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ABSTRACT: We investigated the changes in the oxidative stress and cardiovascular disease risk biomarkers, including the 
activity of the cardiac autonomic nervous system, in older adults with prehypertension following Riceberry rice bran oil 
supplementation. A total of 35 women aged 60 to 76 years with prehypertension were randomly allocated to two groups, 
one of which was supplemented with rice bran oil (n=18) and the other with Riceberry rice bran oil (n=17) at 1,000 mg 
daily for 8 weeks. Prior to and after the supplementation, oxidative stress and cardiovascular risk biomarkers (primary 
outcomes), heart rate variability, and blood pressure (secondary outcomes) were investigated. Results showed that plasma 
malondialdehyde, blood glutathione disulfide, and tumor necrosis factor-alpha levels were significantly decreased, and 
the ratio of reduced glutathione to glutathione disulfide significantly increased in both groups after supplementation (all 
P<0.05). No significant differences were observed between groups. Heart rate variability and blood pressure did not stat-
istically significantly change subsequent to supplementation in either group and did not differ between groups. In con-
clusion, Riceberry rice bran oil supplementation for 8 weeks alleviates oxidative stress and inflammation in older adults 
with prehypertension to a similar extent as rice bran oil supplementation.
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INTRODUCTION

The incidence of prehypertension or high normal blood 
pressure (BP) has increased steadily worldwide. This in-
cidence is accelerated by the aging population and is 
higher in females than in males (Hu et al., 2017). It is 
estimated that prehypertension affects approximately 
25∼50% of adults worldwide (Egan and Stevens-Fabry, 
2015). Epidemiological data from the InterAsia study re-
ported that 21% of adults in Thailand were affected by 
prehypertension (Yu et al., 2008). Prehypertension has 
been related to cardiovascular control dysfunction and 
sympathetic hyperactivity (Mancia and Grassi, 2014); 
moreover, it has been linked to a risk of hypertension 
that is approximately twice that of individuals with nor-
mal BP levels. Hypertension is an important risk factor 
for cardiovascular diseases (CVDs), chronic kidney dis-

ease, and even death (Qaiser et al., 2020; Lydia et al., 
2021). Effective regulation of prehypertension has been 
reported to decrease CVDs, such as coronary heart dis-
ease, stroke, and myocardial infarction, by more than 
10% (Han et al., 2019).

Clinical studies on the prevention of hypertension have 
recommended that prehypertension can be managed by 
medications such as angiotensin-converting enzyme in-
hibitors, calcium channel blockers, diuretics, and beta 
blockers as well as lifestyle changes, including a healthy 
and balanced diet and physical activity (Egan and Stevens- 
Fabry, 2015). At present, there is a growing interest in 
the use of dietary supplements derived from edible plant, 
including fruits, vegetables, and cereals, in the prevention 
and management of hypertension. The most common el-
ements of foods consist of potassium, nitrates, vitamins 
C and E, carotenoids, and polyphenols (Ardiansyah et al., 
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2006; Whelton et al., 2018; Jun and Xiang, 2020).
Among these foods, rice has been reported to provide 

health benefits because it contains several nutrients and 
antioxidant compounds (Leardkamolkarn et al., 2011). 
Rice bran is known to be rich in phytochemicals, includ-
ing phytosterols that are beneficial for health (Zarei et 
al., 2017). Moreover, -oryzanol, tocopherols, and toco-
trienols, which are present in pigmented rice bran extract, 
are powerful antioxidants that have been shown to be ef-
fective in the treatment of disorders such as CVDs, dia-
betes mellitus, kidney stones, fatty liver, and cancers 
(Jariwalla, 2001; Ardiansyah et al., 2006; Somintara et al., 
2016).

Riceberry is a Thai dark purple variety of rice (Oryza 
sativa L.) that is a crossbreed of Hom Nil rice (Thai black 
rice) and Khao Dawk Mali 105 (Thai jasmine rice or Thai 
fragrant rice). Riceberry rice bran comprises high levels 
of antioxidants such as phenols and anthocyanin, which 
have been reported to have strong anticancer, antioxidant, 
antidiabetic, and antihypertensive properties and reduce 
sympathetic overactivity (Thamnarathip et al., 2016; 
Bruno and Ghiadoni, 2018; Mattioli et al., 2020; Boy et 
al., 2021). In addition, both in vitro and in vivo studies 
have revealed that -oryzanol, tocopherols, and tocotrien-
ols found in the bran extract and oil of pigmented rice 
have antioxidant and antiinflammatory properties, inhib-
it cholesterol oxidation and tumor growth, and lower 
blood lipids and BP (Kim et al., 2013; Yoon et al., 2014; 
Somintara et al., 2016).

Experimental studies on supplementation with rice 
bran have proved its advantageous effects on blood lip-
oproteins and cholesterols in healthy, hypercholesterol-
emic, and type 2 diabetes individuals (Rajnarayana et al., 
2001; Most et al., 2005; Lai et al., 2012). However, there 
is inadequate evidence in humans to support the antihyp-
ertensive effect of Riceberry rice bran. Hence, we aimed 
to investigate the effects of Riceberry rice bran oil (RRBO) 
supplementation on oxidative stress and cardiovascular 
risk biomarkers as well as cardiac autonomic nervous 
system activity and BP in older adults with prehyperten-
sion. We hypothesized that oxidative stress and cardio-
vascular risk biomarkers, cardiac autonomic nervous 
system activity, and BP levels would be improved with 
RRBO supplementation.

MATERIALS AND METHODS

Study design and participants
This study was a randomized clinical trial with an open- 
label dietary approach and was conducted from February 
to August 2019. This study was registered in the Thai 
Clinical Trials Registry (https://www.thaiclinicaltrials.org; 
registration no. TCTR20190322002; date of registration: 

22/03/2019). Older women with prehypertension who 
enrolled in the Burapha University Hospital or the Aging 
Society of the Saensuk Municipality, Chonburi Province, 
were included. The sample size for this study was calcu-
lated based on the difference between two means. De-
varajan et al. (2016) reported that the mean systolic BP 
(SBP) in patients with hypertension was reduced by 15 
mmHg 1 month after supplementation with sesame oil 
mixed with rice bran oil (RBO), with a standard devia-
tion of 17 mmHg. With an alpha error of 0.05, a beta er-
ror of 0.20, and the power of the test of 0.80, the sample 
size for this study was 16 per group, for a total of 20 par-
ticipants, including a plausible 20% dropout proportion.

Screening of participants
All participants were screened using health questionnaire 
forms, which included questions on the present and past 
ailments, drugs and dietary supplements used, and phys-
ical activity behavior. All participants underwent meas-
urements of anthropometric parameters, such as height, 
body mass, and body mass index; fat distribution param-
eters, such as waist and hip circumferences and their ra-
tios; and physiological parameters, such as BP and pulse 
rate.

Participants were included if they met the following cri-
teria: aged 60∼80 years old and had an SBP of 120∼139 
mmHg or a diastolic BP (DBP) of 80∼89 mmHg accord-
ing to the 2007 European Society of Hypertension/Eu-
ropean Society of Cardiology guidelines (Mansia et al., 
2007). The exclusion criteria were as follows: regular 
smoker or drinker; regular exerciser; possessing under-
lying illnesses such as CVDs, diabetes mellitus, obesity, 
renal diseases, or thyroid diseases that may affect cardiac 
autonomic nervous system function; having liver or renal 
diseases that may influence waste clearance; having a his-
tory of allergy to Riceberry rice or its processed product; 
or taking any dietary supplements 2 months before par-
ticipating in the study. To confirm the participants’ BP 
levels, all participants had their BP levels measured in the 
morning twice, separated by a week.

Prior to screening, all participants received verbal and 
written information about the study details and a consent 
form for participation. Therefore, the written informed 
consents were obtained from the participants. All docu-
ments in this study are in accordance with the ethical 
standards of the Human Ethics Committee of Burapha 
University (approval no. 15/2562; date of approval: 12/ 
02/2019) and the 1964 Declaration of Helsinki and its 
later amendments.

Experimental protocol
One week after screening, the experiment was initiated 
in the morning. The eligible participants were randomly 
allocated into one of the two study groups (1:1) using 
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the online software True Random Number Service (ran-
dom.org). Randomization and allocation were carried out 
by a research assistant; thus, until the final analyses were 
completed, the researchers were unaware of which sup-
plements the participants received. Each participant re-
ceived either 1,000 mg/d of RBO or RRBO, 500 mg×2 
capsules, 30 min after breakfast daily for 8 weeks. The 
duration and dosage of supplementation were considered 
based on previous reports in patients with mild-to-mod-
erate hypertension and type 2 diabetes (Lai et al., 2012; 
Devarajan et al., 2016) and the availability of the study 
supplements. The primary outcomes were changes in oxi-
dative stress and cardiovascular risk biomarkers. The sec-
ondary outcomes were changes in heart rate variability 
(HRV) and BP variables.

All participants were requested to maintain their daily 
lifestyles during the study period, including dietary con-
sumption and physical activity behaviors. They were also 
requested to inform any research assistant or researcher 
of any alterations in their medical treatment, including 
changes in medicine, supplements, diet, or physical ac-
tivity, as well as any adverse effects of the supplements 
received. If the participants changed their medical treat-
ment or underwent any serious adverse effects resulting 
from the supplements, they were withdrawn from the 
study.

Study supplements
The RBO supplement used for the experiment was RBO 
with rice bran and germ oil capsules obtained from Khao 
Dawk Mali 105 rice. It was commercially supplied by 
Herbal One Co., Ltd. (Sam Phran, Thailand). Each capsule 
contained 1.35 g/100 g of -oryzanol, 245.22 mg/100 g of 
-tocopherol, 34.04 mg/100 g of -tocotrienol, and 1.68 
mg/mL of the antioxidant 2,2-diphenyl-1-picrylhydrazyl 
(DPPH). -Carotene and lutein levels were too low to be 
detected. Similarly, the RRBO supplement used in this 
study was RRBO with rice bran and germ oil capsules, 
which were commercially supplied by Sunfood Corp., 
Co., Ltd. (Mueang Samut Prakan, Thailand). Each capsule 
comprised 1.4 g/100 g of -oryzanol, 24 mg/100 g of - 
tocopherol, 45 mg/100 g of -tocotrienol, and 0.32 mg/ 
mL of the antioxidant DPPH as well as 2.3 mg/100 g of 
-carotene and 1.5 mg/100 g of lutein. All analyses were 
performed using high-performance liquid chromatogra-
phy (HPLC) by the Central Laboratory Co., Ltd. (Bang-
kok, Thailand) and the Manose Health and Beauty Re-
search Center Co., Ltd. (Chiang Mai, Thailand).

Throughout the study, the supplements were stored at 
room temperature (23∼24°C) with a relative humidity of 
40∼50%. Packages were encoded and supplied to partic-
ipants monthly by a research assistant. A supplementary 
intake record was provided to the participants to record 
their supplementation details. The participants were asked 

to fill in this record daily and return it every 4 weeks. Be-
sides, participants were also reminded to take their sup-
plements via telephone calls made weekly. These meth-
ods helped us determine compliance (≥80% of the sup-
plementation was considered to be compliant), ensure 
adherence to the study experiment as much as possible, 
and minimize study withdrawal.

Blood sampling
After 12 h of overnight fasting, 10 mL of the participants’ 
blood was collected via venipuncture between 8:00 a.m. 
and 9:00 a.m. Furthermore, 4 mL of blood samples were 
collected in ethylenediaminetetraacetic acid tubes and 
immediately centrifuged at 3,000 rpm at room temper-
ature for 10 min, and plasma and serum samples were 
separated from whole blood and kept at −80°C until ox-
idative stress and inflammatory biomarker tests were 
performed. Then, 6 mL of blood was collected in glucose 
and heparin tubes and sent for analysis of cardiovascular 
risk biomarkers on the sampling day.

Oxidative stress and inflammatory biomarker assays
Blood glutathione (GSH) in its reduced form, glutathione 
disulfide (GSSG), and total GSH concentrations were 
measured as described previously by Nakmareong et al. 
(2012). The GSH/GSSG ratio was then calculated. Serum 
vitamin E levels were measured using HPLC (N Health 
Laboratory, National Healthcare Systems Co., Ltd., Bang-
kok, Thailand). Plasma malondialdehyde (MDA) levels, 
a biomarker of lipid peroxidation, were measured using 
the thiobarbituric acid reactive substance assay, as de-
scribed previously by Kukongviriyapan et al. (2015). Plas-
ma tumor necrosis factor-alpha (TNF-) concentrations 
were measured using Human TNF- enzyme-linked im-
munosorbent assay kits (ab181421, Abcam, Cambridge, 
UK) as per the manufacturer’s instructions.

Cardiovascular risk biomarker assays
Fasting blood glucose (FBG) concentration and lipid 
profiles were measured by the Medical Laboratory Unit, 
Burapha University Hospital, Burapha University. FBG, 
serum triglyceride (TG), and serum total cholesterol (TC) 
concentrations were measured using enzymatic methods. 
Serum high-density lipoprotein cholesterol (HDL-C) con-
centrations were measured by the accelerator selective 
detergent method. These assays were completed using a 
standard automated laboratory machine (Architect c8000, 
Abbott, Lake Bluff, IL, USA). Serum low-density lipopro-
tein cholesterol (LDL-C) concentration was calculated 
based on the TC, HDL-C, and TG concentrations. The 
atherosclerogenic index, an indicator of CVD risk, was 
calculated based on the TC and HDL-C values using the 
following equation:
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Fig. 1. Flow diagram of the study.

Atherosclerogenic index=
TC−HDL-C

HDL-C

Cardiac autonomic nervous system activity and BP 
assessments
To assess the activity of the autonomic nervous system, 
HRV analysis was performed. BP and HRV assessments 
were conducted with the participant in a supine position 
after resting for 10 min. BP was assessed twice, 1 min 
apart, using an automatic digital BP monitor (Microlife 
BP 3AQ1, Microlife AG Swiss Corp., Widnau, Switzer-
land), and the mean of the two readings was reported. 
The pulse pressure, mean arterial pressure, and rate-pres-
sure product was calculated using the SBP, DBP, and 
pulse rate values.

Lead II electrocardiography (PowerLab 4/30, ADIn-
struments, Bella Vista, NSW, Australia) was employed 
to record the short-term HRV for 10 min, and the HRV 
module of the LabChartⓇ Pro software (ADInstruments) 
was used to analyze the HRV data. To analyze the HRV 
data, the time and frequency domains were interpreted. 
The time domain encompassed the values of the standard 
deviation of the normal beat-to-normal beat intervals 
(SDNN) and the root mean square of successive R-R in-
terval differences (RMSSD), and the frequency domain 
comprised the values of total power, very-low, low, and 
high-frequency powers (direct current potential∼0.04, 
0.04∼0.15, and 0.15∼0.4 Hz, respectively) and low-/ 
high-frequency ratio.

Anthropometric and body composition measurements
Participant height was measured using a stadiometer 
(Health-o-Meter ProSeries, Pelstar Inc., New York, NY, 
USA). Body mass, body mass index, and body composi-
tion were measured using a body composition analyzer 
(InBody270, InBody Co., Ltd., Daejeon, Korea) based on 
bioelectrical impedance analysis. Fat distribution was 

measured from waist and hip circumferences and their 
ratios. All measurements were conducted with the par-
ticipant in the standing position and wearing minimal 
clothing, as described previously by Vierra et al. (2022).

Statistical analysis
Data were presented as mean and standard deviation. All 
statistical analyses were performed using IBM SPSS Sta-
tistics software (IBM Corp., Armonk, NY, USA). The 
Shapiro-Wilk test and visual histogram assessment were 
employed to determine the data distribution. The inde-
pendent t-test was used to compare differences in varia-
bles between the groups at baseline. The two-way re-
peated-measures analysis of variance and paired t-test 
were used to compare differences in variables between 
the groups after the supplementation and in each group 
before and after the supplementation, respectively. A P- 
value of less than 0.05 was considered significant.

RESULTS

From an initial pool of 40 participants, 2 participants in 
the RBO group (10%) and 3 in the RRBO group (15%) 
were withdrawn from the study, as they could not sus-
tain the daily supplementation of more than 80% for 8 
weeks. Hence, 35 participants (87.5%)－18 participants 
in the RBO group (90%) and 17 participants in the RRBO 
group (85%)－completed the study, and their data were 
analyzed (Fig. 1).

Physical and physiological characteristics
Age, height, body mass, body mass index, percent body 
fat, fat mass, percent fat-free mass, fat-free mass, fat-free 
mass index, percent body water, water mass, protein 
mass, mineral mass, visceral fat level, basal metabolic 
rate, waist circumference, hip circumference, or waist/hip 
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Table 1. Physical and physiological characteristics of participants before and after the supplementation

Rice bran oil group (n=18) Riceberry rice bran oil group (n=17)
P-value

Before After Change (%) Before After Change (%)

Age (yr)    66.00±4.41    66.00±4.41 −     66.53±4.76     66.53±4.76 − 0.621
Height (m)     1.56±0.08     1.57±0.08 −    1.53±0.06    1.53±0.06 − 0.155
Body mass (kg)    57.98±11.64    57.71±11.44 —0.27 (—0.41)   56.79±6.57   55.95±6.18* —0.84 (—1.40) 0.158
Body mass index 
(kg/m2)

   23.68±3.66    23.52±3.48 —0.16 (—0.57)   24.43±2.79   24.00±2.38* —0.43 (—1.57) 0.495

Body fat (%)    34.61±7.73    34.15±7.40 —0.46 (—0.39)   34.67±7.76   34.05±7.91 —0.62 (—1.17) 0.866
Fat mass (kg)    20.63±7.47    20.47±7.58 —0.16 (—0.08)   19.59±5.93   19.58±5.71 —0.01 (—0.49) 0.955
Fat-free mass (%)    65.38±7.76    65.87±7.37 0.49 (0.86)   65.33±7.75   65.79±7.94  0.46 (0.08) 0.563
Fat-free mass (kg)    37.07±4.90    37.52±4.81 0.45 (1.31)   36.26±3.26   36.81±3.37  0.55 (1.54) 0.907
Fat-free mass index     0.65±0.08     0.66±0.07 0.01 (1.80)    0.64±0.08   0.66±0.08  0.02 (3.07) 0.779
Body water (%)    47.96±5.55    48.32±5.31 0.36 (0.84)   48.09±5.88   48.10±5.71  0.01 (0.11) 0.507
Water mass (kg)    27.20±3.61    27.53±3.57 0.33 (1.29)   26.69±2.39   27.08±2.50  0.39 (1.45) 0.926
Protein mass (kg)     7.19±0.98     7.29±0.94 0.10 (1.55)    7.07±0.63    7.17±0.65  0.10 (1.45) 0.680
Mineral mass (kg)     2.66±0.33     2.68±0.31 0.02 (0.57)    2.50±0.26    2.55±0.25  0.05 (2.29) 0.639
Visceral fat level     8.22±2.62     8.00±2.66 —0.22 (—2.63)    7.94±2.16    7.71±2.05 —0.23 (2.99) 0.905
Waist circumference 
(cm)

   83.43±9.27    79.33±8.69 —4.10 (—0.27)   80.13±6.94   78.00±6.56 —2.13 (—2.12) 0.325

Hip circumference (cm)    99.07±8.43    97.94±9.03 —1.13 (—1.88)   96.69±5.19   95.43±6.89 —1.26 (—0.65) 0.104
Waist/hip ratio     0.89±0.05     0.89±0.06 0.00 (—0.10)   0.89±0.06    0.88±0.05 —0.01 (—0.61) 0.344
Basal metabolic rate 
(kcal/d)

1,170.83±105.72 1,180.17±103.86 9.34 (0.83) 1,153.29±70.44 1,164.94±72.91 11.65 (—1.02) 0.877

Data are presented as mean±SD.
*P<0.05, significantly different from before supplementation (paired t-test).

Table 2. Antioxidant biomarkers of participants before and after the supplementation

Rice bran oil group (n=18) Riceberry rice bran oil group (n=17)
P-value

Before After %Change Before After %Change

Total glutathione (mol/L) 3,148.70±818.86 3,276.49±757.64 6.19 3,182.34±754.62 3,385.18±1,031.33 6.85 0.710
Vitamin E (mg/L)    13.56±2.61    13.91±2.90 4.66  13.04±3.58  13.13±3.22 2.06 0.579
Vitamin E (mol/L)    31.47±6.05    32.29±6.74 4.61  30.27±8.32  30.48±7.48 2.06 0.584

Data are presented as mean±SD.

ratio were not significantly different between the RBO 
and RRBO groups before supplementation. Within-group 
analysis showed that body mass (P=0.024) and body 
mass index (P=0.042) significantly decreased in the 
RRBO group after supplementation. No significant dif-
ferences were noted between groups (Table 1).

Oxidative stress biomarkers
Before supplementation, baseline GSH, GSSG, total GSH, 
vitamin E, and MDA concentrations and the GSH/GSSG 
ratio did not differ between the RBO and RRBO groups. 
Following the 8-week supplementation, GSSG and MDA 
concentrations decreased significantly in both the RBO 
(P<0.001 and P=0.009) and RRBO (P<0.001 and P= 
0.001) groups. In addition, the GSH/GSSG ratio in-
creased significantly in both groups (both P<0.001). 
There were no significant differences between the groups 
after supplementation (Table 2 and Fig. 2∼5).

Cardiovascular risk biomarkers
There were no significant differences in baseline FBG, 
TG, LDL-C, HDL-C, TC, or TNF- concentrations; TC/ 
HDL-C ratio; or the atherosclerogenic index between the 
RBO and RRBO groups before supplementation. Com-
parison of these values pre- and post-supplementation 
indicated that the TNF- concentration decreased signif-
icantly in both the RBO (P=0.003) and RRBO (P=0.002) 
groups after supplementation. No significant differences 
were found between groups (Table 3 and Fig. 6).

Cardiac autonomic nervous system activity
No significant differences were observed at baseline in 
resting HRV variables, including values of SDNN, 
RMSSD, total power, very-low-frequency power, low-fre-
quency power, low frequency in normalized unit power, 
high-frequency power, high frequency in normalized unit 
power, and the low-/high-frequency ratio between the 
RBO and RRBO groups before supplementation. After 
supplementation, the HRV variables were not statistically 
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Fig. 2. Glutathione (GSH) in the rice bran oil (RBO) and Riceberry 
rice bran oil (RRBO) groups before and after supplementation. 
Data are presented as mean±SD.

Fig. 3. Glutathione disulfide (GSSG) in the rice bran oil (RBO) 
and Riceberry rice bran oil (RRBO) groups before and after 
supplementation. Data are presented as mean±SD. *Statistically
significant P<0.05.

Fig. 4. Glutathione (GSH)/glutathione disulfide (GSSG) ratio in 
the rice bran oil (RBO) and Riceberry rice bran oil (RRBO) 
groups before and after supplementation. Data are presented 
as mean±SD. *Statistically significant P<0.05.

Fig. 5. Malondialdehyde (MDA) in the rice bran oil (RBO) and 
Riceberry rice bran oil (RRBO) groups before and after supple-
mentation. Data are presented as mean±SD. *Statistically sig-
nificant P<0.05.

Table 3. Cardiovascular risk biomarkers of participants before and after the supplementation

Rice bran oil group (n=18) Riceberry rice bran oil group (n=17)
P-value

Before After Change (%) Before After Change (%)

Fasting blood glucose (mg/dL)  90.67±9.27  89.18±5.46 —1.49 (—0.49)  91.82±10.43  89.44±7.19  —2.38 (—1.77) 0.915
Triglyceride (mg/dL) 129.44±54.16 126.33±54.77 —3.11 (—4.84) 126.25±60.72 123.00±67.29  —3.25 (—4.20) 0.807
LDL-C (mg/dL) 139.67±27.96 135.83±26.62 —3.84 (—2.31) 155.81±33.99 142.65±39.74 —13.16 (—5.47) 0.699
HDL-C (mg/dL)  54.11±13.57  55.72±14.27 1.61 (3.59) 49.18±8.10 51.56±9.69   2.38 (6.00) 0.753
TC (mg/dL) 221.22±30.68 215.28±31.52 —5.94 (—2.60) 231.31±40.60 215.35±45.61 —15.96 (—4.53) 0.602
TC/HDL-C ratio   4.29±1.09   4.05±0.99 —0.24 (—4.75) 4.84±1.08 4.41±1.14  —0.43 (—7.65) 0.950
Atherosclerogenic index   3.29±1.09   3.05±0.99 —0.24 (—6.26) 3.84±1.08 3.41±1.14  —0.43 (—9.46) 0.950

Data are presented as mean±SD.
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TC, total cholesterol.

significantly different in either the RBO or the RRBO 
group. Besides, no significant differences were detected 
between the groups (Table 4).

BP
Before supplementation, resting HR and BP variables, in-

cluding SBP, DBP, pulse pressure, mean arterial pressure, 
and rate-pressure product at baseline, did not differ be-
tween the RBO and RRBO groups. Neither HR nor BP 
variables were significantly altered after supplementation 
in either the RBO or the RRBO group. There were also no 
significant differences between the two groups (Table 5).
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Fig. 6. Tumor necrosis factor-alpha (TNF-) in the rice bran oil 
(RBO) and Riceberry rice bran oil (RRBO) groups before and after
supplementation. Data are presented as mean±SD. *Statistically
significant P<0.05.

Table 4. Heart rate variability of participants before and after the supplementation

Rice bran oil group (n=18) Riceberry rice bran oil group (n=17)
P-value

Before After %Change Before After %Change

SDNN (ms)    47.00±19.47    58.03±28.15 36.07    51.33±17.75    59.44±18.94 26.53 0.934
RMSSD (ms)    43.39±18.66    51.82±39.05 26.22   49.72±29.75   57.19±32.77 29.38 0.836
Total power (ms2) 2,335.91±1,930.37 3,327.41±3,963.33 92.35 2,470.09±1,935.94 3,229.05±2,129.86 74.21 0.330
VLF power (ms2)   855.55±590.30 1,187.05±923.29 89.26  963.97±539.46 1,326.06±925.34 272.39 0.703
LF power (ms2)   693.77±1,305.95   555.42±600.71 —312.33  440.64±385.91  403.58±504.72 —58.22 0.506
LF power (nu)    35.02±9.77    32.55±11.55 —4.64   34.55±19.53   30.18±16.90 —3.45 0.611
HF power (ms2)   707.98±692.24 1,038.82±1,568.50 102.94  994.60±959.90 1,385.90±2,948.92 111.53 0.737
HF power (nu)    46.26±10.13    49.12±12.50 10.39   50.07±15.59   51.56±14.21 11.65 0.706
LF/HF ratio     0.79±0.28     0.74±0.41 —2.84    0.69±0.53    0.69±0.52 —23.09 0.882

Data are presented as mean±SD.
SDNN, standard deviation of the normal beat-to-normal beat intervals; RMSSD, root mean square of successive R-R interval differ-
ences; VLF, very low frequency; nu, normalized unit; HF, high frequency.

Table 5. Heart rate and blood pressure of participants before and after the supplementation

Rice bran oil group (n=18) Riceberry rice bran oil group (n=17)
P-value

Before After Change (%) Before After Change (%)

HR (beat/min)    68.57±10.31    67.70±8.74   —0.87 (—1.62)    64.07±7.73    63.52±6.74   —0.55 (—0.48) 0.313
SBP (mmHg)   124.13±10.41 121.17±14.26  —2.96 (—2.51) 127.18±14.80 123.37±11.80   —3.81 (—2.36) 0.998
DBP (mmHg)    75.04±6.58   74.26±8.81  —0.78 (—0.95)  74.35±9.24  72.47±11.64   —1.88 (—2.57) 0.634
PP (mmHg)    49.09±7.88   46.91±10.56  —2.18 (—4.78)  52.82±14.56  50.90±13.14   —1.92 (—0.99) 0.644
MAP (mmHg)    91.40±7.15   89.90±9.73  —1.50 (—1.67)  91.96±9.10  89.44±9.92   —2.52 (—2.57) 0.678
RPP 
(mmHgbpm)

8,361.45±1,119.17 8,126.91±1,610.05 —234.54 (—3.42) 8,180.26±1,245.12 7,806.76±1,098.38 —373.50 (—3.53) 0.615

Data are presented as mean±SD.
HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure; MAP, mean arterial pressure; 
RPP, rate-pressure product.

DISCUSSION

The hypothesis underlying this study was that oxidative 
stress and CVD-risk biomarkers, cardiac autonomic nerv-
ous system activity, and BP variables would be improved 
by RRBO supplementation. As per the findings of this 
study, plasma MDA, blood GSSG, and TNF- concentra-

tions significantly decreased, while the GSH/GSSG ratio 
increased significantly in participant groups supple-
mented with either RBO or RRBO, with no significant 
difference between the groups. HRV and BP variables did 
not change after either form of supplementation, and no 
differences were found between the groups.

Supplementation with rice bran and its active compo-
nents, such as oryzanols, tocopherols, tocotrienols, phy-
tosterols, and nucleotides, has been shown in animal ex-
periments to be effective against chronic diseases such as 
hypertension, dyslipidemia, diabetes mellitus, metabolic 
syndrome, obesity, and inflammation (Ardiansyah et al., 
2009; Palou et al., 2015; Wang et al., 2015; Alauddin et 
al., 2016; Duansak et al., 2022; Munkong et al., 2022).

We compared the major elements detected in the sup-
plements in this study. RBO and RRBO capsules con-
tained equivalent concentrations of -oryzanol and -to-
cotrienol, but RRBO had a lower concentration of anti-
oxidants and a markedly lower concentration of -toco-
pherol. However, it also contained -carotene and lutein, 
which were not found in the RBO capsule. Based on the 
constituent analyses and findings of comparable effects 
on oxidative stress and inflammatory biomarkers after 
RBO and RRBO supplementation, we speculate that in 
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addition to -oryzanol and -tocotrienol, -tocopherol 
and antioxidants, which are two major active ingredients 
found in RBO capsules, are important in the reaction 
against oxidative stress and inflammation. Other essential 
components of RRBO are -carotene and lutein, which 
are not present in RBO capsules. Accordingly, our dis-
cussion focuses on these components. However, other 
detected components are discussed.
-Tocopherol is the major form of vitamin E. Vitamin 

E, which is present at higher levels in RBO than in RRBO 
capsules, has been shown to have several valuable bio-
logical properties, including antioxidative, antiinflamma-
tory, wound healing, antiobesity, antihyperglycemic, an-
tihypertensive, and antihypercholesterolemic activities 
(Wong et al., 2017; Yang et al., 2020). Xu et al. (2001) 
reported that -tocopherol and -tocotrienol from rice 
bran exhibit significant antioxidant activities an animal 
model. Furthermore, -oryzanol is an antioxidant that has 
been shown to reduce plasma MDA levels (Minatel et al., 
2016). In this study, plasma MDA levels were reduced 
after RBO or RRBO supplementation. In alloxan-induced 
diabetic mice, -tocopherol supplementation for 2 weeks 
reduced inflammation and increased the levels of antioxi-
dant enzymes such as superoxide dismutase, catalase, and 
glutathione peroxidase (Shin et al., 2017). A series of ex-
periments by Winklhofer-Roob et al. (2003), including 
healthy subjects and patients, found that large doses of 
vitamin E supplementation significantly improved ex vivo 
LDL oxidizability, total plasma peroxide concentrations, 
and urinary 8-oxo-7,8-dihydro-2’-deoxyguanosine excre-
tion in healthy volunteers. In addition, a single oral dose 
of vitamin E supplementation significantly reduced iron- 
induced acute oxidative stress in patients undergoing 
chronic hemodialysis. Furthermore, long-term vitamin E 
supplementation also reduced ex vivo LDL oxidizability, 
in vivo lipid peroxidation, and lung inflammation in pa-
tients with cystic fibrosis.

Although -tocopherol and antioxidants were found at 
higher levels in RBO than in RRBO capsules, decreases 
in plasma MDA, blood GSSG, and TNF- levels as well as 
an increase in the GSH/GSSG ratio were comparable be-
tween the RBO and RRBO groups. Hence, other biologi-
cal active ingredients in RRBO, such as -carotene and 
lutein, may be important in combating oxidative stress 
and inflammation. A study on streptozotocin-induced 
diabetic rats revealed that RRBO supplementation for 12 
weeks significantly reduced MDA levels and restored an-
tioxidant capacity as well as the levels of antioxidants 
such as superoxide dismutase, catalase, glutathione per-
oxidase, and coenzyme Q10 (Posuwan et al., 2013).
-Carotene and lutein are carotenoids found in human 

blood. They are known to help in quenching free radicals 
and thus protect the body, especially the eye, from oxi-
dative stress, apoptosis, mitochondrial dysfunction, and 

inflammation (Johra et al., 2020). Epidemiological stud-
ies have observed a negative correlation between dietary 
carotenoids or blood carotenoid levels and cancer or 
CVDs, such as hypertension and coronary heart disease 
(Kritchevsky, 1999; Zornoff et al., 2006; Yanagisawa et 
al., 2009). A study on hypertensive rats by Sung et al. 
(2013) revealed that lutein treatment for 3 weeks sig-
nificantly decreased MDA and BP levels, including SBP, 
DBP, and mean arterial pressure, and increased GSH lev-
els and nitric oxide synthase activity. In patients with ear-
ly atherosclerosis, lutein supplementation for 3 months 
decreased the levels of interleukin-6 and monocyte che-
moattractant protein-1 as well as serum LDL-C and TG 
levels (Xu et al., 2013). Lutein supplementation for 12 
weeks also decreased CVD-risk biomarkers by reducing 
MDA and C-reactive protein levels in healthy nonsmok-
ers (Wang et al., 2013).

A previous study on mice with atherosclerosis by Han 
et al. (2015) found that lutein supplementation for 24 
weeks significantly reduced body weight, abdominal and 
total adipose tissue, and oxidative stress and improved 
fat metabolism, as indicated by decreased TC, TG, and 
LDL-C levels. Our findings were consistent with those of 
Han et al. (2015) in that we found significant decreases 
in the body mass and body mass index in participants 
supplemented with RRBO, of which lutein is an active 
ingredient. The improvement in these variables may be 
partly described as follows: (1) lutein reversed the down-
regulated protein expression of aortic heme oxygenase-1 
and increased the mRNA and protein expression of aort-
ic nicotinamide-adenine dinucleotide phosphate oxidase; 
or (2) lutein increased the mRNA and protein expression 
levels of hepatic peroxisome proliferator-activated recep-
tor-, carnitine palmitoyltransferase 1A, acyl CoA oxidase 
1, LDL receptors, and scavenger receptor class B type I. 
However, we did not observe statistically significant im-
provements in the levels of glucose and lipids as well as 
the atherosclerogenic index in this study, suggesting that 
the supplementation effects are dose- and time-depend-
ent.

Considering the participants’ nutrient intake from sup-
plementation, each capsule of RBO and RRBO is com-
posed of only fat that yields energy, mainly oleic and li-
noleic acids (Phannasorn et al., 2021), which are mono- 
unsaturated omega-9 fatty acids and polyunsaturated 
omega-6 fatty acids, respectively. Explicitly, participants 
had received energy from 1,000 mg of RBO or RRBO at 
approximately 9 kcal/d. This energy was included in the 
daily energy intake from meals but was not examined in 
this study. Nevertheless, we did not observe negative al-
terations in the study variables, such as body composi-
tion, blood lipids, and BP, in participants in both groups. 
Conversely, we observed significant decreases in the body 
mass and body mass index of the participants supple-
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mented with RRBO, as mentioned above.
-Carotene functions as provitamin A and acts as a cy-

toprotective antioxidant by scavenging lipid radicals and 
quenching a singlet oxygen (Grune et al., 2010). Supple-
mentation with low doses of -carotene exerted benefi-
cial effects on cardiomyoblasts by decreasing inflamma-
tion by suppressing nuclear factor-kappa B and increas-
ing nuclear factor erythroid 2-related factor 2 levels, stim-
ulating autophagy, and suppressing apoptosis (Lesmana 
et al., 2020). A report by Zhou et al. (2018) suggested 
that -carotene supplementation reduced oxidative stress 
by controlling reactive oxygen species, MDA, nitric oxide, 
and superoxide dismutase as well as restoring the levels 
of nuclear factors erythroid 2-related factor 2 and heme 
oxygenase-1. Moreover, -carotene administration re-
duced the production of proinflammatory cytokines such 
as TNF-, interleukin-1, interleukin-18, and cyclooxy-
genase-2.

In this study, neither HRV nor BP variables were stat-
istically significantly improved in either the RBO or 
RRBO groups, although previous studies have reported 
that supplementation with rice bran and its antioxidant 
compounds phenols and anthocyanin enhanced HRV by 
reducing sympathetic activity, restoring sympathovagal 
balance, and alleviating vagal nerve inflammation (Bruno 
and Ghiadoni, 2018; Behl et al., 2021; Senaphan et al., 
2021). Senaphan et al. (2021), in their study on rats fed 
a high-fat and high-fructose diet, demonstrated that rice 
bran hydrolysates restored HRV by reducing the low fre-
quency/high frequency ratio and improved blood lipids, 
insulin sensitivity, hemodynamic variables, cardiac oxi-
dative stress, and cardiac structural changes. Typically, 
in addition to the cardiac autonomic nervous system, BP 
control is associated with several influencing factors, in-
cluding baroreflex sensitivity, endothelial function, and 
the renin-angiotensin system (Asemu et al., 2021). Hence, 
it is necessary to improve those factors for the reduction 
in BP. Moreover, although no changes in antihypertensive 
medications or related substances had been reported by 
our participants, other lifestyle behaviors that were not 
observed such as cigarette smoking, alcohol drinking, 
and mental stress could affect BP outcomes (Menanga et 
al., 2016). Furthermore, the participants were requested 
to maintain their physical activities and dietary intake 
during the entire study period. We did not restrict their 
lifestyles because it was impractical, particularly their in-
take of sodium- or potassium-containing foods, which 
could directly affect their BP (Zanchetti, 2015).

Although SBP and DBP levels in the RBO group were 
slightly lower by 2.96 mmHg (−2.38%) for SBP and 0.78 
mmHg (−1.04%) for DBP, 61% and 56% of participants, 
respectively, had declined levels of SBP and DBP. Besides, 
reductions in the levels of SBP and DBP were greater in 
the RRBO group: 3.81 mmHg (−3%) for SBP and 1.88 

mmHg (−2.53%) for DBP. The proportion of partic-
ipants in this group who had lower SBP (65%) and DBP 
(59%), however, was comparable to that of the RBO 
group. There is a large body of evidence establishing that 
chronic oxidative stress and inflammation play important 
roles in augmenting BP levels (Griendling et al., 2021); 
thus, a significant decrease in oxidative stress and in-
flammatory biomarkers may help protect our participants 
with prehypertension from the adverse effects of elevated 
BP and may thus prevent or delay the development of hy-
pertension (Krzemińska et al., 2022) and other disorders 
associated with oxidative stress and inflammation, in-
cluding CVDs, neurological disease, atherosclerosis, obe-
sity, diabetes mellitus, and cancers (Liguori et al., 2018).

This study has several limitations. First, we did not in-
clude a control group that received a placebo or inactive 
ingredients for comparison with the RBO and RRBO 
groups. Although we can investigate the changes in out-
comes in each group by comparing the values before and 
after supplementation, the lack of a control group may 
make it difficult to detect any variations that could arise 
when there are no active elements to avoid possible bias. 
Second, although we calculated the sample size, this 
study had a relatively small number of participants in 
each group. Besides, this may also affect the statistical 
significance. Third, we did not investigate participants’ 
nutrition information. The study participants were re-
quested to record their physical activities and dietary in-
take throughout the study. An investigation of nutrition-
al information would help clarify more factors that could 
affect the results. Finally, the analysis of the study sup-
plements’ components did not include other essential el-
ements, including phenols, anthocyanins, phytosterols, 
or linoleic acid, which may limit an unequivocal discus-
sion.

This study showed that RRBO supplementation for 8 
weeks could have similar health benefits as RBO supple-
mentation in older adults with prehypertension by reduc-
ing oxidative stress and inflammation. Future studies 
may extend supplementation periods or examine individ-
uals with hypertension, especially in terms of its benefits 
in lowering BP levels. In addition, cardiovascular func-
tion should also be investigated to elucidate the mecha-
nism of changes in BP.
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