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ABSTRACT 

Objective: This study’s purpose was to verify the PAKU-PAKU KOUBO-KUN (PPKK) containing yeast and mulberry

extract concentrate’s effects on suppressing elevated postprandial blood glucose (PBG). 

Methods: Two randomized, placebo-controlled, crossover studies (TRIAL-1 and TRIAL-2) were conducted. Both

studies included healthy Japanese adults with a maximum PBG concentration (Cmax) in the range of 140–199 mg/dL. 

Study subjects were randomly assigned to take PPKK or placebo food. Then subjects consumed 200 g of cooked rice 

within 10 minutes of test food consumption. Blood glucose (BG) levels were evaluated before intervention, and 30 

min, 60 min, 90 min, and 120 min after consumption. The main endpoint was the incremental area under the curve 

(IAUC) of PBG. 

Results: The analysis included 36 subjects in TRIAL-1 and 41 subjects in TRIAL-2. A combined analysis (n = 71) was

conducted. Both individual studies and combined analysis showed that PPKK significantly reduced the IAUC of PBG. 

In particular, BG levels were significantly lower at 30 min, 60 min, and 90 min after intervention. No adverse effects 

were identified. 

Conclusions: These results indicated that PPKK moderated the increase in PBG and enhanced glucose metabolism.
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INTRODUCTION 

Type 2 diabetes mellitus (T2D) is considered one of the 

most severe chronic diseases, affecting the nerves, 

eyes, and kidneys [1]. T2D decreases life expectancy 

and increases patients’ healthcare costs [1]. T2D’s 

global prevalence has become substantial. The 

International Diabetes Federation (IDF) Diabetes Atlas 

reported T2D prevalence to be 10.5% (537 million 

adults) in 2021, and this number is expected to increase 

to 783 million by 2045 [2]. 

According to the 2019 National Health and 

Nutrition Survey in Japan, the percentage of people 

with strongly suspected diabetes was 19.7% for men 

and 10.8% for women [3]. The percentage of people for 

whom the possibility of diabetes cannot be ruled out 

(prediabetes) was 12.4% for men and 12.9% for women 

[3]. We multiplied the population projection estimate 

by the 2019 national population data [4], and we 

discovered that the total number of people with 

strongly suspected diabetes was approximately 18 

million and the total number of people with 

prediabetes was approximately 16 million. The Healthy 

Japan 21 (the second phase) set a goal of “preventing 

an increase in the number of diabetic persons” with the 

target number of 10 million people [5]. The current 

prevalence of both the strongly suspected diabetic 

group and the prediabetic group far exceeds this 

standard. 

T2D should be prevented in the prediabetic stage. 

Diet and lifestyle improvements are effective [6,7] and 

particularly important in controlling postprandial blood 

glucose (PBG) levels [8,9]. Postprandial hyperglycemia 
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is considered a more independent risk factor for 

cardiovascular disease than fasting blood glucose (BG), 

affecting metabolic organs, worsening insulin 

secretion, and causing vascular endothelial damage 

and chronic abnormal metabolic function [8,10]. 

Therefore, PBG level control is important for health 

maintenance. 

PAKU-PAKU KOUBO-KUN (PPKK, manufactured by 

Mainichiegao Co., Ltd.) contains mulberry extract, 

mulberry leaf powder, and three types of yeast (baker’s 

yeast, wine yeast, and sake yeast). Mulberry leaves 

contain 1-deoxynojirimycin (DNJ) [11], which has α-

glucosidase inhibitory activity [12], and mulberry 

extract has been shown to inhibit sucrase, maltase, and 

isomaltase activities in rat small intestinal mucosa 

[13,14]. 

Chromium, one of the components contained in 

yeast, is suspected to have an inhibitory effect on PBG 

levels [15,16]. Furthermore, insulin is known to 

promote glucose uptake via glucose transporter type 4 

(GLUT4) and to promote glucose metabolism by acting 

on the glycolytic system in skeletal muscle and 

adipocytes. In vitro chromium has been shown to

promote insulin's sugar transport via GLUT4 [17]. In 

addition, yeast cell walls contain β-glucan [18], which 

has been shown to suppress increased PBG levels [18]. 

This effect is thought to be related to β-glucan’s ability 

to form an unstirred water layer and resist the 

convective effect of intestinal contractions, thereby 

reducing glucose absorption by the small intestine [19]. 

Therefore, PPKK, which contains mulberry leaf 

components (mulberry extracts and leaf powders) and 

yeast, may have a hypoglycemic effect, but it has not 

been clarified whether such an effect can be obtained 

in a product that combines both components. 

In this study, we examined the PPKKs’ 

antiglycemic effect on PBG levels based on the two 

studies’ results (UMIN000042445 and 

UMIN000045341). 

METHODS 

Study Design: Two randomized controlled crossover

trials (TRIAL-1 and TRIAL-2) were conducted. In each 

clinical trial, subjects were allocated in a 1:1 ratio in 

sequences A and B. TRIAL-1 protocol (approval 

number: 2011-04463-0001-09-TC; approval date: 

November 11, 2020) and TRIAL-2 protocol (approval 

number: 2108-04463-0010-09-TC; approval date: 

August 25, 2021) were approved by the Ethics 

Committee of Medical Corporation Seishinkai, Takara 

Clinic. The University Hospital Medical Information 

Network Clinical Trials Registry (TRIAL-1, 

UMIN000042445; TRIAL-2, UMIN000045341) was the 

protocol registration site. These study protocols 

followed the Declaration of Helsinki (2013) and the 

Ethical Guidelines for Medical and Biological Research 

Involving Human Subjects of the Ministry of Education, 

Culture, Sports, Science, and Technology; the Ministry 

of Health, Labor, and Welfare; and the Ministry of 

Economy, Trade, and Industry of Japan principles. 

Subjects: Table 1 shows the inclusion and exclusion

criteria (TRIAL-1 and TRIAL-2). The inclusion and 

exclusion criteria were slightly modified based on the 

reports of Hashizume et al. [20] and Baba et al. [21].

The enrolled subjects were recruited using the website 

“GO-TOROKU” (https://www.go106.jp/) operated by 

ORTHOMEDICO Inc. (Tokyo, Japan). The protocol was 

comprehensively explained to all subjects at the Takara 

clinic or the office of ORTHOMEDICO, Inc. Written 

informed consent was provided by all subjects in the 

trial. No subjects were associated with sponsors or 

members of the funding companies in the trial. TRIAL-

1 was conducted in Minami-machi Clinic (Tokyo, Japan) 

and TRIAL-2 was conducted in Medical Corporation 

Seishinkai (Tokyo, Japan). 
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Table 1. Inclusion and exclusion criteria. 

Determination of Sample Size: Sample size

determinations for TRIAL-1 and TRIAL-2 are described 

below. To date, there are no studies evaluating the 

effect of single ingestion of this food on the PBG 

elevation suppression in humans. Therefore, the IAUC 

difference between test food consumption and 

placebo consumption was hypothetically large in this 

study. We defined an effect size (d) of 0.80 [22], a 

significance level (α) of 0.05, statistical power (1−β) of 

0.80, and an individual difference index (θ) of 1.5. 

Using these definitions, 34 subjects in a study (17 in 

each sequence) were calculated. We set a statistical 

power of 0.86 to maximize the statistical power as 

much as possible on a budget and considered 

dropouts and noncompliance with the protocol during 

the study 

Criteria 

Inclusion criteria 

(TRIAL-1)

1. Healthy Japanese adults.

2. The maximum concentration (Cmax) of PBG is 140–199 mg/dL during screening.

3. Cmax of PBG during screening was relatively high.

4. Subjects qualified by the physician to participate in the study.

Inclusion criteria 

(TRIAL-2) 

1. Healthy Japanese adults.

2. Cmax of PBG is 140–199 mg/dL during screening.

3. The incremental area under the curve (IAUC) of PBG is relatively large during screening.

4. Subjects qualified by the physician to participate in the study.

Exclusion criteria 

(TRIAL-1 and 

TRIAL-2) 

1. At least one malignant tumor, myocardial infarction, or heart failure in previous medical

history

2. With an implantable cardioverter defibrillator or pacemaker

3. Under treatment for either disease as follows: cardiac arrhythmia, hepatic disorder,

renal disorder, cerebrovascular disorder, rheumatism, diabetes mellitus, dyslipidemia,

hypertension, or other chronic diseases

4. "Foods for Specified Health Uses," "Foods with Functional Claims," or other functional

food/beverage are used or consumed on a daily basis

5. Taking medicines (including herbal medicines) and supplements

6. Allergic to medicines and/or test food in this study

7. Pregnant, breastfeeding, or planning to become pregnant subjects

8. Enrolled in other clinical trials within the last 28 days before agreeing to participate in

this trial or plans to participate in another trial simultaneously

9. Subjects who the physician judged to be inappropriate to participate in the study

http://www.ffhdj.com/
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period; thus, the number of subjects was finally set at 

44 (22 in each sequence). 

Selection, Randomization, and Blinding: In TRIAL-1 

and TRIAL-2, the number of subjects who provided 

informed consent was 247 and 120, respectively. Of 

these subjects, 44 per trial were enrolled by the 

physician in accordance with the eligibility criteria in 

Table 1. The sponsor provided test foods to the 

contract research organization (CRO). After a 

representative of the CRO (the test food administrator) 

confirmed the test foods that were indistinguishable, 

the test food administrator provided the code of the 

test foods to an allocation controller who was not 

involved in this study. The stratified random 

assignment factors were age, gender, and IAUC of PBG 

at a screening in TRIAL-1 and age, gender, IAUC, and 

Cmax of PBG at a screening in TRIAL-2. The allocation 

controller randomly allocated study participants based 

on a computer-generated list. Then, the test foods 

administrator, who was provided the allocation table 

with the coded sequences by the allocation controller, 

sent the test foods to each subject according to the 

table. The allocation controller concealed the 

allocation table until the key-opening day. The 

sequence assignments and subjects of allocation were 

unknown to all participants, sponsor staff, CRO, and 

clinic staff involved the study. The randomization and 

blinding procedures were based on the reports of 

Hashizume et al. [20] and Sugimoto et al. [23].

Intervention: Each TRIAL subjects were assigned to 

sequence A, which received placebo after consuming 

PPKK and sequence B, which received PPKK after 

consuming placebo. There were two periods (Period I 

and Period II) of intervention, with at least a 1-week 

washout period between periods. Subjects took two 

packs of PPKK or placebo with approximately 200 mL of 

water after taking blood samples prior to intervention. 

The carbohydrate load was Sato No Gohan (retort 

cooked rice, 200 g; Sato Foods Industries Co., Ltd., 

Niigata, Japan), and each subject ate rice within 10 min. 

PPKK contained yeast, mulberry extract, sweet 

potato extract powder, rooibos tea extract powder, 

crystalline cellulose, and Tomat-O-Red 10%CWD (2.13 

g/package as test food), with mulberry leaf as the main 

ingredient. Meanwhile, the placebo did not contain 

mulberry leaves and instead included shell calcium, 

reduced maltose, maltose, and red cabbage dye 

(2.13 g/package as placebo). Both packages were 

confirmed to be non-identical in odor, flavor, and color 

by the ethics committee. 

Primary Outcome: TRIAL-1 was the Cmax of PBG.

TRIAL-2 was the IAUC of PBG. Venous blood collection 

points from subjects were set before test food 

consumption and 30 min, 60 min, 90 min, and 120 min 

after a glucose load. LSI Medience Corporation (Tokyo, 

Japan) was used for BG analysis. The measurement 

method and blood collection timing were based on the 

report of Hashizume et al. [20]

Secondary Evaluation Items: TRIAL-1 was the PBG

IAUC and PBG at each measurement point. TRIAL-2 was 

the PBG Cmax and PBG at each measurement point. 

Safety Evaluation: Safety evaluation was assessed

based on physical examination, urinalysis parameters, 

blood analysis parameters, a medical questionnaire, 

http://www.ffhdj.com/
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and a dietary survey by a Calorie and Nutrition Diary 

(CAND) [24]. These items were the same as those 

reported by Sugimoto et al. [23].

Statistical Analysis: Statistical analyses were 

performed with two-sided tests with a 5% significance 

level. SPSS ver. 23.0 (IBM Japan, Ltd., Tokyo, Japan) for 

Windows was used. The analysis subjects for both 

TRIAL-1 and TRIAL-2 were per protocol set (PPS) and 

were analyzed with an emphasis on the primary 

outcome. The multiplicity problem caused by the 

multiple secondary outcomes was not considered. 

The background data were demographically 

aggregated according to the analyzed subjects. Gender 

was compared using chi-square test. Age, height, 

weight, BMI, and body fat percentage were compared 

using the Welch's t test.

A general linear mixed model analysis of variance 

(ANOVA) was used to analyze the primary and 

secondary outcomes of TRIAL-1 and TRIAL-2 with 

sequence factors (Sequence A or B), subjects nested in 

the sequence, study period (the periods I and II), and 

test foods (PPKK or placebo) to calculate the period 

effect, carryover effect, and treatment effect. IAUC 

were presented with the estimated marginal means 

(EMM), standard error (SE) based on EMM, and the 

95% confidence intervals (CI) for each food and the 

difference between foods. BG levels at each 

measurement point were indicated as mean and 

standard deviation (SD). 

A merged analysis was conducted to integrate the 

IAUC of TRIAL-1 and TRIAL-2 and to improve their 

accuracy as posteriori analysis. Merged analysis was 

analyzed using a general linear mixed model ANOVA 

with sequence factors, subjects nested in the 

sequence, study period, test food, and study (TRIAL-1 

and TRIAL-2) to compare between groups. The 

statistics to be calculated were the same as in TRIAL-1 

and TRIAL-2. 

The side effects incidence and adverse events 

were tabulated by group for safety evaluation items, 

and the 95% CI for the incidence in each group as well 

as the difference in incidence between groups were 

calculated. 

RESULTS 

Analysis Set: The recruitment and study periods of

TRIAL-1 were from November 17, 2020, to February 17, 

2021, and from November 17, 2020, to May 1, 2021, 

respectively. In TRIAL-2, the recruitment and study 

periods were from September 3 to November 28, 2021, 

and from September 3, 2021, to February 14, 2022, 

respectively. TRIAL-1 has eight subjects and TRIAL-2 

has three subjects who had poor compliance as a result 

of the examination logs and hearings, and were 

excluded from the analysis. Therefore, TRIAL-1 has 36 

subjects (19 men and 17 women), TRIAL-2 has 41 

subjects (20 men and 21 women) who were included in 

the statistical analysis on PPS (Figure 1). The subjects’ 

background information is shown in Table 2.  

BG Levels After Glucose Loading: TRIAL-1 was 84.7 ±

3.7 mg/dL∙h for PPKK and 95.9 ± 3.7 mg/dL∙h for the 

placebo and TRIAL-2 was 59.7 ± 2.5 mg/dL∙h for PPKK 

and 68.3 ± 2.5 mg/dL∙h for the placebo; the IAUC was 

significantly lower when PPKK was ingested (P = 0.039, 

P = 0.021, respectively) for the mean and SE of the 

IAUC. The merged analysis additionally confirmed that 

the IAUC for PBG was −9.8 mg/dL∙h lower when the 

PPKK was consumed than when the placebo was 

consumed, 72.2 ± 3.7 mg/dL∙h and 82.0 ± 3.7 mg/dL∙h, 

respectively (P = 0.002, Table 2). 
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The IAUC results showed that PPKK consumption 

lowered PBG levels, but there was no significant 

difference in PBG of Cmax between the test foods (data 

not shown). However, assessing BG levels at each 

measurement point, TRIAL-1 showed that PPKK 

significantly affected intervention 30 min after the 

loading (P < 0.001), while there was a carryover effect

(P = 0.004; Figure 2 A). TRIAL-2 showed that PPKK

significantly affected intervention 30 min, 60 min and 

90 min after the loading (P < 0.001, P < 0.001, P < 0.001,

Figure 1. Flowchart of study subjects

http://www.ffhdj.com/
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PBG levels, both with a total of about 40 subjects, 

which confirmed a significant decrease in the IAUC of 

PBG levels. The two studies were combined to examine 

the PPKK effect on suppressing PBG level elevation, and 

the combined analysis showed a reduction in the IAUC 

of PBG level since the subjects in both studies had 

similar attributes.     

PPKK also contains baker’s yeast, sake yeast, and 

wine yeast. Yeast cell walls contain β-glucan [18], which 

is known to suppress the increase in PBG levels [18]. 

This effect is thought to be related to β-glucan’s ability 

to form an unstirred water layer and resist the 

convective intestinal contractions effect, thereby 

reducing glucose absorption by the small intestine [19]. 

The β-glucan amount contained in PPKK is uncertain 

because there is a report showing that β-glucan 

suppressed elevated BG levels and that baker’s yeast, 

sake yeast, and wine yeast in PPKK might affect the 

decreasing IAUC of PKG. 

Functional Foods in Health and Disease 2023; 13(3):167-178

respectively; Figure 2B). Merged analysis showed that 

PPKK significantly affected intervention 30 min, 60 min 

and 90 min after the loading (P = 0.007, P = 0.008, P = 

0.015, respectively), while there was a carryover effect 

at 60 min after a load (P = 0.038; Figure, 2C). These 

results indicate that PPKK suppressed the elevation in 

BG levels after glucose loading.  

Safety Assessment: No side effects were observed 

during the study period in both TRIAL-1 and TRIAL-2. 

One adverse event was observed in TRIAL-1, in which a 

subject experienced dry eye. However, the investigator 

determined there was no causal relationship with the 

test food based on the criteria established at the time 

of study design.  

DISCUSSION 

There were two studies (UMIN000042445 and 

UMIN000045341) which confirmed the PPKK effect on 

Table 2. Subjects' background information.

Item TRIAL-1 P value TRIAL-2 P value 

Sequence A Sequence B Sequence A Sequence B 

Subjects 

(Men/Women) 

18 (10/8) 18 (9/9) 1.000 20 (9/11) 21 (11/10) 0.758 

Age (years) 45.1 ± 14.4 45.7 ± 13.7 0.887 46.7 ± 14.3 45.1 ± 12.2 0.703 

Height (cm) 166.3 ± 8.6 164.0 ± 9.0 0.429 163.3 ± 7.7 169.1 ± 8.8 0.030 

Weight (kg) 60.0 ± 15.3 64.2 ± 15.7 0.417 57.6 ± 9.2 60.7 ± 10.0 0.319 

BMI (kg/m2) 21.5 ± 4.3 23.6 ± 4.3 0.151 21.5 ± 2.3 21.1 ± 2.3 0.589 

Body fat 

percentage (%) 

23.7 ± 7.1 26.8 ± 8.6 0.257 23.0 ± 6.6 21.3 ± 6.3 0.425 

1 The data are described as the mean and standard deviation (SD). 
2 BMI, Body mass index. 
3 The intervention sequence was PPKK to placebo in Sequence A, placebo to PPKK in Sequence B. 
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Figure 2. BG levels at intake of test food and placebo TRIAL-1 (n = 33, A), TRIAL-2 (n = 41, B), TRIAL-1 and TRIAL-2

combination results (n = 71, C) were shown. A 200 g cooked rice with approximately 200 mL of water was consumed for glucose 

loading 10 min after two PPKK packets or placebo were consumed. The open circle was PPKK and the closed circle was placebo. 

The elevated BG level suppression caused by PPKK 

intake confirmed in this study is speculated to be 

primarily due to the effects of 1-DNJ and β-glucan. 

Suppression of increasing BG levels is important for 

diabetes prevention [8,9]. It is also desirable to 

improve glucose metabolism because prediabetes is 

caused by metabolic abnormalities [28,29]. Several 

studies have shown that continuous intake of yeast has 

a hypoglycemic effect. Continuous intake of 10-g/day 

brewer's yeast for 12 weeks significantly reduced BG 

levels at 0 min, 60 min, and 90 min after an oral 75-g 

glucose-tolerance test in adult men and women (aged 

40–76 years; average age, 51 years) who were not 

taking oral hypoglycemic agents [30].  

A study conducted in Iran in which T2D patients 

(aged 35–55 years) were additionally given 1800 
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mg/day of beer yeast for 12 weeks reported 

significantly reduced fasting BG levels and HbA1c after 

the intervention [31]. 

In vivo and in vitro Saccharomyces pastorianus

has additionally been found to exhibit hypoglycemic 

effects; the mechanism is thought to be an increase in 

GLUT4, phosphotyrosine phosphatase, and insulin 

receptor localization [32]. 1-DNJ has also been 

suggested to modulate glucose metabolism via GLUT4     

[33,34]. These studies suggest that continuous PPKK 

intake, which contains yeast, may improve glucose 

metabolism, and the effect of suppressing elevated BG 

levels may be enhanced as a result of improved glucose 

metabolism. In fact, the degree of reduction in 

postprandial glycemic inhibition after glucose loading 

was greater after the 4-week continuous intake of 1-

DNJ, in comparison to a single intake of 1-DNJ in a study 

by Kim et al. [27]. Therefore, the hypothesis will be 

tested in future studies because the PPKK effect in 

suppressing PBG elevation may increase with 

continuous intake. 

CONCLUSIONS 

In this study, we sought to examine the results of two 

clinical trials that verified the PPKK effect in 

suppressing PBG levels. PPKK showed the ability to 

decrease PBG IAUC in response to a glucose load of 200 

g of rice, and the results of the two integrated clinical 

trials also showed the suppressive effect in each clinical 

trial. Therefore, we believe that PPKK is a useful in 

preventing diabetes by moderating the increase in PBG 

levels by consuming it before a meal. 

List of Abbreviations: PPKK: PAKU-PAKU KOUBO-KUN,

PBG: postprandial blood glucose, BG: blood glucose, 

Cmax: maximum blood concentration, IAUC: 

incremental area under the curve, T2D: Type 2 

diabetes mellitus, IDF: International Diabetes 

Federation, DNJ: 1-deoxynojirimycin, GLUT4: glucose 

transporter type, PPS: per protocol set, ANOVA: 

analysis of variance, EMM: estimated marginal 

means, SE: standard error, CI: confidence intervals, 

SD: standard deviation 

Competing Interests: Junyoo Takizawa is the CEO of

MAINICHIEGAO. CO., LTD., and Asami Baba is part of 

ORTHOMEDICO Inc. MAINICHIEGAO. CO., LTD. was a 

sponsor of this study and provided expenses and fees 

for the experiment and subsequent drafting of the 

manuscript. The study was jointly conducted by 

MAINICHIEGAO. CO., LTD. and ORTHOMEDICO Inc. 

Tsuyoshi Takara (MD) is the director of the Medical 

Corporation Seishinkai, Takara Clinic, and he was the 

principal investigator and managed the physical 

condition of all subjects at his clinic. 

Authors’ Contributions: Conceptualization, Junyoo

Takizawa; methodology, Asami Baba; formal analysis, 

Asami Baba; investigation, Asami Baba and Tsuyoshi 

Takara; resources, Junyoo Takizawa; data curation, 

Asami Baba; writing—original draft preparation, 

Junyoo Takizawa; writing—review and editing, Asami 

Baba and Tsuyoshi Takara; visualization, Asami Baba; 

supervision, Junyoo Takizawa and Tsuyoshi Takara; 

project administration, Asami Baba and Tsuyoshi 

Takara. All authors have read and agreed to the 

published version of the manuscript. 

Acknowledgments: The authors would like to thank

the participants and staff involved in this study. 

Funding: Mainichiegao.Co., Ltd

http://www.ffhdj.com/


    FFHD  Page 177 of 178 Functional Foods in Health and Disease 2023; 13(3):167-178 

REFERENCES 
1. Heald AH, Stedman M, Davies M, Livingston M, Alshames 

R, Lunt M, Rayman G, Gadsby R: Estimating life years lost 

to diabetes: outcomes from analysis of National Diabetes

Audit and Office of National Statistics data. Cardiovasc

Endocrinol Metab 2020, 9: 183–185. DOI: 

https://www.doi.org/10.1097/xce.0000000000000210 

2. Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, 

Duncan BB, Stein C, Basit A, Chan JCN, Mbanya JC, Pavkov 

ME, Ramachandaran A, Wild SH, James S, Herman WH, 

Zhang P, Bommer C, Kuo S, Boyko EJ, Magliano DJ: IDF 

Diabetes Atlas: Global, regional, and country-level 

diabetes prevalence estimates for 2021 and projections 

for 2045. Diabetes Res Clin Pract 2022, 183 109119. DOI: 

https://doi.org/10.1016/j.diabres.2021.109119 

3. Ministry of Health Labor and Welfare 

[https://www.mhlw.go.jp/bunya/kenkou/kenkou_eiyou

_chousa.html]  Retrieved March 29, 2023. 

4. Statistics Bureau Ministry of Internal Affairs and

Communications Population Estimates. [Population 

Estimates] Retrieved October 1, 2019.

5. Ministry of Health Labor and Welfare. Basic policies for

comprehensive promotion of people’s health

[https://www.nibiohn.go.jp/eiken/kenkounippon21/en/

kenkounippon21/mokuhyou.html#Table02] Retrieved

March 29, 2023. 

6. Ford CN, Weber MB, Staimez LR, Anjana RM, Lakshmi K, 

Mohan V, Narayan KMV, Harish R: Dietary changes in a

diabetes prevention intervention among people with 

prediabetes: the Diabetes Community Lifestyle 

Improvement Program trial. Acta Diabetol 2019, 56: 197–

209. DOI: https://doi.org/10.1007/s00592-018-1249-1 

7. Yeung K-F, Gandhi M, Lam AYR, Julianty S, Chia AYM, Tan 

GCS, Goh S-Y, Ho ETL, Koh AFY, Tan GSW, Shum EJW, 

Finkelstein EA, Jafar TH, Teoh YL, van Dam RM, Whitton C, 

Thumboo J, Bee YM: The Pre-Diabetes Interventions and

Continued Tracking to Ease-out Diabetes (Pre-DICTED) 

program: study protocol for a randomized controlled trial. 

Trials 2021, 22: 522. DOI: 

https://doi.org/10.1186/s13063-021-05500-5 

8. Hiyoshi T, Fujiwara M, Yao Z: Postprandial hyperglycemia 

and postprandial hypertriglyceridemia in type 2 diabetes. 

J Biomed Res 2019, 33: 1–16. DOI:

https://doi.org/10.7555/JBR.31.20160164 

9. Zafar MI, Mills KE, Zheng J, Regmi A, Hu SQ, Gou L, Chen 

L-L: Low-glycemic index diets as an intervention for 

diabetes: a systematic review and meta-analysis. Am J Clin 

Nutr 2019, 110: 891–902. DOI: 

https://doi.org/10.1093/ajcn/nqz149 

10. Hanssen NMJ, Kraakman MJ, Flynn MC, Nagareddy PR, 

Schalkwijk CG, Murphy AJ: Postprandial Glucose Spikes, 

an Important Contributor to Cardiovascular Disease in

Diabetes? Front Cardiovasc Med 2020, 7 DOI: 

https://doi.org/10.3389/fcvm.2020.570553 

11. Hunyadi A, Martins A, Hsieh T-J, Seres A, Zupkó I: 

Chlorogenic Acid and Rutin Play a Major Role in the In Vivo

Anti-Diabetic Activity of Morus alba Leaf Extract on Type 

II Diabetic Rats. PLoS One 2012, 7: e50619. DOI:

https://doi.org/10.1371/journal.pone.0050619 

12. Junge B, Matzke M, Stoltefuss J: Chemistry and Structure-

Activity Relationships of Glucosidase Inhibitors. Oral 

Antidiabetics 1996, 119:411–482. DOI: 

https://doi.org/10.1007/978-3-662-09127-2_15 

13. Oku T, Yamada M, Nakamura M, Sadamori N, Nakamura 

S: Inhibitory effects of extractives from leaves of Morus 

alba on human and rat small intestinal disaccharidase

activity. Br J Nutr 2006, 95: 933–938. DOI: 

https://doi.org/10.1079/BJN20061746

14. Liu Z, Yang Y, Dong W, Liu Q, Wang R, Pang J, Xia X, Zhu X, 

Liu S, Shen Z, Xiao Z, Liu Y: Investigation on the Enzymatic 

Profile of Mulberry Alkaloids by Enzymatic Study and 

Molecular Docking. Molecules 2019, 24: 1776. DOI: 

https://doi.org/10.3390/molecules24091776 

15. Wang ZQ and Cefalu WT: Current concepts about

chromium supplementation in type 2 diabetes and insulin

resistance. Curr Diab Rep 2010, 10:145–151. DOI:

https://doi.org/10.1007/s11892-010-0097-3 

16. Cefalu WT, Rood J, Pinsonat P, Qin J, Sereda O, Levitan L, 

Anderson RA, Zhang XH, Martin JM, Martin CK, Wang ZQ, 

Newcomer B: Characterization of the metabolic and 

physiologic response to chromium supplementation in 

subjects with type 2 diabetes mellitus. Metabolism 2010, 

59: 755–762. DOI: 

https://doi.org/10.1016/j.metabol.2009.09.023 

17. Chen G, Liu P, Pattar GR, Tackett L, Bhonagiri P, 

Strawbridge AB, Elmendorf JS: Chromium activates 

glucose transporter 4 trafficking and enhances insulin-

stimulated glucose transport in 3T3-L1 adipocytes via a 

cholesterol-dependent mechanism. Mol Endocrinol 2006,

20: 857–870. 

DOI: https://doi.org/10.1210/me.2005-0255 

18. Rahar S, Swami G, Nagpal N, Nagpal M, Singh G: 

Preparation, characterization, and biological properties of 

β-glucans. J Adv Pharm Technol Res 2011, 2: 94-103. DOI: 

https://doi.org/10.4103/2231-4040.82953 

19. Würsch P and Pi-Sunyer FX: The Role of Viscous Soluble

Fiber in the Metabolic Control of Diabetes: A review with

special emphasis on cereals rich in β-glucan. Diabetes 

Care 1997, 20: 1774–1780. DOI:

https://doi.org/10.2337/diacare.20.11.1774 

http://www.ffhdj.com/
https://www.doi.org/10.1097/xce.0000000000000210
https://doi.org/10.1016/j.diabres.2021.109119
https://www.mhlw.go.jp/bunya/kenkou/kenkou_eiyou_chousa.html
https://www.mhlw.go.jp/bunya/kenkou/kenkou_eiyou_chousa.html
https://www.e-stat.go.jp/en/stat-search/files?page=1&layout=datalist&toukei=00200521&tstat=000001080615&cycle=0&tclass1=000001124175&stat_infid=000031784236&tclass2val=0
https://www.e-stat.go.jp/en/stat-search/files?page=1&layout=datalist&toukei=00200521&tstat=000001080615&cycle=0&tclass1=000001124175&stat_infid=000031784236&tclass2val=0
https://www.nibiohn.go.jp/eiken/kenkounippon21/en/kenkounippon21/mokuhyou.html#Table02
https://www.nibiohn.go.jp/eiken/kenkounippon21/en/kenkounippon21/mokuhyou.html#Table02
https://doi.org/10.1007/s00592-018-1249-1
https://doi.org/10.1186/s13063-021-05500-5
https://doi.org/10.7555/JBR.31.20160164
https://doi.org/10.1093/ajcn/nqz149
https://doi.org/10.3389/fcvm.2020.570553
https://doi.org/10.1371/journal.pone.0050619
https://doi.org/10.1007/978-3-662-09127-2_15
https://doi.org/10.1079/BJN20061746
https://doi.org/10.3390/molecules24091776
https://doi.org/10.1007/s11892-010-0097-3
https://doi.org/10.1016/j.metabol.2009.09.023
https://doi.org/10.1210/me.2005-0255
https://doi.org/10.4103/2231-4040.82953
https://doi.org/10.2337/diacare.20.11.1774


Functional Foods in Health and Disease 2023; 13(3)167-178     FFHD  Page 178 of 178 

20. Hashizume Y and Tandia M: Suppressive effect of a single

dose of monoglucosyl rutin on postprandial blood glucose 

elevation: A randomized, placebo-controlled, double-

blind crossover study. Funct Foods Heal Dis 2021, 11: 

270–282. DOI: https://doi.org/10.31989/ffhd.v11i6.793 

21. Baba A, Hoshino T, Ogawa S, Takara T: Improvement of 

glucose metabolism and safety of acacia bark-derived

proanthocyanidins in healthy Japanese adults: A

Randomized, Double-blind, Placebo-controlled, Parallel-

group Trial. Funct Foods Heal Dis 2021, 11: 431-455. DOI: 

https://doi.org/10.31989/ffhd.v11i9.822 

22. Cohen J: A power primer. Psychol Bull 1992, 112: 155–

159. 

23. Sugimoto K, Fujisawa H, Nakagawa K, Yamamoto K, Suzuki 

N, Yamashita S, Takahashi Y, Kakinuma T, Baba A, Takara 

T, Yamanouchi T: Anti-obesity effect of eucalyptus leaf

extract containing oenothein B in healthy Japanese 

adults: a randomized, placebo-controlled, double-blind,

parallel-group study. Funct Foods Heal Dis 2022, 12: 242-

263. DOI: https://doi.org/10.31989/ffhd.v12i5.927 

24. Suzuki N, Baba A, Kakinuma T, Sano Y, Tanaka M, Ouchi S,

Taku W, Yamamoto K: A novel dietary questionnaire: The 

Calorie and Nutrition Diary. New Food Ind 2019, 61: 721–

732. 

25. Asai A, Nakagawa K, Higuchi O, Kimura T, Kojima Y, Kariya 

J, Miyazawa T, Oikawa S: Effect of mulberry leaf extract

with enriched 1-deoxynojirimycin content on 

postprandial glycemic control in subjects with impaired 

glucose metabolism. J Diabetes Investig 2011, 2: 318–323. 

DOI: https://doi.org/10.1111/j.2040-1124.2011.00101.x 

26. Lown M, Fuller R, Lightowler H, Fraser A, Gallagher A, 

Stuart B, Byrne C, Lewith G: Mulberry-extract improves

glucose tolerance and decreases insulin concentrations in 

normoglycaemic adults: Results of a randomised double-

blind placebo-controlled study. PLoS One 2017, 12: 

e0172239.

DOI: https://doi.org/10.1371/journal.pone.0172239 

27. Kim JY, Ok HM, Kim J, Park SW, Kwon SW, Kwon O: 

Mulberry Leaf Extract Improves Postprandial Glucose 

Response in Prediabetic Subjects: A Randomized, Double-

Blind Placebo-Controlled Trial. J Med Food 2015, 18: 306–

313. DOI: https://doi.org/10.1089/jmf.2014.3160 

28. Færch K, Borch-Johnsen K, Holst JJ, Vaag A: 

Pathophysiology and aetiology of impaired fasting 

glycaemia and impaired glucose tolerance: does it matter 

for prevention and treatment of type 2 diabetes? 

Diabetologia 2009, 52: 1714–1723. DOI:

https://doi.org/10.1007/s00125-009-1443-3 

29. Sallar A and Dagogo-Jack S: Regression from prediabetes

to normal glucose regulation: State of the science. Exp 

Biol Med 2020, 245: 889–896. DOI:

https://doi.org/10.1177/1535370220915644 

30. Li YC: Effects of brewer’s yeast on glucose tolerance and

serum lipids in Chinese adults. Biol Trace Elem Res 1994, 

41: 341–347. DOI: https://doi.org/10.1007/BF02917434 

31. Hosseinzadeh P, Javanbakht MH, Mostafavi S-A, Djalali M, 

Derakhshanian H, Hajianfar H, Bahonar A, Djazayery A: 

Brewer’s Yeast Improves Glycemic Indices in Type 2

Diabetes Mellitus. Int J Prev Med 2013, 4: 1131–1138. 

32. Wu C-H, Huang C-H, Chung M-C, Chang S-H, Tsai G-J: 

Exploration of Hypoglycemic Activity of Saccharomyces 

pastorianus Extract and Evaluation of the Molecular 

Mechanisms. Molecules 2021, 26: 4232. DOI:

https://doi.org/10.3390/molecules26144232 

33. Li Q, Wang Y, Dai Y, Shen W, Liao S, Zou Y: 1-

Deoxynojirimycin modulates glucose homeostasis by 

regulating the combination of IR-GlUT4 and ADIPO-GLUT4 

pathways in 3T3-L1 adipocytes. Mol Biol Rep 2019, 46: 

6277–6285. DOI: https://doi.org/10.1007/s11033-019-

05069-y 

34. Liu Q, Li X, Li C, Zheng Y, Peng G: 1-Deoxynojirimycin 

Alleviates Insulin Resistance via Activation of Insulin 

Signaling PI3K/AKT Pathway in Skeletal Muscle of db/db 

Mice. Molecules 2015, 20: 21700–21714. DOI:

https://doi.org/10.3390/molecules201219794

http://www.ffhdj.com/
https://doi.org/10.31989/ffhd.v11i6.793
https://doi.org/10.31989/ffhd.v11i9.822
https://doi.org/10.31989/ffhd.v12i5.927
https://doi.org/10.1111/j.2040-1124.2011.00101.x
https://doi.org/10.1371/journal.pone.0172239
https://doi.org/10.1089/jmf.2014.3160
https://doi.org/10.1007/s00125-009-1443-3
https://doi.org/10.1177/1535370220915644
https://doi.org/10.1007/BF02917434
https://doi.org/10.3390/molecules26144232
https://doi.org/10.1007/s11033-019-05069-y
https://doi.org/10.1007/s11033-019-05069-y
https://doi.org/10.3390/molecules201219794

