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ABSTRACT 

Background: It has been confirmed that the daily consumption of seaweed such as Wakame (Undaria pinnatifida) and 

Kombu (Saccharina japonica) has an inhibitory effect on the rise in postprandial blood glucose levels. Similar effects can 

also be expected for Mekabu, which is Wakame sporophylls and contains large quantities of water-soluble dietary fiber. 

In this study, we examined the effects of preprandial intake of Mekabu on postprandial blood glucose levels and blood 

glucose regulation-related hormones in healthy young women. 

 

Methods: The subjects were ten healthy young adult women. Mekabu was eaten, followed by rice only. Blood was 

sampled five times: while fasting (0 min), and 15, 30, 90, and 120 minutes after eating. Measurements were taken of 

blood glucose level and blood glucose regulation-related hormones. 

 

Result: Eating Mekabu before rice resulted in a significant reduction of Δglucose and Δinsulin at 30 minutes after ingestion 

(p = 0.034, p = 0.049, respectively). The level of glucagon-like peptide-1 (GLP-1) in plasma was higher 30 minutes after 

eating (p = 0.044), 60 minutes (p = 0.031), and 120 minutes (p = 0.019) when Mekabu was eaten preprandially. 
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Conclusions: In the present study, GLP-1 secretion was sustained by eating Mekabu, which is Wakame sporophylls, before 

rice. Our results suggest that ingesting Mekabu, which contains large amounts of viscous alginic acid, prior to a meal not 

only suppresses postprandial blood glucose level, but supports the extended secretion of GLP-1, providing a sustainable 

incretin effect. 

 

Keywords: mekabu (Undaria pinnatifida sporophylls), blood glucose, glucagon-like peptide-1 (GLP-1), insulin, incretin, 

water-soluble dietary fiber 
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INTRODUCTION 

According to the 2021 report of the International Diabetes 

Federation (IDF), the number of diabetes patients 

worldwide is about 537 million, corresponding to about 

10% of the adult population. Without effective 

countermeasures, the number of people with diabetes is 

expected to rise to about 783 million by 2045 [1]. 

Diabetes is characterized by a chronic hyperglycemic 

state due to a decrease in insulin secretion and lack of 

insulin action, which causes various metabolic anomalies. 

Diabetes is broadly classified into type 1 diabetes and type 

2 diabetes. Type 1 diabetes is an autoimmune disease that 

causes low insulin secretion due to loss of the beta cells of 

the pancreas. The numbers of Type 2 diabetes patients are 

increasing due to lifestyle-related habits, such as an 

unbalanced diet and lack of exercise, or a lack of insulin 

action due to stress and genetic predisposition: the 

resultant insufficient insulin secretion from the pancreatic 

beta cells causes the onset of diabetes. About 90% of 

diabetes patients have Type 2 diabetes [1]. Type 2 diabetes 

is closely related to diet, so one important strategy for its 

prevention is to improve diet and exercise habits. A rapid 
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rise in blood glucose levels after meals is implicated in the 

onset and progression of diabetes. Blood glucose control is 

important to reduce the rapid rise of postprandial blood 

glucose levels caused by diet. On the other hand, glucagon-

like peptide-1 (GLP-1), which is an incretin hormone, is a 

digestive tract hormone, secreted from the distal small 

intestine, that stimulates the secretion of insulin in 

response to high blood glucose levels [2]. GLP-1 is secreted 

only when blood glucose levels are high, reducing the risk 

of hypoglycemia. Because of their low risk of causing 

hypoglycemia, dipeptidyl peptidase-4 (DPP- 4) inhibitors, 

which destroys; DPP-4 inhibitors do not destoy incretins, 

DPP-4 destory incretins. 

In recent years, it has become clear that the order in 

which food is eaten affects the postprandial blood glucose 

level rise. Eating vegetables that contain a large amount of 

dietary fiber before eating staple foods, i.e., by adopting a 

“Vegetables First” strategy, makes it possible to suppress 

the rapid rise of postprandial blood glucose levels. This 

practice is reported to improve the HbA1c value in diabetic 

patients [3-4]. The same effect is confirmed by eating both 

vegetables and meat, fish, etc [5-6]. 

Similar effects have been identified for Wakame 

(Undaria pinnatifida), which also contains a great deal of 

dietary fiber [7]. It has been reported that water-soluble 

dietary fiber such as fucoidan and alginic acid contained in 

brown algae such as wakame and kombu (Saccharina 

japonica) also has an inhibitory effect on blood glucose 

level rise[8-9].In recent years, the market in Japan for 

Mekabu as a food has grown rapidly. Mekabu is a 

sporophylls part of Wakame and containing large quantities 

of highly viscous alginic acids and fucoidans, which are 

water-soluble dietary fibers that appear to suppress the 

increased blood glucose level seen after meals. However, 

there are few reports on the effects of eating raw Mekabu 

on blood glucose regulation-related hormones and 

biomarkers. 

In this study, we examined the effects of preprandial 

intake of raw Mekabu on postprandial blood glucose levels 

and blood glucose regulation-related hormones in healthy 

young women. 

 

SUBJECTS AND METHODS 

1. Subjects: In this study, the exclusion criteria were as 

follows: fasting blood glucose level > 110mg/dL and 

Homeostatic Model Assessment for insulin resistance 

(HOMA-IR) reaging > 1.6. The subjects were 10 healthy 

young adult females aged 20 - 23 years with fasting blood 

glucose of below 110 mg/dl, as measured in advance by 

self-monitoring of blood glucose. Blood was then collected 

from the ten individuals and tested using HOMA-IR. Three 

of the women, who gave a HOMA-IR reaging of 1.6 or more, 

were excluded. 

 

2. Test foods: Commercially marketed rice (Sato Foods Co., 

Ltd., Niigata, Japan) and 40 g of commercial Mekabu 

(Kaneryo Sea Vegetable Corporation, Uto, Kumamoto, 

Japan) processed using the Takaki Heating and Cooling 

(THC) System employed by Takaki Shoten Corporation (Uto, 

Kumamoto, Japan) were used as the test foods. 

The THC system is a heating and sterilization method 

of processing Mekabu by passing an electrical current 

through it. Unlike the conventional steam heat sterilization 

method, it preserves the color, flavor and texture of 

Mekabu, and minimizes any loss of nutritional components. 

The nutritional ingredients of each test food are shown in 

Table 1. In addition, the details of dietary fiber in Mekabu 

are shown in Table 2.
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Table 1. Composition of test foods 
 

 

Table 2. Dietary fiber content in Mekabu 
 

1Total quantity of dietary fiber is the sum of the amount of water-soluble dietary fiber and the insoluble dietary fiber.  

2 Total quantity of water-soluble dietary fiber is the sum of the amount of alginic acid and fucoidan. 

 

3. Protocol: The present study was conducted using an 

open-label crossover design. The same subjects consumed 

rice (the Rice only ) or consumed rice after ingesting 

Mekabu (the Mekabu + rice). Both test were conducted two 

week apart. The subjects were instructed not to consume 

any food or drinks other than water between 10:00 pm on 

the day before the test and the start of the test. 

Investigations started a 9:30 am, and during the two-hour 

test, the subjects were instructed to rest at the site. 

Exercise was prohibited. In all the tests, the time when rice 

(200 g) consumption started was designated as 0 minutes. 

Mekabu (40 g) was eaten five minutes prior to rice 

consumption by the Mekabu + rice . The rice was to be fully 

consumed within 10 minutes. Blood was collected from the 

forearm median cutaneous vein five times: during fasting 

(0 min) and 30, 60, 90, and 120 minutes after the rice had 

been eaten. Plasma blood glucose level, serum insulin, and 

plasma active GLP-1 were measured each time, with the 

HbA1c (NGSP value) measured once, at 0 minutes. 

 

4. Blood analysis: Blood analysis was commissioned to SRL 

Co., Ltd. (Tokyo, Japan), and was performed in accordance 

with SRL’s quality control procedures. Glucose levels are 

measured using the hexokinase UV method. Insulin 

 Rice +Mekabu 

Weight (g) 200 40 

Energy (kcal) 296 6.9 

Protein (g) 4.8 0.5 

Fat (g) 0.0 0.2 

Carbohydrate (g) 67.6 1.1 

Dietary fiber (g) 0.6 1.0 

 Content (g/40g of raw Mekabu)  

Total dietary fiber1 1.0 

Water-soluble dietary fiber2 0.8 

Alginic acid 0.6 

Fucoidan 0.2 

Insoluble dietary fiber 0.2 
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concentrations are measured using the chemiluminescent 

enzyme immunoassay (CLEIA) method, and GLP-1 levels 

are measured using the enzyme-linked immunosorbent 

assay (ELISA) method. HOMA-IR was calculated using the 

formula: fasting blood glucose levels × fasting insulin 

concentrations / 405. 

 

5. Statistical analysis: Blood glucose levels after consuming 

rice, insulin, and GLP-1 were subtracted from the 0-minute 

value as degree of change, Δblood glucose level, Δinsulin, 

and ΔGLP-1. The degree of change was calculated using a 

trapezoidal formula based the degree of change and the 

dynamic parameters of blood glucose, insulin, and GLP-1. 

Each set of data items was treated as an average value ± SD 

(standard deviation). To assess the effectiveness of Mekabu 

intake, for blood glucose levels, insulin concentrations, and 

GLP-1 levels, a corresponding t-test was performed 

between the rice only and the Mekabu + rice at each blood 

collecting time based on the rice only as control. For ΔAUC, 

a paired t-test was performed between the rice only and 

the Mekabu + rice. Statistical processing was performed 

using SPSS Statistics Ver. 26 (IBM, Japan), and the level of 

two-side significance was set at less than 5% in all data. 

 

6. Ethical considerations: The present study was conducted 

according to the guidelines laid down in the Declaration of 

Helsinki (adopted in 1964, final revision of October 2013), 

and all procedures involving human subjects were 

approved by Wayo Women’s University Ethics Committee 

(Authorization Number 1801; Approval date: 13 June 2018). 

It was explained to the subjects that they would not be 

disadvantaged in any way by participating in, not 

participating in, or withdrawing from the study. Its purpose 

and expected effects were described. We carefully 

explained about protection of personal information, both 

verbally and in written form. After it was clear that the 

subjects fully understood these details, each signed the 

document. 

 

RESULTS 

1. Subjects: All of the seven subjects, excluding three 

subjects with HOMA-IR reaging of 1.6 or more, completed 

the study and consumed all the test meals entirely without 

problems. During the test period, no adverse effects were 

observed. The average age of the subject was 21.4 ± 1.0 

years. The average body mass index (BMI) of the subject 

was 19.2 ± 1.6 kg/m2, the average fasting blood glucose was 

92.7 ± 11.0 mg/dl, and the average HbA1c was 5.2 ± 0.3%. 

No subjects showed abnormal blood glucose control. 

HOMA-IR was 1.2 ± 0.2, and no unusual insulin sensitivity 

was observed (Table 3). 

 

Table 3. Characteristics of the subjects 
  

Seven subjects, excluding three subjects with HOMA-IR reaging exceeding 1.6 or more 

 Content (g/40g of raw Mekabu)  

Age (year) 21.4 ± 1.0 

Height (cm) 159.3 ± 5.4 

Weight (kg) 48.7 ± 4.3 

BMI (kg/m2) 19.2 ± 1.6 

Fasting blood glucose (mg/dL) 92.7 ± 11.0 

HbA1c (%) 5.2 ± 0.3 

HOMA-IR 1.2 ± 0.2 
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2. Plasma glucose responses: The postprandial plasma 

glucose and ΔAUC of plasma glucose responses after 

consumption of the test foods are shown in Figure 1. 

Postprandial blood glucose level, insulin concentration and 

GLP-1 level were compared between the Rice-only and the 

Mekabu + rice for all seven subjects. The blood glucose 

levels at the beginning of the study (0 min) were 89.3 ± 5.7 

mg/dL in the Rice-only and 90.4 ± 4.4 mg/dL in the Mekabu 

+ rice. In both meals, blood glucose levels increased rapidly 

after test food intake, peaked at 30 minutes, and then 

declined (Fig. 1A). A significant difference, however, was 

observed in the Mekabu + rice , who showed lower values 

at 30 and 60 minutes after the start of rice consumption 

than the Rice only. Although Δblood glucose level peaked 

30 minutes after the start of intake, it showed a lower value 

in the Mekabu + rice (32.4 ± 10.1 mg/dL) than in the Rice-

only  (44.7 ± 9.4 mg/dl) (p < 0.05) (Fig. 1B). The blood 

glucose level, ΔAUC, calculated from Fig. 1B, was also 

significantly lower in the Mekabu + rice (1980.0 ± 1144.5 

mg·min/dl) than in the Rice-only (2907.9 ± 1272.2 

mg·min/dl) (p < 0.05), as shown in Figure 1C. 

 

Figure 1: Time course curves for glucose (A) and Δglucose (B) during the two different meal sequences. Rice-only, blue circle; 

Mekabu + rice, orange triangle (A, B). (C): Glucose ΔAUC. Rice only, blue bar; Mekabu + rice, orange bar). The data were 

analyzed by t-test; * p<0.05 was regarded as indicating a statistically significant difference between the meals. 

 

3. Serum insulin responses: Average insulin value before 

eating rice (0 min) was 5.2 ± 1.4 μIU/ml in the Rice-only and 

5.8 ± 0.9 μIU/ml in the Mekabu + rice . In all the tests, the 

insulin concentration rose rapidly after consuming rice, 

peaking within 30 minutes and then decreasing. Thirty 

minutes after eating the test foods, the insulin 

concentration was significantly lower in the Mekabu+rice 

(44.3 ± 16.8 μiU/ml) than the Rice-only (56.9 ± 28.1 μiU/ml) 

(p < 0.05) (Fig. 2A). The Δinsulin concentration also showed 

significantly lower values in the Mekabu + rice (38.5 ± 16.9 

μML/mL) than the Rice-only  (51.8 ± 27.6 μIU/ml) 30 

minutes after the start of the test foods (p < 0.05) (Fig. 2B). 

Insulin ΔAUC showed a lower value in the Mekabu + rice 

(3219.0 ± 534.3 μIU·min/ml) than the Rice-only (3827.8 ± 

1512.2 μIU·min/mL), but no significant difference was 

observed between each test (Fig. 2C). 
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Figure 2: Time course curves for insulin (A) and Δinsulin (B) during the two different meal sequences. Rice-only, blue circle; 

Mekabu + rice, orange triangle (A, B). (C): Insulin ΔAUC. Rice-only, blue bar; Mekabu + rice, orange bar). The data were 

analyzed by t-test; * p<0.05 was regarded as indicating a statistically significant difference between the meals. 

 

4. Plasma intact glucagon-like peptide-1 (GLP-1) 

responses: Changes in GLP-1 levels after rice consumption 

are shown in Figure 3. Its value before the pre-test foods (0 

min) was 1.5 ± 0.6 pmol/L in the Rice-only, and 1.6 ± 0.7 

pmol/L in the Mekabu + rice. GLP-1 did rise in either group 

after consumption of rice. It showed a maximum value 

after 30 minutes and then declined. It was significantly 

higher in the Mekabu + rice than the Rice-only at 30, 60, 

and 90 minutes after rice consumption (all p < 0.05). In 

addition, although no significant difference was observed  

 

in GLP-1 levels even 90 minutes after rice consumption, it 

showed a higher value in the Mekabu + rice (Fig. 3A). 

Similarly, the ΔGLP-1 value was significantly higher in the 

Mekabu+rice than the rice only at 30, 60, and 120 minutes 

after rice consumption (p < 0.05) as shown in Fig 3B. In the 

Mekabu + rice, the GLP-1 level declined slowly for up to 120 

minutes after the start of rice consumption. The GLP-1 

ΔAUC, calculated based on Fig. 3B was significantly higher 

in the Mekabu + rice (269.6 ± 93.4 pmol·min /L) than the 

Rice-only (154.4 ± 65.9 pmol·min/L)(p < 0.05). 

 

Figure 3: Time course curves for in GLP-1 (A) and ΔGLP-1 (B) during the two different meal sequences. Rice-only, blue circle; 

Mekabu + rice, orange triangle (A, B). (C): GLP-1 ΔAUC values. Rice-only, blue bar; Mekabu + rice, orange bar). The data were 

analyzed by t-test. * p < 0.05 was regarded as indicating a statistically significant difference between the meals. 
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DISCUSSION 

This study examined, using an open-label cross-over design 

test, the postprandial blood glucose level suppressive effect 

and influence on blood glucose regulation-related 

hormones of Mekabu, which contains large quantities of 

water-soluble dietary fiber. Our results showed that 

preprandial intake of Mekabu significantly suppressed the 

rise in blood glucose levels 30 minutes after rice 

consumption. Wakame, a brown algae, and its sporophylls, 

Mekabu, are rich in water-soluble dietary fibers such as 

alginic acid and fucoidan that are reported to significantly 

suppress blood glucose levels [10]. 

The suppression of blood glucose levels seen in this 

test also suggests that absorption of sugars by the intestine 

is inhibited by the intake of alginic acid and fucoidan that is 

present in the viscous components of Mekabu. Serum 

insulin concentration 30 minutes after consuming rice was 

also significantly lower in the Mekabu+rice. We conclude 

that because the subjects showed no abnormalities in their 

saccharide metabolism, this case also showed a normal 

insulin response to fluctuations in blood glucose levels. 

Furthermore, at all times after rice consumption, the 

plasma value of GLP-1 was significantly higher in the 

Mekabu + rice than in the Rice-only. GLP-1 is a type of 

incretin, a digestive tract hormone secreted from the L cells 

in the distal small intestine when stimulated by the 

presence of lipids and carbohydrates [11]. Secreted GLP-1 

binds to the GLP-1 receptors in the beta cells of the 

pancreatic Islands of Langerhans such that insulin is 

secreted in response to raised glucose levels in the blood. 

Secreted GLP-1 is rapidly degraded and inactivated by DPP-

4 present in the blood, so GLP-1 rarely remains high after a 

meal. 

However, in this study, the value of plasma GLP-1 in 

the Mekabu＋rice was maintained at a higher level than 

seen in the Rice-only for up to 120 minutes after rice 

consumption. It appears likely that the absorption of sugars 

from the intestine is suppressed by Mekabu intake. Sugars 

are slowly absorbed for 120 minutes after rice consumption 

and it is presumed that stimulation of the L cells continues. 

When a healthy person consumes an α-glucosidase 

inhibitor, postprandial blood glucose levels decrease rapidly, 

and the secretion of plasma GLP-1 continues for up to four 

hours after eating [11]. The addition of an ordinary-sized 

vegetable dish to a meal with a moderately fatty main dish 

(SMFV meal) causes a different GLP-1 response than does a 

meal without a vegetable dish (SMF meal) [12]. Mekabu is 

also reported to contain EPA (eicosapentaenoic acid) [13], 

and it is conceivable that the EPA contained in Mekabu is 

partially responsible for its plasma GLP-1 secretion 

promoting action.  

There is a report that the insulin secretion promoting 

action (incretin effect) of GLP-1 is lower in type 2 diabetes 

patients [14]. This is why type 2 diabetes patients with 

insulin resistance are commonly treated with GLP-1 

receptor agonists or DPP-4 inhibitors. This study shows that 

the ingestion of Mekabu causes suppression of 

postprandial blood glucose levels, combined with a longer 

period of secretion of GLP-1. By incorporating Mekabu 

before meals, it can be expected to have an action similar 

to that of a GLP-1 receptor agonist, so mekabu can be an 

effective means for prevention and improvement in 

patients with type 2 diabetes. In addition, GLP-1 has been 

found to have not only an incretin effect but also an 

appetite-suppressing effect via the central nervous system 

[11], and it has been reported that this causes weight loss 

[15]. Mekabu can be expected not only to prevent and 

improve diabetes by suppressing the increase in blood 

glucose level through the incretin effect, but also to prevent 

obesity by suppressing the appetite. 

Although diabetes increases the risk of 

arteriosclerosis, it has been reported that the risk was 

reduced in type 2 diabetic patients who received a GLP-1 

receptor agonist [16]. The report also suggests a reduced 

risk of the incidence of microangiopathy such as diabetic 

retinopathy and diabetic nephropathy. These results 
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suggest that ingestion of mekabu, which promotes GLP-1 

secretion, may be effective in preventing diabetic 

complications. 

In this study, preprandial intake of Mekabu resulted in 

suppression of postprandial blood glucose levels. 

Furthermore, a secretagogue action of plasma GLP-1 was 

also observed. GLP-1 secreting L cells are abundant in the 

distal small intestine, but in this study, plasma GLP-1 level 

tended to be higher at 30 minutes after meals due to 

ingestion of Mekabu. The reason for this is unclear, and 

further studies are needed in the future. 

 

CONCLUSION 

This study showed that Mekabu, the sporophyll of wakame 

intake effectively suppressed postprandial blood glucose 

level and supported the extended secretion of GLP-1 in 

healthy subjects. Thus, our results indicate that pre-meal 

intake of Mekabu could be potentially of regulating blood 

glucose level in a daily diet. 

 

List of Abbreviations: IDF: Internatinal Diabetes Federation, 

GLP-1: glucagon-like pepride-1, DPP-4: dipeptidyl 

peptidese-4, HOMA-IR: Homeostatic Model Assessment for 

insulin resistance, THC: Takaki Heating and Cooling, SD: 

standard deviation, BMI: body mass index, AUC: area under 

the curve, EPA: eicosapentaenoic acid 
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