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SUMMARY

The different colors of rice are contributed by various phenolic compounds, which have various health

benefits. However, phenolic compounds, which are mostly existed in rice bran and easily lost during milling.
Therefore, the consumption of unpolished rice is recommended to prevent from many diseases. The objective
of this study is to determine total phenolic and flavonoid contents, antioxidant capacity and diabetic enzyme
inhibition potential of the extracts of the different unpolished colored rices. Three kinds of unpolished colored
rices (unpolished white rice, unpolished red rice and unpolished black rice) grown in Vietnam were used to
extract their bioactive compounds by alcoholic solvent extracting method. The results showed that the highest
level of total phenolic content (TPC) was found in unpolished red rice (470.96 pg FAE/g db sample), while the
lowest was in unpolished white rice (135.84 pg FAE/g db sample). TPC of rice in free form was considerably
higher than that in the bound form. Total flavonoid content in free form was also significantly higher than
bound form. Total flavonoid content in free form of unpolished black rice (126.75 pg RE/g db sample) was
higher than that in the others. In the present study, unpolished red rice extract possessed the best antioxidant
activity (78.79%) in most cases, and showed the strongest inhibitory potential against alpha-amylase (78.56%)
and amyloglucosidase (36.13%) as well. As a result, extracts of unpolished colored rices could act like both

antioxidant and enzyme inhibitors and have a potential to be used in prevention of type 2 diabetes.
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INTRODUCTION

Phenolic compounds are universally distributed
in the plant kingdom as secondary metabolic
products. Fruits and vegetables are known as major
dietary sources of phenolic compounds, whereas
substantial research has demonstrated that cereal
consumption is also an excellent way to increase
phenolic compound intake. Cereal grains contain
free phenolic compounds and a significant amount of
insoluble phenolic compounds, most of which are
bound to polysaccharides in the cell wall. Both types
are important sources of phenolic compounds;
however, consumption of these phenolic compounds
is currently neglected. The major reason for this is
that these compounds are concentrated in the bran
layers and are lost with the separation of seed coat

during processing. Therefore, most phenolic
compounds in rice are also lost with rice bran.
Phenolic compounds having one or more
aromatic rings with one or more hydroxyl groups
possess high antioxidant and free radical scavenging
capabilities. Phenolic compounds in diet may
provide health benefits associated with reducing risk
of chronic disease such as preventing oxidative
damage of lipid and low-density lipoproteins,
inhibiting platelet aggregation, and reducing the risk
of coronary heart disease and cancer (Liu, 2004,
Tian et al., 2004). In rice, Goffman et al., (2004)
studied the genotypic and environmental effects on
the kernel phenolic content and found that bran color
was highly statistically significant for bran phenolic
contents. In Vietnam, there are a number of rice
varieties with different colors contributed by
phenolic compounds and anthocyanin such as black
rice, red rice, etc. Therefore, the objective of this
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study was to determine the total phenolic and
flavonoid contents and their antioxidant capacities
and diabetic enzyme inhibition potential of extracts
from unpolished black rice, unpolished red rice and
unpolished white rice which can be applied for
production of functional food and pharmaceutical
medicines.

MATERIALS AND METHODS

Materials

Unpolished red rice (Gao lat huyét rong),
unpolished white rice (Gao lut tring) and unpolished
black rice (Gao Iut cim) used in this study were
purchased in local supermarket. Raw materials are
ground to flour and storage in room temperature for
later use.

Folin-Ciocalteu reagent, 1,1-diphenyl-2-picryl
hydrazyl radical (DPPH), ferulic acid, rutin standard,
p-nitrophenyl-alpha-D-glucopyranoside and
Dinitrosalicylic acid reagent were purchased from
Sigma Co. Ltd.

Methods

Phenolic compounds of rice flours were
extracted into free phenolic compounds according to
the methods of Adom, Liu (2002). Samples (1g of
rice flours) were extracted with 20 ml of 75% (v/v)
methanol in water or 75% (v/v) ethanol in water,
separately. The free phenolic compounds were
separated by centrifugation and then concentrated by
an evaporator to 10 ml in methanol.

Total phenolic content was measured by Folin-
Ciocalteu’s method according to Liyana-Pathirana et
al., (2006) and expressed as ferulic acid equivalent
(FAE). The absorbance of solution was measured at
725 nm using a spectrophotometer (Genesys 10S
UV- Vis, USA). Three replications were prepared to
evaluate. The concentration of total phenolic content
was calculated by using the standard curves as
amount of ferulic acid equivalent.

Total flavonoid content was determined using
the colorimetric method described by Chang et al.,
(2002). The extracts were reacted with aluminum
chloride solution and potassium acetate to form a
blue color. The absorbance of the solution was
measured at 415 nm using a spectrophotometer
(Genesys 10S UV- Vis, USA). The concentration of
total phenolic content was calculated by using the
standard curves as amount of rutin equivalent.
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The antioxidant capacity of the extracts was
measured in terms of free radical scavenging ability
using the DPPH method according to the method of
Bastos et al., (2007).

The o-amylase inhibitory activity was
determined as described previously (Gao et al.,
2008). Alpha-amylase hydrolyzed starch substrate
with or without the presence of the extracts. The
enzyme reaction was stopped by dinitrosalicylic acid
reagent. The absorbance was then measured at 540
nm using a spectrophotometer (Genesys 10S UV-
Vis, USA).

The amyloglucosidase enzyme inhibition assay
was modified according to the method described by
Kwon et al, (2008). The p-nitrophenyl-a-D-
glucopyranoside was used as a substrate and
different concentrations of extracts were used as the
inhibitors. The results were expressed as %
inhibition of enzyme.

All the tests were done in triplicate and SPSS
version 16 software program was used for statistical
assessment.

RESULTS AND DISCUSSION

Total phenolic contents of rice extracts

As shown in the table 1, the highest level of total
phenolic content (TPC) was found in unpolished red
rice (470.96 pg FAE/g sample (dry basis, db)), while
the lowest was in unpolished white rice (135.84 pg
FAE/g sample (db)). TPC of rice in free form was
considerably higher than that in the bound form. In
the unpolished red rice and unpolished white rice,
TPC of free phenolic extracts were 5 times higher
than in bound forms, and this number was 3 times in
unpolished black rice. The free phenolics increased
in order unpolished brown rice < unpolished black
rice < unpolished red rice, in which unpolished red
rice reached to 392.4 pg FAE/g sample (db), nearly 3
times in compared with unpolished white rice of
115.4 pg FAE/g sample (db). Therefore, the total
phenolic content of rice extracts depended mainly on
the amount of free form of rice extracts.

Previous study found that unpolished white rice
contained large amount of phenolic compounds in
compared with white rice (Tian et al., 2004). This
could be due to phenolic compounds are mostly
located in the bran layer of rice grains. Total
phenolic contents of free phenolic extracts of each
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kind of unpolished colored rice were significantly
higher than those of the bound phenolic extracts.
These results indicate that the phenol compounds in

Table 1. Total phenolic contents of rice extracts.

rice existed primarily in free form rather than in
bound form and solvent extraction methods were

effective methods for phenolic recovery.

Free phenolics

Rice sample (ug FAE/g sample)

Bound phenolics
(ug FAE/g sample)

Total phenolics
(ug FAE/g sample)

Unpolished black rice 2234 +2.0° 60.6 + 1.3° 284.05
Unpolished white rice 115.4 £ 4.0° 20.5+0.7° 135.84
Unpolished red rice 3924 £2.0° 78.5+5.3° 470.96

Note: Data are expressed as mean +* standard deviation of replicate samples. Mean in each column followed by different

letters differ significantly (p<0.05).

Total flavonoid contents of rice extracts

Total flavonoid content in the free form was also
significantly higher than that in the bound form (Table
2). In the free form, flavonoid content of unpolished
white rice, unpolished red rice and unpolished black
rice was 67.10, 83.92 and 126.75 pg RE/g sample (db),
respectively. Flavonoid contents, in the bound form,
ranged 26.8 to 50.29 pg RE/g sample (db). However,
flavonoid content in the free form of unpolished black

Table 2. Total flavonoid contents of rice extracts.

rice (126.75 pg RE/g sample (db)) were higher than
those in the others (unpolished red rice of 83.92 pg
RE/g sample (db) and unpolished white rice of 67.10
pg RE/g sample (db)). A previous study reported that
the quantity of flavonoids varied depending on the
cultivar and environment effects (Oomah, Mazza,
1996). The deep-colored rice was considered as good
source of phenolics, including flavonoids as more
healthy to human body, especially in the oriental
countries (Qian et al., 2004).

Rice sample Free phenolics

(ug RE/g db sample)

Bound phenolics
(ug RE/g db sample)

Total phenolics
(ug RE/g db sample)

Black rice 126.75 + 3.14° 50.29 + 2.69° 177.04
Brown rice 67.10 £ 0.45° 26.80 + 0.90° 93.91
Red rice 83.92 + 0.90° 37.91 + 0.45° 121.83

Note: Data are expressed as mean + standard deviation of replicate samples. Mean in each column followed by different

letters differ significantly (p<0.05).
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Figure 1. DPPH radical scavenging of free and bound phenolic compounds of rice extracts. UBR, unpolished black rice;

UWR, unpolished white rice; URR, unpolished red rice.

687



Antioxidant capacity of rice extracts

Scavenging of stable DPPH radical was widely
used to evaluate antioxidant activity of phenolic
compounds extracted from cereal, grain, fruits, etc. In
this study, the antioxidant activities of the free and
bound phenolic extracts of the unpolished colored
rices were evaluated using DPPH assay. It based on
the measurement of reducing ability of reaction color
between DPPH solution and rice extracts. After
exactly 30 min, the DPPH of free and bound of
phenolic compound was recorded at 515 nm.

Fig. 1 showed the antioxidant capacity of rice
extracts. In the free form, DPPH radical scavenging
was the highest in unpolished red rice extract
(78.79%) and the lowest in unpolished white rice
extract (12.15%). Similarly, in the bound form, the
highest level of DPPH radical scavenging was in
unpolished red rice extract (9.53%), and lowest in
unpolished white rice (2.65%). Therefore, the
unpolished red rice extract have the most antioxidant
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capacities among three rice extracts. According to
Mai et al., (2007) positive relationship among total
phenolic contents and radical scavenging activity
was found. The results in the present study also
suggested that phenolic compounds may play very
important role in antioxidant activity.

Alpha-amylase inhibitory capacity of rice extracts

The alpha-amylase inhibition activities of the rice
extracts are shown in fig. 2. As the results, in the free
form, the unpolished red rice extract have the highest
inhibition activity (78.56%), whereas the unpolished
white rice extract have the lowest inhibition activity
(53.63%), and the inhibition activity of unpolished
black rice extract was 68.16%. Similarly, in the bound
form, the inhibition activity was highest in unpolished
red rice extract (48.67 %) and the lowest in
unpolished white rice extract (30.60%). The phenolic
compounds in the free form of the unpolished colored
rice in this study always have the higher inhibition
activity than those in the bound form.
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Figure 2. a-amylase inhibition activities of free and bound phenolic compounds of rice extracts. UBR, unpolished black rice;

UWR, unpolished white rice; URR, unpolished red rice.

Amyloglucosidase inhibitory capacity of rice extracts

Amyloglucosidase is one of the key enzymes
involved in the release of glucose from starch for the
intestinal glucose absorption. The inhibition of this
enzyme decreases the blood glucose levels and thus
it is an important strategy for the management of
type 2 diabetes (Plus et al., 1977).

As shown in fig. 3, the amyloglucosidase
inhibition activity of free phenolics of rice extracts
was significantly higher than that of the bound
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phenolics. In free phenolics, the inhibition capacity
of unpolished red rice extract was highest (36.13%),
nearly 3 times compared with that of the unpolished
white rice extract (11.56%). In bound phenolics, the
inhibition capacity was very low, ranged 1.85 to 7.69
%. As the results, the free form of phenolics always
has the higher inhibition activity than the bound
form in the extracts of three kinds of unpolished
colored rice. These results indicate that the phenolic
compounds in rice existed primarily in free form
rather than in bound form.
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Figure 3. Amyloglucosidase inhibition activities of free and bound phenolic compounds of rice extracts. UBR, unpolished
black rice; UWR, unpolished white rice; URR, unpolished red rice.

CONCLUSIONS

In this study, the unpolished red rice was found
to have the highest phenolic content, whereas the
unpolished black rice had the highest total flavonoid
content. Unpolished red rice and unpolished black
rice exhibited high antioxidant capacity and
significant alpha-amylase and amyloglucosidase
inhibitory  potentials. The phenolic content,
antioxidant capacity and diabetic enzyme inhibition
activity of rice extracts in free form were
significantly higher than those in bound form. As a
result, the phenolic compound in unpolished colored
rice might be used as a functional food to reduce an
amount of blood glucose in the diabetic patients.
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HAM LUQNG PHENOLIC TONG, KHA NANG KHANG OXY HOA VA KHA NANG UC
CHE ENZYME THUY PHAN TINH BQT CUA DICH CHIET TU CAC LOAI GAO LUC
MANG MAU

Lé Hoang Pao, Pham Vin Hung
Truong Pai hoc Quéc té, Pai hoc Quéc Gia Thanh phé Hé Chi Minh

TOM TAT

Mau sic ctia céc loai gao 1a do ching c6 chira cac loai chdt mau tip trung & 10p vo cam va d& mat di trong
qua trinh xat. Do d6 gao con chira 16p vo cam (gao lt) duoc khuyen khich sir dung dé phong chong cac bénh
clia con ngudi. Nghién ctru ndy nhdm xéc dinh ham lugng phenolic tdng, ham luong flavonoid téng, kha ning
khang oxy héa va kha ning tc ché cic enzyme thity phéan tinh bot cia dich chiét tir cac loai gao It c6 mau
khac nhau (gao lirt cim, gao lut huyét rdng va gao lut tring). Két qua cho thdy cac chit phenolic trong gao chu
yéu & dang tu do, trong dé gao lut huyét rong ¢6 chira ham lugng phenolic téng cao nhét (470,96 pg tuong
duong ferulic acid (FAE)/g gao), con gao lut trdng c6 ham lugng phenolic tong thp nhat (135,84 pg FAE/g
gao). Ham luong flavonoid téng & dang tu do ciing cao hon so véi dang lién két. Tuy nhién, gao lit cdm co
chira ham luong flavonoid ¢ dang ty do 1a 126,75 pg twong dwong rutin/g gao, cao hon nhiéu so véi cac loai
gao lut khac. Trong ba loai gao, gao lut huyet rdng c6 kha ning khang oxy hoa cao nhat (78,79% hoat tinh
khang gbc tu do DPPH) va kha ning trc ché enzyme amylase va amyloglucosidase ciing cao nhét tuong img
v6i 78,56% va 36,13%. Tir két qua nghién ctru co thé thiy ring cac loai gao lut 6 mau khac nhau c6 thé st
dung nhu mot loai thue phim chirc ning dung phong ngira bénh tidu duong loai 2.

Tir khéa: Gao lirc, phenolic, flavonoid, chit khdang oxy hoa, chit trc ché enzyme

690



