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  Original Article  

The prevalence of diabetes mellitus, as a major 
health problem, is reported to increase worldwide. 

The World Health Organization (WHO) has predicted 
the number of diabetic patients will rise from 415 
million in 2015 to 642 million in 2040. In Malaysia, 
the Ministry of Health (MOH) reported that around 
four million people in 2019 have been diagnosed 
with type-2 diabetes mellitus and another 80,000 
people have been diagnosed with type-1 diabetes 
mellitus, which is about 2% of the total diabetes 
patients(1). According to Hasan et al, 64.9% of 230 
patients with type-2 diabetes mellitus used frequently 
complementary and alternative medicine. Their 
studies correlated with the standard on policy and the 
guidelines of traditional and complementary medicine 
set by the Malaysian Medical Council, MOH(2). 
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Objective: To evaluate the efficacy of Volten VR4® on healthy individuals and Type-2 Diabetes Mellitus volunteers.

Materials and Methods: The extracts of 400 mg capsules of KP were consumed for five days. The fasting and blood glucose levels of 2-hour 
postprandial were measured at baseline and day 5. A group of 15 healthy young adults between the age of 20- and 30-years old were the control 
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group. Data were validated through the Willcoxon and Friedman test statistics and error distribution.

Results: It had been shown that the specificity of KP reduced blood glucose levels and has associated with the flavonoids and polymethoxyflavones 
components. The results showed that consuming VR4® capsules significantly reduced blood glucose, either at the state of fasting or postprandially 
in diabetic individual.

Conclusion: Volten VR4® Kaempferia parviflora extract is safe to be consumed at 400 mg at one time. The study also has shown that the participants 
are free from adverse reactions and hypoglycaemia. 
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Currently, the MOH has acknowledged eight plants 
as alternative medicine to Malaysian diagnosed with 
diabetes mellitus. The herbal plants are Orthosiphon 
stamineus, Centella asiatica, Andrographis paniculate, 
Momordica charantia, Ficus deltoidei, Morinda 
citrifolia, Gymnema sylvestre, and Trigonella foenum 
graecum(3-6). These medicinal plants are native to 
the Kingdom of Thailand and the Southeast Asian 
countries, including Malaysia that have tropical 
rainforests.

In 2004, Yenjai and his team had presented 
Kaempferia parviflora (KP) containing bioactive 
flavonoids. Their study had found that nine flavonoids 
described KP as an herbaceous plant in the family 
Zingiberaceae and can be found naturally in 
Thailand(7,8). At the same time, the Zingiberaceae 
family of ginger (zanjabil) had been mentioned in the 
Holy Quran, Chapter 76 with Verses 17. The ginger 
or zanjabil (in Arabic language) has the potential to 
act as an antioxidant and provide anticancer activity 
due to the richness of its chemicals compound, 
which is known as zanjabil in Arabic language(9). 
Moreover, it was presented with gingerol compounds 
such as zingerone, zerumbone, paradol, shogoal, 
terpenoids, and ginger flavonoids(10). Asamenew et al 
in 2019 reported that the KP and ginger both have 
similar morphological characteristics of rhizome. 
They concluded that, KP had higher concentration of 
polymethoxyflavones through advanced biosynthetic 
pathway methods(11).

It has been shown that KP, which is rich in 
flavonoids and polymethoxyflavones components, 
can potentially be identified as an alternative medicine 
to control blood sugar(12). The study involving 
human samples to evaluate the efficiency of KP and 
identifying specific blood glucose will provide new 
data on the value of KP. KP has the potential of natural 
flavonoid substances represented lead compounds 
with a diversity of molecular structure and biological 
activity related to the antidiabetic drug discovery 
process(13).

Materials and Methods
Subjects

The present study population consisted of two 
groups of volunteers. Group 1 consisted of 15 healthy 
young adult male and female volunteers between the 
ages of 20 and 30 who received experimental products 
to see the effect on glucose in healthy individuals. 
Group 2 consisted of  patients with type-2 diabetes 
mellitus (T2DM) aged between 35 and 75 that 
received the experimental products for five days. 

The recruited participants came from the areas in 
Selangor, a central state in the west coast of Malaysia, 
included Gombak, Ampang, Kajang, and Bangi. The 
present study had set the inclusion criteria of being a 
healthy individual measured by a health assessment 
questionnaire conducted by the investigators and an 
assessment report by the authorised medical officer. 
All volunteers responded to the questionnaires that 
include known medical illnesses such as a history of 
hypertension, diabetes mellitus, heart disease, obesity, 
allergy, and if they were on any medication or herbal 
supplement. On the other hand, exclusion criteria were 
individuals with a history of major surgery, type-1 
diabetes, or any recent infection.

Study design and experimental protocol
The present study had been approved by the 

Research Ethics Committee of Universiti Kuala 
Lumpur, reference number: UNIKL REC/2020/004. 
The informed consents were obtained from all 
participants by discussing their recent conditions.

Blood glucose levels were monitored using an 
Accu-Chek Performa NC Model (Roche, Mannheim, 
Germany) blood glucose meter device and their Accu-
Chek test strips (Roche Diabetes Care, Australia). 
The reliability of the test kits had been calibrated 
and verified. Lancet of Accu Chek Safe-T Pro Plus 
with 70% alcohol swab was applied during the finger 
prick procedures.

The VR4® capsules were supplied by Volten 
Asiaemall Sdn. Bhd. located at the No.1 Jalan 
Tukul N15/5, Section 15, 40100 Shah Alam, 
Selangor, Malaysia. The 200 mg KP dry powder 
capsule was extracted from raw KP rhizome. The 
ground KP rhizome was extracted with deionised 
water at the temperature of 60° Celsius, solvent 
to solid ratio of 10:1 (weight/weight). Thus, a 200 
mg capsule is equivalent to 2,000 mg KP rhizome. 
The KP capsule shell is made from soft vegetable 
material. VR4® capsules product has been approved 
by the MOH Malaysia with registration number 
MAL20086115TC. The participants were scheduled 
to consume the capsule every night for five days after 
they had measured their baseline of blood glucose 
level three days prior to the consumption.

Two stages of finger prick data collections from 
the participants were obtained (Figure 1). Stage 1 
procedures were run for three days of blood glucose 
meter reading as a baseline of the study. The average 
of three days of blood sugar was taken as baseline. 
Then, at Stage 2, the finger pricks were performed 
twice a day, fasting and 2-hour postprandial, while 
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consuming the VR4® capsule 400 mg every night 
(ON) for five days. The postprandial blood glucose 
was taken before the consumption of the VR4® 
capsule. The healthy and T2DM participants’ daily 
glucose readings were monitored for three days 
before and five consecutive days when the KP were 
consumed. All volunteers started the finger prick at 
night 2-hour after meal and measured again after 
8-hour of fasting in the next morning. The data 
collected from Accu-Chek glucometer were recorded 
and graphs plotted.

Statistical analysis
The data were analyzed using the IBM SPSS 

Statistics software, version 26.0 (IBM Corp., Armonk, 
NY, USA). The categorial data were expressed in 
number and percentage while the continuous data 
were expressed in median and interquartile range 
(IQR), and there were not normally distributed. 
Friedman test and Wilcoxon signed-rank test were 
used in the analysis. The p-values of less than 0.05 
were considered statistically significant.

Results
Data were presented as trends in blood glucose 

levels to fluctuate in high and low data. The primary 
outcome measure was blood glucose pattern and trend 
management. In healthy individual groups, consuming 
VR4® for five days did not cause any episode of 
hypoglycaemia or adverse reaction. The product was 
well tolerated. As the product was taken once a day, 
the authors did not see any significant drop in blood 
glucose among healthy individuals at fasting glucose 
after taking it for five days. The data were summarized 
as median and IQR. The Willcoxon rank-sum and 
Friedman tests were used to determining day 0 to 
day 5 for both Group 1 and Group 2 by IBM SPSS 
software.

Table 2 shows a significant drop in postprandial 
blood glucose among healthy individuals after 
consuming VR4® for five days from 5.93 mmol/L 
(5.7, 6.1) to 5.6 mmol/L (5.5, 5.8) (p<0.05). The 
findings suggested the future benefit of VR4® to be 
given as diabetes prevention, especially in those who 
have impaired glucose tolerance. However, a longer 
duration of consumption should be made to look for 
its efficacy. There was no episode of hypoglycemia 
recorded during the study period as shown in Table 2.

Twelve subjects were included in the present 
study trial with a median age of 51 years (46.8, 58.5), 
ten were male (83.3%). Five (41.7%) of them were 
on diet control, four (33.3%) on insulin therapy, and 
three (25%) on oral antidiabetic drugs.

Baseline fasting glucose was 11.97 mmol/L (10.4, 
16.28), and baseline 2-hour postprandial was 16.37 

Figure 1. Finger prick procedures.

Table 1. Baseline demographic data

Parameter Healthy 
(Group 1); n (%)

Diabetes mellitus 
(Group 2); n (%)

Total 15 12

Age; (years); median (IQR) 22.0 (22.0, 23.0) 51.0 (46.8, 58.5)

Sex

Female 9 (60.0) 2 (16.7)

Male 6 (40.0) 10 (83.3)

Diabetes

Nil 15 (100) 0 (0.0)

Diet control 0 (0.0) 5 (41.7)

Oral antidiabetic drugs 0 (0.0) 3 (25.0)

Insulin therapy 0 (0.0) 4 (33.3)

Baseline blood glucose (mmol); median (IQR)

Fasting 5.33 (5.13, 5.63) 11.97 (10.4, 16.28)

2-hour postprandial 5.93 (5.7, 6.1) 16.37 (12.08, 20.08)

IQR=interquartile range
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mmol/L (12.08, 20.08), as shown in Table 1. There 
was a significant downward trend in fasting glucose 
and 2-hour postprandial glucose after consuming 
400mg VR4® for five days (Table 3). For fasting 
blood glucose, there was a significant reduction 
from (11.97 mmol/L (10.4, 16.28) to 8.25 mmol/L 
(8.25, 12.38), p<0.01, after five days. There was 
also a significant reduction in postprandial glucose 
from 16.37mmol/L (12.08, 20.08) to 11.8 (11.8 to 
18.25), p<0.01 as shown in Table 3. The present result 
indicated that consuming 400 mg VR4® once a day 
significantly reduced blood glucose, both fasting and 
postprandially. As the postprandial blood glucose was 
taken at 2-hour post-dinner and before consuming 
VR4®, the present study’s result showed that VR4® 
effectively reduced both fasting and postprandial 
blood glucose as an addition to the existing diabetic 
treatment either patients on diet control, on oral 
antidiabetic drugs, or on insulin therapy. As the 2-hour 
postprandial blood glucose was taken after 24-hour 
from the prior dosage of VR4® capsule, the authors 
could suggest that the effect of the VR4® capsule 
can last for 24-hour even though consuming only 
once a day.

Comparisons were made between the healthy 
and the T2DM consumed VR4® 400 mg capsules 
at each point utilizing glucometer reading. Blood 
glucose measurements were compared, comparisons 
were strictly planned prior to the commencement 
of the present study, only probabilities associated 
with planned comparisons were calculated and the 
reporting and interpretation of results were measured 
to show a pattern of the results commensurate with 

a genuine KP effect from VR4® capsule. However, 
after Group 1 consumed 400 mg of capsules, the 
blood glucose readings were low, indicating the KP 
has metabolic functions in the third and fourth days. 
Furthermore, as shown in Table 2, the consumption 
of the capsules from the first day for each participant 
significantly dropped blood sugar after taking 400 mg 
of the capsules. The results that showed the reduction 
of blood glucose using KP were consistent with the 
results reported by Azuma et al and Sripanidkulchai 
et al(14,15).

Discussion
The results of the potential antidiabetic 

effects of KP were compared to the healthy young 
adult participants (Group 1). KP exhibited anti-
hyperglycemic effects of natural flavonoids and 
polymethoxyflavones component. The present study 
investigated the blood glucose management trend 
of the characteristic of supplementation of VR4® 
capsules for healthy, T2DM including diet control, 
oral hypoglycemic agent, and insulin control. Group 
1 has shown the blood glucose declined from the 
three days baseline recorded. The therapeutic Group 
2 experimented with a KP supplement consumed after 
2-hour of their oral hypoglycemic agent or insulin 
injection. Results of blood glucose similarly declined 
from the three days baseline.

It has been demonstrated that both healthy and 
T2DM participants showed hypoglycemic effects in 
the present study model. The study started finger-
prick of the 15 volunteers of group 1 and later for the 
12 volunteers of Group 2 for five days. During the 

Table 2. Healthy individuals consuming KP 400 mg once daily for five days (n=15)

Parameter Baseline (Day 0) 
(mmol/L); 

median (IQR)

Day 1 
(mmol/L); 

median (IQR)

Day 2 
(mmol/L); 

median (IQR)

Day 3 
(mmol/L); 

median (IQR)

Day 4 
(mmol/L); 

median (IQR)

Day 5 
(mmol/L); 

median (IQR)

Friedman test 
(D0-D5)

Wilcoxon test 
(D0 versus D5)

Fasting 5.33 (5.13, 5.63) 5.2 (5.0, 5.4) 5.1 (4.9, 5.6) 5.1 (4.9, 5.3) 5.2 (5.0, 5.4) 5.3 (5, 5.4) p=0.132 p=0.073

2-hour postprandial 5.93 (5.7,6.1) 5.6 (5.4, 5.8) 5.8 (5.2, 5.9) 5.7 (5.4, 6.0) 5.8 (5.5, 5.9) 5.6 (5.5, 5.8) p=0.350 p=0.041

IQR=interquartile range

Table 3. Blood glucose profile of diabetes patients taking VR4® 400 mg for five days

Parameter Baseline (Day 0) 
(mmol); 

median (IQR)

Day 1 
(mmol); 

median (IQR)

Day 2 
(mmol); 

median (IQR)

Day 3 
(mmol); 

median (IQR)

Day 4 
(mmol); 

median (IQR)

Day 5 
(mmol); 

median (IQR)

Friedman test 
(D0-D5)

Wilcoxon test 
(D0 versus D5)

Fasting 11.97 
(10.4, 16.28)

9.5 
(8.5, 13.15)

9.5 
(9.5, 11.85)

9.05 
(8.05, 14.25)

8.80 
(7.4, 13.95)

8.25 
(8.25, 12.38)

p=0.01 p<0.01

2-hour postprandial 16.37 
(12.08, 20.08)

13.5 
(11.58, 17.5)

12.5 
(10.28, 20.93)

12.1 
(11.4, 20.25)

12.05 
(10.9, 19.35)

11.8 
(11.8, 18.25)

p=0.01 p<0.01

IQR=interquartile range
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experimental period, fasting blood glucose levels in 
the T2DM had decreased significantly. The Group 2 
blood glucose reduction is shown in Figure 2.

Hypoglycemic activities of KP extract showed 
all participants experience lower blood glucose 
levels. Furthermore, the VR4® capsules were 
found to reduce the blood glucose level in humans. 
The flavonoids affected on T2DM have been 
studied comprehensively within the total process 
of carbohydrate metabolism, possessed with their 
acts in the complex indicating network of insulin 
action. Other effects include decreasing G-6-Pase and 
phosphoenolpyruvate carboxykinase gene expression, 
thus restraining gluconeogenesis or glycogenolysis(16).

Moreover, the KP contained polymethoxyflavones 
has significantly improved energy consumption 
by activating brown adipose tissue (BAT) and 

upregulation of uncoupling protein 1 (UCP1) 
expression. These show the reduction of plasma 
triglyceride and leptin levels and intra-abdominal 
fat accumulation. Thus, the polymethoxyflavones 
component is found to exhibit cellular metabolism 
regulating activity(17). This evidence can be determined 
through healthy volunteers (Figure 3). The graph 
indicated that from day 3 to day 4, the level of blood 
glucose level increased and decreased to the next day.

Recently, natural product screening has shown to 
achieve antidiabetic therapeutics in a T2DM model. 
The effect of orthosiphon stamineus and morinda 
citrifolia fruit extracts on insulin-sensitizing and 
hypolipidemic activity have been investigated(18-20). 
Similarly, the present study has demonstrated the 
administration of KP VR4® capsules can reduce high 
blood glucose levels.

Figure 2. Eight days of fasting blood glucose profile in type-2 diabetes mellitus patients taking VR4® (Group 2, n=12).

Figure 3. Eight days of blood sugar profile for healthy individuals taking VR4® (Group1, n=15).
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To identify the toxic level of VR® presented in 
the present study, a service from the National Poison 
Centre at the University of Science Malaysia in 
Penang was used to detect four common heavy metal 
elements. Thus, the elements tracing performed at the 
Advanced Toxicology Laboratory analysis had shown 
that Arsenic is 3.12 ppm over 5.00 ppm, cadmium is 
0.20 ppm over 0.30 ppm, plumbum is 3.75 ppm over 
10.00 ppm, and Mercury is 0.06 ppm over 0.50 ppm 
Malaysian poison law standard baseline. In addition, 
the Flow Injection Mercury System was performed 
for the Hg test parameter and the Graphite Furnace 
Absorption Spectroscopy was executed for As, Cd, 
and Pb analyses. The results consistently indicate 
that the heavy metal was far away from the minimum 
standard set by the Malaysian Poison Act 1952, MOH 
Malaysia.

Conclusion
The present study has found the consumption of 

VR4® capsules at 400 mg once a day as an additional 
treatment to diabetic patients have significantly 
reduced blood glucose without causing any adverse 
reaction or hypoglycaemia. In healthy individuals, it 
did not cause any hypoglycemic events and helped 
reduce postprandial glucose. The present study has 
also demonstrated the degree of elements in the 
VR4® capsules has been evaluated. Their amounts 
of heavy metal are below the level of the Malaysian 
standards and safe to be consumed. The trace 
element contaminations were detected by using the 
Flow Injection Mercury System and the Graphite 
Furnace Absorption Spectroscopy. More research is 
needed to further establish KP rhizome as potential 
complementary medicine that can benefit T2DM 
patients. A larger randomized clinical trial with a 
longer duration of consumption should be carried out 
to determine the long-term efficacy, sustainability and 
significant adverse outcome from consumption of KP.

What is already known on this topic?
VR4® Kaempferia parviflora extracts 400 mg 

capsules have significantly reduced fasting and 
postprandial blood glucose to the participant as 
supplementary therapy.

What this study adds?
The study has shown that polymethoxyflavones 

in black ginger acted on T2DM with positive effects 
on the total process of energy metabolism, possessed 
with their acts in the complex of insulin action as 
described by Yoshida et al(21).

Acknowledgement
The authors would like to thank Dr. Zulkefley 

Othman of Faculty of Medical Science, (Universiti 
Putra Malaysia), Ms. Nurhazirah Ismail (Material 
Characterization Laboratory, Department of Chemical 
and Environmental Engineering), Dr. Mohammad 
Azannee Saad (International Islamic University 
Malaysia) and Mr. Muhammad Daniel Ahmad Sabry 
for their kind assistance in the laboratory works and 
overall process of the present study. The authors also 
thank the participants who had made the data for the 
present study possible.

Funding disclosure
The funding sources did not influence in the study 

design, the collection, analyses, and interpretation of 
data, in the writing of the report, or in the decision 
to submit the article for publication. All authors read 
and approved the final manuscript.

Conflict of interest
The present study was initiated by the 

investigators. Data collection, analyses, and 
interpretation were performed by the investigators 
without external interference. The authors declare no 
conflict of interest.

References
1. Hussein Z, Kamaruddin NA, Chan SP, Jain A, Uppal 

S, Bebakar WMW. Hypoglycemia awareness among 
insulin-treated patients with diabetes in Malaysia: A 
cohort subanalysis of the HAT study. Diabetes Res 
Clin Pract 2017;133:40-9.

2. Hasan SS, See CK, Choong CL, Ahmed SI, Ahmadi 
K, Anwar M. Reasons, perceived efficacy, and factors 
associated with complementary and alternative 
medicine use among Malaysian patients with HIV/
AIDS. J Altern Complement Med 2010;16:1171-6.

3. Pan Y, Abd-Rashid BA, Ismail Z, Ismail R, Mak 
JW, Pook PC, et al. In vitro modulatory effects of 
Andrographis paniculata, Centella asiatica and 
Orthosiphon stamineus on cytochrome P450 2C19 
(CYP2C19). J Ethnopharmacol 2011;133:881-7.

4. Seetaloo A, Aumeeruddy MZ, Rengasamy KR, 
Mahomoodally F. Potential of traditionally consumed 
medicinal herbs, spices, and food plants to inhibit key 
digestive enzymes geared towards diabetes mellitus 
management — A systematic review. S Afr J Bot 
2018;120:3-24. 

5. Choudhury H, Pandey M, Hua CK, Mun CS, Jing JK, 
Kong L, et al. An update on natural compounds in the 
remedy of diabetes mellitus: A systematic review. J 
Tradit Complement Med 2018;8:361-76.

6. Ching SM, Zakaria ZA, Paimin F, Jalalian M. 



J Med Assoc Thai | Vol.104 | No.10 | October 2021 7

Complementary alternative medicine use among 
patients with type 2 diabetes mellitus in the primary 
care setting: a cross-sectional study in Malaysia. BMC 
Complement Altern Med 2013;13:148.

7. Yenjai C, Prasanphen K, Daodee S, Wongpanich V, 
Kittakoop P. Bioactive flavonoids from Kaempferia 
parviflora. Fitoterapia 2004;75:89-92.

8. Yenjai C, Wanich S, Pitchuanchom S, Sripanidkulchai 
B. Structural modification of 5,7-dimethoxyflavone 
from Kaempferia parviflora and biological activities. 
Arch Pharm Res 2009;32:1179-84.

9. El-Seedi HR, Khalifa SAM, Yosri N, Khatib A, Chen 
L, Saeed A, et al. Plants mentioned in the Islamic 
Scriptures (Holy Qur'ân and Ahadith): Traditional uses 
and medicinal importance in contemporary times. J 
Ethnopharmacol 2019;243:112007.

10. Sood A, Kumar B, Singh SK, Prashar P, Gautam A, 
Gulati M, et al. Flavonoids as potential therapeutic 
agents for the management of diabetic neuropathy. 
Curr Pharm Des 2020;26:5468-87.

11. Asamenew G, Kim HW, Lee MK, Lee SH, Kim YJ, 
Cha YS, et al. Characterization of phenolic compounds 
from normal ginger (Zingiber officinale Rosc.) and 
black ginger (Kaempferia parviflora Wall.) using 
UPLC–DAD–QToF–MS. Eur Food Res Technol 
2019;245:653-65.

12. Chen J, Mangelinckx S, Adams A, Wang ZT, Li WL, 
De Kimpe N. Natural flavonoids as potential herbal 
medication for the treatment of diabetes mellitus and 
its complications. Nat Prod Commun 2015;10:187-
200.

13. Saokaew S, Wilairat P, Raktanyakan P, Dilokthornsakul 
P, Dhippayom T, Kongkaew C, et al. Clinical effects 
of Krachaidum (Kaempferia parviflora): a systematic 
review. J Evid Based Complementary Altern Med 
2017;22:413-28.

14. Azuma T, Kayano SI, Matsumura Y, Konishi Y, Tanaka 
Y, Kikuzaki H. Antimutagenic and α-glucosidase 
inhibitory effects of constituents from Kaempferia 
parviflora. Food Chem 2011;125:471-5. 

15. Sripanidkulchai B, Mekjaruskul C, Areemit R, 
Cheawchanwattana A, Sithithaworn J. Glucose 
tolerance test and pharmacokinetic study of Kaempferia 
parviflora extract in healthy subjects. Nutrients 
2019;11.

16. Lochhead PA, Coghlan M, Rice SQ, Sutherland 
C. Inhibition of GSK-3 selectively reduces 
glucose-6-phosphatase and phosphatase and 
phosphoenolypyruvate carboxykinase gene expression. 
Diabetes 2001;50:937-46.

17. Chen D, Li H, Li W, Feng S, Deng D. Kaempferia 
parviflora and its methoxyflavones: chemistry and 
biological activities. Evid Based Complement Alternat 
Med 2018;2018:4057456.

18. Abdullah F, Chua LS, Bohari SPM, Sari E. Rationale 
of orthosiphon aristatus for healing diabetic 
foot ulcer. Nat Prod Commun 2020;15. DOI: 
10.1177/1934578x20953308.

19. Wang M, Wang Q, Yang Q, Yan X, Feng S, Wang Z. 
Comparison of anthraquinones, iridoid glycosides 
and triterpenoids in Morinda officinalis and Morinda 
citrifolia using UPLC/Q-TOF-MS and multivariate 
statistical analysis. Molecules 2019;25:160.

20. Maketon C, Aramrak A, Wawro W, Rungratanaubon 
T. Hydroponic cultivation of black galingale 
(Kaempferia parviflora Wall. ex. Baker). Agr Nat 
Resour 2020;54:91-7.

21. Yoshida I, Kumagai M, Ide M, Horigome S, 
Takahashi Y, Mishima T, et al. Polymethoxyflavones 
in black ginger (Kaempferia parviflora) regulate the 
expression of circadian clock genes. J Funct Foods 
2020;68:103900.


