
Abstract. Background/Aim: Dewaxed brown rice has
macrophage activation ability via TLR4 and contains a high
amount of lipopolysaccharides (LPS). It is expected that
dewaxed brown rice can help prevent lifestyle diseases. In
this study, the anti-obesity effect of dewaxed brown rice was
investigated using obese and diabetic model mice. Materials
and Methods: Dewaxed brown rice and white rice were
polished and powdered by Toyo Rice Co. Diet pellets were
prepared (AIN-93) with 50% dewaxed brown rice or white
rice powder and fed to type II diabetic model KK-Ay mice
for 10 weeks. Weight and fasting blood glucose were
measured every week, and whole blood and liver was
collected on the final day for the evaluation of biochemical
data. Results: A 20% reduction in body weight was found in
the dewaxed brown rice feed and white rice feed groups
compared to the normal feed group. Fasting blood glucose
increased in the normal-diet group, but on the other hand,
the blood glucose in the white rice and the dewaxed brown
rice feed group was almost constant. Dewaxed brown rice
feed group of plasma ALT and AST, liver TG and T-CHO
were significantly lower than that of the control and the
white rice feed group. Conclusion: Dewaxed brown rice feed
has an anti-obesity effect to suppress increasing body weight,
fasting blood glucose, and an effect of suppressing fatty liver.

Brown rice has been reported as having anti-obesity
properties (1). However, brown rice is known to convert

complete starch in cooking, thus it is not a popular food. The
main reason for this is their wax bran layer existing in the
outermost layer which excludes water absorption. Recently,
rice milling technology has been established to remove only
the wax bran layer (2). Because of peeling wax layer, this
brown rice easily penetrates water into the starch layer.
Cooked rice has good digestion and taste under the usual
cooking conditions of polished rice. Actually, dewaxed
brown rice is sometimes served in hospitals in Japan.

Brown rice containing the bran layer is thought to be a
nutritionally excellent food because of a higher amount of
functional components such as vitamin E, vitamin B1,
dietary fiber, γ-oryzanol compared to polished rice (3).
Moreover, it is found that the hot water extract of brown rice
has a macrophage activating ability (1). This effect is
associated with toll like receptor 4 (TLR4) and inhibited by
polymyxin B. Thus, the major macrophage activating
substance is thought to be lipopolysaccharide (LPS). LPS is
a molecule constituting the outer membrane of Gram-
negative bacteria. Many edible plants were found to contain
significant amount of LPS (4), and it can be said that LPS is
a universal functional food component of plants (5).

It has been reported that oral administration of LPS exerts
anti-allergic effects (6, 7), antitumor effects (8), microvascular
promotion (9), and lowering LDL in higher human (10). It is
also reported that oral administration of LPS enhances
phagocytic activity of peritoneal phagocytes (11), regulatory
T cells population in Peyer’s patch and mesenteric lymph node
(12), and antimicrobial peptide production in intestinal
epithelial cells (13). These reports suggest that LPS contained
in edible plants is regarded as a functional food component.

The LPS concentration of the bran layer in brown rice was
analyzed, and a rich amount of LPS was found to exist in the
outer layer of brown rice. LPS amount of water extract of
dewaxed brown rice was half of the original brown rice (2). 
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In the present report, as for research of functional analysis
of dewaxed brown rice in vivo, obese protection effect was
investigated using KK-Ay mice. KK mice are a disease
model animal that develops obesity-type non-insulin-
dependent diabetes mellitus (NIDDM), and obesity is
moderate even after maturation. KK is considered a suitable
model animal for human NIDDM research.

Materials and Methods
Sample preparation. Brown rice, dewaxed brown rice and polished
rice of Koshihikari (from Nagano prefecture) were prepared using
the Saika-style (Muro) rice polishing process in Toyo Rice Corp
(Wakayama, Japan). Both types of rice were powdered in a

blendermill. For preparation of the diet pellet, American Institute of
Nutrition-93 (AIN-93) was used as a standard diet, and 50% of
dewaxed brown rice powder or polished rice powder were mixed
with standard diet and pelleted (Reserch Diets, Inc. New Brunswick,
NJ, USA). The feed pellet consisted of 8 % ash, 63 % carbohydrate,
17% protein, 4% fat and 4.7% fiber.

Induction of obesity in mice. Following acclimatization, KK/Ay
female mice (age 10 weeks, CLEA, Japan, Tokyo) were fed AIN-
93, 50% polished rice AIN-93 or 50% dewaxed brown rice AIN-93
for 10 weeks (n=5). LPS content in AIN-93, 50% polished rice and
dewaxed brown rice were 3.6 ng/g, 0.0125 μg/g and 0.246 μg/g,
respectively.

Food and distilled water were provided ad libitum to mice all
through the experiment. Experimental procedures obtained ethical
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Figure 1. Changes in body weight change and fasting blood glucose level in KK-Ay mice. A: Weight change for 10 weeks after breeding, B: Fasting
blood sugar change for 10 weeks after breeding. Open circle: standard diet group (Control), Open square: 50% polished rice feed group, Closed
square: 50% dewaxed brown rice feed group. Bar means standard deviations. *p<0.05 compared to control. 



clearance with reference No. 002 and were conducted in accordance
with the guidelines established by the Institutional Animal Care and
Use Committee of Control of Innate Immunity, Technology
Research Association.

Blood and organ tissue collection. Blood samples were collected
after an overnight fast from the tail vein every week. The blood
glucose level was analyzed by Accu-chek (Roche DC Japan, Tokyo,
Japan). At the end of the treatment, mice were exsanguinated
through cardiac puncture, and collected blood was centrifuged for
10 min at 3500 rpm at room temperature and the supernatants were
collected and kept at −80˚C. The livers were surgically removed,
rinsed with saline and their wet weights were measured. The
visceral adipose tissue (gonadal fat) was dissected and wet weights
were measured. 

Biochemical analysis. Plasma biochemical analyses (albumin/ globulin
ratio, urea nitrogen, creatinine, aspartate aminotransferase, alanine
aminotransferase, alkaline phosphatase, lactate dehydrogenase, total
cholesterol, free cholesterol, triglyceride, non-esterified fatty acid,
low density lipoprotein cholesterol, high density lipoprotein
cholesterol, glucose, total ketone bodies) were measured by Oriental
Yeast (Tokyo, Japan). The amount of triglyceride and total
cholesterol in the liver were measured by Skylight-Biotech (Akita,
Japan).

Statistical analysis. Analyses were performed by one-way analysis
of variance (ANOVA), followed by Duncan’s multiple-range test,
using Excel 2008 ver.1.07 (SSRI, Tokyo, Japan). The Dunnett’s
multiple comparison test was used to compare relative gene
expression levels.

Results
Change in body weight and fasting blood glucose level for
10 weeks ingestion of dewaxed brown rice. KK/Ay mice
(n=5) were fed with standard diet (AIN-93), 50% mixed
polished rice powder, 50% mixed dewaxed brown rice
powder for 10 weeks, and the body weight and fasting blood
glucose were measured once every week (Figure 1). As
compared with the standard diet group, weight loss of about
10% was observed in the 50% polished rice group and 50%
dewaxed brown rice group (Figure 1A). In the standard-diet
group, fasting blood glucose showed a tendency to increase
over the period, and especially high levels of about 100 to
115 mg/dl were observed in the latter 6-10 weeks (Figure
1B). On the other hand, fasting blood glucose in the 50%
polished rice group and 50% dewaxed brown rice group was
less than 100 mg/dl in almost all periods.
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Figure 2. Plasma biochemical marker after ingestion for 10 weeks. A/G: Albumin/globulin ratio; BUN: urea nitrogen; CRE: creatinine; AST:
aspartate aminotransferase; ALT: alanine aminotransferase; ALP: alkaline phosphatase; LDH: lactate dehydrogenase; T-CHO: total cholesterol;
F-CHO: free cholesterol; TG: triglyceride; NEFA: non-esterified fatty acid; LDL-C: low density lipoprotein cholesterol; HDL-C: high density
lipoprotein cholesterol; GLU: glucose; T-KB: total ketone bodies. White column: standard diet group (control), gray column: 50% polished rice
feed group, black column (WR): 50% dewaxed brown rice feed group (BR).



Biochemical marker after 10 weeks ingestion of dewaxed
brown rice. After ten weeks of feeding, KK/Ay mice blood
was collected. Biochemical markers of plasma were
measured (Figure 2). The lipid markers, T-CHO (Figure 3A),
TG (Figure 3B) and F-CHO (Figure 3C) are highly related
to obesity. While there was no statistically significant change
in these markers, F-CHO showed a tendency to be slightly
lower in polished rice and dewaxed brown rice than the
standard diet.

The liver markers, LDH (Figure 3D) and AST (Figure 3E)
also showed a tendency to be slightly lower in dewaxed
brown rice group than polished rice and standard diet group.
ALT (Figure 3F) was significantly decreased to almost
normal range in the dewaxed brown rice group.

Liver fat condition after 10 weeks ingestion of dewaxed
brown rice. After feeding for ten weeks, KK/Ay mice
gonadal fat and liver were collected and weighed. The

weights of gonadal fat and liver are shown in Figure 4A
and 4B. There was no difference in gonadal fat weight
among standard diet, 50% polished rice and 50% dewaxed
brown rice group. In terms of liver weight, it reached
approximately 7.8% of the body weight in the standard diet
group. This liver/body weight ratio indicates fatty liver
because this ratio was reaching 2.1 times higher compared
to that of normal female C57BL/6 mice (liver/body weight
ratio is 3.8%, 10 weeks, Japan SLC data). On the other
hand, the 50% polished rice and 50% dewaxed brown rice
diet groups were about 5.5% of the body weight which was
about 28% lower than that of the standard diet group (not
significant). 

Lipids were extracted from the liver, and TG (Figure 4C)
and T-CHO (Figure 4D) were measured. Compared to the
standard diet, TG content in the liver of 50% polished rice
group was decreased (67%), but a more significant decrease
was observed in the 50% dewaxed brown rice diet group
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Figure 3. Liver fat marker and condition after 10 weeks ingestion of dewaxed brown rice. A: Plasma T-CHO (total cholesterol), B: Plasma TG
(triglyceride), C: Plasma F-CHO(free cholesterol), CD: Plasma LDH (lactate dehydrogenase), E: Plasma AST (GOT) (aspartate aminotransferase),
F: Plasma ALT(GPT) (alanine aminotransferase). Columns and bars indicate means and standard deviations, respectively. White column: standard-
diet group (control), gray column: 50% polished rice feed-group, black column (WR): 50% dewaxed brown rice feed-group (BR).



(58%). T-CHO in the liver was significantly reduced with the
50% polished rice (73%) compared to the standard diet
group. In addition, T-CHO in the 50% dewaxed brown rice
group was significantly decreased compared with the
standard group (54%) and 50% polished rice diet group.

Discussion

A new rice milling technique which could remove the wax
layer on brown rice was established by Toyo Rice
(Wakayama, Japan). This apparatus can produce dewaxed
brown rice which has high water absorbency compared to
that of original brown rice. Therefore, compared to
conventional brown rice, the immersion time is less, cooking
is as easy as ordinary polished rice. Moreover, it is

characterized by good taste for many people. In this study,
the anti-obesity effect was evaluated, in particular the
preventive effect of fatty liver, among the health
maintenance function of dewaxed brown rice, and the
significant suppressive effect of TG and T-CHO in the liver
were demonstrated.

In recent years, the treatment of non-alcoholic fatty liver
disease is considered indispensable for the prevention and
management of Type 2 diabetes mellitus (14). Fatty liver is
a state in which triglyceride (TG) and cholesterol accumulate
in the liver, and fat vacuoles are formed in excess.
Progression of fatty liver causes liver cirrhosis and liver
cancer. It is possible that ingestion of dewaxed brown rice
reduces hepatic fat mass of the obese mouse model and may
prevent lifestyle diseases induced by obesity.
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Figure 4. Liver fat content after 10 weeks ingestion of dewaxed brown rice. A: Visceral fat (Gonadal fat), B: liver weight, C: Triglyceride content
in liver, D: total cholesterol content in the liver. Columns and bars indicate means and standard deviations, respectively. White column: standard-
diet group (control), gray column: 50% polished rice feed-group, black column (WR): 50% dewaxed brown rice feed-group (BR). 



Several reports on germinated brown rice have been
generated for their immune-stimulating effect (15).
Germinated brown rice (GBR) is considered a whole food
because only the outermost layer i.e. the hull of the rice
kernel is removed which causes the least damage to its
nutritional value. Brown rice can be soaked in water at 30˚C
for germination. Soaking for 3 h and sprouting for 21 h has
been found to be optimal for the highest gamma-
aminobutyric acid (GABA) content in GBR, which is the
main reason behind the popularity of GBR. However, the
cost of commercially available GBR is extremely high. Thus,
it is not widespread in Japan. On the other hand, the
dewaxed brown rice has similar water absorbency and cost
to polished rice, therefore there is the ability to improve the
problem of brown rice. The amount of functional ingredients
in the dewaxed brown rice used in this study is not greatly
reduced compared to brown rice. For example, LPS amount
is about half of the original brown rice (2).

It is well known that various functional constituents are
present in the bran layer of rice such as vitamins, minerals,
dietary fiber, γ-oryzanol etc. For example, γ-oryzanol is
used in Japan as a drug for treating dyslipidemia (by
suppression of LDL cholesterol) and psychosomatic
disorders (by suppression of central nervous system with
catecholamine metabolism in the hypothalamus) (16, 17).
Dietary fiber promotes bowel movements due to an increase
and improvement in intestinal microbiota (18). However, it
is still unknown what components contained in brown rice
contribute to this phenomenon. According to Felix et al., 4
weeks administration of 80% ethanol extract of brown rice
or black rice to KK-Ay mice showed significant suppression
of TG amount in the liver compared to the control group
(19). On the other hand, they demonstrated that the amount
of TG in blood was increased predominantly. In this study,
TG in the blood was not altered by ingestion of the dewaxed
brown rice, but the TG in the liver decreased. These results
suggest that the lipid components may contribute in part for
the decrease in liver TG in the dewaxed brown rice fed
mice. They also demonstrated that this extract prevents liver
damage by suppression of oxidative stress due to the action
of PPARα in KK-Ay mice (19). Since γ-oryzanol and LPS
in the rice bran have anti-inflammatory actions (20, 21), it
is believed that it may contribute to avoidance of oxidative
stress in the liver, but further details will be analyzed in the
future.
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