 
from Abcam Inc.) were rabbit polyclonal secondary antibody 
to mouse IgG-H&L (ab6728), donkey polyclonal secondary 
antibody to rabbit IgG-H&L (ab6802), and rabbit polyclonal 
secondary antibody to goat IgG-H&L (ab6741). Protein expression 
was visualized by enhanced chemiluminescence-based detection 
using the CAS-400 imaging system (Core Bio, Seoul, Korea). The 
band densities were measured using ImageJ software (National 
Institutes of Health, Bethesda, MD, USA), where corresponding 
protein amounts were normalized to the value of β-actin.

Statistical analysis
All data are presented as the mean ± standard deviation (SD). 

Statistical significance of differences in mean values of four 
groups were assessed by one-way analysis of variance (ANOVA) 
followed by Duncan’s multiple-range test. Significance was 
considered at P < 0.05.

RESULTS

Body weight gain, epididymal fat mass, and liver weights
As shown in Table 3, the body weight gain, epididymal fat 

mass, and liver weights of the HFD group were significantly 
higher than those of the NOR group (P < 0.05), although food 
intakes among the experimental groups were not different. 
Compared with the HFD group, however, the body weight gain, 
and epididymal fat mass of the RCD and GBRD groups were 
significantly lower. The epididymal fat mass was significantly 
lower in the GBRD group than in the RCD group (P < 0.05). In 
addition, liver weights of the RCD and GBRD groups were lower 
than the HFD group.

Plasma and hepatic lipid concentrations
As shown in Table 4, both the plasma TG and TC concentra-



368 Lipid-lowering effects of functional rice cookies

Group1) NOR HFD RCD GBRD

Plasma

AST 62.32 ± 17.62NS  71.15 ± 17.01  62.19 ± 4.26  59.17 ± 11.97

ALT 53.51 ± 14.29NS  60.66 ± 13.78  53.43 ± 3.45  50.97 ± 9.71

TG 28.52 ± 1.30c  42.37 ± 4.43a  35.33 ± 4.67b  29.96 ± 5.20bc

TC 75.00 ± 15.58d 157.64 ± 17.31a 134.07 ± 16.16b 108.00 ± 14.44c

Liver

TG 18.57 ± 7.46c  85.37 ± 8.68a  62.38 ± 17.17b  61.97 ± 14.12b

TC  2.42 ± 0.33d  16.66 ± 1.46a  12.41 ± 1.91b   7.76 ± 1.15c

ROS  0.74 ± 0.22c   2.41 ± 0.76a   1.59 ± 0.18b   1.47 ± 0.02b

ONOO-  0.96 ± 0.10c   2.50 ± 0.87a   1.76 ± 0.37b   1.03 ± 0.19c

TBARS  6.20 ± 0.10b  11.25 ± 1.94a   7.40 ± 0.03b   6.33 ± 1.26b

GSH  0.14 ± 0.03a   0.02 ± 0.01c   0.05 ± 0.03c   0.09 ± 0.02b

Data are mean ± SD (n = 7 / group).
AST, aspartate transaminase; ALT, alanine transaminase; TG, triglycerides; TC, total 
cholesterol; ROS, reactive oxygen species; ONOO-, peroxynitrite; TBARS, thiobarbituric 
acid-related substances; GSH, glutathione.
1) NOR, mice fed the AIN-76 diet; HFD, mice fed the high-fat diet (HFD) only; RCD, 

mice fed the HFD supplemented with rice cake dasik; GBRD, mice fed the HFD 
supplemented with ginseng-added brown rice dasik.

a-d Data with different letters in the row are significantly different based on one-way 
ANOVA followed by Duncan's multiple-range test at P < 0.05.

Table 4. Biochemical parameters in the plasma and liver of mice fed a high-fat 
diet supplemented with different dasiks for 9 weeks

Fig. 1. Protein expression of transcription factors and enzymes in fatty acid metabolism in the liver of mice fed a high-fat diet (HFD) supplemented with different 
dasiks for 9 weeks. Data are the mean ± SD (n = 7 /group). NOR, mice fed the AIN-76 diet; HFD, mice fed the HFD only; RCD, mice fed the HFD supplemented with rice cake dasik; 
GBRD, mice fed the HFD supplemented with ginseng-added brown rice dasik. a-cData with different letters are significantly different based on one-way ANOVA followed by Duncan's 
multiple-range test at P < 0.05. NSNot significantly different at P < 0.05.

tions were higher in the GBRD, RCD, and HFD groups than in 
the NOR group, but varied among the groups in the order of 
HFD > RCD > GBRD. The hepatic TG and TC concentrations in 
the RCD and GBRD groups were lower than those in the HFD 
group (P < 0.05). The plasma and hepatic TC levels in the GBRD 
group were significantly lower, by 19.44% and 37.48%, respec-
tively (P < 0.05), than those in the RCD group. However, both 
the plasma and hepatic TG concentrations between the RCD 
and GBRD groups were not significantly different. The plasma 
AST and ALT activities from all experimental groups were in 
the normal range.

Hepatic oxidative stress-related markers 
As shown in Table 4, hepatic ROS, ONOO-, and TBARS levels 

in the RCD and GBRD groups were lower than those in the 
HFD group (P < 0.05). Moreover, the hepatic ONOO- concent-
ration in the GBRD group was significantly reduced by 41.77% 
compared with that in the RCD group. On the other hand, the 

hepatic GSH level in the GBRD group was increased by 395.06% 
and 178.44%, respectively, relative to that in the HFD and RCD 
groups (P < 0.05). 

Expression of proteins related to fatty acid synthesis and oxidation
The expression of proteins related to fatty acid synthesis 

(SREBP-1 and FAS) was not significantly different among the 
HFD-fed groups (Fig. 1). However, the expression of ACCα in 
the RCD and GBRD groups was significantly decreased compared 
with that in the HFD group (P < 0.05). On the other hand, the 
hepatic expression levels of PPARα, CPT1, and ACOX1 were 
increased in the RCD and GBRD groups (P < 0.05) compared 
with those in the HFD group. However, there were no differences 
in PPARα, CPT1, and ACOX1 expression levels between the RCD 
and GBRD groups. 

Expression of proteins related to cholesterol synthesis and catabolism
Protein expression of the mature form of SREBP-2 and HMGCR 

was significantly decreased in the RCD and GBRD groups 
compared with that in the HFD group (P < 0.05, Fig. 2). 
Moreover, the hepatic expression levels of SREBP-2 and HMGCR 
in the GBRD group were significantly reduced by 30.37% and 
28.07%, respectively, relative to the levels in the RCD group 
(P < 0.05). The protein expression level of cholesterol CYP7A1 
was significantly higher in the RCD and GBRD groups than in 
the HFD group; however, no significant difference in gene 
expression was found between the RCD and GBRD groups. 

Expression of antioxidant enzymes
As shown in Fig. 3, expression of the antioxidant enzymes 

was significantly downregulated in the three HFD groups 
compared with that in the NOR group (P < 0.05, Fig. 3). 
Compared with the HFD group, the CAT and GPx expression 
levels in both the RCD and GBRD groups were significantly 
increased (P < 0.05). Moreover, GPx protein expression in the 
GBRD group was significantly increased by 116.52% relative to 
the level in the RCD group (P < 0.05). 

Inflammation-related markers
As shown in Fig. 4, the GBRD group had overall lower 

inflammatory transcription factor and enzyme expression levels 
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Fig. 2. Protein expression of transcription factors and enzymes in cholesterol metabolism in the liver of mice fed a high-fat diet (HFD) supplemented with different 
dasiks for 9 weeks. Data are the mean ± SD (n = 7 /group). NOR, mice fed the AIN-76 diet; HFD, mice fed the HFD only; RCD, mice fed the HFD supplemented with rice cake
dasik; GBRD, mice fed the HFD supplemented with ginseng-added brown rice dasik. a-cData with different letters are significantly different based on one-way ANOVA followed by Duncan's 
multiple-range test at P < 0.05. NSNot significantly different at P < 0.05.

Fig. 3. Protein expression of antioxidant enzymes in the liver of mice fed a high-fat diet (HFD) supplemented with different dasiks for 9 weeks. Data are the mean 
± SD (n = 7 /group). NOR, mice fed the AIN-76 diet; HFD, mice fed the HFD only; RCD, mice fed the HFD supplemented with rice cake dasik; GBRD, mice fed the HFD supplemented 
with ginseng-added brown rice dasik. a-cData with different letters are significantly different based on one-way ANOVA followed by Duncan's multiple-range test at P < 0.05.

Fig. 4. Protein expression of inflammation-related transcription factors and enzymes in the liver of mice fed a high-fat diet (HFD) supplemented with different dasiks
for 9 weeks. Data are the mean ± SD (n = 7 /group). NOR, mice fed the AIN-76 diet; HFD, mice fed the HFD only; RCD, mice fed the HFD supplemented with rice cake dasik; GBRD, 
mice fed the HFD supplemented with ginseng-added brown rice dasik. a-cData with different letters are significantly different based on one-way ANOVA followed by Duncan's multiple-range 
test at P < 0.05.

(P < 0.05). Compared with the HFD group, the expression of NF-κB, 
iNOS, and COX-2 in the GBRD group was downregulated by 
32.68%, 27.14%, and 27.54%, respectively (P < 0.05). Moreover, 
the expression of NF-κB in the GBRD group was decreased by 
31.83% relative to the level in the RCD group (P < 0.05). 

DISCUSSION

The ingredients in snacks are important because each calorie 
from snacking contributes significantly to the total daily calorie 
intake of an individual. There is therefore a demand for new 
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snack varieties with better nutritional value than that available 
in current snacks. Dasik, a Korean traditional cookie, is a snack 
prepared with plant origin ingredients such as rice, starch, pine 
pollen, black sesame seeds, and honey as a sweetener. In our 
previous study, RCD (a representative dasik) showed higher 
antioxidative and lipid-lowering effects than a western-style 
cookie in mice fed a HFD, and these effects were significant 
despite that the calories from the two snacks were the same 
[1]. Moreover, GBRD revealed a plasma cholesterol-lowering 
effect in middle-aged women [2]. In this present study, the 
functional properties of GBRD with regard to its lipid-lowering, 
antioxidative, and anti-inflammatory effects were examined and 
their mechanisms of action were elucidated in mice fed a HFD 
resembling the diet condition of overweight individuals. The 
important findings of this study that the GBRD group inhibited 
cholesterol synthesis through a decrease of the plasma and 
hepatic TC levels, compared with the RCD group. Moreover, 
the expression of antioxidant enzymes was upregulated, whereas 
that of inflammatory transcription factors was downregulated. 

Grains are a major carbohydrate source for energy production 
in the body. People usually prefer polished grains to unpolished 
ones, although the nutritional value of whole grains is higher. 
Whole grains are rich in dietary fiber, which decreases the 
plasma lipids, in particular cholesterol. Hepatic lipid metabolism 
is mainly regulated by SREBPs, which mediate the synthesis and 
uptake of TG, TC, and fatty acids in the liver [27]. Precursor 
SREBPs (inactivated form) are cleaved by binding sterol regulatory 
elements and activated to mature SREBPs (activated form), 
which regulates expression of target genes. Numerous studies 
have indicated that HFD-fed mice were increased SREBPs levels 
in the liver [28,29]. SREBP-1 plays a key role in TG synthesis 
by regulating lipogenesis genes such as FAS and stearoyl-CoA 
desaturase 1, whereas SREBP-2 plays a key role in cholesterol 
synthesis by regulating genes such as HMGCR and low-density 
lipoprotein receptor [30]. Moreover, lipolysis genes such as 
PPARα and CD36 also play a role in fatty acid oxidation [31,32]. 
In the current study, GBRD decreased the plasma and hepatic 
TC concentrations through inhibition of cholesterol synthesis. 
The SREBP-2 and HMGCR expression levels elevated by the HFD 
were decreased in the GBRD group, whereas CYP7A1 expression 
was increased. The plasma and hepatic cholesterol-lowering 
effects of GBRD were significantly higher than those of RCD 
(P < 0.05). Our results are in line with previous studies that brown 
rice or pre-germinated brown rice suppressed hypercholesterolemia 
by stimulating bile acid synthesis via the increase of CYP7A1 
[33]. γ-oryzanol in brown rice contributed to the plasma 
cholesterol level reduction by inhibiting cholesterol absorption 
[34], in addition to the enhanced fecal excretion by dietary fiber 
[35]. The γ-oryzanol content in brown rice is approximately 
21-fold higher than that in polished rice [35]. Furthermore, the 
lipid-lowering effects of GBRD might, in part, be from the red 
ginseng. Korean red ginseng extract exerted plasma lipid- 
lowering effects in HFD-fed mice by regulating genes associated 
with lipid metabolism [11]. In particular, the mechanisms of 
action of ginsenosides Rb1 [36], Re [37], Rg1 [38], and Rg3 [39] 
in lowering lipid and cholesterol levels are well established as 
being through the downregulation of SREBPs and associated 
enzymes and the upregulation of fatty acid oxidation-related 

factors. The ginsenosides Ro, Rg3, Re, Rg1, and Rg2 increased 
the mRNA levels of CYP7A1 in hypercholesterolemic rats, which 
increased bile salt synthesis [40]. Moreover, the FOS used as 
a honey replacement in GBRD might also reveal lipid-lowering 
effects. FOS was found to have decreased the plasma and 
hepatic lipid levels and epididymal fat mass, but increased the 
fecal TG, TC, and nonesterified fatty acids, in C57BL/6J mice 
fed a HFD [8]. There is a natural demand for sugar alternatives 
with fewer calories but with sweet taste, because the daily 
intake of calorie-dense snacks is culpable for the development 
of obesity, especially in youngsters. Although FOS has 30-60% 
of sweetness relative to sugar, it produces only 0-3 kcal per 
gram [5].

Oxidative stress is one of the major contributors to the 
development of a variety of diseases, including hepatic steatosis, 
by damaging the normal cell condition [40]. Overloaded energy 
production by a HFD produces a large amount of ROS relative 
to that induced during normal energy production, which 
subsequently elevates oxidative stress. Antioxidant enzymes 
such as SOD, CAT, and GPx, and reduced-GSH scavenge ROS 
and free radicals and/or prevent their formation. In our current 
study, among the experimental groups, GBRD demonstrated the 
lowest oxidative stress levels by diminishing lipid peroxidation, 
ROS, and ONOO- production. However, GBRD upregulated 
antioxidant enzyme expression. It might be due to the beneficial 
effects of Korean red ginseng, which has revealed preventive 
effects against free radical-induced oxidative damage [41,42]. 
Korean red ginseng has demonstrated DPPH radical-scavenging 
[9] and lipid peroxidation inhibition activities [43]. Moreover, 
it augmented SOD activity to near-normal levels in various 
organs of aged rats compared with the effects in young rats 
[44]. This might be due to the effects of the nutrients in ginseng, 
including ginsenosides, antioxidant vitamins, sulfur-containing 
amino acids, trace elements, and other active compounds [45]. 
Furthermore, the antioxidant γ-oryzanol [46] in brown rice may, 
in part, have contributed to the decrease in the HFD-induced 
oxidative stress. 

High dietary fat intake is strongly associated with the 
development of degenerative diseases due to oxidative stress 
elevation, a fact that is confirmed from epidemiological and 
experimental studies. In this study, using brown instead of white 
rice, adding ginseng extract, and replacing honey with FOS 
further promoted the health benefits of dasik relative to those 
of RCD that had already shown greater health benefits than 
western-style cookies [1]. The lipid-lowering effect of GBRD was 
more apparent on TC, mediated via SREBP-2 downregulation. 
It also decreased hepatic oxidative stress and demonstrated 
anti-inflammatory effects via NF-κB downregulation. Taken 
together, our finding concludes that intake of GBRD, a functional 
dasik, would be better for health benefits. Further studies are 
required to optimize the automated production of dasik products, 
including GBRD. 

CONFLICT OF INTEREST

The authors declare no potential conflicts of interests.



Sun Hee Hong et al. 371

REFERENCES

1. Hong SH, Kim M, Woo M, Song YO. Rice cookie decreases plasma 
and hepatic lipid levels in high-fat diet-fed mice: a comparison 
study with traditional western style cookies. J Food Nutr Res 
2017;5:451-7.

2. Hong SH, Kim M, Woo M, Noh JS, Lee J, Chung L, Song YO. The 
amelioration of plasma lipids by Korean traditional confectionery 
in middle-aged women: a cross-over study with western cookie. 
Nutr Res Pract 2016;10:590-6.

3. Fardet A. New hypotheses for the health-protective mechanisms 
of whole-grain cereals: what is beyond fibre? Nutr Res Rev 
2010;23:65-134.

4. Johnson RJ, Segal MS, Sautin Y, Nakagawa T, Feig DI, Kang DH, 
Gersch MS, Benner S, Sánchez-Lozada LG. Potential role of sugar 
(fructose) in the epidemic of hypertension, obesity and the 
metabolic syndrome, diabetes, kidney disease, and cardiovascular 
disease. Am J Clin Nutr 2007;86:899-906.

5. Dominguez AL, Rodrigues LR, Lima NM, Teixeira JA. An overview 
of the recent developments on fructooligosaccharide production 
and applications. Food Bioproc Tech 2014;7:324-37.

6. Delgado GT, Tamashiro WM, Junior MR, Moreno YM, Pastore GM. 
The putative effects of prebiotics as immunomodulatory agents. 
Food Res Int 2011;44:3167-73.

7. Merino-Aguilar H, Arrieta-Baez D, Jiménez-Estrada M, Magos-Guerrero 
G, Hernández-Bautista RJ, Susunaga-Notario Adel C, Almanza-Pérez 
JC, Blancas-Flores G, Román-Ramos R, Alarcón-Aguilar FJ. Effect of 
fructooligosaccharides fraction from Psacalium decompositum on 
inflammation and dyslipidemia in rats with fructose-induced 
obesity. Nutrients 2014;6:591-604.

8. Nakamura Y, Natsume M, Yasuda A, Ishizaka M, Kawahata K, Koga 
J. Fructooligosaccharides suppress high-fat diet-induced fat 
accumulation in C57BL/6J mice. Biofactors 2017;43:145-51.

9. Han JY, Ahn SY, Oh EH, Nam SY, Hong JT, Oh KW, Lee MK. Red 
ginseng extract attenuates kainate-induced excitotoxicity by 
antioxidative effects. Evid Based Complement Alternat Med 
2012;2012:479016.

10. Yu T, Rhee MH, Lee J, Kim SH, Yang Y, Kim HG, Kim Y, Kim C, 
Kwak YS, Kim JH, Cho JY. Ginsenoside Rc from Korean red ginseng 
(Panax ginseng C.A. Meyer) attenuates inflammatory symptoms of 
gastritis, hepatitis and arthritis. Am J Chin Med 2016;44:595-615.

11. Nagar H, Choi S, Jung SB, Jeon BH, Kim CS. Rg3-enriched Korean 
red ginseng enhances blood pressure stability in spontaneously 
hypertensive rats. Integr Med Res 2016;5:223-9.

12. Song YB, An YR, Kim SJ, Park HW, Jung JW, Kyung JS, Hwang SY, 
Kim YS. Lipid metabolic effect of Korean red ginseng extract in 
mice fed on a high-fat diet. J Sci Food Agric 2012;92:388-96.

13. Bang H, Kwak JH, Ahn HY, Shin DY, Lee JH. Korean red ginseng 
improves glucose control in subjects with impaired fasting glucose, 
impaired glucose tolerance, or newly diagnosed type 2 diabetes 
mellitus. J Med Food 2014;17:128-34.

14. Kim EJ, Kwon KA, Lee YE, Kim JH, Kim SH, Kim JH. Korean red 
ginseng extract reduces hypoxia-induced epithelial-mesenchymal 
transition by repressing NF-κB and ERK1/2 pathways in colon 
cancer. J Ginseng Res. Forthcoming 2017.

15. Watts GF, Burke V. Lipid-lowering trials in the primary and 
secondary prevention of coronary heart disease: new evidence, 
implications and outstanding issues. Curr Opin Lipidol 1996;7: 

341-55.
16. Svegliati-Baroni G, Saccomanno S, Rychlicki C, Agostinelli L, De 

Minicis S, Candelaresi C, Faraci G, Pacetti D, Vivarelli M, Nicolini 
D, Garelli P, Casini A, Manco M, Mingrone G, Risaliti A, Frega GN, 
Benedetti A, Gastaldelli A. Glucagon-like peptide-1 receptor activation 
stimulates hepatic lipid oxidation and restores hepatic signalling 
alteration induced by a high-fat diet in nonalcoholic steatohepatitis. 
Liver Int 2011;31:1285-97.

17. Peairs AT, Rankin JW. Inflammatory response to a high-fat, 
low-carbohydrate weight loss diet: effect of antioxidants. Obesity 
(Silver Spring) 2008;16:1573-8.

18. Sinha-Hikim I, Sinha-Hikim AP, Shen R, Kim HJ, French SW, Vaziri 
ND, Crum AC, Rajavashisth TB, Norris KC. A novel cystine based 
antioxidant attenuates oxidative stress and hepatic steatosis in 
diet-induced obese mice. Exp Mol Pathol 2011;91:419-28.

19. Yogalakshmi B, Bhuvaneswari S, Sreeja S, Anuradha CV. Grape seed 
proanthocyanidins and metformin act by different mechanisms to 
promote insulin signaling in rats fed high calorie diet. J Cell 
Commun Signal 2014;8:13-22.

20. Raval J, Lyman S, Nitta T, Mohuczy D, Lemasters JJ, Kim JS, Behrns 
KE. Basal reactive oxygen species determine the susceptibility to 
apoptosis in cirrhotic hepatocytes. Free Radic Biol Med 2006;41: 
1645-54.

21. Kohen R, Nyska A. Oxidation of biological systems: oxidative stress 
phenomena, antioxidants, redox reactions, and methods for their 
quantification. Toxicol Pathol 2002;30:620-50.

22. Folch J, Lees M, Sloane Stanley GH. A simple method for the 
isolation and purification of total lipides from animal tissues. J Biol 
Chem 1957;226:497-509.

23. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal 
tissues by thiobarbituric acid reaction. Anal Biochem 1979;95:351-8.

24. Teare JP, Punchard NA, Powell JJ, Lumb PJ, Mitchell WD, Thompson 
RP. Automated spectrophotometric method for determining 
oxidized and reduced glutathione in liver. Clin Chem 1993;39:686-9.

25. Kooy NW, Royall JA, Ischiropoulos H, Beckman JS. Peroxynitrite- 
mediated oxidation of dihydrorhodamine 123. Free Radic Biol Med 
1994;16:149-56.

26. Jung K, Hong SH, Kim M, Han JS, Jang MS, Song YO. Antiatherogenic 
effects of Korean cabbage kimchi with added short arm octopus. 
Food Sci Biotechnol 2015;24:249-55.

27. Horton JD, Goldstein JL, Brown MS. SREBPs: activators of the 
complete program of cholesterol and fatty acid synthesis in the 
liver. J Clin Invest 2002;109:1125-31.

28. Cao K, Xu J, Zou X, Li Y, Chen C, Zheng A, Li H, Li H, Szeto IM, 
Shi Y, Long J, Liu J, Feng Z. Hydroxytyrosol prevents diet-induced 
metabolic syndrome and attenuates mitochondrial abnormalities in 
obese mice. Free Radic Biol Med 2014;67:396-407.

29. Biddinger SB, Almind K, Miyazaki M, Kokkotou E, Ntambi JM, Kahn 
CR. Effects of diet and genetic background on sterol regulatory 
element-binding protein-1c, stearoyl-CoA desaturase 1, and the 
development of the metabolic syndrome. Diabetes 2005;54:1314-23.

30. Brown MS, Goldstein JL. The SREBP pathway: regulation of cholesterol 
metabolism by proteolysis of a membrane-bound transcription 
factor. Cell 1997;89:331-40.

31. Crabb DW, Liangpunsakul S. Alcohol and lipid metabolism. J 
Gastroenterol Hepatol 2006;21 Suppl 3:S56-60.

32. Wong J, Quinn CM, Brown AJ. SREBP-2 positively regulates 
transcription of the cholesterol efflux gene, ABCA1, by generating 



372 Lipid-lowering effects of functional rice cookies

oxysterol ligands for LXR. Biochem J 2006;400:485-91.
33. Yang JL, Kim YH, Lee HS, Lee MS, Moon YK. Barley β-glucan lowers 

serum cholesterol based on the up-regulation of cholesterol 7α

-hydroxylase activity and mRNA abundance in cholesterol-fed rats. 
J Nutr Sci Vitaminol (Tokyo) 2003;49:381-7.

34. Rong N, Ausman LM, Nicolosi RJ. Oryzanol decreases cholesterol 
absorption and aortic fatty streaks in hamsters. Lipids 1997;32: 
303-9.

35. Miura D, Ito Y, Mizukuchi A, Kise M, Aoto H, Yagasaki K. 
Hypocholesterolemic action of pre-germinated brown rice in 
hepatoma-bearing rats. Life Sci 2006;79:259-64.

36. Shen L, Xiong Y, Wang DQ, Howles P, Basford JE, Wang J, Xiong 
YQ, Hui DY, Woods SC, Liu M. Ginsenoside Rb1 reduces fatty liver 
by activating AMP-activated protein kinase in obese rats. J Lipid 
Res 2013;54:1430-8.

37. Quan HY, Yuan HD, Jung MS, Ko SK, Park YG, Chung SH. Ginsenoside 
Re lowers blood glucose and lipid levels via activation of 
AMP-activated protein kinase in HepG2 cells and high-fat diet fed 
mice. Int J Mol Med 2012;29:73-80.

38. Park JH, Lee JY, Yeo JY, Nam JS, Jung MH. Antihyperlipidemic effect 
of ginsenoside Rg1 in type 2 diabetic mice. J Life Sci 2011;21:932-8.

39. Lee S, Lee MS, Kim CT, Kim IH, Kim Y. Ginsenoside Rg3 reduces 
lipid accumulation with AMP-Activated Protein Kinase (AMPK) 
activation in HepG2 cells. Int J Mol Sci 2012;13:5729-39.

40. Kawase A, Yamada A, Gamou Y, Tahara C, Takeshita F, Murata K, 

Matsuda H, Samukawa K, Iwaki M. Increased effects of ginsenosides 
on the expression of cholesterol 7α-hydroxylase but not the bile 
salt export pump are involved in cholesterol metabolism. J Nat Med 
2013;67:545-53.

41. Kim CS, Park JB, Kim KJ, Chang SJ, Ryoo SW, Jeon BH. Effect of 
Korea red ginseng on cerebral blood flow and superoxide 
production. Acta Pharmacol Sin 2002;23:1152-6.

42. Kim YH, Kim GH, Shin JH, Kim KS, Lim JS. Effect of Korean red 
ginseng on testicular tissue injury after torsion and detorsion. 
Korean J Urol 2010;51:794-9.

43. Kim YS, Kim YH, Noh JR, Cho ES, Park JH, Son HY. Protective effect 
of Korean red ginseng against aflatoxin B1-induced hepatotoxicity 
in rat. J Ginseng Res 2011;35:243-9.

44. Ramesh T, Kim SW, Hwang SY, Sohn SH, Yoo SK, Kim SK. Panax 
ginseng reduces oxidative stress and restores antioxidant capacity 
in aged rats. Nutr Res 2012;32:718-26.

45. Sun BS, Gu LJ, Fang ZM, Wang CY, Wang Z, Lee MR, Li Z, Li JJ, 
Sung CK. Simultaneous quantification of 19 ginsenosides in black 
ginseng developed from Panax ginseng by HPLC-ELSD. J Pharm 
Biomed Anal 2009;50:15-22.

46. Parrado J, Miramontes E, Jover M, Márquez JC, Angeles Mejias M, 
Collantes de Teran L, Absi E, Bautista J. Prevention of brain protein 
and lipid oxidation elicited by a water-soluble oryzanol enzymatic 
extract derived from rice bran. Eur J Nutr 2003;42:307-14.




