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ABSTRACT 

Background: Herbal plants are rich in nutrients and bioactive compounds that contribute to health promotion and are 

associated with a reduced risk of metabolic syndrome. However, evidence from human clinical trials remains limited and 

inconsistent, particularly regarding the combined effects of multiple herbal species. 

Objective: This study aimed to evaluate the effects of consuming a dietary supplement containing extracts from various 

medicinal herbs on nutritional status, blood pressure, and key biochemical markers in adults predisposed to metabolic 

syndrome. 

Methods: A total of 70 adult participants aged 30-59 years who were at risk of metabolic syndrome were enrolled in a 

12-week randomized, double-blind, placebo-controlled trial. Participants were randomly assigned into two groups: the

experimental group (n=35), which received a bitter melon–based multi-herbal extract supplement (BMMH), and the 

placebo group (n=35). Pre-and post-intervention outcomes were compared, including waist circumference, body 

composition, glucose metabolism, lipid profiles, and inflammatory biomarkers. Dietary intake and physical activity were 

also assessed. 

Results: All seventy participants completed the study. After 12 weeks, participants who consumed BMMH extract 

supplement exhibited significant reductions in fasting blood glucose and HbA1c levels (p = 0.011 and p = 0.036, 
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respectively). In addition, a significant decrease in the LDL-C to HDL-C ratio was observed (p = 0.014), whereas no 

comparable changes occurred in the placebo group. No statistically significant effects were observed for other lipid 

parameters or inflammatory markers, including IL-6, TNF-α, and hs-CRP. 

Conclusion: Bioactive compounds present in medicinal herbs, particularly bitter melon, may support glucose 

homeostasis by enhancing glucose utilization and thereby reducing blood glucose levels. These compounds may help 

reduce the risk of cardiovascular disease. Thus, consumption of dietary supplements derived from herbal extracts may 

serve as a supportive factor in improving metabolic syndrome outcomes and potentially preventing the development of 

non-communicable diseases. 

Trial registration: Thai Clinical Trials Registry TCTR20241122004 

Keywords: functional foods, bioactive compounds, bitter melon, fasting blood glucose, metabolic syndrome 
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INTRODUCTION 

Metabolic syndrome is a metabolic disorder primarily 

associated with obesity and insulin resistance. At 

present, metabolic syndrome has become a major public 

health concern, as reflected by the high morbidity and 

mortality associated with non-communicable diseases 

(NCDs) in Thailand and worldwide [1–2]. Therefore, the 

prevention and control of NCDs should be emphasized 

through lifestyle modifications, including increased 

physical activity and adopting a healthy diet that ensures 

adequate and balanced nutrient intake. 

The concept of healthy eating extends beyond the 

intake of essential macronutrients required for normal 

physiological function. Growing attention has focused on 

bioactive compounds—non-nutrient substances 

naturally present in foods and medicinal plants—that 

exert physiological effects beyond basic nutrition [3]. 

Plant-derived phytochemicals exhibit diverse biological 

activities that can help regulate or counteract oxidative 

imbalances, which are closely linked to inflammation, 

neurodegeneration, cardiovascular dysfunction, immune 

dysregulation, and metabolic disturbances [4-8]. As a 

result, herbal extracts are increasingly incorporated into 

dietary supplements and functional foods across health, 

medical, and nutritional sectors. A wide variety of 

medicinal plants have been utilized in dietary 
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supplements aimed at promoting health, preventing 

disease, and supporting therapeutic outcomes. These 

include both Thai and Chinese medicinal herbs, such as 

Momordica charantia (bitter melon), which contains 

several bioactive compounds that act through multiple 

mechanisms to prevent hyperglycemia leading to 

diabetes. These mechanisms include stimulating insulin 

secretion from the pancreas, reducing hepatic glucose 

production, enhancing glucose metabolism, improving 

insulin sensitivity, and increasing glucose tolerance [9-

11].  

Other medicinal plants also demonstrate 

complementary metabolic effects. Ganoderma lucidum 

(lingzhi or reishi mushroom), exhibits vasodilatory and 

anti-inflammatory properties, as well as neuroprotective 

effects; thus, it is often used as an adjunct in the 

management of various non-communicable diseases [12-

13]. Similarly, Gynostemma pentaphyllum (Jiaogulan), a 

traditional Chinese medicinal herb, demonstrates potent 

biological activities including anti-inflammatory, 

anticancer, and cardioprotective effects, along with the 

ability to regulate lipid metabolism [14-15]. In addition, 

several Western herbal plants are also recognized for 

their health-promoting properties, such as Panax 

quinquefolius (American ginseng), a member of the same 

genus as Asian and Korean ginseng, which has been 

reported to improve postprandial blood glucose control 

and reduce blood lipid levels [16-18]. Another notable 

example is the Cynara scolymus (artichoke), a 

Mediterranean plant whose extracts have been 

investigated for their lipid-lowering and antihypertensive 

effects [19-21].  

However, previous studies investigating the 

pharmacological and medical benefits of herbal plant 

extracts have primarily been conducted in vitro and in 

animal models. Human clinical trials remain limited, 

though growing interest in this area has led to an 

increasing number of such studies in recent years. 

Moreover, research examining the combined effects of 

multiple herbal species remains scarce. Therefore, 

further clinical investigations are needed to elucidate the 

efficacy of dietary supplements containing herbal 

extracts on human health. The present study aimed to 

evaluate the effects of consuming a dietary supplement 

containing multiple herbal extracts, including bitter 

melon, Lingzhi mushroom, and Jiaogulan, on health-

related outcomes among Thai adults at risk of metabolic 

syndrome. 

MATERIALS AND METHODS 

BMMH extract supplement: The extracts (Lot No. 30–31) 

were formulated into a dietary supplement by Odee Style 

Co., Ltd. The manufacturing facility is certified under ISO 

9001:2015, HACCP, and GHP standards. The product was 

distributed by Hopeful Co., Ltd. and has been registered 

with the Thai Food and Drug Administration (FDA) under 

Food Registration No. 10-1-15662-5-0011. 

Study participants: The study participants were recruited 

between November and December 2024 through social 

media platforms such as Line and Facebook. Inclusion 

criteria were adults of both sexes, aged 30–59 years, 

residing in Bangkok and its metropolitan areas, who were 

at risk of developing metabolic syndrome with at least 

one of the following conditions: (1) waist circumference 

≥ 80 cm for women and ≥ 90 cm for men; (2) blood 

pressure ≥ 130/85 mmHg; (3) fasting blood glucose ≥ 100 

mg/dL; (4) triglyceride level ≥ 150 mg/dL; or (5) high-

density lipoprotein cholesterol (HDL-C) < 50 mg/dL for 

women and < 40 mg/dL for men. 

Exclusion criteria included individuals who were 

currently undergoing treatment or taking medications for 

chronic non-communicable diseases, such as 

cardiovascular disease, cerebrovascular disease, 

diabetes, liver disease, chronic kidney disease, cancer, or 

thyroid disorders. Participants with digestive or nutrient 

absorption disorders, chronic fatigue, or those 

consuming dietary supplements or herbal products more 

than twice per week within four weeks prior to 
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enrollment, or during the study, were excluded. 

Additionally, individuals with atypical dietary patterns, 

changes in physical activity within six months prior to the 

study, smokers consuming more than five cigarettes per 

day, alcohol consumption exceeding 14 drinks per week, 

pregnant women or those planning pregnancy within six 

months, breastfeeding women, and individuals with 

known allergies to components of the tested dietary 

supplement were excluded. 

Test samples: The test samples, including the BMMH 

extract supplement and the placebo, were both 

encapsulated in 1,000 mg hard-shell capsules, 

manufactured by Odee Style Co., Ltd. The BMMH 

capsules contained a total of 435 mg of natural herbal 

extracts, comprising 150 mg of bitter melon extract, 100 

mg of American ginseng extract, 70 mg of Lingzhi 

mushroom extract, 70 mg of artichoke extract, and 45 mg 

of Jiaogulan extract. In addition, the capsules contained 

445 mg of various compounds and minerals, as well as 

120 mg of other capsule constituents (Table 1). The 

placebo capsules were identical in appearance butdid not 

contain any herbal extracts or added micronutrients; 

each capsule contained 1,000 mg of cornstarch. Both 

types of test samples were packaged in identical white 

capsules labeled as dietary supplements using the letters 

A and B. Neither the researchers nor the participants 

were aware of the specific contents of the capsules, 

ensuring a double-blind design. 

 Table 1. Composition of the bitter melon–based multi-herbal extract supplement (BMMH). 

Composition of BMMH per 1 capsule (1,000 mg) Amount (mg) 

Bitter melon extract 150 

American ginseng extract 100 

Magnesium 100 

Fish oil powder 100 

Lingzhi mushroom extract 70 

Artichoke extract 70 

Propolis 60.5 

Chitosan 60 

Yeast beta-glucan 60 

Gynostemma extract 45 

Zinc amino acid chelate 30 

Alpha-lipoic acid 24 

D-alpha-tocopheryl acetate 10 

Chromium picolinate 0.5 

Other ingredients 

- Edible gelatin

- Titanium dioxide

119.2 

0.8 

Study protocol: A randomized, placebo-controlled trial 

was conducted over a total duration of 12 weeks. A total 

of 84 individuals were screened for eligibility based on 

the inclusion and exclusion criteria, resulting in 70 eligible 

participants. These participants were then randomly 

assigned to two groups of 35 individuals each using a 

pair-matching, random-allocation method. Variables 

used to ensure group comparability included sex, age, 

and risk level for metabolic syndrome. Participants were 

first categorized by these variables (female vs. male, age 
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range, and high, medium, or low risk of metabolic 

syndrome) and then randomly allocated within each 

category to either the experimental or control group. 

The groups consisted of an experimental group 

consuming 2 capsules per day of a BMMH extract 

supplement after meals (1,000 mg per capsule), 

providing a total of 870 mg of herbal extracts per day, and 

a control group receiving a placebo capsule of identical 

appearance and dosage. 

The study protocol was approved by the Ethical 

Review Committee for Human Research, Faculty of Public 

Health, Mahidol University (Certificate of Approval No. 

MUPH 2024–121) and was registered with the Thai 

Clinical Trials Registry (Registration number 

TCTR20241122004). Written informed consent was 

obtained from all participants prior to enrollment.   

Clinical and Biochemical assessment: Participants’ blood 

pressure was measured using a validated automatic 

upper-arm cuff device (HEM-7130, OMRON Corporation, 

Japan). Prior to measurement, participants were seated 

and rested for at least 5 minutes. Systolic and diastolic 

blood pressure and pulse rate were recorded twice at 1–

2-minute intervals. The average of the two readings was

calculated to represent each participant’s blood 

pressure. 

Participants underwent laboratory assessments to 

evaluate their health status at baseline and after the 12-

week intervention. Blood samples were collected 

following a minimum 10-hour fast. Laboratory 

technicians analyzed fasting blood glucose (FBG), 

glycated hemoglobin (HbA1c), lipid profiles (total 

cholesterol, low-density lipoprotein cholesterol: LDL-C, 

high-density lipoprotein cholesterol: HDL-C, and 

triglyceride: TG), liver function enzymes (aspartate 

aminotransferase: AST and alanine aminotransferase: 

ALT), kidney function indicators (blood urea nitrogen: 

BUN and uric acid), the acute-phase inflammation marker 

(high sensitivity-C-reactive protein: hs-CRP), and pro-

inflammatory cytokines (interleukin 6: IL-6 and tumor 

necrosis factor-alpha: TNF-α). All biochemical analyses 

were performed at Alternate Laboratory Co., Ltd., an 

accredited laboratory by the Medical Technology Council 

of Thailand. 

Anthropometric assessment: Waist circumference was 

measured with a non-stretchable tape measure, placed 

horizontally around the abdomen at the umbilical 

midpoint, ensuring close contact with the skin. 

Participants were instructed to breathe normally, and the 

measurement was recorded at the end of a normal 

exhalation. Waist circumference was reported in 

centimeters to one decimal place. Measurements were 

repeated twice, and the mean value was calculated for 

each participant. Body weight, body mass index (BMI), 

total body fat, visceral fat, fat mass, muscle mass, and 

basal metabolic rate (BMR) were assessed using a 

bioelectrical impedance analyzer (DC-360, Tanita 

Corporation, Japan). 

Dietary intake and physical activity assessment: Dietary 

intake was assessed three times per week (two weekdays 

and one weekend day) using a 3-day food record. To 

monitor habitual food consumption, participants were 

instructed to photograph their meals before and after 

consumption. In addition, a trained nutritionist 

conducted dietary interviews with each participant at 

least three times per week. Energy and nutrient intakes 

were subsequently calculated using the INMUCAL-

Nutrient version 2 software. 
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Physical activity was assessed using the Thai version 

of the Global Physical Activity Questionnaire (GPAQ), 

developed by the World Health Organization, as detailed 

elsewhere [22]. Participants were asked about the 

duration of activities performed over the past week, 

using 16 questions grouped into four domains: work 

activities, travel to and from locations, recreational 

activities, and sedentary behavior. The reported 

durations were then used to calculate the total physical 

activity in terms of metabolic equivalent of task (MET) 

minutes per week. 

Statistical analysis: Data were presented in two formats. 

Categorical variables were expressed as frequency (n) 

and percentage (%), while continuous variables were 

reported as mean ± standard deviation (x̄ ± SD). 

Differences between the two study groups (experimental 

and control) were analyzed using an independent-

samples t-test. Within-group comparisons were 

performed using a paired-samples t-test. All statistical 

analyses were conducted using IBM SPSS Statistics 

version 30.0, with a significance level set at p < 0.05. 

RESULTS 

Baseline characteristics: A total of 84 volunteers were 

screened, and 70 eligible participants were enrolled and 

randomly assigned to either a control group (n=35; 

placebo) or an experimental group (n=35; BMMH extract 

supplement). All participants completed the 12-week 

intervention (Figure 1). 

     Figure 1. Flowchart of study design 

Participants were predominantly female (87.1%), 

with no significant baseline differences between groups 

in demographic, anthropometric, or biochemical 

parameters, or dietary patterns (p>0.05 for all), as shown 

in Table 2. 

The mean ages were 44 and 45 years for the control 

and BMMH group, respectively. Both groups exhibited 

slightly elevated blood pressure, obesity (BMI > 25 

kg/m²), and abdominal obesity (WC > 80 cm in females  

and > 90 cm in males). 

Biochemical profiles indicated a tendency toward 

increased NCD risk, with elevated FBG and HbA1c, as well 

as higher total cholesterol and LDL-C concentrations, 

although TG, HDL-C, and renal and liver function markers 

were within normal. Notably, both groups exhibited hs-

CRP levels exceeding 1 mg/dL, suggesting a heightened 

inflammatory state and potential health risk, although IL-

6 and TNF-α did not differ significantly between groups. 
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      Table 2. Participants’ baseline characteristics. 

Study parameters Control (n=35) BMMH (n=35) p-value 

Sex  0.721* 

Male 5 (14.3%) 4 (11.4%) 

Female 30 (85.7%) 31 (88.6%) 

Age 43.8 ± 8.0 45.2 ± 8.4 0.478 

Blood pressure 

Systolic blood pressure (mmHg) 125 ± 12 124 ± 11 0.814 

Diastolic blood pressure (mmHg) 85 ± 10 84 ± 8 0.587 

Anthropometry 

Weight (kg) 73.4 ± 13.1 73.4 ± 11.0 0.991 

Body mass index (kg/m2) 29.0 ± 4.1 28.6 ± 5.2 0.701 

Waist circumference (cm) 94.8 ± 10.0 94.0 ±9.5 0.713 

Body fat (%) 37.8 ± 10.0 38.4 ± 11.0 0.818 

Body fat mass (kg) 28.1 ± 10.6 28.5 ± 10.8 0.854 

Visceral fat rating 9.1 ± 3.0 9.1 ±2.9 0.997 

Muscle mass (kg) 42.7 ± 9.3 41.9 ± 8.0 0.696 

Free fat mass (kg) 45.4 ± 9.8 44.7 ± 8.5 0.775 

Basal metabolic rate (kcal) 1355 ± 233 1336 ± 168 0.708 

MET (minutes/week)  139.5 ± 133.6 121.7 ± 108.3 0.559 

Blood parameters 

Fasting blood glucose (mg/dL) 106.9 ± 47.3 109.6 ± 40.2 0.801 

HbA1c (%) 6.2 ± 1.4 6.2 ± 1.0 0.967 

Total cholesterol (mg/dL) 226.2 ± 25.6 224.1 ± 34.0 0.770 

LDL-C (mg/dL) 155.7 ± 24.1 157.7 ± 32.5 0.774 

HDL-C (mg/dL) 54.6 ± 13.2 56.0 ± 10.0 0.619 

LDL-C : HDL-C 3.1 ± 0.8 2.8 ± 0.7 0.142 

TG (mg/dL) 141.4  ± 75.3 149.5 ± 75.0 0.652 

TG : HDL-C 2.9 ± 2.1 2.7 ± 1.3 0.626 

Alanine transaminase (U/L) 22.1 ± 21.0 24.3 ± 18.9 0.649 

Aspartate aminotransferase (U/L) 23.6 ± 9.0 22.9 ± 10.7 0.768 

Blood urea nitrogen (mg/dL) 10.0 ± 2.2 11.2 ± 3.3 0.080 

Uric acid (mg/dL) 5.7 ± 1.3 5.7 ± 1.3 0.907 

High-sensitivity C-reactive protein  (mg/L) 5.8 ± 4.7 4.3 ± 3.8 0.167 

Interleukin-6 (pg/mL) 11.2 ± 9.9 8.7 ± 5.6 0.212 

Tumor necrosis factor-alpha (pg/mL) 5.5 ± 2.4 5.5 ± 2.3 0.957 

Data presented as mean ± standard deviation (SD). P values were calculated by chi-square test* and independent samples t-test for the differences 

between groups  

Dietary consumption patterns: Assessment of dietary 

intake among participants at baseline (week 0) and after 

the 12-week intervention showed that the control and 

BMMH groups had comparable mean intakes of 

macronutrients (carbohydrates, proteins, and fats) and 

total energy (Table 3). No significant differences were  

observed between groups. 

Within-group comparisons revealed a significant 

reduction in fat intake in the control group, from 

68.1±15.3 g at baseline to 60.1±10.6 g at week 12 

(p=0.019), whereas no significant changes in dietary 

intake were detected in the BMMH groups. 
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       Table 3. Comparison of dialy dietary intake at baseline and after 12-week intervention. 

Study parameters Control (n=35) BMMH (n=35) p-value 

Energy intake (kcal/day) 

Week0 1727 ± 387 1783 ± 429 0.582 

Week12 1627 ± 395 1733 ± 305 0.272 

p-value (wk0 vs. wk12) 0.394 0.466 

Mean change (wk0 vs. wk12) -81 ± 483 -67 ± 452 0.916 

Carbohydrate intake (g/day) 

Week0 222.1 ± 55.7 213.6 ± 53.9 0.541 

Week12 214.4 ± 34.7 208.0 ± 42.0 0.555 

p-value (wk0 vs. wk12) 0.394 0.782 

Mean change (wk0 vs. wk12) -14.7 ± 79.2 -3.1 ± 54.8 0.567 

Protein intake (g/day) 

Week0 77.0 ± 19.4 79.1 ± 19.5 0.674 

Week12 71.3 ± 13.3 71.8 ± 16.0 0.915 

p-value (wk0 vs. wk12) 0.091 0.167 

Mean change (wk0 vs. wk12) -7.6 ± 21.5 -7.3 ± 23.9 0.968 

Fat intake (g/day) 

Week0 68.1 ± 15.3 70.5 ± 13.9 0.542 

Week8 60.1 ± 10.6 65.5 ± 11.7 0.117 

p-value (wk0 vs. wk12) 0.019* 0.170 

Mean change (wk0 vs. wk12) -9.8 ± 16.5 -5.3 ± 16.5 0.401 

Data presented as mean ± standard deviation (SD). P values were calculated by an independent samples t-test for the differences between groups and a 

paired sample t-test for the differences within groups. 

Effects of BMMH extract supplementation on changes 

in biochemical markers: Comparison between baseline 

(week 0) and week 12 revealed significant improvements 

in the experimental group receiving the BMMH extract 

supplement. FBG and HbA1c decreased markedly(FBG: 

110.29 ± 40.60 mg/dL vs. 93.79 ± 13.87 mg/dL, p=0.011; 

HbA1c: 6.20 ± 0.99% vs. 6.12 ± 0.89%, p=0.036) , while no 

changes were observed in the control group (FBG: 106.94 

± 47.35 mg/dL vs. 101.34 ± 58.95 mg/dL, p=0.057: HbA1c: 

6.18 ± 1.38% vs. 6.14 ± 1.59%, p=0.453) (Figure 2a and 

2b).  

Figure 2. Comparison of changes in blood glucose levels between baseline (week 0) and post-intervention (week 12) for the 

control and BMMH groups. Figure 2a illustrates changes in FBG. Figure 2b depicts changes in HbA1c. 
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Both groups showed reductions in total cholesterol 

and LDL-C (p<0.01), and decreases in HDL-C remained 

within healthy ranges (Table 4). Notably, the LDL-C: HDL-

C ratio, a key indicator of cardiovascular risk, improved 

significantly only in the experimental group (p=0.014). 

Triglycerides, TG: HDL-C ratio, and liver/kidney markers 

(ALT, BUN, uric acid) trended downward in the BMMH 

group. 

Regarding inflammation, IL-6 decreased 

significantly in both groups (p=0.034 and p=0.043), while 

TNF-α showed a divergent trend with an increase in the 

BMMH group and a decrease in controls (p=0.040). No 

significant changes were observed in hs-CRP. 

These results suggest that 12-week 

supplementation with BMMH extracts favorably 

modulates glycemic, lipid, and inflammatory profiles, 

highlighting its potential for metabolic and cardiovascular 

health. 

       Table 4. Comparison of biochemical parameters at baseline and after 12-week intervention. 

Study parameters Control (n=35) BMMH (n=35) p-value 

FBG (mg/dL)  

Week0 106.9 ± 47.3 109.6 ± 40.2 0.801 

Week12 101.3 ± 59.0 93.8 ± 13.9 0.466 

p-value (wk0 vs. wk12) 0.057 0.011* 

Mean change (wk0 vs. wk12) -5.6 ± 16.8 -16.5 ± 35.6 0.112 

HbA1c (%) 

Week0 6.2 ± 1.4 6.2 ± 1.0 0.967 

Week12 6.1 ± 1.6 6.1 ± 0.9 0.991 

p-value (wk0 vs. wk12) 0.453 0.036* 

Mean change (wk0 vs. wk12) -0.0 ± 0.3 -0.1 ± 0.2 0.535 

Total cholesterol (mg/dL) 

Week0 226.2 ± 25.6 224.1 ± 34.0 0.770 

Week12 208.2 ± 33.7 203.3 ± 36.8 0.566 

p-value (wk0 vs. wk12) 0.000* 0.000* 

Mean change (wk0 vs. wk12) -21.2 ± 29.0 -19.7 ± 22.9 0.811 

LDL-C (mg/dL) 

Week0 155.7 ± 24.1 157.7 ± 32.5 0.774 

Week12 140.2 ± 32.0 134.9 ± 37.2 0.529  

p-value (wk0 vs. wk12) 0.000* 0.000* 

Mean change (wk0 vs. wk12) -17.2 ± 20.3 -20.5 ± 19.7 0.501 

HDL-C (mg/dL) 

Week0 54.6 ± 13.2 56.0 ± 10.0 0.619 

Week12 49.2 ± 10.6 52.5 ± 10.1 0.194 

p-value (wk0 vs. wk12) 0.000* 0.000* 

Mean change (wk0 vs. wk12) -5.4 ± 7.5 -3.6 ± 4.7 0.231 

LDL-C : HDL-C 

Week0 3.1 ± 0.8 2.8 ± 0.7  0.142 

Week12 2.9 ± 0.7 2.6 ± 0.8 0.096 

p-value (wk0 vs. wk12) 0.090 0.014* 

Mean change (wk0 vs. wk12) -0.1 ± 0.5 -0.2 ± 0.4 0.779 

TG (mg/dL) 

Week0 141.4  ± 75.3  149.5 ± 75.0 0.652 

Week12 146.1 ± 79.8 126.3 ± 54.9 0.235 
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Study parameters Control (n=35) BMMH (n=35) p-value 

p-value (wk0 vs. wk12) 0.544 0.182 

Mean change (wk0 vs. wk12) 4.7 ± 45.5 -17.4 ± 73.3 0.144 

TG : HDL-C 

Week0 2.9 ± 2.1 2.7 ± 1.3 0.626 

Week12 3.4 ± 2.7 2.7 ± 1.7 0.238 

p-value (wk0 vs. wk12) 0.054 0.992 

Mean change (wk0 vs. wk12) 0.4 ± 1.3 -0.0 ± 1.6 0.206 

ALT (U/L) 

Week0 22.1 ± 21.0 24.3 ± 18.9 0.649 

Week12 19.0 ± 10.5 21.0 ± 14.6 0.517 

p-value (wk0 vs. wk12) 0.208 0.073 

Mean change (wk0 vs. wk12) -2.9 ± 13.1 -3.1 ± 9.8 0.933 

AST (U/L) 

Week0 23.6 ± 9.0 22.9 ± 10.7 0.768 

Week12 21.9 ± 4.8 24.2 ± 9.6 0.200 

p-value (wk0 vs. wk12) 0.271 0.190 

Mean change (wk0 vs. wk12) -1.6 ± 8.4 1.3 ± 5.5 0.100 

BUN (mg/dL) 

Week0 10.0 ± 2.2 11.2 ± 3.3 0.080 

Week12 10.2 ± 2.8 10.8 ± 2.9 0.407 

p-value (wk0 vs. wk12) 0.410 0.376 

Mean change (wk0 vs. wk12) 0.3 ± 1.8 -0.5 ± 3.2 0.236 

Uric acid (mg/dL) 

Week0 5.7 ± 1.3 5.7 ± 1.3 0.907 

Week12 5.6 ± 1.4 5.5 ± 1.2 0.673 

p-value (wk0 vs. wk12) 0.672 0.102 

Mean change (wk0 vs. wk12) -0.0 ± 0.6 -0.2 ± 0.7 0.336 

hs-CRP (mg/L)  

Week0 5.8 ± 4.7 4.3 ± 3.8  0.167 

Week12 5.0 ± 3.9 4.5 ± 4.2 0.585 

p-value (wk0 vs. wk12) 0.214 0.830 

Mean change (wk0 vs. wk12) -0.7 ± 3.2 0.1 ± 3.6 0.317 

IL-6 (pg/mL) 

Week0 11.2 ± 9.9 8.7 ± 5.6 0.212 

Week12 7.8 ± 4.1 7.2 ± 2.8 0.465 

p-value (wk0 vs. wk12) 0.034* 0.043* 

Mean change (wk0 vs. wk12) -2.7 ± 6.9 -1.5 ± 4.1 0.399 

TNF-α (pg/mL) 

Week0 5.5 ± 2.4 5.5 ± 2.3 0.957 

Week12 5.1 ± 1.8 6.2 ± 3.2 0.072 

p-value (wk0 vs. wk12) 0.144 0.126 

Mean change (wk0 vs. wk12) -0.5 ± 1.7 0.8 ± 3.1 0.040* 

Data presented as mean ± standard deviation (SD) . P values were calculated by independent samples t-test for the differences between groups and paired 

sample t-test for the differences within group. 

https://www.ffhdj.com/


Functional Foods in Health and Disease 2026; 16(1): 74 – 90 FFHD Page 84 of 90 

Effects of BMMH extract supplement on changes in 

anthropometric parameters: Changes in blood pressure, 

body composition, basal metabolic rate, and physical 

activity between the control and BMMH groups after 12-

week intervention showed no statistically significant 

differences between groups (Table 5).  

Both groups maintained slightly elevated systolic 

and diastolic blood pressure, BMI values within the obese 

range, and waist circumference indicative of abdominal 

obesity. Body fat percentage, muscle mass, and basal 

metabolic rate at week 12 did not differ significantly from 

baseline (week 0). However, weekly physical activity 

levels, expressed as MET, tended to decrease in both 

groups. A significant reduction in MET was observed 

within the control group between baseline and week 12 

(week 0: 139.5±133.6 vs. week 12: 77.1±69.6 

minutes/week; p=0.012). 

       Table 5. Comparison of blood pressure and anthropometric parameters at baseline and after 12-week intervention. 

Study parameters Control (n=35) BMMH (n=35) p-value 

SBP (mmHg)  

Week0 125 ± 12 124 ± 11 0.814 

Week12 125 ± 15 126 ± 13 0.852 

p-value (wk0 vs. wk12) 0.658 0.194 

Mean change (wk0 vs. wk12) -1 ± 12 2 ± 9 0.255 

DBP (mmHg) 

Week0 85 ± 10 84 ± 8 0.587 

Week12 86 ± 12 83 ± 9 0.357 

p-value (wk0 vs. wk12) 0.534 0.810 

Mean change (wk0 vs. wk12) 1 ± 9 0 ± 6 0.705 

Weight (kg) 

Week0 73.4 ± 13.1 73.4 ± 11.0 0.991 

Week12 73.3 ± 13.2 74.0 ± 11.5 0.803 

p-value (wk0 vs. wk12) 0.698 0.083 

Mean change (wk0 vs. wk12) -0.1 ± 1.9 0.6 ± 2.0 0.120 

BMI (kg/m2) 

Week0 29.0 ± 4.1 28.6 ± 5.2 0.701 

Week12 29.0 ± 4.2 28.8 ± 5.4 0.875 

p-value (wk0 vs. wk12) 0.695 0.081 

Mean change (wk0 vs. wk12) -0.0 ± 0.7 0.2 ± 0.7 0.119 

WC (cm) 

Week0 94.8 ± 10.0 94.0 ±9.5 0.713 

Week12 94.2 ± 9.6 94.7 ± 9.6 0.838 

p-value (wk0 vs. wk12) 0.331 0.254 

Mean change (wk0 vs. wk12) -0.6 ± 3.8 0.7 ± 3.4 0.135 

Body fat (%) 

Week0 37.8 ± 10.0 38.4 ± 11.0 0.818 

Week12 39.2 ± 7.4 39.0 ± 9.5 0.911 

p-value (wk0 vs. wk12) 0.331 0.628 

Mean change (wk0 vs. wk12) 1.4 ± 8.5 0.7 ± 8.1 0.712 

Body fat mass (kg) 

Week0 28.1 ± 10.6 28.5 ± 10.8 0.854  
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Study parameters Control (n=35) BMMH (n=35) p-value 

Week12 29.0 ± 9.2 29.4 ± 10.4 0.897 

p-value (wk0 vs. wk12) 0.354 0.452 

Mean change (wk0 vs. wk12) 1.0 ± 6.3 0.8 ± 6.5 0.924 

Visceral fat rating 

Week0 9.1 ± 3.0 9.1 ±2.9 0.997 

Week12 9.6 ± 2.7 9.3 ± 3.0 0.721 

p-value (wk0 vs. wk12) 0.155 0.183 

Mean change (wk0 vs. wk12) 0.5 ± 2.0 0.5 ± 2.0 0.999 

Muscle mass (kg) 

Week0 42.7 ± 9.3 41.9 ± 8.0 0.696 

Week12 41.7 ± 8.4 42.1 ± 6.7 0.837 

p-value (wk0 vs. wk12) 0.321 0.921 

Mean change (wk0 vs. wk12) -1.0 ± 6.0 0.1 ± 6.1 0.443 

Free fat mass (kg) 

Week0 45.4 ± 9.8 44.7 ± 8.5 0.775 

Week12 44.2 ± 8.8 44.7 ± 7.0 0.822 

p-value (wk0 vs. wk12) 0.316 0.914 

Mean change (wk0 vs. wk12) -1.1 ± 6.5 -0.1 ± 6.5 0.526 

BMR (kcal) 

Week0 1355 ± 233 1336 ± 168 0.708 

Week12 1323 ± 201 1328 ± 281 0.934 

p-value (wk0 vs. wk12) 0.277 0.780 

Mean change (wk0 vs. wk12) -26 ± 136 -10 ± 203 0.704 

MET (minutes/week) 

Week0 139.5 ± 133.6 121.7 ± 108.3 0.559 

Week12 77.1 ± 69.6 83.6 ± 64.6 0.691 

p-value (wk0 vs. wk12) 0.012* 0.182 

Mean change (wk0 vs. wk12) -65.1 ± 143.2 -26.4 ± 101.7 0.086 

Data presented as mean ± standard deviation (SD). P values were calculated by an independent samples t-test for the differences between groups and a 

paired sample t-test for the differences within groups. 

DISCUSSION 

Metabolic syndrome, characterized by abdominal 

obesity, dyslipidemia, hyperglycemia, and hypertension, 

is a major risk factor for non-communicable diseases 

(NCDs). These conditions are largely preventable through 

lifestyle interventions, including regular physical activity 

and healthy dietary practices [1-2]. In recent years, 

herbal supplements have been increasingly explored as 

adjunctive approaches for metabolic risk reduction. 

Although individual herbs such as bitter melon and lingzhi 

mushroom have been reported to lower blood glucose, 

reduce inflammation, and modulate lipid metabolism 

[23-27], clinical findings from single-herb interventions 

remain inconsistent. In this context, multi-herbal 

formulations have been proposed as a strategy to 

simultaneously target multiple metabolic pathways, 

potentially offering broader metabolic support than 

single-herb supplementation. However, robust 

confirmatory clinical evidence in humans remains 

inconsistent. Accordingly, this study aimed to evaluate 

the effects of a multi-herbal extract supplement on 

metabolic health in individuals at risk of metabolic 

syndrome, thereby assessing its practical utility and 

informing preventive health strategies. 

https://www.ffhdj.com/


Functional Foods in Health and Disease 2026; 16(1): 74 – 90 FFHD Page 86 of 90 

A 12-week course of supplementation with a multi-

herbal extract containing bitter melon, American 

ginseng, lingzhi mushroom, artichoke, and jiaogulan 

resulted in significant reductions in FBG and HbA1c from 

baseline, whereas the control group showed no 

significant changes. Although bitter melon is widely 

recognized for its glucose-lowering effects, the 

magnitude and consistency of glycemic improvements 

observed at relatively low per-herb doses suggest that 

the combined formulation may have contributed 

additively or synergistically to these effects. Bitter melon 

contains bioactive compounds such as polypeptide-p (an 

insulin-like peptide) and cucurbitane-type triterpenoids 

(e.g., kuguaglycoside K16), which enhance insulin 

receptor activity and upregulate key proteins involved in 

insulin signaling pathways, such as AMP-activated 

protein kinase α1 (AMPKα1) and glucose transport 4 

(GLUT4), thereby promoting glucose uptake [23-25]. This 

insulin-mimetic activity may be further supported by 

ginsenosides in American ginseng, which have been 

shown to enhance insulin receptor substrate-1 (IRS-1) 

phosphorylation, thereby facilitating glucose uptake in 

peripheral tissues [28-29]. In addition, the combined 

presence of bitter melon flavonoids and artichoke 

polyphenols may exert dual-site inhibition of digestive 

enzymes, including α-glucosidase and pancreatic lipase, 

thereby slowing carbohydrate absorption and 

attenuating postprandial glucose spikes more effectively 

than single-herb interventions [20, 30].  

Lipid metabolism was also favorably affected. 

Participants receiving the multi-herbal supplement 

exhibited significant reductions in total cholesterol, LDL-

C, and the LDL-C: HDL-C ratio, indicating improvements in 

lipid profiles. While bitter melon has been shown to 

influence lipid metabolism through reductions in 

apolipoprotein B (ApoB) secretion and triglyceride 

synthesis [31-33], the inclusion of artichoke provides a 

complementary mechanism via inhibition of 3-hydroxy-3-

methylglutaryl-CoA (HMG-CoA) reductase and 

enhancement of biliary cholesterol excretion [18]. 

Together, these mechanisms may target both 

endogenous lipid synthesis and cholesterol handling, 

supporting a broader lipid-lowering effect. Thus, the 

formulation may exert a dual-action effect by influencing 

both lipid synthesis and intestinal cholesterol processing. 

Liver and kidney function markers, including ALT, BUN, 

and uric acid, demonstrated decreasing trends in the 

supplement group, suggesting potential 

hepatoprotective and renoprotective effects. Bitter 

melon has been shown to reduce oxidative stress, 

improve liver function, enhance insulin signaling, and 

mitigate hepatic steatosis [9, 31, 34-35]. Animal studies 

also suggest kidney-protective effects via attenuation of 

oxidative damage, modulation of antioxidant enzymes, 

and regulation of uric acid metabolism [10, 36]. Other 

components, including American ginseng, lingzhi 

mushroom, artichoke, and jiaogulan, possess antioxidant 

and anti-inflammatory properties that may further 

support liver and kidney health [12, 16, 37-39], although 

interindividual variability, dosage, duration, and baseline 

health status likely influence overall efficacy and safety.  

Inflammatory markers responses in this study 

suggest that the multi-herbal formulation may act as an 

immunomodulator rather than a purely 

immunosuppressive agent. The observed stability of TNF-

α levels  in the herbal supplement group, despite a 

significant decrease in IL-6 levels, indicates a complex 

interplay of immune-modulating effects attributable to 

the components of the supplement, particularly lingzhi 

and bitter melon. Lingzhi supplementation has been 

reported to modulate immune responses and may 

contribute to the stabilization of TNF-α levels [40]. In 

contrast, bitter melon has been identified for its anti-

inflammatory properties, particularly through the 

modulation of signaling pathways such as transforming 

growth factor-β activated kinase 1 (TAK1) [41]. These 

findings suggest that multi-herbal supplementation may 

improve inflammatory profiles, though the variability in 
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TNF-α responses and lack of statistically significant 

changes in some markers highlight the need for long-

term and mechanistic studies.  

Interestingly, the control group exhibited notable 

reductions in dietary fat intake, serum cholesterol, and 

IL-6 levels. These findings warrant careful interpretation. 

Such improvements in the control arm are frequently 

observed in clinical trials involving metabolic syndrome 

and often stem from a combination of factors, including 

the Hawthorne effect, where participants spontaneously 

modify their dietary habits due to awareness of being 

monitored during a clinical trial, and the impact of 

baseline dietary counseling, which likely sensitized the 

control group to their nutritional choices. This, in turn, 

may have led to the observed decrease in fat 

consumption and subsequent modest reductions in IL-6 

and cholesterol levels. The structured nature of study 

participation and regular monitoring may also have 

prompted behavioral changes in the placebo group, 

leading participants to inadvertently adopt healthier 

dietary patterns. 

Moreover, the control group showed a decline in 

total physical activity, as evidenced by decreased MET 

values. This trend may be interpreted through the lens of 

behavioral compensation, whereby a greater focus on 

dietary improvements, confirmed by reduced fat intake, 

may have occurred at the expense of regular exercise. 

Additionally, the administrative demands of trial 

participation, such as reporting requirements and clinical 

visits, could have acted as barriers to maintaining 

baseline activity levels. Taken together, these findings, 

along with the observed shifts in IL-6 and cholesterol, 

underscore the complex participation-related effects 

that can occur in the control arm of metabolic research 

and highlight the importance of a controlled study design 

in isolating the specific effects of the multi-herbal 

supplement. Body composition analysis revealed no 

significant changes in fat mass or muscle mass in either 

group. Systematic reviews and meta-analyses of 

randomized controlled trials indicate no significant 

reductions in body weight, body mass index, waist 

circumference, or body fat percentage [42-43]. However, 

certain clinical studies, such as those involving type 2 

diabetes patients supplemented with bitter melon for 

three months, report significant body composition 

improvement [44]. Dosage and intervention duration 

appear critical. Reductions in weight have been observed 

with bitter melon extract doses of 2,000-4,500 mg, which 

are 20-30 times higher than those in the present study, 

potentially explaining the lack of substantial 

anthropometric changes here [43].  

From a translational perspective, this study 

supports key milestones within the 17-step functional 

food development model [45], specifically step 9, by 

providing human clinical evidence for the efficacy of a 

finalized multi-herbal product intended to deliver health 

benefits. The strengths of this study include a robust 

sample size, sufficient intervention duration, and low 

attrition. Limitations include participants’ habitual 

lifestyle behaviors, which may have introduced 

confounding factors such as variations in caloric intake, 

nutrient composition, and daily physical activity. Future 

research should focus on well-characterized bioactive 

compounds, including insulin and pancreatic function 

markers, and assess antioxidant capacity to better 

understand effects on metabolic health and NCDs risk.  

CONCLUSIONS 

This 12-week randomized, double-blind, placebo-

controlled trial investigated the health effects of a multi-

herbal supplement, primarily containing bitter melon and 

American ginseng extracts, on adults at risk for metabolic 

syndrome. Participants receiving the supplement 

exhibited significant reductions in FBG and HbA1c levels, 

highlighting its potential for glycemic control. 

Furthermore, the LDL-C:HDL-C ratio decreased 

significantly, suggesting a promising reduction in 

cardiovascular risk. These results emphasize the 

potential of herbal bioactives as a complementary 

strategy to enhance metabolic health and reduce risk of 
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NCDs, providing a natural adjunct to traditional lifestyle 

interventions. 

List of abbreviations: NCDs, Non-communicable 

diseases; SBP, Systolic blood pressure; DBP, Diastolic 

blood pressure; BMI, Body mass index; WC, Waist 

circumference; BMR, Basal metabolic rate; MET, 

Metabolic equivalent for task; FBG, Fasting blood 

glucose; LDL-C, Low-density lipoprotein cholesterol; HDL-

C, High-density lipoprotein cholesterol; TG, Triglyceride; 

ALT, Alanine transaminase; AST, Aspartate 

aminotransferase; BUN, Blood urea nitrogen; hs-CRP, 

High-sensitivity C-reactive protein; IL6, Interleukin-6; 

TNF-α, Tumor necrosis factor-alpha. 
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