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Abstract

The objective of this study was to explore the extraction process and antioxidant activity of polyphenols from Japonica and Indica brown rice.
After baking, Japonica and Indica brown rice samples were soaked in water to obtain brown rice tea respectively. We determined the polyphenol
content and the antioxidant activity of the brown rice tea, as well as measured the contents of nutrients (including protein, amino acid, and crude
cellulose) of the baked brown rice. The total AA content of Indica brown rice (7.30%) was higher than that of Japonica brown rice (6.30%). The
results showed that the optimum extraction conditions for Japonica and Indica rice polyphenols were as follows: baking temperature of 180°C and
190°C, baking time of 15 min and 20 min, and soaking time of 30 min and 30 min, respectively. The DPPH clearance rate of the five samples was
shown as follows: Burdock tea> Pu’er tea> Tieguanyin tea> Japonica brown rice> Indica brown rice tea. The DPPH clearance rate of the polyphenols
in rice tea obtained from Japonica and Indica brown rice was 1.04% and 1.99%.
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Introduction

Obesity is significantly associated with the development
of some diseases, including type 2 diabetes, heart disease,
insulinoma, cardiac disease, hypertension, polycystic ovary
syndrome, osteoarthritis and lipid metabolism disorder [1]. A
healthier lifestyle choice is not always effective against obesity.
Therefore, to suppress the epidemic of obesity, therapeutic
treatment is required, however, medical treatment for obesity is
limited. Due to the adverse side effects of safety concerns, most
drug treatments have not been successful, there is a high demand
for alternative treatment options [2]. Incorporating functional
foods with bioactive properties into the diet can be a potential
supplement to obesity treatment.

Rice (Oryza Sativa L.) is a staple food that is consumed by
at least half of the world’s population at least once a day and is
planted in more than 100 countries [3]. In particular, colored
rice varieties have been shown to have anti-inflammatory and
antioxidant properties thus making rice as a potential candidate
for nutritional supplements and functional food substitutes. Bran
of whole rice varieties has shown therapeutic properties due to
the presence of polyphenols [4,5].

Polyphenols belong to a subclass of phytochemicals and
dominate in grains, fruits and vegetables [6]. The incorporation
of polyphenols into the diet through rice consumption may be a
potential solution to reduce the incidence of metabolic syndrome
and its associated risk factors such as obesity. Therefore, the
rice breeding program is based on the development of rice
varieties that not only appeal to consumers’ taste and texture

characteristics, but also are rich in polyphenols with potential
antioxidant and anti-inflammatory properties [7]. It is important
to satisfy health-conscious consumers. The brown rice can be
used as functional foods to satisfy their cooking and nutritional
needs. Brown rice has potentials in resisting oxidation and
antioxidants, diminishing inflammation and reducing blood
lipids. This potential of rice-derived polyphenols may potentially
regulate risk factors for obesity-related rice and inflammation
development [8].

Rice is composed of different layers, and the outer layer is
generally called the hull, which accounts for 16% to 28% the
weight of rice [9]. In a process known as shelling, the hull is
removed to expose the bran. The resulting product is commonly
referred to as whole grain rice. Whole grain rice is the endosperm
(white rice) and the bran layer is still intact [10]. Bran consists
of several layers (peel, seed coat, bead and aleurone), accounting
for 6%-7% the total weight of rice. Most of the polyphenols are
present in these ectopic layers of the endosperm [9]. Therefore,
the main objective of this research was to investigate the content
and the antioxidant activity of polyphenols in baked brown rice
tea.

Materials and Methods
Materials

Japonica rice was obtained from Daxie Yushu Township
Panjin Dagingshan Rice Processing Factory (Liaoning, China).
Indica rice was purchased from Nankou Town, Meixian District,
Meizhou (Guangdong, China). Tieguanyin was purchased from
Longxi Township, Anxi County, (Fujian, China), and Pu’er Tea was
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purchased from Yunnan Puqi Kang Tea Co., Ltd. (Yunnan, China). Burdock tea was purchased from China’s burdock village, Lanling
(Shandong, China). All samples were subjected to the same post-harvest handling and storage at 4°C. Analysis of all the biological
replicates was conducted in triplicate. The chemicals were of analytical reagent grade.

Preparation of Brown Rice Tea and Control Teas

The brown rice was placed in a constant temperature oven from Nantong Huatai Experimental Instrument Co., Ltd. (Jiangsu, China)
for drying. About 10 g of brown rice was weighed by an electronic balance using a 100 mL beaker, baked at 180 @ for 15 min, then
soaked with 60 mL boiling water for 20 min. Control teas were soaked in boiling water for 20 min. As shown in Figure 1, the preparation

process of brown rice tea mainly included baking, and socking.

Figure 1: Experimental Design
Nutrients Analysis of the Brown Rice

The protein content was determined by the Kjeldahl method.
A 0.5 g sample was mixed with 4 mL concentrated sulfuric acid
in a 100 mL round bottom flask, and the mixture was heated to
4400 using a conventional convection conductive heating system
until boiling. However, the heating time did not exceed 3-5 min.
The crude cellulose content was estimated by the method of
Ahuja and Bajaj and the value was expressed as a percentage
of cellulose equivalent. Amino acid analysis of rice was carried
out according to the method of Du [11, 12]. Rice flour (100 mg)
was hydrolyzed with 10 mL 5 mol/L NaOH at 1108 for 20 h. The
mixture was transferred and dissolved in deionized water in a 50
mL volumetric flask. However, the solution was filtered through
a 0.45 pum nylon syringe filter (Filtrex Technology, Singapore).
The amount of each Amino Acid (AA) was determined using
an automatic amino acid analyzer (Biochrom 30+, Cambridge,
UK). Amino acids were post-column derivatized with ninhydrin
reagent (0-50 mL/h) and detected by absorbance at 570 nm
and 440 nm. Amino acids and standard solutions were analyzed
under the same conditions.

Determination of Total Phenolic Content (TPC)

The total free phenol content was determined using the method
described by Qiu et al.[13]. Briefly, a 1 mL sample was incubated
with 5 mL Folin-Ciocalteu reagent for 5 min in the dark. The
mixture was neutralized by the addition of 4 mL 7% sodium
carbonate solution and 1 mL of deionized water. After incubation
for 90 min in the dark, the absorbance was measured at 765 nm
against a methanol blank on a microplate reader (BMG Labtech
FLUOstar Omega, Offenburg, Germany). The total phenolic
content of the rice samples was expressed as mg/100 g gallic acid
equivalent (GAE).

Antioxidant Activity Determination

The free radical scavenging activity was determined by
2,2-diphenyl -picrylhydrazyl (DPPH) assay. The value of DPPH

represents the antioxidant capacity of a given substance
compared to standard Trolox. This method is based on the
decolorization of the stable free radical DPPH. When DPPH is
mixed with a solution of the substance that can provide hydrogen
atoms, the result produces a reduced form while losing purple
to yellow color [14]. Spectrophotometric analysis was performed
as published by Brand-Williams et al. [15]. To determine free
radical scavenging activity, 1.45 mL DPPH colored groups were
added to 50 mL diluted sample extract or Trolox (standard) in
methanol. The mixture was allowed to stand in the dark at room
temperature for 30 min. The absorbance was measured at 515
nm [16]. Use 0.05 mmol/L (0.0125 mg/mL) to 1 mmol/L (0.25
mg/mL) Trolox (6-hydroxy -2,5,7,8-tetramethyl -chroman-2-
carboxylic acid) methanol, the solution is calibrated. The free
radical scavenging activity was expressed as Trolox equivalent g
per 100 g dry matter. DPPH, methanol and Trolox were purchased
from French VWR.

Statistical Analysis

All experimental data were estimated in triplicate and all
statistical calculations were performed using statistical analysis
software Origin Lab 9.0 (Origin Lab Corporation). Significant
differences (P<0.05) among various treatments were detected by
Duncan’s multiple range tests.

Results and Discussion

Nutritional Characteristics of Japonica Brown Rice and
Indica Brown Rice

As shown in Table 1, the protein content (8.08%) and crude
cellulose content (1.29%) of Indica brown rice were higher than
those of Japonica brown rice (7.72% and 1.05%). The total AA
content of Indica brown rice (7.30%) was higher than that of
Japonica brown rice (6.30%). The content of Glu, Asp, Thr, Ser, and
Tyr in Indica brown rice was higher than that in Japonica brown
rice, respectively. In particular, the content of Thr was increased
by 50%. These ensured the nutritional value of brown rice tea.
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Table 1: Raw nutrients in Japonica brown rice and Indica brown rice
%

components Japonica rice Indica rice
Moisture 10.86 11.95
Protein 7.72 8.08
Crude cellulose 1.05 1.29
Asp 0.60 0.70
Thr 0.20 0.30
Ser 0.30 0.40
Glu 1.20 1.40
Gly 0.30 0.30
Ala 0.40 0.40
Cys 0.00 0.00
Val 0.40 0.40
Met 0.20 0.10
lle 0.30 0.30
Leu 0.60 0.60
Tyr 0.30 0.40
Phe 0.40 0.40
His 0.20 0.20
Lys 0.30 0.30
Arg 0.60 0.60
Pro 0.40 0.40
Total AA 6.30 7.30

Effects of Different Factors on Polyphenols Content in
Japonica Brown Rice Tea

As shown in Figure 2A, under the conditions of constant baking
time and soaking time, the polyphenols content in the Japonica
brown rice tea rose first and then fell with the increase of baking
temperature. The polyphenols content reached the highest
(49.69 nug/mL) as the baking temperature was180°C. As shown in
Figure 2B, under the conditions of constant baking temperature
and soaking time, the polyphenols content in the brown rice tea
rose first and then fell with the extension of baking time, and
the polyphenols content (49.62 pg/mL) reached the highest as
baking for 20 min. As shown in Figure 2C, under the conditions
of constant baking temperature and baking time, the polyphenols
content in the brown rice tea rose first and then fell with the
immersion time, and the polyphenols content (49.78 pg/mL)
reached the highest as immersing for 25 min.

For Japonica brown rice, it can be seen from Figure 2A-2C that
the polyphenols content in tea rose first and then fell with the
increase of baking temperature, baking time and soaking time.
For the baking temperature, select 170, 180, 190 °C for three
levels; 180°C for the optimum baking temperature, soaking time
was still 20 min, for baking time, 10 and 25 min. The polyphenols
content was not different. Considering baking for 10 min, the
time was a little short, some brown rice was not cooked enough,
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Figure 2: Effects of different factors on polyphenols content in Japonica
brown rice tea. a-dMean values with different letters are significantly
different (p< 0.05) at the same treatment conditions
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so choose 15, 20, 25 min for three levels; 180°C was the optimum
baking temperature, 20 min was the optimum baking time. For
the soaking time, the tea temperature was not cool at 30 min, and
the tea temperature was not hot at 20 min, which was suitable
for drinking tea. The selection was 20, 25, 30 min for three levels.
As shown in Table 2, the polyphenols content in Japonica brown
rice tea under optimal conditions by orthogonal experiment was
the baking temperature is 180°C, the baking time is 15 min, and
the soaking time was 30 min. Baking time is the most important
factor in all treatment conditions.

Table 2: Orthogonal experiment of polyphenols content in Japonica

brown rice tea

Polyphenols content (pg/mL)

Polyphenols concentrationipgmL)

Treatments A B C
Polyphenols
Bakin
Temperature . & Soaking content(pg/
time . . mL)
(°C) ) time(min)
(min)
1 1(170) 1(15) 1(20) 46.16+1.21
2 1 2(20) 2(25) 43.03+1.02
3 1 3(25) 3(30) 46.78+0.96
4 2(180) 1 2 53.45+1.37
5 2 2 3 39.28+1.03
6 2 3 1 43.76%1.16
7 3(190) 1 3 48.55+0.81
8 3 2 1 44.49+1.19
9 3 3 2 35.74+0.57
Laying
0.226 0.239 0.224
style 1
Layi
ving 0.227 0.217 0.222
style 2
Layi
ving 0.219 0.216 0.225
style 3
Measures of
0.008 0.023 0.003

variation

Effects of Different Factors on Polyphenols Content in Indica
Brown Rice Tea

As shown in Figure 3A, under the conditions of constant
baking time and soaking time, the polyphenols content in the
Indica brown rice tea rose first and then fell with the increase
of baking temperature, and the polyphenols content (44.93 pg/
mL) reached the highest as the drying temperature was 180°C.
As shown in Figure 3B, under the conditions of constant baking
temperature and soaking time, the polyphenols content in the
brown rice tea rose first and then fell with the extension of baking
time, and the polyphenols content (49.15 pg/mL) reached the
highest as baking for 20 min. As shown in Figure 3C, under the
conditions of constant baking temperature and baking time, the

Polyphenols content (pg/mL)
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Figure 3: Effects of different factors on polyphenols content in Indica
brown rice tea. a-dMean values with different letters are significantly
different (p< 0.05) at the same treatment conditions
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polyphenols content in the brown rice tea rose first and then fell
with the immersion time, and the polyphenols content (49.46 ug/
mL) reached the highest when immersing for 25 min.

For the brown rice, it can be seen from Figure 3A-3C that the
polyphenols content in the tea rose first and then fell with the
increase of baking temperature, baking time and soaking time.
For the baking temperature, although the polyphenols content
was high at 200 °C, since the brown rice has been burnt at this
temperature, three levels of 170, 180, and 190°C were selected;
180°C was the optimum baking temperature. For the baking
time, 15, 20 and 25 min were selected as three levels. For the
soaking time, the temperature of tea was not cool at 30 min, and
the temperature of tea was not hot at 20 min. It was suitable for
drinking tea. [t was selected from three levels of 20, 25 and 30 min.
As shown in Table 3, the polyphenols content in Japonica brown
rice tea under optimal conditions by orthogonal experiment was
the baking time is 190 °C, the baking time was 20 min, and the
soaking time is 30 min. Baking time is the most important factor
in all treatment conditions.

Antioxidant Activity of Five Different Teas

As shown in Figure 4, about the determination of the antioxidant
activity of five different teas, the tea concentration of Japonica
brown rice and Indica brown rice was 0.017 g/mL, and the tea
concentration of Tieguanyin, Pu’er and Burdock was 0.83x10-3
g/mL. The DPPH clearance rate of the five samples was shown as
follows: Burdock tea> Pu’er tea> Tieguanyin tea> Japonica brown
rice> Indica brown rice tea. However, the DPPH clearance rate
of the polyphenols in rice tea obtained from Japonica and Indica
brown rice was 1.04% and 1.99%.

Clearance(%)

Indica rice

Burdock

Pu'er Tieguanyin Japornica rice

Figure 4: Antioxidant activity of the obtained extracts of different teas

Conclusions

Most of the polyphenols are present in the ectopic layers of the
endosperm from Japonica rice and Indica rice. Therefore, the
main objective of this research was to investigate the polyphenol
content of baking brown rice and the effect of polyphenols on
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antioxidant activity. Soaking for tea, the remaining Japonica
brown rice and Indica brown rice were boiled into rice, and then
antioxidant activity evaluation of the brown rice tea was carried
out. Then, the nutrients of Japonica brown rice and Indica brown
rice, including moisture content, protein content, amino acid
content, and crude cellulose content were determined. The total
AA content of Indica brown rice (7.30%) was higher than that of
Japonica brown rice (6.30%). Finally, several kinds of common
tea were selected for comparative study. The polyphenols in tea
obtained from Japonica and Indica brown rice were shown as
potential DPPH clearance rates. The DPPH clearance rate of the
polyphenols in rice tea obtained from Japonica and Indica brown
rice was 1.04% and 1.99%.
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