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ABSTRACT: Increasing numbers of diabetic patients, especially those with type II, can link their condition to changes
in eating habits. Black rice and red rice are not only a source of carbohydrate but also rich sources of antioxidants,
especially proanthocyanidins and anthocyanins. This study determines the effect consuming a black rice extract (BRE)
or a red rice extract (RRE) on streptozotocin-induced diabetic rats. Blood levels of glucose, triglycerides, and cholesterol
in the diabetic group were determined and compared to that of the control group. The results demonstrate that
consumption of BRE, 50 mg/kg body weight (BW), or RRE, 100 mg/kg BW, could significantly reduce the blood glucose
level of the diabetic rats after eight weeks. Consumption of BRE, 100 mg/kg BW or RRE, 50 mg/kg BW, also clearly
decreased the triglyceride level. The cholesterol level in the diabetic group fed with BRE or RRE decreased as well.
Thus daily consumption of black rice, red rice, or having their extracts in food supplements may prevent the onset of
diabetes.
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INTRODUCTION

A recent report from the International Diabetes Fed-
eration showed that there have been 415 million
people worldwide living with diabetes, and this
number has been increasing every year. In Thailand,
according to data collected through National Health
Examination Surveys, the number of diabetic pa-
tients aged 15 and over has dramatically increased
in the past two decades from 2% in 1991 to 7%
in 20091. The database in the year 2012 from the
Bureau of Non-Communicable Diseases of Thailand
also showed that 1 in every 100 people had diabetes.

Diabetes is a chronic non-communicable disease
identified by an increase of fasting blood glucose as
a consequence of insufficient insulin production or
loss of insulin action at the target tissues. Failure to
control glucose fluxes also triggers the development
of hyperglycaemia and dyslipidaemia, especially an
increase in triglycerides and LDL-cholesterol and a
reduction in HDL-cholesterol2. More severe effects
of having high blood glucose and LDL-cholesterol

come after a prolonged exposure to oxidative stress.
The oxidative stress condition is defined as an im-
balance between free radicals and endogenous an-
tioxidant defences that can further contribute to cell
or tissue injuries associated with several diseases
including diabetes3, 4.

It is essential to control numbers of diabetic
patients in order to reduce the costs of medical
services, informal care, and indirect costs caused by
morbidity and permanent disability1. Approaches
geared towards preventing diabetes, such as the
promotion of healthy living, are therefore bene-
ficial. In the present study, we determine the
simplest diabetes prevention method of using local
food sources, particularly coloured rice. Red rice
and black rice are gaining popularity as carbohy-
drate food sources which provide additional ben-
efits from their nutritional enrichment and potent
sources of antioxidant phytochemicals such as γ-
oryzanol, tocopherols, tocotrienols, anthocyanins,
and proanthocyanidins5–7. In addition to being
sources of antioxidants, many studies, particularly
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of black rice, have shown a number of beneficial
properties including antiglycation capacity5, anti-
inflammation8, as well as an ability to attenuate
blood lipid profile9, 10. This study is conducted to
identify the effects of black rice extract (BRE) and
red rice extract (RRE) consumption on the fasting
blood glucose level, body weight, and lipid profiles
in streptozotocin-induced diabetic rats.

MATERIALS AND METHODS

Preparation of black rice crude extracts

Black rice and red rice were obtained from a local
market in Dokkhamtai, Phayao province. Dehusked
rice grains were ground to a fine powder. Then
250 g of rice powder was soaked in 1 l of 70% (v/v)
ethanol that was shaken regularly (150 rpm) for
12 h at room temperature. The ethanolic extracts
were subsequently separated using Whatman No. 1
filter paper. The filtrates were evaporated using a
vacuum rotary evaporator at 70 °C (Buchi Rotavapor
R-200). The concentrated aqueous portions were
lyophilized into powders producing red and black
amorphous powder, termed red rice extract (RRE)
and black rice extract (BRE), respectively. They
were then stored at −20 °C until use.

Determination of total phytochemical contents

Total phenolic content (TPC), total flavonoid con-
tent (TFC), and total anthocyanin content (TAC) of
the BRE and RRE were determined as previously
described by Saikia et al11. The phenolic content
in sample was expressed as mg gallic acid equiv-
alent per gram extract using the Folin-Ciocalteu
assay. The flavonoid content was measured us-
ing aluminium trichloride hexahydrate colorimetric
method and expressed as mg catechin equivalent
per gram extract.

The estimation of TAC was performed using the
pH differential method. The TAC was calculated and
expressed as mg of cyanidin-3-glucoside equivalent
per gram extract.

Total proanthocyanidin content (TPAC) in the
BRE and RRE was evaluated using vanillin assay
as described by Pintha et al12 with modifications.
The rice extract or catechin standard was mixed
with reagent A (1% (w/v) vanillin in methanol) and
reagent B (9 N H2SO4 in methanol). The reaction
temperature was incubated at 30 °C for 15 min. The
colour of the reaction mixtures was then measured
at 490 nm. The TPAC was expressed as mg catechin
equivalent per gram extract.

Quantitative analysis of phenolic compounds

HPLC analysis for phenolic compounds in BRE and
RRE was performed using a C-18 column (250 mm
length×4.6 mm inner diameter, 5 µm particle).
BRE and RRE were injected along with standards
including protocatechuic acid, catechin, chlorogenic
acids, vanillic acid, hydroxybenzoic acid, coumaric
acids, and ferulic acid. Then 10 µl of sample was
subjected to the column. The chromatographic
separation was carried out at room temperature
with a flow rate 1.0 ml/min of gradient. The
column was eluted by gradient of two solvents: A
(0.1% trifluoroacetic acid in water) and B (100%
methanol). The detection was performed at 280 nm
and 325 nm.

Quantitative analysis of cyanidin-3-glucoside
(C3G) and peonidin-3-glucoside (P3G) contents

The BRE and RRE extracts (10 µl) were analysed
by an HPLC equipped with an Allure C18 (reversed
phase ODS C18), 250 mm×4.6 mm diameter of
particle size. Solvents used for the separation were
0.1% TFA in water and 0.1% TFA in methanol as the
mobile phase A and B, respectively. The changing
the mobile phase A to mobile phase B used a linear
gradient of water to methanol in 45 min at flow rate
1.0 ml/min. The separated molecules were moni-
tored by UV-Vis diode array detector at 520 nm. The
anthocyanin contents were calculated by HPLC peak
area compared with standard calibration curve.

Evaluation of vitamin E analogues and
γ-oryzanol contents

The reversed phase high performance liquid chro-
matography (RP-HPLC) was performed to deter-
mine vitamin E analogues and γ-oryzanol in colour
rice extracts as described by Pintha et al12. For
vitamin E analogues determination, 10 µl of extracts
and standards (tocotrienols and tocopherols) were
loaded into the HPLC equipped with a C30 column
(250 mm length×4.6 mm inner diameter, 5 µm
particle). The column was eluted with MeOH:
water (93:7 ratio) at a flow rate of 1 ml/min. The
HPLC chromatograms were monitored at 292 nm.
For the detection of γ-oryzanol, Inertsil ODS-3 C18
(250 mm length×4.6 mm inner diameter, 5 µm
particle) was used as a stationary phase. The γ-
oryzanol were eluted using MeOH: acetonitrile at
a ratio of 65:35 with a flow rate of 1 ml/min and
was monitored at 325 nm. The injections were
performed in triplicate and the quantity of vitamin E
analogues and γ-oryzanol contents were expressed

www.scienceasia.org

http://www.scienceasia.org/2017.html
www.scienceasia.org


ScienceAsia 43 (2017) 283

as µg per gram extract.

Diabetes animal model and experimental design

Wistar albino rats (200 and 250 g) were purchased
from the National Laboratory Animal Centre, Mahi-
dol University (Bangkok, Thailand). During the
experiment, the rats had access to water and rat
standard diet from Perfect Companion Co. Ltd,
Thailand (Carbohydrate 45%, protein 24%, crude
fat 4%, crude fibre 5%, moisture 10%, ash 10%
with sufficient essential vitamins and minerals).
They were housed under a controlled temperature
and humidity at 25±2 °C and 60±5%, respectively,
with 12 h of daily lighting. The rats were randomly
divided into nine groups (n = 6 per group). Dia-
betic rats were induced by a single intraperitoneal
injection of 75 mg/kg body weight (BW) of strepto-
zotocin (STZ) dissolved in 100 mM sodium citrate
buffer (pH 4.5). Each group received one of the
following treatments. Group I, healthy control rats
treated with sodium citrate buffer alone; Group II,
diabetic control rats; Group III, diabetic rats treated
with 10 mg BRE/kg BW; Group IV, diabetic rats
treated with 50 mg BRE/kg BW; Group V, diabetic

Table 1 Phenolic compounds, vitamin E isoforms, and
γ-oryzanol in the ethanolic extracts of black rice and red
rice.

BRE RRE

Extract yield (% by weight) 18.7 12.8
Hydrophilic phytochemicals
(mg/g extract)

Total phenolic content 161.8±2.2 164.7±1.2
Total flavonoid content 96.6±9.0 105±10
Protocatechuic acid 59.5±3.3 26.5±3.6
Catechin 29.9±8.5 73.7±8.5
Chlorogenic acid 0.8±1.1 20.5±5.6
Vanillic acid ND 5.66±0.64
Hydroxybenzoic acid 403.8±8.0 ND
Coumaric acid 3.85±0.20 0.55±0.09
Ferulic acid 10.4±2.3 2.71±0.38
Gallic acid ND ND
Total proanthocyanidins

content 25.0±2.5 72.7±5.1
Total anthocyanins content 4.87±0.33 0.33±0.05

Anthocyanins (µg/g extract)
Cyanidin-3-O-glucoside 72.7±2.2 Trace
Peonidin-3-O-glucoside 4.52±0.06 Trace

Lipophilic phytochemicals
(µg/g extract)
γ-tocotrienol 15.45±0.15 39.97±0.56
α-tocotrienol 10.24±0.37 3.03±0.07
γ-tocopherol 2.95±0.06 3.20±0.06
α-tocopherol 5.90±0.06 2.65±0.06
γ-oryzanol (mg/g extract) 2.34±0.05 0.53±0.14

Values are means±SD; ND= not detectable.

rats treated with 100 mg BRE/kg BW; Group VI,
diabetic rats treated with 10 mg RRE/kg BW; Group
VII, diabetic rats treated with 50 mg RRE/kg BW;
and Group VIII, diabetic rats treated with 100 mg
RRE/kg BW. The extracts were orally administered
for a total period of eight weeks. Body weights
were determined every two weeks. Fasting blood
samples were drawn from the tail vein every two
weeks to determine blood glucose, triglyceride, and
cholesterol levels. The experiments were carried out
under the approval of the Animal Ethics Committee,
Faculty of Medicine, Chiang Mai University (proto-
col number is 27/2553).

Blood glucose (Cat# LIBLT00026), triglycerides
(Cat# LIBLT00059), and cholesterol (Cat# LIBLT
00034) levels were determined using an enzymatic
colourimetric kit obtained from BIOTECH, Bangkok,
Thailand.

Statistical analysis

Data were presented as mean±SD. The statistical
analysis was performed using one way ANOVA fol-
lowed by an LSD post-hoc test. The mean differ-
ences at the level of p < 0.05 were considered to be
significant.

RESULTS

Extraction and phytochemical contents of BRE
and RRE

The colour of the black rice fine powder extract
appeared as a deep purple, while that of the red
rice extract was brown red. The percentage yields
by weight of the BRE and RRE were 19% and
13%, respectively. The phytochemical contents,
including TPC, TFC, phenolic compounds, proan-
thocyanidins, anthocyanins, vitamin E derivatives,
and γ-oryzanol, are shown in Table 1. It is clear
that the TPC and TFC contents are similar for both
BRE and RRE. Interestingly, the TPAC in RRE
(72.7±5.1 mg/g extract) is 3-fold higher than that
of the BRE (25.0±2.5). On the other hand, TAC in
RRE (0.33±0.05 mg/g extract) is lower than in BRE
(4.87±0.33 mg/g extract). The deep purple colour
in BRE represented the anthocyanins, which is
mainly cyanidin-3-O-glucoside around 73 µg/g ex-
tract and a small amount of peonidin-3-O-glucoside
was also found. Only trace amounts of anthocyanins
were detected in RRE.

The HPLC analyses of BRE and RRE exhibit
various phenolic compounds. Notably, hydroxyben-
zoic acid was found mainly in BRE but not in RRE
(Table 1). The RP-HPLC was applied to identify
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Table 2 Effect of BRE and RRE on mean body weight
in normal rats, STZ-induced diabetic rats and BRE/RRE
treated-diabetic rats.

Group Mean body weight (g)

Week 2 Week 4 Week 8

Normal Control 310 369 415
Diabetic Control 174a 148a 147a,b

Diabetic + BRE
10 mg/kg BW 159 149 129b

50 mg/kg BW 175 170 128b

100 mg/kg BW 178 207 159b

10 mg/kg BW 172 168 147b

50 mg/kg BW 183 183 159b

100 mg/kg BW 185 183 172

a p < 0.05 statistically significant between diabetic con-
trol and normal control

b p< 0.05 statistically significant between BRE and RRE
treatment in STZ-induced diabetic rats between weeks
2 and 8.

lipophilic compounds in the group of tocols and γ-
oryzanol. The major non-polar phytochemicals in
BRE and RRE were γ-tocotrienol. The amount of γ-
tocotrienol in RRE was approximately 2-fold higher
than in BRE, but γ-tocotrienol, γ-tocopherol, and
γ-oryzanol were more than 2-fold higher in BRE
compared to RRE.

Effect of BRE and RRE on mean body weights

During the 8 weeks of experiment, the rats in
each group were closely monitored and all re-
mained alive. As shown in Table 2, the mean
body weights of the normal control group were
significantly higher than that of the diabetic control
group, whose mean body weights started to decline
after the onset of the experiment. It was clearly
observed that after 8 weeks, the mean body weight
in the diabetic control group was significantly lower
than the mean body weight at week 2. In the
experimental groups, diabetic rats were treated with
a different concentration of the BRE and RRE (10,
50, and 100 mg extract/kg body weight). The mean
body weights were then analysed at week 2, 4, and
8. It was found that the mean body weight of
the diabetic rats treated with RRE 100 mg/kg BW
remained steady at weeks 2 and 8 and did not show
any significant difference in the same group.

Effect of BRE and RRE on the fasting blood
glucose level

As shown in Table 3, the mean fasting blood glucose
level in the normal control group was nearly three

Table 3 Effect of BRE and RRE on fasting blood glu-
cose levels in normal rats, STZ-induced diabetic rats and
BRE/RRE-treated diabetic rats.

Group Blood glucose levels (mg/dl)

Week 2 Week 4 Week 8

Normal Control 299±25 311±25 491±76
Diabetic Control 828±80a 839±81a 1205±257a

Diabetic + BRE
10 mg/kg BW 1136±46 1240±175 1381±85
50 mg/kg BW 942±44 1136±186 1035±148b

100 mg/kg BW 1008±65 819±43 1017±186b

10 mg/kg BW 940±12 1010±73 1184±116
50 mg/kg BW 914±32 1030±55 1101±119
100 mg/kg BW 835±53 781±33 994±256b

Values represent mean±SD.
a p < 0.05 statistically significant between diabetic con-

trol and normal control.
b p< 0.05 statistically significant between BRE and RRE

treatment groups and diabetic control group.

times lower than that of the diabetic control group.
The diabetic rats supplemented with BRE and RRE
at different doses did not show any improvement
in their blood glucose profile after 4 weeks of treat-
ment. However, at the end of week 8, the blood
glucose level significantly decreased in the group
treated with 50 and 100 mg/kg BW of BRE and
100 mg/kg BW of RRE. The results demonstrate
that long term consumption of high doses of BRE
and RRE reduces blood glucose in STZ-induced
diabetes.

Effect of BRE and RRE on blood triglyceride
level

The levels of triglyceride in the blood of each group
are presented in Table 4. The blood triglyceride
levels in the diabetic group were approximately
2.5 folds higher than that of the normal control
group. The BRE and RRE supplementation at 50 and
100 mg/kg BW caused a significant decrease in the
triglyceride levels. These results could be observed
after two weeks of treatment. It is clearly shown
that a diet including colour rice, especially the black
rice, could reduce the level of triglyceride.

Effect of BRE and RRE on blood cholesterol level

The blood cholesterol levels in each group are
shown in Table 5. There was an approximate in-
crease of 2–3 times the total cholesterol level in
the diabetic control group after STZ-induction. The
levels were significantly different from that of the
normal control group. Comparison between the
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Table 4 The effect of BRE and RRE on blood triglyc-
eride levels in normal rats, STZ-induced diabetic rats and
BRE/RRE-treated diabetic rats.

Group Blood triglyceride levels (mg/dl)

Week 2 Week 4 Week 8

Normal Control 51±14 82±11 71±33
Diabetic Control 120±33a 179±51a 173±38a

Diabetic + BRE
10 mg/kg BW 112±19b 233±14 216±10
50 mg/kg BW 101±12b 130±38b 100±35b

100 mg/kg BW 89±17b 119±15b 87±10b

10 mg/kg BW 106±25b 143±10b 163±16
50 mg/kg BW 72±8b 115±22b 140±45b

100 mg/kg BW 75±12b 136±19b 134±23b

Values represent mean±SD.
a p < 0.05 statistically significant between diabetic con-

trol and normal control.
b p< 0.05 statistically significant between BRE and RRE

treatment groups and diabetic control group.

diabetic group and the treatment group, reveals a
significant decrease of total cholesterol, observed
after 4 weeks of BRE and RRE treatment at every
concentration. Although the levels of total choles-
terol at week 8 decreased slightly (compared among
groups in the same week), the number did not show
any significant difference. Thus the levels of total
cholesterol did not show any improvement after
treating the animals with the BRE and RRE.

DISCUSSION

Black rice and red rice have been intensively studied
since they show several beneficial biological activi-
ties in vitro and in vivo, especially antioxidant and
anti-inflammation properties5, 6, 8, 13. The biological
effects of BRE and RRE on their antiglycation and
antioxidant capacities in vitro and in vivo are de-
termined. In our hands, the phytochemical anal-
ysis clearly shows that BRE and RRE contain vari-
ous hydrophilic and lipophilic compounds including
polyphenols, flavonoids, vitamin E, and γ-oryzanol.
It has been reported that proanthocyanidins and γ-
tocotrienol were mainly found in red rice12. This
finding is consistent with a previous study indicat-
ing that the proanthocyanidins and γ-tocotrienol
are significantly higher in RRE than those of the
BRE, whereas in BRE content α-tocotrienol and α-
tocopherol are higher than those of the RRE. In
addition, the anthocyanin derivative cyanidin-3-O-
glucoside is mainly found in BRE, as well as a small
amount of peonidin-3-O-glucoside, which is similar
to other reports14, 15. Our study shows that phenolic

Table 5 The effect of BRE and RRE on total choles-
terol levels in normal rats, STZ-induced diabetic rats and
BRE/RRE-treated diabetic rats.

Group Total cholesterol levels (mg/dl)

Week 2 Week 4 Week 8

Normal Control 80±19 66±12 99±26
Diabetic Control 117±11a 152±31a 327±42a

Diabetic + BRE
10 mg/kg BW 128±17 94±33b 340±22
50 mg/kg BW 117±4 101±32 319±46
100 mg/kg BW 115±9 125±26b 290±29
10 mg/kg BW 117±21 86±18b 354±31
50 mg/kg BW 118±14 76±32b 318±23
100 mg/kg BW 130 ±12 128±33b 311±50

Values represent mean±SD.
a p < 0.05 statistically significant between diabetic con-

trol and normal control.
b p< 0.05 statistically significant between BRE and RRE

treatment groups and diabetic control group.

compounds and lipophilic compounds in BRE and
RRE are the major compounds having biological
activities on the free radical scavenging capacities
and is consistent with other findings7, 8, 16.

In our study, the in vivo testing of the protective
effect of BRE and RRE on diabetes rat models was
performed. Wistar rats are induced with diabetes
with a single injection of streptozotocin (STZ) at a
dose of 75 mg/kg body weight. STZ is commonly
used as a diabetogenic agent to induce irreversible
damage of β-cell. STZ causes DNA alkylation and
further cell necrosis by entering the pancreatic islet
through glucose transporter-2. Hence STZ can
lead to the inability of the β-cell to produce and
secrete sufficient insulin17. We demonstrate that
hyperglycaemia developed within week 2 after in-
duction of diabetes with STZ and it remained in
this state for 8 weeks to cover the whole period
of this study. Three parameters were observed in-
cluding the mean body weight, blood triglycerides,
and cholesterol levels. The mean body weight has
inverse correlation with the blood glucose levels in
STZ-induced diabetic rats. This finding is in agree-
ment with the study of Tian et al16 in that the body
weight could be one of the parameters for the study
of the pathophysiology of diabetes mellitus. Similar
to the hyperlipidaemia, which is another charac-
teristic of insulin-dependent diabetes18–20, the total
blood triglyceride and total blood cholesterol levels
also increased in diabetic rats after a single injection
of STZ.
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The positive effects of BRE and RRE on the
blood glucose levels have been clearly observed in
the diabetic rats that were treated with BRE and
RRE at 100 mg/kg body weight for 8 weeks. The
blood glucose levels of both groups significantly
decreased. The BRE, furthermore, exhibited a
faster action on the blood glucose reduction than
RRE. This could be related to the difference of
phytochemical components found in BRE and RRE.
Hyperglycaemia and glucose homeostasis are poten-
tially controlled by the levels of BRE and RRE. It was
reported that the insulin sensitivity can be increased
as well as the up-regulation of the GLUT4 in diabetic
mice models according to the effect of cyanidin-3-
O-glucoside21, 22. Boue et al23 reported the increase
of the level of both GLUT1 and GLUT4 gene expres-
sion. This finding could reflect the glucose uptake
in adipocytes as the GLUT1 and GLUT4 were the
major glucose transporters in differentiated 3T3-l1
adipocytes. Furthermore, the blood glucose level
could also be controlled at the digestion stage. It has
been reported that the anthocyanins in black rice
bran and proanthocyanidin enriched fraction of red
rice bran had an inhibitory effect on α-glucosidase
and α-amylase which subsequently disturbed starch
digestion. The glucose absorption could subse-
quently be suppressed23–26.

It is not only the hyperglycaemia but also the
hyperlipidaemia characteristic that is found in the
STZ-induced diabetes animal model. The study of
high dose STZ-induced DM in musk shrew showed
that high plasma lipids were found in STZ-treated
shrews19. This high accumulation of triglyceride
in blood might suggest the relationship of insulin
depletion and the function of lipoprotein lipase18, 19.
According to the diabetes complications, atheroscle-
rosis, and coronary heart disease can be developed
as they closely link to the hypercholesterolaemia
and hypertriglyceridaemia. The BRE and RRE can
significantly reduce (between 40 and 50%) serum
triglycerides and cholesterol in STZ-induced dia-
betic rats. Proanthocyanidins were able to inhibit
pancreatic lipase activity and consequently reduce
the level of plasma triglycerides27. The lipid lower-
ing effects of anthocyanins was also in well agree-
ment with the studies by Tsuda et al28. The im-
provement of hyperlipidaemia and glucose intoler-
ance was also demonstrated in rats treated with a
high fructose diet (5 g/kg) along with anthocyanin-
rich extract9. It was possibly the high content
of phytochemicals including phenolics, flavonoids,
vitamin E, and γ-oryzanol in BRE and RRE provide
a synergistic effect contributing to the improvement

of the hyperlipidaemia condition.
The HPLC analysis from our investigation has

clearly shown that the BRE and RRE contain vari-
ous hydrophilic and lipophilic phytochemicals. The
phenolic acids are protocatechuic acid, chlorogenic
acid, vanillic acid, hydroxybenzoic acid, coumaric
acid, and ferulic acid. The flavonoid group consists
of catechin, proanthocyanidins, and anthocyanins.
Although the hydrophilic class of phytochemicals
among BRE and RRE are similar, the cyanidin-
3-O-glucoside and peonidin-3-O-glucoside are pre-
dominant in BRE while proanthocyanidin is a rich
fraction found in RRE. The major lipophilic phyto-
chemicals including tocotrienol (γ/α isoforms) and
γ-oryzanol are found in both extracts. The phyto-
chemicals such as protocatechuic acid, chlorogenic
acid, caffeic acid, and ferulic acid found in other
medicinal plants have also been reported for their
antidiabetic and antihyperglycaemic activities. The
activities of major enzymes related to carbohydrate
metabolism were observed in the STZ-induced di-
abetic rats. It was demonstrated that chlorogenic
acid had a stimulating effect on glucose uptake in
skeletal muscle through the activation of AMPK.
This compound also suppressed glucose produc-
tion and reduced fatty acid synthesis in hepatic
cells29, 30. The lipophilic phytochemicals also played
an antidiabetic role. The antidiabetic effects of
vitamin E and γ-oryzanol have been reported in
STZ-induced diabetic rats. It had previously shown
that the STZ-induced diabetic rats treated with
tocotrienol-rich fraction from palm oil could poten-
tially stabilize the level of total cholesterol, LDL-
cholesterol, and triglycerides31. In addition, choles-
terol synthesis and fuel oxidation were increased
in STZ/nicotinamide-induced diabetic rats treated
with γ-tocotrienol and γ-oryzanol rich fractions of
rice bran oil as a result of hyperlipidaemic and
hyperinsulinemic response suppression32. HMG-
CoA reductase, the key enzyme in cholesterol syn-
thesis, was primarily targeted by tocotrienols. The
presence of tocotrienols and tocopherols in BRE and
RRE could together exhibit protective actions on
hyperlipidaemia. In conclusion, the in vivo studies
revealed that BRE and RRE are potentially beneficial
in lowering blood glucose level in STZ-induced rats
and improving the lipid profiles. This could be
the synergistic effect of lipophilic and hydrophilic
phytochemicals that have antidiabetic functions in
pigmented rice extracts. Daily consumption of black
rice and red rice or having their extracts as food
supplements may be an approach to preventing the
progression of diabetes.
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