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Abstract

Objectives: To evaluate the safety of gyudon topping (cooked beef and onion in a soy sauce-based tare sauce, often eaten
with a bowl of steamed rice), containing a Salacia extract, an excess intake trial (three times the regular intake) and a long-
term intake trial (over 12 weeks) were performed.

Methods: This study included 32 healthy subjects (17 men and 15 women; mean age, 39.8 + 12.5 years) in the excess intake
trial and 32 healthy subjects (17 men and 15 women; mean age, 41.9 + 10.6 years) in the long-term intake trial. All subjects
were within the age range of 20 to 64 years. The fasting blood glucose levels of all subjects were below 125 mg/dL. The
sodium and fat contents of the test food were reduced by 25% compared with the existing product.

Results: No adverse effects were observed in either trial. Clinically significant changes were not detected in physical
examinations or blood tests.

Conclusion: The safety of gyudon topping with a Salacia extract in trials of excess and long-term intake was confirmed.
The gyudon topping described in this study is safe and non-detrimental for healthy individuals and those who are mindful of

postprandial blood glucose elevation.
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Introduction

Diabetes is predominantly classified into type 1 and
type 2 by onset factors. Approximately 95% of people with
diabetes in Japan are believed to have type 2 diabetes.
Postprandial hyperglycemia is an important indicator in type
2 diabetes, but also in prediabetes.

According to the Japanese National Health and Nutrition
Survey in 2016, the number of people who are strongly
suspected to have diabetes and the number of patients with
diabetes have each reached 10 million. Epidemiological
studies have shown that postprandial hyperglycemia is
a direct and independent risk factor for cardiovascular
disease, because the elevated level of blood glucose after a
meal, which is called a “glucose spike,” injures the vascular
endothelium.

The prevention of postprandial hyperglycemia reduces
the risk of both diabetes and cardiovascular disease. This
led to the development of a new functional food for the
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suppression of postprandial hyperglycemia, a gyudon topping
containing the extract of Salacia reticulata (of the family
Hippocrateaceae). A single intake of this new functional
gyudon topping with steamed rice resulted in the suppression
of postprandial hyperglycemia compared with that after the
intake of steamed rice and the topping without the Salacia
extract 2.

S. reticulata grows in subtropical regions, such as India
and Sri Lanka, and has been used for the treatment of
the early stage of diabetes in Ayurvedic medicine, the
Indian traditional medicine system, for 3000 years.
Pharmacological studies have demonstrated that Salacia roots
modulate multiple targets, including peroxisome proliferator-
activated receptor o (PPAR-a)-mediated lipogenic gene
transcription, angiotensin II/angiotensin II type I receptor,
a-glucosidase, aldose reductase, and pancreatic lipase?.
Yoshikawa et al.* ¥ reported that one of the active components
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responsible for a-glucosidase inhibition was salacinol, a
sulfonium constituents.

To determine the safety of the Salacia extract, Ames
tests, acute toxicity tests, antigenicity and phototoxicity tests®,
and a repeated dose toxicity test at a maximum dose of 1000
mg/kg in rats ” were conducted. In addition, several clinical
studies on the efficacy and safety of Salacia have been
conducted using tablets, granules, and beverages. However,
the safety of the Salacia extract added into gyudon toppings
was unknown.

In the present study, trials on the intake of gyudon
topping with excessive (three times the regular dose) Salacia
extract for 4 weeks (Trial A) and with a regular dose of
Salacia extract for 12 weeks (Trial B) were performed to
elucidate the safety and effects on parameters related to the
metabolic syndrome.

Materials and Methods

This study consisted of two parts: Trial A, an excess
intake trial (three times the regular amount); and Trial B, a
long-term intake trial.

Subjects

A total of 32 healthy subjects (17 men and 15 women;
mean age, 39.8 + 12.5 years) were enrolled in Trial A, and
a total of 32 healthy subjects (17 men and 15 women; mean
age, 41.9 £ 10.6 years) were enrolled in Trial B. All subjects
were aged between 20 and 64 years, with fasting blood
glucose levels below 125 mg/dL.

In both trials, the following exclusion criteria were
applied: subjects with alcohol intake of more than 20 g/day;
subjects currently under treatment at a hospital or receiving
medication for the purposes of treatment; subjects with
dietary restrictions; subjects with a serious hepatic, kidney,
or cardiac disorder; subjects with cerebrovascular disease;
subjects with organ damage; subjects who were allergic to
the test food; subjects who were pregnant, possibly pregnant,
or breastfeeding; and subjects judged inappropriate by the
supervising doctor.

The subjects were fully informed of the contents and
methods of the study, and written informed consent was
obtained from all participants.

The design of Trials A and B was based upon the
Declaration of Helsinki and approved by Ageo Kousei

Hospital Ethics Review Committee (Trial A: UMIN
Registration No. UMIN000026089; Trial B: UMIN
Registration No. UMIN000026083).

Foods for the studies

The composition of the test foods is shown in Table 1.
The hot-water extract from the stems of S. reticulata was
used. The test food comprised frozen gyudon toppings,
which were prepared by using the following method: the
Salacia extract was dissolved in 1.7% potassium chloride
solution, mixed with tare sauce, to which onions and beef
were added, and the mixture was heated. The dose of Salacia
extract in Trial A was three times higher than that used in
Trial B. The dose of salacinol in Trial B was 0.6 mg, which
was defined as a regular dose in this study. Caramel pigment
was used adjust the color of the foods.

Study design

The studies were randomized, double-blind, placebo-
controlled trials. All subjects were randomly assigned to
one of two groups in each trial. The subjects consumed
gyudon toppings once per day after the products were
cooked. During the trial period, the subjects were requested
to record the following information in a diary: intake of test
food, lifestyle habits (meals, snacks, exercise, drinking, and
smoking), and physical condition.

Trial A

Trial A required four visits to the clinic: one for health
screening, a pre-intake visit (week 0), and after 2 and 4
weeks of intake. At each visit, the following measurements
were obtained: body weight and height to calculate body
mass index (BMI), waist circumference, body fat by bio-
electrical impedance (BI) analysis; blood pressure; and
pulse rate. Additionally, hematology, blood biochemistry,
urinalysis, and a medical history review were conducted at
each visit. During the trial period, the subjects’ daily diets
were monitored. The subjects recorded every meal in detail
for the 3 days immediately prior to the clinic visits in week O
and week 4.

Trial B

Trial B required five visits to the clinic: one for health
screening, a pre-intake visit (week 0), and after 4, §, and 12
weeks of intake. The same measurements were obtained as

Table 1. Composition of the test foods for the excess and the long-term intake trial.

Ttem Unit Salacia for the excess
intake trial
Energy keal 278
Protein g 13.0
Fat g 22.1
Carbohydrate g 6.9
Sodium mg 713
Salacinol mg 1.8

Content in 1 package

Placebo for
both trials

Salacia for the long-
term intake trial

275 273
12.3 13.9
22.0 20.9
7.0 7.0
662 691
0.6 0
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for Trial A; in addition, pentosidine was measured at weeks
0 and 12 Pentosidine was measured using a commercially
available kit (Fushimi Pharmaceutical Co., Ltd.). Daily diet
surveys were conducted at the visits in weeks 0, 4, 8, and 12.

Statistical analyses

The data are presented as the mean =+ standard deviation.
Two-way analysis of variances (ANOVA) was used to
examine the statistical significance. Significant differences
in two-way ANOVA were further analyzed by in-group and
between-group comparisons. Comparisons between the
Placebo and Salacia groups were conducted by Student’s
t-test. Comparisons between before intake and after 4, 8,
and 12 weeks of intake in each group were conducted by the
Bonferroni test. The Wilcoxon signed-rank test was used to
compare urinalysis parameters at each measurement point
with those at week 0. The Mann-Whitney U-test was used
for the comparison of the Placebo and Salacia groups.

All statistical analyses were computed by using SPSS
Statistics 22 (IBM Japan Ltd, Minato-ku and Tokyo, Japan).
A significance level of less than 5% in two-sided testing was

considered.

Results

Subjects

Trial A: Excess Intake Trial (1.8 mg/day for 4 weeks)

In total, 16 subjects (8 men and 8 women) from the
placebo group and 16 subjects (9 men and 7 women) from the
Salacia group started Trial A. One subject from the Placebo
group dropped-out during the trial period owing to personal
circumstances. All data, including those acquired from the
dropped-out subject, were analyzed. The mean compliance
rate for test food consumption by the subjects was 100% =+
0.0% in the Placebo group and 99.8% =+ 1.0% in the Salacia
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group.

Trial B: Long-term intake trial (0.6 mg/day for 12 weeks)
In total, 16 subjects (8 men and 8 women) from the
Placebo group and 16 subjects (9 men and 7 women) from the
Salacia group started Trial B. One subject from the Placebo
group and one subject from the Salacia group dropped-out
during the trial period. The reasons for the drop-out were
compliance matter violation and personal circumstances.
As it was judged that these had no causal relationship with
the study, all data, including those from the dropped-out
subjects, were analyzed. The mean compliance rate for test
food consumption by the subjects was 99.9% + 0.6% in the
Placebo group and 100% + 0.1% in the Salacia group.

Diet survey

The mean daily nutritional compositions consumed by
the subjects in Trial A and Trial B are shown in Table 2 and

3, respectively.

Trial A

A significant difference in cholesterol level was observed
at week O between the two groups. It was assumed that the
difference was a result of the dietary habits before starting
the trial in the Placebo group. No difference was observed
after 4 weeks.

At week 0, the percentages of protein, fat, and carbohydrate
to total energy were 14.6 = 1.7%, 31.6 = 4.1%, and 51.0 =
4.2% in the Salacia group and 14.8 + 1.4%, 33.2 + 4.1%,
and 49.7 + 5.4% in the Placebo group, respectively. After 4
weeks, the percentages were 14.1 + 1.8%, 33.9 £ 4.7%, and
50.2 = 5.8% in the Salacia group and 14.5 + 2.0%, 34.0 =
4.6%, and 49.6 + 5.6 % in the Placebo group, respectively.
No significant differences were observed in the total energy
and the ratio of PFC balance between both groups.

Table 2. Nutritional intake during the excess intake trial (Trial A).

Item Unit Group week 0
Salacia 1850 = 399
Energy keal Placebo 2085 + 458
. Salacia 67.6 + 17.2
Protein £ Placebo 76.8 + 17.6
Salacia 653+ 18.2
Fat g Placebo 76.9 + 19.3
Salacia 2347 = 50.3
Carbohydrate ¢ Placebo  259.6 + 64.2
Salacia 301.0 = 112.5
Cholesterol me Placebo 4052 % 134.4
. Salacia 102+ 4.1
Fiber g Placebo 122+38
Salacia 85+19
Salt g Placebo 89+ 1.6

week 4

1906 + 339
2025 + 351
67.7 + 17.5
737+ 194
72.1 £ 18.3
76.8 + 19.3
237.6 + 40.3
2494 + 42.1
296.3 + 151.3
340.2 = 140.3
10.6 £ 3.1
119+ 45
8.1+2.0
9.0+ 2.0

Data are expressed as the mean + SD. * p < 0.05 in comparison with the Placebo by Student's t-test. Salacia group, n = 16 (9 males and 7 females); Placebo

group, n = 16 (8 males and 8 females). SD, standard deviation.
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Table 3. Nutritional intake during the long-term intake trial (Trial B).

Item Unit Group week 0
Salacia 1775 + 369
Energy keal Placebo 1823 + 358
. Salacia 65.8 + 13.1
Protein & Placebo 64.4 + 147
Salacia 60.8 + 159
Fat £ Placebo 64.9 + 20.1
Salacia 225.0 £ 51.6
Carbohydrate ¢ Placebo 2337+ 61.0
Salacia 309.3 + 1247
Cholesterol me Placebo 3501 % 1722
. Salacia 104+238
Fiber £ Placebo 10.6 + 3.6
Salacia 90+ 19
Salt £ Placebo 8415

week 4 week 8 week 12
2036 + 565 2038 + 576 2088 + 674
1916 + 270 1969 + 262 2000 + 412
72.8 + 17.5 71.6 + 16.1 721+ 17.2
71.8 +12.9 71.1 £ 10.8 724 + 150
72.8 + 16.8 70.1 £ 17.9 69.9 + 16.2
71.6 £ 16.0 70.7 £ 12.8 73.6 = 20.1

2589 + 115.1 264.5 £ 115.8 278.9 + 138.0
234.1 + 439 2503 + 52.2 249.8 + 67.4
364.2 + 181.0 313.7 + 188.8 295.2 + 161.9
3334 + 121.2 335.1 + 161.1 323.0 + 167.3
10.8 £ 4.1 10.0 = 3.1 9.1 +2.7

9.8 +39 9.6+ 2.3 9.7+ 3.6

9.8 + 2.8 8.8+ 1.6 9.6+ 2.3

83+ 1.5 9.1+ 19 8.6+22

Data are expressed as the mean + SD. No significant difference. Salacia group, n = 16 (9 males and 7 females); Placebo group, n = 16 (8 males and 8 females).

SD, standard deviation.

Trial B

No significant differences between the Placebo and
Salacia groups were observed.

At 0 week, the percentages of protein, fat, and
carbohydrate to total energy were 14.9 + 1.4%, 30.7 = 4.7%,
and 50.7 = 5.4% in the Salacia group and 14.3 + 3.1%, 32.0
+ 7.2%, and 51.0 + 8.9% in the Placebo group, respectively.
After 12 weeks of consumption, the percentages were 14.2 +
2.2%,31.1 £6.0%, and 52.0 + 8.1% in the Salacia group and
14.6 £ 2.4%, 33.3 + 6.6%, and 49.6 + 7.6% in the Placebo
group, respectively.

Safety evaluation
Adverse events

The adverse events observed during the trial period
are shown in Table 4 and 5. No serious adverse events were
observed.

Trial A: Two adverse events were reported.

In the Salacia group, one case of mild trophic liver
dysfunction occurred in a female subject. Slightly abnormal
values of 49 U/L, 49 U/L, and 33 U/L were observed for
AST, ALT, and y-GT, respectively, on day 12. The doctor
judged that there was a possibility of the excess intake of
foods other than the test food after investigation of the
subject’s situation. The subject continued the trial, and all
values returned to normal at day 27. These events were
considered to be unrelated to the test food consumption.

Another event in the Salacia group was the occurrence
of herpes zoster in a female subject. She took medicines
and recovered without interruption in test food intake. As
this was a viral disease, it did not prevent the patient from

consuming the test food. No adverse events occurred in the
Placebo group.

Trial B: Five adverse events were reported.

In the Salacia group, symptoms of cold were reported
by a female subject, and allergic rhinitis and menstrual pain
(twice) were reported by another female subject. These events
were considered to be unrelated to the test food consumption.
In the Placebo group, two cases (in females) with symptoms
of cold were reported. These events were also considered to
be unrelated to the test food consumption.

Physical parameters

The measurements of physical parameters in the two
trials are shown in Tables 6 and 7

Trial A

In the Salacia group, body fat significantly decreased
with an increase in intake time. The mean body fat
percentages at week 0 and 4 were 24.2 + 8.3% and 22.7
+ 8.7%, respectively (p < 0.05). In contrast, no significant
difference was observed during the trial period in the
Placebo group.

A significant difference was recorded in diastolic blood
pressure at week 0 (72.1 = 7.7 mmHg) and week 4 (66.7 +
8.3 mmHg) in the Salacia group. In contrast, no significant
changes occurred in diastolic blood pressure of the Placebo
group. In both groups, no other significant differences were
observed.

Trial B

In the Salacia group, the mean body fat was lower
at week 12 than at week 0O, but the difference was not
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Table 4. Adverse events and subjective symptoms during the excess intake trial (Trial A).

Apperance day and
Group Number Sex disappearance day

from start of intake

Female Day 12 to Day 27

Salacia 2

Female  Day 21 to Day 28

Event

Mild trophic
liver dysfunction

Herpes zoster

Treatment

None

Doctor
consultation
and medication

Degree

Mild

Moderate

Table 5. Adverse events and subjective symptoms during the long-term intake trial (Trial B).

Apperance day and
Group Number Sex disappearance day
from start of intake

Female
Salacia 3

Female

Female
Placebo 2

Female

Table 6. Measurements of physical parameters during the excess intake trial (Trial A).

Item Unit
Weight kg
BMI kg/m?
Body fat %
Waist cm
circumference
Body °C
temperature
Systolic blood mmHg
pressure
Diastolic blood

mmHg
pressure
Pulse rate bpm

Day 5 to Day 7

Day 3 to Day 6

Day 9 to Day 37
Day 68 to Day 71
Day 28 to Day 30
Day 29 to Day 31

Group

Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia

Placebo

Event

Cold symptoms
Menstrual pain
Allergic rhinitis
Menstrual pain
Cold symptoms

Cold symptoms

week 0

633+ 9.4
60.7 = 11.3
225+ 28
22127
242+ 83
237+ 78
81.0 £ 8.7
797+ 7.3
363+03
361+ 0.6
114.5 + 10.1
110.5 + 8.2
72177
703 £ 8.3
674 +£93
73.0 £ 8.6
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Treatment

None
Medication
Medication
Medication

None

Medication

week 2

63.1 +9.6
60.6 + 11.3
225+ 28
220+ 27
241+ 8.0
237+ 7.7
81.8 £ 8.3
795+ 74
36.1 £ 0.5
36.1 + 0.6
1119+ 79
111.3 £ 10.5
71.0 £ 8.0
69.2 + 11.3
68.1 £ 9.1
724+ 11.3

Degree

Mild
Mild
Mild
Mild
Mild
Mild

Glycative Stress Research

Outcome

Recovered

Recovered

Outcome

Recovered
Recovered
Recovered
Recovered
Recovered

Recovered

week 4

63.0 + 9.6
60.8 + 11.8
224+29
222+28
227+ 87 #
242+ 8.3
814 +93
79.6 £ 7.8
362+ 04
362+ 0.5
1113+ 123
1105+ 12.4
66.7 + 8.3
65.8 £ 10.8
70.8 + 10.1
74.6 + 11.4

Data are expressed as the mean = SD. # p < 0.05, ## p < 0.01 in comparison with week 0 by the Bonferroni test. Salacia group, n = 16 (9 males and 7 females);
Placebo group, n = 16 (8 males and 8 females). SD, standard deviation.

Seriousness

Not serious

Not serious

Seriousness

Not serious
Not serious
Not serious
Not serious
Not serious

Not serious
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Table 7. Measurements of physical parameters during the long-term intake trial (Trial B).

Item Unit Group week 0
) Salacia 65.5+ 159

Weight kg

Placebo 65.6 + 13.3

Salacia 239+ 48
BMI kg/m?

Placebo 237+ 34

Salacia 26.1 + 7.2
Body fat %

Placebo 250+ 58
Waist om Salacia 845+ 119
circumference Placebo 833+ 87
Body o Salacia 36.1+0.5
temperature Placebo 36.5+0.2
Systolic blood Salacia 116.1 = 14.4

mmHg

pressure Placebo 114.6 = 15.0
Diastolic blood mmHg Salacia 75.8 £ 14.0
pressure Placebo 73.0+ 12.2

Salacia 70.8 = 13.5
Pulse rate bpm

Placebo 71.3+93

week 4 week 8 week 12
67.0 £ 15.5 66.6 £ 15.6 66.9 + 16.1
66.8 = 13.0 66.7 + 13.3 66.4 + 13.1
243 + 4.8 242+ 48 243+ 5.0
241+ 32 240+ 33 239+ 32
26.8+ 7.6 263+ 75 258+ 74
251+ 6.2 25456 249+£59
86.0 £ 12.3 853+ 11.7 85.8 = 12.7
84.0 £ 8.3 842+ 8.3 84.6 + 8.1
36.1+04 361 +04 362+ 04

. 362+ 04 364+ 04 36,5+ 0.3
121.0 = 15.0 119.2 £ 12.0 119.2 £ 14.0
118.1 = 13.3 116.8 = 10.5 114.0 £ 12.3

799 + 14.5 74.2 + 10.5 73.5+ 11.0
743+ 9.0 70.3 £ 9.3 69.3 + 10.8
69.1 £ 10.1 652+ 73 673 +9.3
66.8 = 5.7 672+ 6.4 713+ 6.9

Data are expressed as the mean + SD. * p < 0.05 in comparison with the Placebo by Student's t-test. Salacia group, n = 16 (9 males and 7 females); Placebo
group, n = 16 (8 males and 8 females). BMI, body mass index; SD, standard deviation.

statistically significant.

The mean diastolic blood pressure was lower at week
12 than at week 0 in both groups, but the difference was not
statistically significant.

The mean body temperature in the Placebo group was
consistently higher than that in the Salacia group during the
trial period, but this was considered to be unrelated the test
food consumption.

Hematology and blood biochemistry

The measurements in hematology and blood
biochemistry parameters in the two trials are shown in
Tables 8 and 9.

Trial A

Although the WBC of women in the Placebo group was
significantly higher than that in the Salacia group at week 0,
it decreased to the same level as in the Salacia group at weeks
2 and 4. Furthermore, the values in all examinations were
within the normal range. This indicated that no significant
hematological effects were induced by the test food.

The values of LDL-cholesterol, Cl, and HbAlc in the
Salacia group randomly fluctuated within the normal range
during the trial period, and the fluctuations showed no time
dependency. This indicated that the gyudon topping with
Salacia exerted no significant effects on these parameters.

At 4 weeks, blood glucose levels decreased in both the
Placebo and Salacia groups in comparison with the values at

week 0; the change was statistically significant in the Salacia
group.

Trial B

During the 12-week trial period, the values of several
test parameters varied within the physiologically normal
range. Some of these variations were significantly different
between the Placebo and Salacia groups at only the middle
examination points. These variations were not considered
to be directly related to test food consumption. None of the
parameters was significantly different between the Placebo
and Salacia groups at the final examination.

In the Salacia group, MCV and MCH values in men
were significantly decreased, but by a very small degree, at
week 12 compared to values at week 0. However, this result
was not observed in women.

In contrast, pentosidine in the Placebo group was
increased significantly at week 12, but not in the Salacia
group. Cl in both groups increased by approximately 2% at
week 12. This was presumed to result from the loss of protein
associated with blood sampling and compensatory blood
concentration. The change was not significant, but supported
the similar reduction observed for albumin. These results
indicated that the gyudon topping with Salacia exerted no
significant effects on these parameters.

Urinalysis

The results of the urine tests in both trials are shown in
Tables 10 and 11.
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Table 8. Measurements of hematological and blood biochemical parameters during the excess intake trial (Trial A).

Item Unit
TG mg/dL
TC mg/dL
LDL-C mg/dL
HDL-C mg/dL
TP g/dL
ALB g/dL
UA mg/dL
Cre mg/dL
BUN mg/dL
AST (GOT) U/L
ALT (GPT) U/L
v-GTP U/L
Glucose mg/dL
LDH U/L

HbAIc [NGSP] %o

Insulin pIU/mL
Na mEq/L
Cl mEq/L
K mEq/L

Standard
value

50-149

150-219

70-139

M : 40-86

F : 40-96

6.7-8.3

3.8-5.2

M :3.7-7.0

F:25-7.0

M :0.61-1.04

F:0.47-0.79

8.0-22.0

10-40

70-109

115-245

4.6-6.2

1.84-12.2

136-147

98-109

3.6-5.0

Group

Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia

Placebo

week 0

83.8 + 537
584+ 119
1857 + 274
186.6 + 27.5
101.8 = 20.0
102.6 £ 25.7
539+ 11.6
59.3 £ 13.6
75.1 = 24.4
80.6 + 14.4
72+ 0.3
73+0.2
45+03
44+03
64+ 10
58+ 1.0
49+ 0.8
47+ 14
0.852 + 0.143
0.840 = 0.097
0.596 + 0.089
0.578 + 0.045
127 £ 3.4
131 +2.8
19.6 + 43
19.1 + 4.8
173 £ 7.1
17.7 = 10.0
229+ 8.5
25.1 + 10.6
159+ 49
151+ 74
979 + 10.1
95.8 + 11.1
158.5 + 22.5
162.6 + 29.0
53+03
52+0.3
85+45
10.0 £ 6.1
140.1 + 17
1406 + 1.5
1043+ 19
1045+ 2.1
41+02
42+ 03
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week 2

689+ 325
65.0 222
191.2 £ 26.8
193.1 + 31.2

110.1 £ 20.8 #

108.6 = 28.8
53.2%938
599+ 143
76.0 = 21.4
81.1 = 13.0

72+0.3
74%0.2
4.6+0.3
45+03
64+ 1.1
55+%09
47%0.6
47+ 1.5

0.842 £ 0.119

0.864 = 0.116

0.587 = 0.081

0.601 = 0.047
137+44
13.1+2.8
21.6 £ 8.9
184+ 4.4
212+ 11.8
165+ 72
229+ 8.1
273 % 12.5
189 % 8.1
149+ 69
96.6 = 12.7
99.7+ 15.5

1577+ 18.2

161.2 £ 214

52%03
5204
7.6+ 44
11.2+ 8.5

1404+ 24

1404 £ 1.8

1051 2.4

104.1 = 1.0

42£02
4204
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week 4

94.1 + 759
62.0 + 26.2
185.2 + 27.0
187.6 + 31.4
102.0 £ 20.0
104.7 = 30.3
530+ 127
569+ 114
75.0 £ 249
82.1 + 134
72+ 04
74+ 0.3
45+02
45+03
65+ 1.4
56+07
50+ 0.6
47+ 14
0.858 = 0.203
0.840 £+ 0.098
0.600 = 0.066
0.583 £ 0.034
13.2+26
134+29
20.8 £ 6.1
187+ 42
20.1 £ 109
16.6 + 6.7
246+ 12.6
256+ 11.3
164+ 59
154+ 77
89.2+ 6.9
91.1 £ 10.0
161.8 = 27.0
165.3 = 17.1
53+02
52+0.3
54+26
57+24
1403+ 1.5
1403 + 1.8
105222
1050+ 1.6
42+03
42+02

##
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Item Unit Standard Group week 0 week 2 week 4
value
Salacia 93+03 93+0.3 94+04
Ca mg/dL 8.5-10.2
Placebo 93+03 94+03 93+04
Salacia 23+0.2 23+0.1 23+0.1
Mg mg/dL 1.8-2.6
Placebo 22+02 22+0.1 22+0.1
M - 54-200 Salacia  108.0 + 45.6 99.8 = 46.9 853+ 18.9
. L s Placebo  107.5 + 54.6 1050+ 444  101.4 £ 332
e
He Salacia 89.0 + 36.0 89.6 £ 33.5 80.6 + 29.2
F :48-154
Placebo 979 + 61.8 1199 + 497 1209 £ 79.3
M - 3900-9800 Salacia 4844+ 1747 5500 % 1179 5756 + 1526
WEC L ’ i Placebo 5300 + 1294 5500 = 1338 5814 + 677
H F*3500-9100 Salacia 5143 + 902 5357 + 922 5886 + 1173
’ i Placebo 6500 + 1306 5663 + 703 5663 + 1249
M © 427-570 Salacia 485.8 + 39.1 485.7 = 47.0 486.9 + 36.1
e Placebo  492.1 £ 29.5 4974+ 233 4973+ 325
RBC x104/uL
Salacia 4324 + 299 4270 = 21.2 4233 + 2777
F :376-500
Placebo  446.1 + 29.5 451.8 = 25.8 4473 + 33.8
Salacia 148 + 1.3 149+ 1.6 148+ 1.1
M:13.5-17.6
Hb o/dL Placebo 149+ 04 15103 150+ 0.6
F 1130150 Salacia 127+ 04 12.5+ 0.6 123+ 0.5
"7 Placebo 129+ 2.0 130+ 1.8 129+20
Salacia 440+ 29 439+ 34 439+ 22
M :39.8-51.8
Ht % Placebo 443 + 1.3 448 + 1.3 447 £ 2.0
0
F33.4.44.9 Salacia 388+ 1.5 384 = 1.8 378+ 1.6
CTTTTT Placebo 394 + 3.9 40.1 = 4.2 393 + 4.0
Salacia 220+ 3.6 219+ 30 22627
M:I3.1-36.2 b ceb 259+ 5.4 254+ 5.7 263+ 5.4
R . + O. R e o .
PLT x104/uL aceno * >
F13.0.36.9 Salacia 262+ 2.8 269 = 2.7 277+ 3.1
T Placebo 262+ 32 276+ 3.2 265+ 27
M 8271016 Salacia 90.7 + 2.7 90.6 = 3.1 90.5+ 37
’ o " Placebo 90.1 + 4.5 902+ 4.5 90.0+ 39
MCV fL .
Salacia 899 + 4.5 90.0+ 4.8 89.5+ 48
F :79.0-100.0
Placebo 88.5+ 9.8 89.1 = 10.5 88.2 + 10.1
M © 28.0.34.6 Salacia 30.5+ 0.8 30.6= 1.0 305+ 1.1
CTTTTTY Placebo 303+ 1.5 304+ 14 303+ 1.6
MCH pg .
Salacia 295+ 1.9 204+ 2.0 292+ 1.6
F:26.3-34.3
Placebo 289 + 4.5 280+ 44 289+ 4.5
M 31.6.36.6 Salacia 33.6+0.8 338+ 1.1 337+ 1.0
T Placebo 337 +0.7 337+05 33708
MCHC % .
Salacia 32.8+09 326+ 1.5 327+07
F :30.7-36.6
Placebo 324+22 324= 1.6 32620

Data are expressed as the mean + SD. # p < 0.05, ## p < 0.01 in comparison with week 0 by the Bonferroni test. * p < 0.05 in comparison with the Placebo by
Student's t-test. Salacia group, n = 16 (9 males and 7 females); Placebo group, n = 16 (8 males and 8 females). See abbreviation in Table 9.
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Table 9. Measurements of hematological and blood biochemical parameters during the long-term intake trial (Trial B).

Item Unit
TG mg/dL
TC mg/dL
LDL-C mg/dL
HDL-C mg/dL
TP g/dL
ALB g/dL
UA mg/dL
Cre mg/dL
BUN mg/dL
AST (GOT) U/L
ALT (GPT) U/L
v-GTP U/L
Glucose mg/dL
LDH U/L

HbAlc [NGSP] %o

Insulin ulU/mL
Pentosidine pug/mL
Na mEq/L
Cl mEq/L

Standard
value

50-149

150-219

70-139

M : 40-86

F 1 40-96

6.7-8.3

3.8-52

M :3.7-7.0

F:25-70

M :0.61-1.04

F:0.47-0.79

8.0-22.0

10-40

70-109

115-245

4.6-6.2

1.84-12.2

136-147

98-109

Group

Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo
Salacia
Placebo

week 0

126.6 + 62.2
114.5 + 104.1
201.8 £ 34.2
2054 + 31.1
117.7 + 29.9
1229 + 26.8
569 + 127
60.6 + 13.1
739 + 127
66.6 + 10.4
75+04
74+0.3
46+03
46+03
62+ 13
58+ 1.3
44+ 1.1
47+ 0.5
0.807 + 0.070
0.821 + 0.095
0.580 = 0.064
0.608 + 0.085
135+27
126 + 3.1
248 + 8.2
216 + 6.4
23.1 + 1211
219 + 109
287+ 12.2
328+ 15.5
26.7 + 14.5
169 + 7.6
99.6 + 10.1
994 + 10.4
167.3 + 41.3
167.0 + 26.3
53+0.3
53+03
104 + 7.5
94+ 6.2
0.043 + 0.006
0.042 + 0.009
1402+ 1.2
1398 + 14
1037 + 14
103.8 + 1.6
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week 4

96.7 = 27.1
1147 £ 65.0
2125+ 334
2134+ 247
128.1 =277
128.0 = 22.8

59.1 £ 14.1

59.4 + 10.3

72.8 £ 13.5

721+ 154

74+0.3
7304
4502
46+03
62%1.0
57+13
43+12
4507
0.863 + 0.124
0.828 = 0.109
0.557 = 0.082
0.641 = 0.103

13535

143+37

257+93

214+ 4.1

272+ 155

232+ 137

272+ 14.1

323+ 133

29.7 = 18.8

18.0 = 8.2

99.6 £ 94

975+ 14.5
170.7 £ 35.5
1659 = 25.1

5304
53+03
8.6%52
7752

140.3 = 1.1
139.7 = 1.6
1043 = 1.9
104.1 = 1.6

week 8

91.2 + 31.8
995+ 524
209.1 + 38.9
2130+ 32.3
1271+ 32.3
130.5 + 28.8
569+ 9.9
59.5+ 11.2
79.8 + 14.0
723 + 16.5
75+£03
73+ 04
45+£02
46+ 0.3
6.1 +1.3
6.0+ 17
46+ 1.0
4707
0.816 = 0.050
0.838 = 0.118
0.590 + 0.089
0.636 + 0.084
137+22
147+ 32
226+59
211+ 5.6
240+ 19.2
21.8 + 11.6
28.6 + 16.3
35.8 +29.0
27.0 + 10.7
17.6 £ 6.7
91.0 £ 9.7
89.5 + 8.7
164.6 + 38.6
167.1 £ 219
53+04
53+0.3
68+ 75
51+£25

140.1 + 1.8
140.1 = 1.0
1039+ 1.9
1049+ 2.0

week 12

975+ 519
90.5 + 41.6
2039 + 339
208.3 + 29.0
1199 + 29.1
126.2 + 27.5
57.1 £ 10.1
58.3 + 14.0
76.5 + 15.8
704 £ 17.3
74+04
73+04
45+02
45+0.3
62+ 1.2
63+ 14
4.6+ 1.0
47+ 0.6
0.798 + 0.069
0.876 + 0.127 #
0.597 £ 0.088
0.644 + 0.091
135+23
135+ 3.6
233+ 77
213+ 6.9
26.8 + 23.0
197 + 10.5
289 + 18.2
30.5 + 139
292+ 12.1
173+ 7.5
948 + 11.5
89.7 £ 9.7
162.5 + 29.7
166.8 + 26.1
53+0.5
53+£03
82+ 738
53+34
0.046 + 0.008
0.049 + 0.012 #
1409+ 1.5
1403 + 1.3
1058 + 1.7 ##
1054+ 1.8 #
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Standard

Item Unit Group week 0 week 4 week 8 week 12
value
Salacia 4.1 +0.3 42 +0.2 42+0.2 40+0.2
K mEq/L 3.6-5.0
Placebo 40+ 0.3 43+0.3 43+0.2 41+03
Salacia 92+0.5 9.1+ 0.6 93+0.5 9.1 +0.5
Ca mg/dL 8.5-10.2
Placebo 94+ 0.3 95+0.5 95+0.5 94+ 04
Salacia 23+0.2 23+0.1 23+0.2 22+0.1
Mg mg/dL 1.8-2.6
Placebo 22+02 23+0.2 23+0.1 23+02
M 54.200 Salacia 1242 + 46.3 121.0 = 51.1 112.3 = 30.5 98.0 + 359
F /L ’ ) Placebo 1079 + 25.3 959 + 40.5 106.6 + 29.2 121.3 + 477
e
He F 48154 Salacia 1339 + 67.2 100.3 = 43.6 1208 + 72.4 103.2 + 17.7
A Placebo 65.9 + 38.0 929 + 687 98.0 £ 61.1 108.9 + 55.1
M © 39009800 Salacia 5767 + 811 5722 + 1248 6267 = 1555 5689 + 1852
WBC L ) ) Placebo 5763 + 1548 5725 + 1442 5588 + 1080 5713 + 1238
# Salacia 5514 + 1272 5150 + 428 5550 + 532 5383 + 1091
F : 3500-9100
Placebo 5300 + 1744 5529 + 1778 5357 + 1190 5071 + 1259
Salacia 490.7 + 41.0 498.6 = 48.8 491.8 + 42.1 485.8 + 46.6
M :427-570
RBC <10*/uL Placebo 4969 + 34 .4 4991 + 44.8 489.0 + 384 487.3 + 36.7
F376.500 Salacia 441.0 + 22.1 436.5 + 239 4487 + 334 4335 + 22.6
I Placebo  426.6 + 259 4331+ 303 4266+ 277 4267 + 24.1
Salacia 152+ 1.1 154+ 09 150+ 1.0 148 +0.9
M :13.5-17.6
Hb JdL Placebo 151+ 09 15.1 = 1.1 147 +£09 147+ 0.8
g F113.150 Salacia 133+ 0.8 13.1 0.7 13.5+07 130+ 0.5
77T Placebo 126+ 1.3 125+ 1.2 123+ 1.1 123+ 1.0
Salacia 442 + 2.5 452 « 2.7 442+ 2.5 428 +2.6
M :39.8-51.8
Hi % Placebo 443 + 2.3 447+ 2.9 435+ 2.8 431+23
0
F334.440 Salacia 404+ 19 401+ 1.9 412+ 2.5 394+ 1.6
T Placebo 379+ 2.9 387+ 2.6 374+24 374+25
Salacia 213+23 212+ 1.7 222+27 21.8 + 3.1
M 13.1-36.2 Placeb 239+ 4.0 +4.3 26.1 £59 243 + 4.1
9+ 4. + 4. d1£5. 3+ 4.
PLT 104/l acebo + 25.0 +
Salacia 247 + 34 239+ 3.1 23.6 £ 3.5 248 + 3.0
F:13.0-36.9
Placebo 263 +29 26.0 = 3.1 268+ 3.2 26.5+ 3.3
M 82.7-101.6 Salacia 904 + 3.7 909 + 44 902+ 4.5 884 + 4.1
MOV . CUTTTY Placebo 89.2+ 4.0 89.8 + 3.5 89.0 + 3.1 88.6 + 3.2
F79.0-100.0 Salacia 91.6 + 4.7 919+ 40 921+ 47 911+ 43
T Placebo . 89.0 + 5.8 89.6 + 7.5 88.1 + 7.8 87.8 + 7.4
Salacia 311+ 14 309 1.5 306 £ 1.6 305+ 1.7
M :28.0-34.6
Placebo 305+ 1.5 303+ 1.2 30.1+ 1.3 302+ 1.2
MCH pg .
Salacia 302+ 19 302+ 2.0 301+ 1.7 301 £ 1.6
F :26.3-34.3
Placebo 296 + 2.5 201+ 32 29.0 + 3.1 290+ 29
Salacia 344+ 0.6 340+ 09 340+ 0.8 345+ 0.6
M :31.6-36.6
MCHC % Placebo 342+ 0.7 337+ 0.6 337+04 340+ 0.6
0
Salacia 330+ 0.5 328+ 0.8 32.6+0.5 331 +04
F :30.7-36.6
Placebo 332+ 1.0 323+ 1.2 ## 329+12 329+ 09

Data are expressed as the mean + SD. * p < 0.05 in comparison with the Placebo by Student's t-test. # p < 0.05, ## p < 0.01 in comparison with week 0 by the
Bonferroni test. Salacia group, n = 16 (9 males and 7 females); Placebo group, n = 16 (8 males and 8 females). TG, triglyceride; TC, total cholesterol; LDL-C,
low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; TP, total protein; ALB, albumin; UA, uric acid; Cre, creatinine; BUN, blood
urea nitrogen; AST, asprtate aminotransferase; ALT, alanin aminotransferase; y-GTP, gamma glutamyl transpeptidase; LDH, lactate dehydrogenase; HbAlc
[NGSP], hemoglobinAlc [National Glycohemoglobin Standardization Program]; Na, natrium; Cl, chloride; K, potassium; Ca, calcium; Mg, magnesium; Fe,
ferrum; WBC, white blood cell; RBC, red blood cell; Hb, hemoglobin; Ht, hematocrit; PLT, platelet; MCV, mean corpuscular volume; MCH, mean
corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; SD, standard deviation.
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Table 10. Parameters of the urine test during the excess intake trial (Trial A).

week 0
Item Grou
P - + 1+ 2+
Salacia 16 0 0 0
Sugar
Placebo 16 0 0 0
. Salacia 13 3 0 0
Protein
Placebo 14 1 1 0
. Salacia 16 0 0
Urobilinogen
Placebo 0 16 0 0
. . Salacia 16 0 0 0
Bilirubin
Placebo 16 0 0 0
. Salacia 16 0 0 0
Ketone bodies
Placebo 16 0 0 0

week 2 week 4
- o 2+ - R U
16 0 0 0 16 0 0 0
16 0 0 0 15 0 0 0
14 2 0 0 14 2 0 0
12 3 1 0 5 1 0

16 0 0 16 0 0
0 16 0 0 15 0 0
16 0 0 0 16 0 0 0
16 0 0 0 15 0 0 0
16 0 0 0 16 0 0 0
16 0 0 0 15 0 0 0

Data are expressed as the number of cases. No significant difference. Salacia group, n = 16 (9 males and 7 females); Placebo group, n = 16 (8 males and 8

females).

Table 11. Parameters of the urine test during the long-term intake trial (Trial B).

week 0
Item Grou
P - 7 I+ 2+
Salacia 16 0 0 0
Sugar
Placebo 16 0 0 0
. Salacia 9 7 0 0
Protein
Placebo 4 2 0 0
. Salacia 0 16 0 0
Urobilinogen
Placebo 16 0 0
. . Salacia 16 0 0 0
Bilirubin
Placebo 16 0 0 0
. Salacia 15 0 0 1
Ketone bodies
Placebo 16 0 0 0

Data are expressed as the number of cases. # p < 0.05 in comparison with week 0 by the Wilcoxon signed-rank test. Salacia group, n = 16 (9 males an

females); Placebo group, n = 16 (8 males and 8 females).

Trial A

No significant differences were observed.

Trial B

The number of subjects who were protein () in the
Salacia group at week 0 was greater than that of the Placebo
group (p = 0.053). At week 12, five protein () subjects in
the Salacia group turned to () and two protein (x) subjects
remained (). No abnormal changes in qualitative levels
of sugar, urobilinogen, bilirubin, or ketone bodies were
observed in any subject.

Discussion

We have previously reported a double-blind crossover
trial on the preventive effect of Salacia on postprandial

15
15
14
15

15
15
15
15

week 4 week 8 week 12
oy 24 - oy 24 S i
0o 0 O 15 0 0 0 15 0 0 0
0O 0 O 15 0 0 0 15 0 0 0
1 o o0 # 14 1 0 0o # 12 3 0 0
0 0 O 14 1 0 0 14 1 0 0
5 0 O 15 0 0 0 15 0 0
5 0 O 15 0 0 15 0 0
0 0 O 15 0 0 0 15 0 0 0
0 0 O 15 0 0 0 15 0 0 0
0o 0 O 15 0 0 0 15 0 0 0
0 0 O 15 0 0 0 14 0 1 0
d7

hyperglycemia ». The results showed that gyudon topping
containing Salacia (0.5 mg salacinol) suppressed the elevation
in postprandial blood glucose levels and serum insulin
levels induced by steamed rice intake. Both these diabetic
parameters were more significantly suppressed in subjects
whose HOMA-R (homeostatic model assessment: insulin
resistance) was = 1.73

In this study, to evaluate the safety of daily intake of the
gyudon topping, we selected a dose of 0.6 mg salacinol, which
was 0.1 mg higher than the effective dose in the previous
study. The excess intake trial, using three times the regular
dose, was conducted with 1.8 mg/day for 4 weeks, and the
long-term intake trial was conducted with 0.6 mg/day for 12
weeks.

Safety evaluation

No adverse effects related to the test food containing
Salacia were observed in the excess intake and long-term
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intake trials. Physical examination as well as blood and urine
analysis were performed. Several significant changes were
sporadically observed within the normal range, but the
magnitude of the changes were small and they were not
clinically significant.

Several previous safety studies on members of the
Salacia family have been reported: Ozaki et al. conducted an
excessive intake trial with 900 mg/day S. reticulata extract®;
Beppu et al. conducted a 12-week intake trial with 450 mg/
day S. reticulata granule extract®. Kobayashi et al. conducted
a five-fold excessive intake trial and a long-term intake trial
using tablets containing S. chinensis extract'”. Although the
contents of salacinol were not reported in these papers, they
were estimated to be between 0.474 mg and 0.552 mg from
correlations with enzyme inhibitory activity V. No clinically
significant effects were recorded in any of these studies. In
addition, this study has confirmed that 1.8 mg/day salacinol
over 4 weeks and 0.6 mg/day salacinol over 12 weeks did not
cause adverse effects.

It was therefore concluded that there was no risk to
safety from gyudon topping containing 0.6 mg salacinol.

Parameters related to metabolic syndrome

The fasting blood glucose levels in the Salacia group
were significantly decreased in the excess intake trial at week
4, even though the values were within the normal range. The
fasting blood glucose levels in the long-term intake trial were
decreased, but the change was not statistically significant.

Insulin level in the Salacia group in the excess intake
trial showed a time-dependent reduction (p = 0.059 at week
4), but not in the Placebo group (p = 0.094 at week 4). In
contrast, in the long-term intake trial, the insulin level at
week 12 was not reduced in either group in comparison with
week 0. In this study, the fasting glucose level, but not the
postprandial blood glucose level, was measured for safety
evaluation and the long-term ingestion of a regular dose was
proven not to increase the risk of hypoglycemia.

Pentosidine, one of the end products of advanced
glycation, is a fluorescent substance first isolated from the
human brain by Sell and Monnier 2. The oxidation process is
deeply related to its production; it is considered a marker that
reflects the glycosylation and oxidation of proteins in a living
body. In this study, pentosidine was significantly increased
in the Placebo group, but not in the Salacia group; however,
these differences were not statistically significant. Thus,
the ability of the Salacia extract to suppress pentosidine
production is thought to be limited.

Even in the preceding long-term intake studies with
a regular dose of Salacia extract, fasting blood glucose,
insulin, and HbAlc were not different when compared with
the corresponding Placebo group. Other glycation markers,
glycoalbumin and 1.5-AG, were investigated in two studies;
effectiveness was reported in one study, but not in the other.
Pentosidine has not been previously evaluated.

The results of this study, combined with previous
studies, indicated that Salacia did not have a huge influence
on carbohydrate metabolism. Therefore, gyudon toppings
containing a regular dose of Salacia extract can be
considered safe.

In the excess intake trial of Salacia, the 1.8 mg/day
salacinol dose used in this study may be effective for the
treatment of obesity and hypertension. Body fat and diastolic
pressure at the end of the excess intake trial period in the

Salacia group were significantly decreased in comparison
with week 0. In contrast, the long-term intake trial showed
only a slight decline, which was not significant between the
Salacia and Placebo groups.

S. reticulata has been reported to improve obesity
and associated metabolic disorders in TSOD mice .
A supplement of 1% S. reticulata extract lowered the
accumulation of fat and blood pressure after 8 weeks.
Consistent results on the changes in blood pressure and body
fat after Salacia ingestion have not been obtained; therefore,
further research is required.

The presence of diabetes generally leads to an increase
in salt sensitivity, which is accompanied by high blood
pressure . Diabetic nephropathy, a typical complication
of diabetes, increases the frequency of complications of
hypertension as it progresses. Patients with diabetes are
prone to water loss and have a tendency to accumulate
salt. The mechanism by which hyperglycemia induces
polyuria occurs through the enhanced function of the renin—
angiotensin—aldosterone system (RAS) and the increase in
sodium reabsorption to prevent sodium loss. Increased RAS
function is a direct cause of hypertension. In addition, recent
studies have reported that glycation stress is involved in the
diabetes mellitus-mediated increase in salt sensitivity '¥.
Methylglyoxal is an oxidative stress marker that is found
elevated in patients with chronic renal failure. The increase
in blood pressure in salt-sensitive rats was higher after the
administration of salt alone; Methylglyoxal also induced
albuminuria, glomerular sclerosis, and renal tubular damage,
indicating that glycation stress enhances salt sensitivity due
to diabetes.

The dietary approaches to stop hypertension (DASH)
diet has been used to assist in the reduction of sodium intake
and fat intake and successfully lower blood pressure '®.

The reduction of the salt and fat in the both Placebo and
Salacia groups appeared to be equally effective at the regular
dose level. The amounts of sodium (as the salt equivalent)
and fat in the test food corresponded to approximately 22%
and 31%, respectively, of the recommended daily intake
for 30-59-year-old men. Foods that contain reduced salt
and fat, such as the test food, are also preferable from the
perspective of hypertension prevention.

We have provided comprehensive evidence that gyudon
topping containing a Salacia extract is a safe product for the
prevention of postprandial hyperglycemia and can offer a
rich diet to assist the maintenance of health of individuals
with prediabetes.

Conclusions

The safety of gyudon topping containing a Salacia
extract was confirmed in an excess intake trial and a long-
term intake trial. Consistent with previous data, Salacia-
containing foods ameliorate postprandial hyperglycemia,
and may contribute to the prevention of diabetes.
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