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Rice Cakes Containing Dietary Fiber Supplemented with or 
without Artemisia Annua and Gynura Procumbens Merr. 

Alleviated the Risk Factors of Metabolic Syndrome
Na Rae Yoon, Sun Yoon, Seung-Min Lee*

Department of Food and Nutrition, College of Human Ecology, Yonsei University, Seoul 03722, Korea

We investigated whether the consumption of Korean rice cakes enriched with dietary fiber with or without polyphenol rich 
plants might decrease the risk factors of metabolic syndrome (MetS). Rice cakes were manufactured using fructooligosac-
charides, resistant starch, and psyllium as sources of dietary fibers with and without polyphenol rich Artemisia annua and 
Gynura procumbens Merr. (RC+FP and RC+F, respectively), and prepared in three forms (songpyeon, seolgidduk, and chald-
duk). Ninety subjects with at least one MetS risk factor were recruited for 6 weeks of dietary intervention. Sixty subjects were 
finally included for the analysis. Compared to the initial values, RC+FP group had decreased levels of fasting blood glucose 
(FBG), HOMA-IR and blood pressure after 6 weeks, whereas RC+F group didn't have significant changes in them. Regarding the 
improvement of individual MetS risk factors, RC+FP group showed significant reduction in FBG and blood pressures but RC+F 
group only had reduction in systolic blood pressure. After the intervention, a reduction in the number of MetS risk factors was 
greatert in the RC+FP group than in the RC+F group. In conclusion, Dietary fiber enriched rice cakes with or without polyphe-
nols decreased the number and/or the levels of MetS risk factors. Polyphenol rich plant components may provide additional 
health benefits in controlling FBG and blood pressure. 
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Intruduction
Metabolic syndrome (MetS) is characterized by the con-

stellation of obesity, dyslipidemia, hypertension, high fasting 
blood glucose levels, and high blood pressure which are all 
independently related to cardiovascular risk factors and/or 
type 2 diabetes [1]. MetS has become a growing concern in 
developed and developing countries such as Korea [2]. Because 
Westernized diets are positively associated with the increasing 
prevalence of MetS, changes in dietary patterns and lifestyles 
with an increase in exercise are strongly recommended. 

Increasing evidences suggest that fibers and/or polyphenols 
may ameliorate MetS. Low glycemic index diets characterized 
by low refined carbohydrates and low processed foods are 
considered to be effective in improving dyslipidemia [3]. Dietary 
fibers such as fructooligosaccharide, resistant starch, and psyl-
lium husk were especially shown to improve dyslipidemia [4-6]. 
Furthermore, synergistic favorable effects on blood lipid profiles 
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in subjects with MetS were observed when low glycemic index 
diets were supplemented in combination with phytochemicals 
[7]. For instance, diets rich with high fibers and polyphenols 
found in spices were shown to lessen the increases in postpran-
dial glucose and triglyceride (TG) levels [8,9]. There have been 
efforts to deliver functional ingredients in an easy accessible 
form of food such as bread [10,11]. However, rice cakes which 
are common in Asian diet have not been tried as a convenient 
food medium to deliver functional food ingredients.

Here for the first time we aimed to investigate whether rice 
cake supplemented with dietary fibers with or without poly-
phenol rich plants could be a healthy food item to promote 
beneficial effects in the prevention and treatment of the risk 
factors of MetS in Koreans. Rice cakes were developed to 
contain fibers (resistant starch, fructooligosaccharides, and 
psyllium) with or without Gynura procumbens Merr. and Ar-
temisia annua as rich sources of polyphenols. Consumption 
of rice cakes for six weeks were compared in those with at 
least one risk factor for MetS before and after the interven-

tion. Two kinds of rice cakes were manufactured: rice cake 
containing dietary fibers (RC+F), the fiber rich rice cakes; 
and rice cake containing dietary fibers, Artemisia annua and 
Gynura procumbens Merr. (RC+FP), the fiber and polyphenol 
rich rice cakes. We further varied cooking style for RC+F and 
RC+FP rice cakes, which were made in three forms (songpyeon, 
seolgidduk and chaldduk). The effects of 6 weeks' dietary in-
tervention of either RC+F or RC+FP was evaluated in terms of 
MetS risk factors, serum lipids and oxidative stress markers.

Material and Methods
Subjects

Participants whose ages were between 20 and 65 were 
voluntarily recruited. Informed consent was obtained from all 
participants for being included in the study. Flow diagram was 
presented in Figure 1. A total of 104 subjects were examined 
for inclusion criteria, having at least one MetS risk factor. Ac-
cording to the 2005 International Diabetes Foundation, the risk 

Assessed for eligibility (n = 104)

Randomized (n = 90)

Excluded (n = 14)
- Not meeting inclusion criteria (n = 14)
- Declined to participate (n = 0)
- Other reasons (n = 0)

Allocated to intervention (n = 45)
- Received allocated intervention (n = 45)
- Did not receive allocated intervention (n = 0)

Lost to follow-up (n = 0)
Discontinued intervention (n = 5)

Analysed (n = 30) 
- Excluded from analysis (n = 10)

Allocated to intervention (n = 45)
- Received allocated intervention (n = 45)
- Did not receive allocated intervention (n = 0)

Lost to follow-up (n = 0)
Discontinued intervention (n = 5)

Analysed (n = 30) 
- Excluded from analysis (n = 10)

Figure 1. Flow chart
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factors for MetS include the following: waist circumferences 
90 cm or higher for men and 80 cm or higher for women, TG 
levels 150 mg/dL or higher, HDL-cholesterol less than 40 mg/
dL for men and 50 mg/dL for women, blood pressure 130/85 
mmHg or higher, and fasting glucose 100 mg/dL or higher [12]. 
MetS is the condition which meet more than three risk factors 
[12]. Height, body weight and body fat composition were mea-
sured using a bioimpedance analyzer (Inbody 370, Biospace, 
Seoul, Korea). Blood pressure was checked on the left arm 
using an automatic blood pressure monitor (FT-500R PLUS, 
Jawon Medical, Gyeongsan, Korea) at Yonsei University health 
service center. The waist circumference was measured with a 
measuring tape around the mid-section between the margin 
of the last rib and the iliac crest by trained personnel. Exclusion 
criteria included the following: 1) heavy alcohol/drug consump-
tion; and 2) pregnancy, breastfeeding, or intention to become 
pregnant during the time of the study. Finally, 90 subjects were 
selected for a randomized, double-blind clinical trial and di-
vided into two groups, RC+F and RC+FP. During the six weeks, 
10 subjects dropped out and 20 subjects were excluded for the 

analysis in order to have comparable initial characteristics of 
the subjects between RC+F and RC+FP groups. The number of 
subjects for each component of risk factor in RC+F and RC+FP 
groups is presented in Supplemental Table 1. Only those who 
finished 6 weeks' intervention were included for the analysis. 
Blood was collected at the beginning and the end of the study, 
respectively. Serum and plasma were separated by centrifuga-
tion at 3,000 rpm for 10 minutes. Aliquots were then frozen 
at -80ºC until analysis. All procedures followed were in accor-
dance with the ethical standards of the responsible committee 
on human experimentation and with the Helsinki Declaration 
of 1975, as revised in 2008. The protocol was approved by the 
Institutional Review Board of Yonsei University (trial registra-
tion number, 1040917-201311-HRBR-121-03).

Manufacturing rice cakes and providing to subjects
Table 1 showed the composition of food ingredients used 

to manufacture the rice cakes. Psyllium (0.51% w/w), fructo-
oligosaccharide (10.11% w/w), and resistant starch (5.28% w/
w) were used for both RC+F and RC+FP. Gynura procumbens 

Table 1. Ingredients of rice cake

Ingredients
RC+F RC+FP

Songpyeon*, g Seolgidduk†, g Chaldduk‡, g Total, g(%) Songpyeon, g Seolgidduk, g Chaldduk, g Total, g(%)

Fructooligosaccharide 6.9 2.4 2.0 11.2 (12.6) 6.9 2.4 2.0 11.2 (12.6)

Resistant starch 2.9 1.6 1.3 5.8 (6.5) 2.6 1.6 1.3 5.5 (6.2)

Psyllium 0.3 0.2 0.1 0.5 (0.6) 0.3 0.2 0.1 0.5 (0.6)

Walnut powder 0.4 0.8 1.2 2.4 (2.7) 0.4 0.8 1.2 2.4 (2.7)

Nonglutinous rice powder 26.0 6.5 - 32.5 (36.5) 23.1 6.0 - 29.1 (32.6)

Brown rice powder - 5.2 4.3 9.5 (10.7) - 4.8 4.0 8.8 (9.8)

Glutinous rice powder - - 8.5 8.5 (9.6) - - 8.0 8.0 (9.0)

Brown rice glutinous rice powder - - 4.3 4.3 (4.8) - - 4.0 4.0 (4.5)

Makgeolli fermented dough - 2.9 - 2.9 (3.2) - 2.9 - 2.9 (3.2)

Lactic acid bacteria fermented dough - 0.7 - 0.7 (0.8) - 0.7 - 0.7 (0.8)

Hedging bean - - 3.0 3.0 (3.3) - - 3.0 3.0 (3.3)

Black soybean - - 2.4 2.4 (2.7) - - 2.4 2.4 (2.7)

Dried date - - 0.6 0.6 (0.7) - - 0.6 0.6 (0.7)

Soybean 4.3 - - 4.3 (4.8) 4.3 - - 4.3 (4.8)

Mugwort powder - 0.2 0.2 0.4 (0.5) - - - -

Artemisia annua - - - - 1.8 0.7 0.5 3.0 (3.3)

Gynura procumbens - - - - 1.8 0.6 0.5 2.8 (3.2)

Total 40.7 20.5 27.8 89.1 (100.0) 41.1 20.5 27.6 89.2 (100.0)

RC+F: rice cake containing dietary fibers, RC+FP: rice cake containing dietary fibers and Artemisia annua and Gynura procumbens Merr.
*Rice-cake with stuffing; †Steamed rice-cake; ‡Glutinous rice cake.
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Merr. (2.72% w/w) and Artemisia annua (2.90% w/w) were 
only added to RC+FP. The RC+F and RC+FP were manufac-
tured in three forms: songpyeon, seolgidduk, and chaldduk. 
RC+F and RC+FP were sent to the study subjects via an ex-
press delivery in vacuum packed and frozen condition. The 
daily portion of RC+F or RC+FP was individually packaged, 
which was 100 g and approximately 200-250 kcal. In every 
week, RC+F and RC+FP were to be consumed in the form of 
songpyeon three times, seolgidduk twice and chaldduk twice. 
The average daily intake of rice cake was equivalent to a total 
of 42.9 g of songpyeon, 28.6 g of seolgidduk, and 28.6 g of 
chaldduk. The manufacturing process of seolgidduk, chaldduk, 
and songpyeon was described in the supplemental materials 
and methods. 

Nutritional analysis for rice cakes
Protein, fat, dietary fiber, and moisture contents were ana-

lyzed by the methods according to the food standard code: 
the Kjedahl method for protein, the chloroform-methanol ex-
traction method for fat, the total dietary fiber content method 
for dietary fiber, and the drying method by heating under nor-

mal pressure for moisture content [13]. Energy (kcal), sodium, 
and carbohydrate contents were analyzed using a Standard 
food composition table [14].

Analysis of dietary intake
Study subjects were educated on how to record the food 

records and how to estimate measurements using a ruler, a 
spoon size and a small paper cup which was commonly found 
in public spaces for automated coffee machine. A food record 
booklet and a serving size booklet were provided prior to the 
participation at the beginning of the study. During the six 
weeks of the study period, food records at least for two days 
including one week day and one weekend were asked to be 
recorded every week. Food records were collected in photo-
graphed images taken by a cellular phone and were sent via 
a cell phone or email to us every week. Total at least 12 to 18 
days' food records per each subject were analyzed for dietary 
intake with the use of the Computer Aided Nutritional Analysis 
Program (CAN pro4.0, the Korean Nutrition Society, Seoul, Ko-
rea). Dietary between intake in the two groups was presented 
in Supplemental Table 2. Even if there was a modest increased 

Table 2. Characteristics of study subjects

RC+F RC+FP p

N 30 30 1.000

Gender, N M: 21, F: 9 M: 16, F: 14 0.184

Age 30.9 ± 8.4 39.1 ± 11.8 0.003

BMI, kg/m2 25.5 ± 3.5 25.2 ± 3.1 0.666

The number of risk factors, N 2.3 ± 0.9 2.4 ± 1.1 0.518

Component of risk factors

WC, cm

Male 94.4 ± 8.6 93.9 ± 7.4 0.858

Female 78.6 ± 7.2 82.8 ± 7.6 0.189

TG, mg/dL 128.9 ± 55.6 150.3 ± 94.3 0.287

HDL-C, mg/dL

Male 55.9 ± 10.6 58.3 ± 8.6 0.489

Female 70.9 ± 14.7 69.0 ± 19.5 0.803

FBG, mg/dL 119.1 ± 41.4 108.4 ± 17.5 0.199

BP

SBP, mmHg 130.3 ± 14.6 126.9 ± 14.8 0.383

DBP, mmHg 77.1 ± 10.3 75.6 ± 8.8 0.574

Mean ± S.D.; p-values derived from χ2(gender) and independent t-test.
RC+F: rice cake containing dietary fibers, RC+FP: rice cake containing dietary fibers and Artemisia annua and Gynura procumbens Merr., BMI: body mass index, 
WC: waist circumference, HDL-C: HDL-cholesterol, FBG: fasting blood glucose, BP: blood pressure, SBP: systolic blood pressure, DBP: diastolic blood pressure.
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tendency of dietary fiber intake in RC+FP compared to RC+F, 
there were no significant differences in total calorie intake and 
dietary intake of protein, carbohydrate, lipid and dietary fibers 
between the two groups (Supplemental Table 2).

Biochemical analysis
Plasma levels of fasting glucose, Total-cholesterol (Total-C), 

HDL-cholesterol (HDL-C), and TG were analyzed using an au-
tomated blood chemistry analyzer (DRI-CHEM 4000i, Fujifilm, 
Tokyo, Japan). LDL and very low density lipoprotein (VLDL)-
cholesterol levels were calculated using the Friedewald for-
mula. LDL–C = Total-C – HDL-C – TG/5 and VLDL–C = TG/5. The 
atherogenic index (AI) was calculated using Haglund’s assay 
[15]. AI = (Total-C – HDL-C) / HDL–C. homeostasis model as-
sessment-insulin resistance (HOMA–IR) was calculated, where 
HOMA-IR = fasting insulin (mU/L) × fasting blood glucose (mg/
dL)/405 [16].  

Enzyme-linked immunosorbent assay (ELISA)
Insulin (Human insulin ELISA kit, Sunredbio, Shanghai, China), 

malondialdehyde (MDA) (Lipid peroxidation assay kit, Biovision, 
Milpitas, CA, USA), and 8-hydroxy deoxyguanosine (8-OHdG) 
Quantitation (Human 8-OHdG ELISA kit, Mybiosource, Califor-
nia, CA, USA) were analyzed using commercial kits according 
to the manufacturers’ instructions. Blood urea nitrogen (BUN), 
creatinine, aspartate transaminase (AST) and alanine transami-
nase (ALT) were analyzed using Modular analytics (PE, ROCHE, 
Germany). 

Statistical analysis
Statistical analysis was performed using SPSS ver. 21.0 

(SPSS Inc., IL, USA). All data was presented as mean ± stan-
dard deviation (SD). p < 0.05 was considered to be statistically 
significant. Data which didn’t follow normalization was log 
transformed. Independent t-test was used to compare the 
general characteristics between RC+F and RC+FP groups. A 
comparison of the net change values between the two groups 
was performed by analysis of covariance with adjustment for 
baseline values.

Results
General characteristics of study subjects and nutritional 
information of rice cakes

Total 90 subjects were enrolled at the beginning of the 
study. But 10 people dropped out for personal reasons (5 in 

RC+F and 5 in RC+FP) and 10 subjects per each group were 
additionally excluded in order to have statistically similar sex 
ratios between the two groups. Finally 30 subjects per each 
group successfully completed the study (Figure 1). 

Both RC+F and RC+FP had the mixture of fructooligosac-
charide, resistant starch, and psyllium (Table 1); however, 
Artemisia annua and Gynura procumbens were added only to 
RC+FP, resulting in higher total polyphenol contents compared 
to RC+F (Table 1 and Figure 2). The average daily portion of 
RC+F or RC+FP contained 243.6 kcal and 222.4 kcal, 49.4 g 
and 43.7 g of carbohydrate, 5.3 g and 5.0 g of protein, 2.5 g 
and 2.6 g of fat, 6.5 g and 7.0 g of fibers, and 39.4 g and 89.2 
g of total polyphenols, respectively. 

The mean age for a study population was 35.0 ± 11.1 years. 
61.7 % of the subjects were male and 38.3% were female. 
The comparison of general characteristics and mean values of 
MetS risk factors in RC+F and RC+FP groups were presented in 
Table 2. The average ages in RC+FP group (n = 30) was signifi-
cantly higher than those in RC+F group (n = 30). However, the 
average values of BMI, waist circumference, TG, HDL-C, fasting 
blood glucose, and systolic, and diastolic blood pressures were 
not significantly different between the two groups. 

Anthropometric indicators and blood pressure levels after 
six weeks of dietary intake of RC+F and RC+FP

Compared to the initial values, body weight, BMI and waist 
circumferences were not significantly changed in both groups 
after 6 weeks (Figure 3). However, blood pressures in both sys-
tolic and diastolic blood pressures were significantly decreased 
only in RC+FP group (Figure 3). These data indicated that 

Figure 2. Total polyphenol contents in RC+F and RC+FP were measured 
as equivalent to those in gallic acid. Data are presented as mean ± SD. 
RC+F: rice cake containing dietary fibers, RC+FP: rice cake containing 
dietary fibers and Artemisia annua and Gynura procumbens Merr.
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RC+FP might have a blood pressure lowering effect.   

Changes in insulin resistance index, blood lipid profiles 
and oxidative stress markers in RC+F and RC+FP

Only in RC+FP group, serum levels of FBG and HOMA-IR 
were decreased at the end of the study compared to the be-
ginning (Figure 4A and 4B). Serum levels of TG, Total-C, LDL-C, 
MDA and 8-OHdG, and AI were not significantly changed after 
6 weeks compared to the initials in both groups (Figure 4C-H). 
Consumptions of RC+F and RC+FP did not induce the changes 
in BUN, AST, and ALT (data not shown). Our findings indicated 
that RC+FP appeared to improve FBG levels and HOMA-IR. 

Changes in the number of MetS risk factors after six 
weeks' consumption of RC+F and RC+FP

After 6 weeks, the proportions of the subjects with at least 
one MetS risk factor were decreased to 70.0% in RC+F and 
60.0% in RC+FP groups (Figure 5). The number of subjects 
with MetS risk factor of two or higher was also decreased 
from 76.6% to 43.3% in RC+F group and from 76.7 % to 
26.6% in RC+FP group. Subsequently, the percentage of 

subjects without a MetS risk factor increased in both groups 
(30% in RC+F and 40% in RC+FP) (Fig. 5A and 5B). Next, we 
examined whether those who had a specific MetS risk factor 
had improvement in values of their corresponding risk fac-
tor after 6 weeks' intervention. RC+FP group had decreased 
the levels of FBG and systolic and diastolic blood pressures 
whereas RC+F group had reduced systolic blood pressure (Table 
3). These results suggested that RC+FP was more effective in 
reducing the risk of MetS compared to RC+F.

Discussion
Here, we demonstrated that rice cakes containing dietary 

fibers and polyphenol rich plant powders decreased the risk 
factors of MetS. RC+FP group significantly improved FBG lev-
els, HOMA-IR and blood pressure, which were not observed 
in RC+F group. When those who were at risk for individual 
MetS risk factors were examined, RC+FP consumption still 
significantly decreased FBS and blood pressures in their corre-
sponding populations. In the case of RC+F consumption, only 
systolic blood pressure was significantly reduced. Thus, RC+FP 

Figure 3. Anthropometric indicators and blood pressure levels of study subjects before and after the 6-week intervention. Weight, BMI, waist 
circumference (WC) male and female, systolic blood pressure (SBP) and diastolic blood pressure (DBP) in RC+F and RC+FP before and after 
the intervention. Weight (A), BMI (B), WC (male) (C), WC (female) (D), SBP (E), DBP (F). Data are presented as mean ± SD. Asterisk indicates 
significant difference between the values in 0 week and those in 6 weeks in RC+F or RC+FP by independent t-test. RC+F: rice cake containing 
dietary fibers, RC+FP: rice cake containing dietary fibers and Artemisia annua and Gynura procumbens Merr.,  BMI: body mass index, WC: waist 
circumference, HDL-C: HDL-cholesterol, FBG: fasting blood glucose, SBP: systolic blood pressure, DBP: diastolic blood pressure. *p < 0.05.
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might appear to be more effective in improving MetS risk fac-
tors than RC+F. 

Dietary fibers were commonly supplemented in our rice 
cakes to increase daily fiber intake. RC+F and RC+FP contained 
6.5 g and 7.0 g per 100 g of dietary fiber, respectively. Accord-
ing to the Korean Dietary Recommended Intake, 25 g for men 
and 20 g for women are recommended as the adequate daily 
intake of dietary fiber in adults who are older than 12 years [17]. 

However, the actual daily dietary fiber intake among Koreans 
was reported to be much lower at 6.4-7.2 g/d [18]. Thus, the 
additional dietary supply appears to be necessary for even 
healthy adults. The amount of dietary fiber contained in the 
daily portion of RC+F and RC+FP did additionally provide in  
between 26% and 35% of the daily requirements, which might 
have been sufficient to elicit the health-benefits in lowing the 
risk factors of MetS. 

Figure 4. Blood glucose, insulin resistance index, blood lipids and antioxidant markers in RC+F and RC+FP before and after the intervention. 
Fasting blood glucose levels (A), HOMA-IR (B), blood TG levels (C), Total-C (D), LDL-C (E), AI (F), MDA (G) and 8-OHdG (H). Data are presented as 
mean ± SD. Asterisk indicates significant difference between the values in 0 week and those in 6 weeks in RC+F or RC+FP by independent t-test. 
RC+F: rice cake containing dietary fibers, RC+FP: rice cake containing dietary fibers and Artemisia annua and Gynura procumbens Merr., total-
C:total-cholesterol, TG: triglyceride, HOMA-IR: homeostatic model assessment-insulin resistance, AI: atherogenic index, MDA: malondialdehyde, 
8-OHdG: 8-hydroxy-2'–deoxyguanosine. *p < 0.05.
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Dietary fiber intake was reported to be associated with 
lowering blood pressure in several meta-analysis studies 
[19,20]. In consistent with our observations with RC+F and 
RC+FP, the rice cakes containing dietary fibers reduced systolic 
blood pressure in those subjects with the risk of hyperten-
sion according to the criteria of MetS. In particular, RC+FP 
consumption demonstrated far greater effects on blood pres-
sures by inducing the reduction in both systolic and diastolic 
blood pressure. This could be due to the presence of Gynura 
procumbens Merr., which were not present in RC+F. Gynura 
procumbens Merr., was reported to decrease blood pressure 
[21]. For instance, the extracts of Gynura procumbens Merr. 
lowered the blood pressure in an animal model for hyperten-
sion [22]. Thus, the polyphenol rich Gynura procumbens Merr. 
might have provided additional effects on blood pressure.   

Previous studies demonstrated that fructooligosaccharide 
and resistant starch were successful in lowering the glycemic 
index when provided as ingredients in bread along with whole 
rye grain [10]. Yamada et al. reported that an intake of bread 
containing 6 g of resistant starch lowers postprandial levels 
of insulin and blood glucose in those whose fasting blood 
glucose levels are in the range of 100-140 mg/dL [11]. Psyl-
lium from the husk of the Plantago genus was also shown to 
reduce blood glucose and/or cholesterols [23,24]. However, the 
blood glucose-lowering effect was not observed in RC+F but 
seen in the RC+FP group in our study. These may indicate that 
the amount of dietary fibers provided in the rice cakes might 

not be enough to exert dietary fiber-induced blood glucose 
lowering effects in our study subjects. In addition, this hypo-
glycemic effects might be caused by the polyphenol rich plant 
powders. The functional effects of Gynura procumbens Merr. 
were reported to include anti-diabetes probably via increasing 
glucose uptake into the tissues [25,26]. Artemisia annua was 
also considered to have hypoglycemic effects [27,28] as well 
as antioxidant [29] and anti-inflammatory effect [30]. These 
polyphenol rich plant powders in RC+FP might contribute to 
the hypoglycemic effects in our study subjects. 

Dietary fibers have been also implicated to ameliorate dys-
lipidemia [4-6]. Resistant starch lowered LDL-C levels [31] and 
Total-C [32]. Hamsters that were fed high cholesterol diets 
with resistant starch had lower Total-C levels than those fed 
with diets not containing resistant starch [32]. On the other 
hand, 8 g of fructooligosacchrides lowered Total-C and LDL-
C levels in Japanese type 2 diabetes [33]. However, RC+F and 
RC+FP didn’t show any significant change in our study popu-
lations.

Because of proposed antioxidant roles by polyphenols, we 
further investigated the levels of lipid peroxidation products 
such as MDA, protein carbonyl, and 8-OHdG before and after 
the rice cake consumption for 6 weeks. Neither of these oxi-
dative parameters was significantly affected by RC+FP, sug-
gesting that polyphenols in RC+FP might have lowered FBG 
and blood pressure independent of its antioxidant effects. 

In this study, there are limitations. Because the study sub-

Table 3. Changes in the value of each component of MetS risk factors in those who had corresponding risk factor in RC+F and RC+FP

Type of risk factors
RC+F RC+FP

N Before After p N Before After p

WC, cm

Male 15 97.3 ± 8.4 94.5 ± 10.0 0.416 11 96.5 ± 5.9 93.2 ± 6.7 0.230

Female 5 84.1 ± 3.9 82.8 ± 4.4 0.630 13 85.4 ± 4.4 84.3 ± 6.1 0.220

TG, mg/dL 10 193.9 ± 30.8  205.1 ± 135.2 0.801 12 228.7 ± 104.8 208.8 ± 127.8 0.680

FBG, mg/dL 21 131.0 ± 44.5 108.2 ± 43.3 0.101 22 114.1 ± 17.1 101.0 ± 21.7* 0.033

BP, mmHg

SBP 17 140.7 ± 6.5 134.9 ± 8.8* 0.037 11 142.5 ± 11.7 127.0 ± 13.1* 0.008

DBP 7 89.7 ± 7.8 83.3 ± 5.3 0.096 6 89.7 ± 5.5 76.7 ± 5.7† 0.002

HDL-C, mg/dL

Male 2 38.5 ± 0.7 48.5 ± 0.7 0.544 - - - -

Female - - - - 3 44.0 ± 4.4 49.0 ± 3.6 0.201

Mean ± S.D., p-value by independent t-test; *p < 0.05; †p < 0.01.
RC+F: rice cake containing dietary fibers, RC+FP: rice cake containing dietary fibers and Artemisia annua and Gynura procumbens Merr., WC: waist circumfer-
ence, TG: triglyceride, HDL-C: HDL-cholesterol, FBG: fasting blood glucose, BP: blood pressure, BP: systolic blood pressure, DBP: diastolic blood pressure.
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jects were not housed in a controlled setting, their diet during 
the day may not be similar between RC+F and RC+FP. In ad-
dition, dietary intake analysis was not performed periodically 
until the end of the study. Thus, there is a chance to have 
impact of changes in the diets during the study period on our 
experimental results. 

In conclusion, for the first time we demonstrated that RC+F 
and RC+FP, rice cakes containing a mixture of dietary fibers, 
resistant starch, fructooligosaccharides, and psyllium with 
or without Gynura procumbens Merr. and Artemisia annua 
decreased the levels of MetS risk factors, especially FBG and/
or blood pressure. Considering the rising populations with 
MetS in developed and developing Asian countries, rice cakes 
supplemented with dietary fibers as well as polyphenol rich 
plant powders may be another choice for functional foods to 
ameliorate the risk factors of MetS.

Acknowledgements
This research was supported by grants from The Globaliza-

tion of Korean Foods R&D program, Ministry of Agriculture, 
Food and Rural Affairs (913006-1). 

Conflict of Interest
The authors state no conflict of interests.

ORCID
Na Rae Yoon http://orcid.org/0000-0002-8271-4239
Sun Yoon http://orcid.org/0000-0001-9050-1607
Seung-Min Lee http://orcid.org/0000-0002-3443-5286

References 
1. Riccardi G, Rivellese AA. Dietary treatment of the metabolic syndrome-

-the optimal diet. Br J Nutr 2000;83 Suppl 1:S143-8.
2. Korea Centers for Disease Control and Prevention. In-depth analyses of 

the third national health and nutrtion examination survey : the health 
interview and health behavior survey part. Seoul: Korea Centers for 
Disease Control and Prevention; 2007.

3. Sloth B, Krog-Mikkelsen I, Flint A, Tetens I, Björck I, Vinoy S, Elmståhl 
H, Astrup A, Lang V, Raben A. No difference in body weight decrease 
between a low-glycemic-index and a high-glycemic-index diet but 
reduced LDL cholesterol after 10-wk ad libitum intake of the low-
glycemic-index diet. Am J Clin Nutr 2004;80:337-47.

4. Sierra M, García JJ, Fernández N, Diez MJ, Calle AP. Therapeutic effects 
of psyllium in type 2 diabetic patients. Eur J Clin Nutr 2002;56:830-42.

5. Tucker LA, Thomas KS. Increasing total fiber intake reduces risk of 
weight and fat gains in women. J Nutr 2009;139:576-81.

6. Wismar R, Brix S, Frøkiaer H, Laerke HN. Dietary fibers as immu-
noregulatory compounds in health and disease. Ann N Y Acad Sci 
2010;1190:70-85.

7. Lerman RH, Minich DM, Darland G, Lamb JJ, Schiltz B, Babish JG, Bland 
JS, Tripp ML. Enhancement of a modified Mediterranean-style, low gly-
cemic load diet with specific phytochemicals improves cardiometabolic 
risk factors in subjects with metabolic syndrome and hypercholesterol-
emia in a randomized trial. Nutr Metab (Lond) 2008;5:29.

8. Ma Y, Griffith JA, Chasan-Taber L, Olendzki BC, Jackson E, Stanek EJ 3rd, 
Li W, Pagoto SL, Hafner AR, Ockene IS. Association between dietary 
fiber and serum C-reactive protein. Am J Clin Nutr 2006;83:760-6.

9. Hlebowicz J, Darwiche G, Björgell O, Almér LO. Effect of cinnamon on 
postprandial blood glucose, gastric emptying, and satiety in healthy 
subjects. Am J Clin Nutr 2007;85:1552-6.

10. Park MA, Lee JW, Shin MS, Ly SY. Glycemic index lowering effects of 
breads supplemented with resistant starch, whole rye grain and fruc-
tooligosaccharide. Korean J Community Nutr 2007;12:189-97.

11. Yamada Y, Hosoya S, Nishimura S, Tanaka T, Kajimoto Y, Nishimura 
A, Kajimoto O. Effect of bread containing resistant starch on post-
prandial blood glucose levels in humans. Biosci Biotechnol Biochem 
2005;69:559-66.

12. Alberti KG, Zimmet P, Shaw J. Metabolic syndrome—a new world‐wide 
definition. A consensus statement from the international diabetes fed-
eration. Diabet Med 2006;23:469-80.

13. Korea Food & Drug Administration. Food safety standard code. Seoul: 
Korea Food & Drug Administration; 2015.

14. Rural Development Administration (KR). Standard food composition 
table. 8th rev. ed. Paju: Kyomunsa; 2012.

15. Haglund O, Luostarinen R, Wallin R, Wibell L, Saldeen T. The effects of 
fish oil on triglycerides, cholesterol, fibrinogen and malondialdehyde in 
humans supplemented with vitamin E. J Nutr 1991;121:165-9.

16. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner 
RC. Homeostasis model assessment: insulin resistance and beta-cell 
function from fasting plasma glucose and insulin concentrations in 
man. Diabetologia 1985;28:412-9.

17. The Korean Nutrition Society. Dietary reference intakes for Koreans. 1st 
rev. ed. Seoul: The Korean Nutrition Society; 2010.

18. Shin D. Analysis of dietary insoluble and soluble fiber contents in 
school meal. Nutr Res Pract 2012;6:28-34.

19. Whelton SP, Hyre AD, Pedersen B, Yi Y, Whelton PK, He J. Effect of 
dietary fiber intake on blood pressure: a meta-analysis of randomized, 
controlled clinical trials. J Hypertens 2005;23:475-81.

20. Streppel MT, Arends LR, van ‘t Veer P, Grobbee DE, Geleijnse JM. Dietary 
fiber and blood pressure: a meta-analysis of randomized placebo-
controlled trials. Arch Intern Med 2005;165:150-6.

21. Poh TF, Ng HK, Hoe SZ, Lam SK. Gynura procumbens causes vasodila-
tion by inhibiting angiotensin II and enhancing bradykinin actions. J 
Cardiovasc Pharmacol 2013;61:378-84.

22. Kim MJ, Lee HJ, Wiryowidagdo S, Kim HK. Antihypertensive effects of 
Gynura procumbens extract in spontaneously hypertensive rats. J Med 
Food 2006;9:587-90.

23. Hannan JM, Ali L, Khaleque J, Akhter M, Flatt PR, Abdel-Wahab YH. 
Aqueous extracts of husks of Plantago ovata reduce hyperglycaemia in 
type 1 and type 2 diabetes by inhibition of intestinal glucose absorp-
tion. Br J Nutr 2006;96:131-7.

24. Yu LL, Lutterodt H, Cheng Z. Beneficial health properties of psyllium 
and approaches to improve its functionalities. Adv Food Nutr Res 
2008;55:193-220.

25. Kim HS, Kim TW, Kim DJ, Kim KK, Choe M. Effects of medicinal plant 
water extracts on expression of anti-diabetic enzymes mRNA. J Korean 
Soc Food Sci Nutr 2013;42:1008-14.

26. Hassan Z, Yam MF, Ahmad M, Yusof AP. Antidiabetic properties and 
mechanism of action of Gynura procumbens water extract in strepto-
zotocin-induced diabetic rats. Molecules 2010;15:9008-23.

27. Al-Waili NS. Treatment of diabetes mellitus by Artemisia herba-alba 



Yoon NR et al.

http://e-cnr.org88 http://dx.doi.org/10.7762/cnr.2016.5.2.79

extract: preliminary study. Clin Exp Pharmacol Physiol 1986;13:569-73.
28. Twaij HA, Al-Badr AA. Hypoglycemic activity of Artemisia herba alba. J 

Ethnopharmacol 1988;24:123-6.
29. Ferreira JF, Luthria DL, Sasaki T, Heyerick A. Flavonoids from Artemisia 

annua L. as antioxidants and their potential synergism with artemisinin 
against malaria and cancer. Molecules 2010;15:3135-70.

30. Melillo de Magalhães P, Dupont I, Hendrickx A, Joly A, Raas T, Dessy S, 
Sergent T, Schneider YJ. Anti-inflammatory effect and modulation of 
cytochrome P450 activities by Artemisia annua tea infusions in human 

intestinal Caco-2 cells. Food Chem 2012;134:864-71.
31. Kishida T, Nogami H, Himeno S, Ebihara K. Heat moisture treatment of 

high amylose cornstarch increases its resistant starch content but not 
its physiologic effects in rats. J Nutr 2001;131:2716-21.

32. Ranhotra GS, Gelroth JA, Glaser BK. Effect of resistant starch on blood 
and liver lipids in hamsters. Cereal Chem 1996;73:176-8.

33. Yamashita K, Kawai K, Itakura M. Effects of fructo-oligosaccharides 
on blood glucose and serum lipids in diabetic subjects. Nutr Res 
1984;4:961-6.               




