
INTRODUCTION

About 150 million people in the world were living
with diabetes in the year 2000, and the number is
anticipated to increase to 220 million in 2015. In Asia,

the great increase is estimated in India, China and
Japan (1).
Major risk factors of type 2 diabetes are genetics,
age and obesity. The risk increases by life style such
as smoking, physical activity and alcohol drinking
(2-5). In the latest research, high postprandial blood
glucose and insulin concentrations are the risk-factors
of diabetes or cardiovascular disease (6, 7). The inci-
dence of cardiac infarction in type 2 diabetes patients
was shown to relate positively with blood glucose con-
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centration one hour after breakfast (8). A strong re-
lationship was observed among a high carbohydrate
diet, high blood glucose concentration and risk of
cardiovascular diseases (9). DECODE (Diabetes Epi-
demiology : Collaborative analysis of Diabetic criteria
in Europe) study involving 25,000 subjects showed
that the high blood glucose concentration, asmeasured
by oral glucose tolerance test (OGTT), increased the
relative risk ofmortality from large artery disease (10).
These results suggest that high blood glucose con-
centration is a risk-factor for diabetes and its compli-
cations. These results indicate the importanceof staple
carbohydrate-rich foods which do not increase the
postprandial blood glucose level quickly.
Jenkins, et al. (11, 12) proposed in 1981 glycemic
index (GI) to indicate the level of postprandial blood
glucose concentration after ingesting foods. White
rice (WR), the most important staple food for Asians,
has high GI due to the elimination of fiber-rich bran
layer (13 -15). Pre-germinated brown rice (PGBR) is
a brown rice (BR) soaked in water for slight germi-
nation and is eaten in Japan. During the germination
γ-aminobutyric acid (GABA) is produced, and there-
fore, PGBR is rich inGABA (16). PGBR also contains
abundant dietary fiber, vitamins and minerals in the
bran layer and germ. Previously, beneficial effects of
PGBR on fasting blood glucose level in streptozotocin-
induced diabetic rats was reported (17). However,
influence of difference between PGBR, BR, andWR on
blood glucose and insulin levels in humans is unclear.
In the present study, our purpose was to determine
the difference of PGBR, BR and WR for the control
of postprandial blood glucose and insulin levels in
humans.

SUBJECTS AND METHODS

The study was divided into two parts. In the first
study, 19 healthy subjects were included (7 women
and 12 men). Their mean age was 29±1 y (mean±
SE, range 23 - 41) and mean body mass index was
21.4±0.8 kg/m2 (mean±SE, range 15.4-28.8). In the
second study 13 healthy subjects were enrolled (8
women and 5 men) with the mean age of 28±1 y
(mean±SE, range 25-32)and the mean body mass
index of 19.2±0.8 kg/m2 (mean±SE, range 15.4 -
25.6).
The subjects had fasting blood glucose level less

than 110mg/dl and did not have a report of abnormal
blood glucose level by the regular annualmedical ex-
amination within the last one year. All the subjects
had given their informed consent before entering into
the study and the protocol was approved by the Insti-
tutional Review Board, FANCL CORP., which con-
formed to the Helsinki Declaration.
The study included six test meals : 25% (W/V) glu-
cose solution, WR, BR, PGBR (18) and two kinds of
mixed WR with PGBR (1/3 PGBR and 2/3 PGBR ;
WR/PGBR ratios were 2 : 1 and 1 : 2, respectively).
All the test samples contained 50g of available carbo-
hydrate. Characteristics of the test meals are given
in Table 1. WR, BR and PGBR were the same type of
short grain rice (Japonica) produced in the same area
in Japan (Hokkaido). One test sample was given in
a day for each subject. The order of the samples was
decided randomly by the subjects. WR were cooked
with 412 g of water, and 1/3 PGBR, 2/3 PGBR, and
PGBR were cookedwith 512g of water by normal elec-
tric rice cooker (Mitsubishi Co. Ltd., Tokyo, Japan).
On the other hand, induction heating rice cooker
(Mitsubishi Co. Ltd., Tokyo, Japan) was used to cook

Table 1. Composition of test meals

Test meal
Serving
weight
(g)

Available
carbohydrate

(g)

Energy

(kcal)

Protein

(g)

Fat

(g)

Dietary fiber

(g)

25%(w/v) glucose 200 50 0 0 0

WR 161 49.3 221.5 4.5 0.7 0.4

1/3 PGBR 169 49.7 227.4 4.6 1.1 0.9

2/3 PGBR 177 50.2 233.3 4.7 1.6 1.4

PGBR 185 50.6 239.2 4.8 2.0 1.9

BR 178 49.4 233.1 4.8 1.9 2.0

WR : white rice. 1/3 PGBR : mixture of pre-germinated brown rice to WR (WR/PGBR ratio is 2 : 1)
2/3 PGBR : mixture of pre-germinated brown rice to WR (WR/PGBR is 1 : 2). PGBR : pre-germinated brown rice.
BR : brown rice.
Values are calculated by the data of raw rice.
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BR after 563g of water was added. The quantity of the
water was determined by a preliminary study that gave
the best taste. Hard physical activity and alcohol were
not allowed during the study period. Exclusion criteria
of the subjects were bad health condition, lack of sleep
and menstruation for women. Previous night all the
subjects were given the same dinner which was nu-
tritionally defined and ate it by 9 : 00 pm and then
only the water was allowed. In the nextmorning, they
ingested each test food with 150ml of water in 5 -10
min. Before and after that, at 0 and 30, 60, 90 and 120
min., blood was collected into capillary tubes from
finger. The blood glucose concentrationwasmeasured
with DexterZⅡ(BayerMedical Co., Ltd., Leverkusen,
Germany) soon after collection. In the first study, an-
other blood sample was also sampled from the cubital
fossa vein at the same time only from 15 participants
who agreed to participate. The blood sample was cen-
trifuged and serum was used for the analysis of insu-
lin by enzyme immunoassay (by blood analysis com-
pany, SRL Inc, Tokyo, Japan).

Statistical analysis

Data were shown as mean±SE. The incremental
areas under the glucose curve (IAUC-Glc) and insu-
lin curve (IAUC- I) were calculated according to the
method of Wolever ignoring values beneath basal
level. Glycemic index (GI) was also calculated by
the same method (19). In the first study, glucose and
insulin data were analyzed by one-way analysis of vari-
ance (ANOVA), followed by Bonferronimultiple com-
parison test of means if the ANOVA indicated signifi-
cant differences. In the first and second studies, the
GIs were analyzed by the Student’s t-test. Statistical
analysis was done by Stat View 5.0 (SAS Institute,
Inc., USA). The limit of significance was set at p＜0.05
(2-tailed).

RESULTS

In the first study, all the rice samples were well ac-
cepted and consumed within 10 min. Time courses
of the blood glucose concentration after the ingestion
of 25% (W/V) glucose solution, WR, BR and PGBR
are shown in Figure 1. Table 2 shows the GIs. They
were significantly lower for BR and PGBR than for
WR (p＜0.05). The concentrations reached the peak
at 30 min (glucose solution 149.9±5.3 ; WR 131.6±
4.1 ; BR 130.9±4.1 and PGBR 129.0±3.7mg/dl) and
returned to the initial level at 120 min for all the sam-
ples. The values of 30 min were significantly lower

for the WR, BR and PGBR than for the glucose group
(p＜0.05). The IAUC-Glc and IAUC-I for the first 60
min and for the entire 120 min of the study are shown
in Figure 2. There was no significant difference among
the IAUC-Glc of all the rice samples for the first 60
min (WR 3109±326.1 ;BR 2484.8±233.9 and PGBR
2354.2±189.9mg・min/dl). However, IAUC-Glc dur-
ing the 120 min were significantly lower for the PGBR
(2354.2±189.9mg・min/dl) and the BR (2484.8±233.9
mg・min/dl) than for WR (3109±326.1mg・min/dl).
In contrast, the IAUC-Glc of BR and PGBR were not
significantly different. IAUC-I for the entire 120 min
(WR 2724.6±360.7 ; BR 2319.9±339.9 and PGBR
2304.6±294.8 µU・min/ml) was not significantly dif-
ferent among all the food samples.
Figure 3 shows the time courses of blood glucose
concentrations after ingesting 25% (W/V) glucose
solution, WR, 1/3 PGBR, 2/3 PGBR and PGBR in the

Figure 1. Postprandial blood glucose responses to each of the
meals
WR : white rice. BR : brown rice. PGBR : pre-germinated brown rice.
Each value represents the mean±SE of 19 subjects
＊Values of WR group are significantly different from those of
Glucose group (p＜0.05)
＋Values of BR group are significantly different from those of
Glucose group (p＜0.05)
＃Values of PGBR group are significantly different from those
of Glucose group (p＜0.05)

Table 2. Glycemic Index of test meals (Study 1)

GI (Glucose = 100)

WR 75.9±6.6

BR 61.5±4.7＊

PGBR 56.9±2.9＊

WR : white rice, BR: brown rice, PGBR : pre-germinated brown rice.
Each value represents the mean±SE
＊Significant difference compared to WR of Study 1 by Student’s
t-test ; p＜0.05(n=19)
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second study. The blood glucose concentrations were
significantly higher for the glucose than all the rice
samples at 30 and 60 min (p＜0.05). TheGIs are shown
in Table 3. TheGIs of all the rices were lower than that
of glucose solution. The GIs of PGBR (55.2±2.9 and
54.4±5.1) were significantly lower than those ofWR
(73.0±6.6 and 74.6±6.2). However, there was no
significant difference among theWR (74.6±6.2) and
1/3 PGBR (67.4±2.9) and 2/3 PGBR (63.7±5.3).

DISCUSSION

IAUC-Glc during 120 min was significantly lower
for BR and PGBR than for WR in healthy individuals
in the first study and theGI decreased by the increase
of PGBR/WR ratio in the second study. These results
suggest that PGBR andBR are better thanWR to pre-
vent the rapid increase of postprandial blood glucose
concentration without increasing the insulin secretion.
The mechanism of it may be the higher dietary fiber
concentration of BR and PGBRthanWR. The concen-
trations of dietary fiber in BR, PGBR andWRwere 2.0,
1.9 and 0.4 g/100 g (Table 1). The fiber in the intestine
inhibits the α-amylase activity, the enzyme to digest
starch, by rapping it. The fiber also raps the substrates
(starch) in the small intestine. Our present finding
and its postulated mechanism may be supported by
the reports from the other researchers. There are a
few studies which compared the postprandial blood
glucose and/or insulin concentrations after taking BR

Figure 2. Incremental areas under the glucose and serum insulin corves to each of the meals
WR : white rice. BR : brown rice. PGBR : pre-germinated brown rice. IAUC of the glucose value represents the mean±SE of 19 subjects.
IAUC of the insulin value represents the mean±SE of 15 subjects.
a, b IAUC values of glucose concentration not sharing a common letter are significantly different (p＜0.05 by Bonferroni multiple
comparisons test ).
IAUC values of the insulin concentration are not significantly different among the 3 groupst (p＜0.05 by Bonferroni multiple comparisons
test ).

Figure 3. The influence of pre-germinated brown rice mixture
on postprandial blood glucose responses
WR : white rice. 1/3 PGBR : mixture of pre-germinated brown
rice to WR (WR/PGBR ratio is 2 : 1)
2/3 PGBR : mixture of pre-germinated brown rice to WR (WR/
PGBR ratio is 1 : 2). PGBR : pre-germinated brown rice.
Each value represents the mean±SE of 13 subjects
＊Values of WR group are significantly different from those of
Glucose group (p＜0.05)
＋Values of 1/3 PGBR group are significantly different from those
of Glucose group (p＜0.05)
‡Values of 2/3 PGBR group are significantly different from those
of Glucose group (p＜0.05)
＃Values of PGBR group are significantly different from those of
Glucose group (p＜0.05)

Table 3. Glycemic Index of test meals (Study 2)

GI (Glucose = 100)

WR 74.6±6.2

1/3 PGBR 67.4±2.9

2/3 PGBR 63.7±5.3

PGBR 54.4±5.1＃

WR : white rice, 1/3 PGBR : ratio of PGBR and WR=1 : 2,
1/2 PGBR : ratio of PGBR and WR=1 : 2, PGBR : pre-germinated
brown rice.
Each value represents the mean±SE
＃p significant difference compared to WR of Study 2 by Student’s
t-test ; p＜0.05(n=13)
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and WR. O’Dea, et al. (14) observed that the glucose
and insulin responses to BR tended to be smaller
than those to WR, and that BR was hydrolyzed more
slowly than WR in vitro (20). Hagiwara, et al. (17) re-
ported that the blood glucose level and blood type-1
plasminogen activator inhibitor (PAI-1), which has
been shown to be amajor risk factor for cardiovascular
disease in diabetes mellitus, significantly decreased
in streptozotocin-induced diabetic rats by taking PGBR
for 7 weeks. There are many reports which show the
favorable effect of dietary fiber on the blood glucose
concentration (21-25). A cohort study of 6 years also
showed that foods rich in cereal fiber lower the risk
of diabetes (23). Whole grains rich in fiber have bene-
ficial effects of lowering fasting insulin level and de-
creasing the risk of cardiac disease in diabetes and
obese adults (24, 25). From our results, together with
the data of others, it could be concluded that BR and
PGBR are good foods to prevent diabetes.
Some of our results were not consistent with the
expected results. For instance, the time course of se-
rum insulin concentration was not different signifi-
cantly among the BR, PGBR and WR. IAUC-Glc for
the first 60 min of the 3 samples were not significantly
different, either. Such unexpected resultsmay be due
to small quantity of the test rice samples. In the pre-
vious studies in which subjects were given BR and
WR, postprandial glucose concentrations at 30 min
were similar when the starchwas 50 g (26) but tended
to be different when it was 75 g (14).
PGBR contains more GABA as comparedwithWR

and BR (the contents of GABA in raw PGBR, BR and
WR were 15mg/100 g, 7mg/100 g and 3mg/100 g,
respectively). GABA is reported to stimulate the pan-
creatic beta cell and insulin secretion from pancreas
(27). It was also reported that, when streptozotocin-
induced diabetic rats were injectedwithGABA agonist,
their insulin levels increased and the blood glucose
levels decreased (28). In this study, although PGBR
was richer in GABA than BR, postprandial blood glu-
cose and insulin responses of PGBR were similar to
those of BR. Such results also indicate that GABAwas
not the factor to decrease the postprandial blood glu-
cose concentration when the subjects took PGBR.
However, we can not conclude from this study that
GABA is not effective to control insulin secretion by
the same reason that the quantity of the rice samples
in this study was little.
The results of the present study suggest that the
highly polishedWRwhich is commonly used in Asian
countries may easily increase the blood glucose con-
centration and the risk of diabetes. Asian people prefer

WR to BR because WR is softer and tastier than the
BR. However, PGBRhas less problems ofBRbymain-
taining the benefits of BR. Therefore, PGBRmay be
recommended for more use considering its benefits.
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