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Polymeric Procyanidins as Radical-Scavenging Components in
Red-Hulled Rice

Tomoyuki Oki," Mami Masupa,T Mio KosayasHI,T YoicH! NISHIBA,
SHU FURUTA, IKUO SUDA,* AND TETSUO SATO

National Agricultural Research Center for Kyushu Okinawa Region, National Agricultural Research
Organization, 2421 Suya, Nishigoshi, Kikuchi, Kumamoto 861-1192, Japan

The extracts from white-, black-, and red-hulled rice were prepared by sequential extraction with six
different polar solvents, and their radical-scavenging activities were measured by methods using
1,1-diphenyl-2-picrylhydrazyl radical (DPPH*®) and tert-butyl hydroperoxyl radical (t-BuOO*). The
extracts prepared with highly polar solvents, methanol and deionized water, exhibited higher DPPH*
and t-BuOO* scavenging activities in all three cultivars. In addition, the acetone extract from red-
hulled rice exhibited a high DPPH* and t-BuOO* scavenging activity, while no such activity was detected
for the acetone extracts from white- and black-hulled rice. The major components responsible for the
radical scavenging in the acetone extract from red-hulled rice were identified as procyanidins by
acidic hydrolysis, vanillin assay, and Sephadex LH-20 chromatography. GPC analysis of the acetylated
procyanidins revealed that the average molecular weight is about 5000, in a range of about 500—
18 000.
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INTRODUCTION solvents with various polarities and subjected to a radical-
scavenging assay. The rice with black and red hulls came from
new varieties released by the National Agricultural Research

K Center for Kyushu Okinawa Region (KONARC). Furthermore,

k’]the components in the acetone extract obtained from the red-

§1ulled rice, which exhibited the highest DPPktavenging
activity, were investigated.

Rice Oryza satia) is widely consumed around the world,
and the most common type 85%) is white-hulled. Other types
have colored hulls, the most common of which are green, blac
and red. The black and red varieties are planted mainly in Sout
Asia and in countries such as Italy, Greece, and the United State
(2). Rice with colored hulls has long been consumed in Japan
and China and is considered to be a healthy food. Our focus is
now on the physiological functions of rice with colored hulls MATERIALS AND METHODS

when Consum?d b}’ humi_ins and the Compolnentls r93p0n5i_b|e Reagents1,1-Diphenyl-2-picrylhydrazyl (DPPH) and luminol were
for those functions in the rice. We were especially interested in purchased from Wako Pure Chemicals Industries, Ltd. (Osaka, Japan).
the antioxidative and radical-scavenging properties of rice Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) was
because of the potential of such properties to provide protectionobtained from Aldrich Chemical Co. (Milwaukee, Wiert-Butyl
against reactive oxygen species and free radicals, which havehydroperoxide £BuOOH) is a product of Nacalai Tesque (Kyoto,
been implicated in more than 100 diseas®s ( Japan). Diethylenetriamine;N,N',N"",N"-pentaacetic acid (DTPA) was

There have already been some reports concerning the anti_purchased from Dojin (Kumamoto, Japan) and methemoglobin from

S L L Sigma Chemical Co. (St. Louis, MO). Other reagents were of analytical
oxidative compounds found in rice.-Oryzanol, which is a

. f ferul f tri Icohol. i Il Kk grades and used without further purification.
mixture of terulate esters of triterpene alcohol, is well known Rice. Three rice cultivars, Hinohikari, Saikai-225, and Beniroman,

as an antioxidant in rice braB)( In black-hulled rice, cyanidin-  \hich have white, black, and red hulls, respectively, were harvested at
3-glucoside has been reported to be one of the major antioxidantc ONARC (Chikugo Branch, Fukuoka, Japan) in 1998. Each cultivar
compounds 4). However, little information exists on the  was milled with an ultracentrifugal mill (type ZM1000, Retsch GmbH
antioxidative effects of red-hulled rice, although the presence & Co., KG, Haan, Germany). The milled rice was stored 4€4and
of catechin and tannin has been reportgd ( used within 2 days of milling.

In the present paper, extracts from rice with hulls of three  Preparation of the Rice Extract. Milled rice powder (2.0 g) was

different colors (white, black, and red) were prepared by using sequentially extracted with six different polar solvents in a manner
similar to that reported by Przybylski et ab)( Extraction was done

using 5.0 mL of solvent and the following sequence of solvents with

* Corresponding author [E-mail ikuosu@affrc.go.jp; telephergd-96-

242-7742; fax+81-96-249-1002]. increasing polarlty: n_-hexane, diethyl ether, ethyl_acetate, acetone,
tResearch Fellow of Cooperative System for Supporting Priority Methanol, and deionized water. After each extraction, the residue was
Research. dried under reduced pressure at room temperaturé foto remove
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(A) Red-hulled rice (B) Black-hulled rice (C) White-hulled rice
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Diethyl ether - -ND
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Methanol | b :‘- ]
Deionized water :I‘ - I—l :ll
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DPPH* scavenging activity (umol of Trolox equivalent/mL)

Figure 1. DPPH* scavenging activities of the extracts prepared from rice with red hull (A), black hull (B), and white hull (C) by using solvents with various
polarities. Values are means = SD of four experiments. 8ND, not detected.

the residual solvent. Each extract was filled up to 5.0 mL with the Chemicals Industries, Ltd.) and eluted with a linear acetonitrile gradient
extraction solvent. An aliquot (1.0 mL) was dried under reduced (5% to 25%, 40 min) containing 1.5% phosphoric acid at a flow rate
pressure at 35C, and the residue was redissolved in 1.0 mL of dimethyl of 0.75 mL/min. The column temperature was maintained at@5

sulfoxide (DMSO). Vanillin Assay.This assay was performed with vanillin and sulfuric
Assay for DPPH Scavenging Activity. The DPPH scavenging acid according to the method described by Sun et al. (10). Specifically,

activity was examined by the method described previow@lyRriefly, 100uL of 1.0% (w/v) vanillin in methanol and 100L of 9.0 M Ho-

the sample solution (5@L), ethanol (50uL), and a 2-morpholino- SO, in methanol were added to 44 of the sample solution dissolved

ethanesulfonic acid (MES) buffer (pH 6.0, Q) were pipetted into in methanol. The mixture was allowed to stand for 15 min afG0

a 96-hole microplate. When necessary, the sample solution was dilutedand the absorbance was then measured at 500 nm. The influence of

with DMSO. The reaction was initiated by adding s0 of 800 uM the interference, such as anthocyanin, was eliminated by using a blank

DPPH in ethanol. After the reaction mixture was left to stand for 20 that was the same as the reaction medium but without vanillin. For the
min at ambient temperature, its absorbance at 520 nm was measuredletermination of the proanthocyanidin contert){atechin was used
(CS9300PC, dual-wavelength flying spot scanning densitometer, Shi- as a standard, and the proanthocyanidin content was expressej as (
mazu Co., Ltd., Kyoto, Japan). The DPRHdical-scavenging activity ~ catechin equivalents.
was estimated from the decrease of absorbance at 520 nm and expressed Fractionation of the Extract from Red-Hulled Rice. The acetone
as Trolox equivalents per milliliter of sample solution by using a extract obtained from red-hulled rice (2.0 mL) was dried under reduced
standard Trolox curve. In this assay;)tcatechin, which is one of the ~ pressure and redissolved in 2 mL of 80% ethanol solution. The sample
constituents of procyanidins, exhibited 1.53 times higher DPPH solution was put on a Sephadex LH-20 column (12 mn40 mm)
scavenging activity than Trolox on a mole basis. and successively eluted with 20 mL of ethanol, methanol, and a 70%
Assay fort-BuOO* Scavenging Activity. Thet-BuOO scavenging ~ &cetone solution. The DPPiscavenging activity and the proantho-
activity was measured using a modification of the procedure described Cyanidin content in each fraction (1.0 mL per tube) were measured by
by Maeda et al.§). The sample solution (12L) and the mix solution ~ the method described above. _
(1060uL) were pipetted into a 24-hole microplate. The sample solution ~ GPC Analysis of Proanthocyanidins in Red-Hulled Rice.The
was diluted 32 times with DMSO. The mix solution consisted of 120 Molecular weight of proanthocyanidins after acetylation was estimated
uL of 6 mM DTPA, 120uL of 12 mM t-BuOOH, 120uL of 60 uM by GRC analysis ac_cording to 'ghe report by WiI_Ii:_;lms et afl)(
luminol, and 60QuL of phosphate-buffered saline (pH 7.3). The reaction Specifically, the fractions containing proanthocyanidins eluted from a
was initiated by adding 12@L of 0.6 mg/mL methemoglobin. The ~ Sephadex LH-20 column (fractions 449) were combined and
chemiluminescence was measured with an analyzer equipped with aconcentrated by evaporation under reduced pressure. After 2.0 mL of
charge-coupled device (CCD) camera (type CLA-IMG2, Tohoku pyndme—gnhydrous acetic acid (1:1) was adde.d to the concentrate,
Electronic Industrial Co., Sendai, Japan). The accumulation and interval e reaction mixture was left to stand overnight. The acetylated
times were set at 180 and 2 s, respectively. The image of chemilumi- Procyanidin was precipitated by adding excess deionized water. The
nescence intensity with pseudo-color (1024 1024 pixels) was precipitate was _recovered by centrlfug_atlon anc_i then dried under reduced
converted into a luminance with 254 gradients-265) by using Scion- pressure. _An aliquot of the product dissolved in tetrahydrofuran (THF)
Image software (Scion Corp., Frederick, MD). The total luminance in Was put directly on a TSKgel GMi#-N column (7.8 mmx 300 mm,

a hole was calculated by multiplying the area of a hole (2255 square 10S0h Co., Tokyo, Japan) at 4C. The mobile phase was THF, and
pixels) by the mean luminance computed by using Scion-Image the flow rate was 0.8 mL/min. The monitoring absorbance was set at

software. Thet-BuOO scavenging activity was estimated from the 280 nm. For the calibration curve, TSK standard polystylene (Tosoh
decrease in luminance and expressed as Trolox equivalents per assaf©-) Was used.
by using a standard Trolox curve.

Qualitative Analysis and Determination of Proanthocyanidin.The RESULTS AND DISCUSSION

following methods were used: , o Rice powder was sequentially extracted each witiexane,

Acid Hydrolysis. This was performed with hydrochloric acid  gjethy| ether, ethyl acetate, acetone, methanol, and deionized
according to the method described by Todd and VodRjn Briefly, water, and the DPPHscavenging activity of each extract is
1.0 M HCI was added to the sample after removal of the solvent, and shown inFigure 1. The total DPPHscavenging activity, which

the mixture was hydrolyzed in a boiling water bath for 1 h. The lculated f th f th HVity i h extract
hydrolysate was concentrated until dry in a vacuum and redissolved in was caiculated from the sum or the activity in each extract,

1.0% trifluoroacetic acid solution. The identification of the hydrolysate Varied according to the hull color. The highest activity was
was performed using a JASCO 900 series HPLC equipped with a Observed in rice with a red hull (2.7Zmol of Trolox

photodiode array detector. An aliquot (20) of the hydrolysate was  equivalents/mL), followed by black (0.92) and white (0.26). In
applied to a Wakosil-1l AR column (4.6 mm 250 mm, Wako Pure all varieties, the extracts prepared with highly polar solvents,



7526  J. Agric. Food Chem., Vol. 50, No. 26, 2002 Oki et al.

was similar to the results of the study of the DPRERvenging
activity (Figure 1). The total t-BuOO scavenging activity,
which was calculated from the sum of the activity in each
extract, decreased in the order of rice with red hull (4:&%ol

of Trolox equivalents/assay), black (2.83), and white (2.09). In

n-Hexane addition, the acetone extract from red-hulled rice exhibited a
high t-BuOO scavenging activity, while no such activity was
detected for the acetone extracts of the other cultivars (white-

Dicthy eth Trolox
iethy ether 0 nmol/assay and black-hulled).

To obtain useful information about the radical-scavenging
components contained in the acetone extract from red-hulled
rice, the extract was subjected to acid hydrolysis and a vanillin
assay. In both reactions, the tested solution turned red, indicating
the presence of proanthocyanidin in the extract. Following this
study, HPLC analysis of the acid hydrolysate was performed
to elucidate the constituents of proanthocyanidin. As shown in
1.5 nmol/assay Figure 5, only one peak (retention time 24.8 min) was observed
in the chromatograms of the acid hydrolysate. This peak was
identified as cyanidin by comparison of the retention time and
the photodiode array spectrum with those of authentic antho-
cyanidins. In addition, it was found that no anthocyanins and

Ethyl acetate

0.5 nmol/assay

Acetone
1.0 nmol/assay

Methanol

Deionized water 2.0 nmol/assay

) anthocyanidins were contained in the acetone extract from red-
! Luminance scale 255 hulled rice by HPLC analysis of the acetone extract without
Figure 2. Chemiluminesence generated by the reaction between t-BuOO* acid hydrolysis (data not shown). These results revealed that
and luminol in the presence of Trolox or extracts from rice with hulls of the proanthocyanidin in the extract from red-hulled rice was
various colors. the procyanidin type, that isH)-catechin and/or-)-epicatechin
derivatives.
1.5X10° The acetone extract from red-hulled rice was fractionated

using a Sephadex LH-20 columhigure 6 shows the elution
patterns for the DPPHscavenging activity and the proantho-
cyanidin content. It was apparent that the two elution patterns
were similar and that potent DPPIldcavenging activity was
observed in the fraction eluted with the 70% acetone solution,
accompanied by a high proanthocyanidin content. In further
analysis, the apparent molecular weight distribution of procya-
nidin-containing fractions 4449 was estimated by GPC
measurementRjgure 7). The acetylated procyanidins eluted
in the molecular weight range of about 5008 000, and the
average molecular weight was 5000. Assuming that the mo-
lecular weight of the acetylated monomer unit was 500),(

Total luminance in a hole

0 L ! 1 1 the degree of polymerization ranged from 1 to 38. Many studies
0 05 10 15 20 25 have reported that procyanidins exist in various plants, such as
Trolox (nmol/assay) the azuki beanl(2), grape seedl), black and brown soybean

(14), and cocoa 15). Furthermore, the studies have reported
that extracts containing procyanidin exhibit potent antioxidative
activities.

As a result of the studies noted above, our interest turned to
methanol and deionized water, showed the highest radical-how procyanidins are absorbed by the human body. Further-
scavenging activity. In rice with black and white hulls, the sum more, we wanted to know how the antioxidative effect takes
of the activities in two extracts corresponded to more than 90% place in the human body after the administration of a fraction
of the total DPPkscavenging activity. In red-hulled rice, high  containing procyanidin prepared from red-hulled rice. However,
radical-scavenging activity (1.22mol of Trolox equivalents/ not all of these questions have been thoroughly answered in
mL) was observed in the acetone extract in addition to the this study. There is currently no satisfactory explanation for how
methanol and deionized water extracts. the procyanidin polymer is absorbed into the bloodstream.

The chemiluminescence intensities of the Trolox standard and Richelle et al. {6) have reported that epicatechin from chocolate
the extracts from the rice with hulls of various colors are shown was found to reach a concentration of @M in plasma after
in Figure 2. The total luminance decreased with an increase of the intake of 80 g of black chocolate, which is rich in
the Trolox concentration. The correlation between the total procyanidin oligomers. Recent work by Spencer etHl) fas

Figure 3. Standard Trolox curve for calculating t-BuOO* scavenging
activity.

luminance and the Trolox concentration was 0.98igre 3), shown that, in an acid environment, such as that found in the
indicating that this assay was acceptable for meastiBuOO gastric milieu, procyanidin oligomers were hydrolyzed to a
scavenging activity. As the activities of the extracts from the mixture of an epicatechin monomer and a dimer. On the other
rice with hulls of various colors were calculatefeidure 4), it hand, Ling et al. 18) have reported that, when a hypercholes-

could be observed that the extracts prepared with highly polar terolemic rabbit had red-hulled rice as a part of its diet, the
solvents exhibited higherBuOO scavenging activity, which  total antioxidative properties of the serum and liver increased.
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(A) Red-hulled rice (B) Black-hulled rice (C) White-hulled rice
n-Hexane j :!
Diethyl ether | ND 2 ND ND

Ethyl acetate | ND ND

ND
Acetone .’ | ND ND
Methanol - ] - ! :l
Deionized water I | - - |

0 0.5 10 15 20 0 0.5 10 1.5 20 0 0.5 .0 15 20
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Figure 4. t-BuOO* scavenging activities of the extracts prepared from rice with red hull (A), black hull (B), and white hull (C) by using solvents with
various polarities. 3ND, not detected.
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Figure 5. HPLC chromatograms of anthocyanidin standards (A) and the acetone extract from red-hulled rice after acid hydrolysis (B). Peak 1 was
identified as cyanidin by a comparison of the retention time and the UV-vis spectrum.
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Figure 6. Chromatographic profiles in a Sephadex LH-20 column of the acetone extract from red-hulled rice.
They suggested that constituents of red-hulled rice with anti- identify the antioxidant compounds in the red-hulled rice. These

oxidative activity could be responsible for the increased reports suggest that, after polymeric procyanidins in red-hulled
antioxidative properties in the bod¥&); however, they did not rice are consumed, they could be absorbed by the body after
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Figure 7. GPC analysis of the acetone extract from red-hulled rice after
acetylation.

hydrolysis in the gastric milieu, which would elevate the
antioxidative capacity.

Also of interest is the antioxidative activity that takes place
in the intestine because alkyl peroxyl radicals, which have a
tumor-promoter effectl(©, 20), are associated with the incidence

of colon cancer when these radicals are generated in the intestine

(22). The alkyl peroxyl radicals were generated by heme-iron-
catalyzed decomposition of hydroperoxide. Fukushima e2&). (
have pointed out that alkyl peroxyl radicals could be generated
from food materials such as fat and hemoferrum. In this study,
thet-BuOO generation system was applied witBuOOH and

methemoglobin as a model reaction, according to a report by

Maeda et al. §), and thet-BuOO scavenging activity of the
extracts from rice with hulls of various colors was assayed. Only
the extract from the red-hulled rice exhibited a higBuOO

scavenging activity when acetone was used as an extraction

solvent. This result indicated that polymeric procyanidins would
exhibitt-BuOCO scavenging activity as well as DPPstaveng-

ing activity. Therefore, it appears that the consumption of red-
hulled rice might have the potential to prevent colon cancer,
even when the polymeric procyanidins present in the rice are
not decomposed and absorbed into the bloodstream.

In this study, we demonstrated that polymeric procyanidins
are the major radical-scavenging components in red-hulled rice
We are now researching the physiological functions of red-
hulled rice in vivo. The useful information reported here will
assist in the elucidation of the mechanisms at work in these
functions.

ABBREVIATIONS USED

DPPH, 1,1-diphenyl-2-picrylhydrazyl radicaBuOQ., tert-
butyl hydroperoxide radical.

ACKNOWLEDGMENT

We are indebted to the Laboratory of Rice Breeding, KONARC,
for donating the rice cultivars Hinohikari, Saikai-225, and
Beniroman. In addition, we thank Mrs. H. Hayase and Mrs. M.
Fukumori for their technical assistance.

LITERATURE CITED

(1) Simmons, D.; Williams, R. Dietary practices among Europeans
and different South Asian groups in CoventBy. J. Nutr.1997,
78, 5—14.

Oki et al.

(2) Halliwell, B. The role of oxygen radicals in human disease, with
particular reference to the vascular systétaemostasid€992
23 (Suppl. 1), 118-126.

(3) Xu, Z.; Hua, N.; Godber, J. S. Antioxidant activity of tocopherols,
tocotrienols, ang-oryzanol components from rice bran against
cholesterol oxidation accelerated by '2a2obis(2-methylpropi-
onamidine) dihydrochlorideJ. Agric. Food Chem2001, 49,
2077-2081.

(4) Osawa, T. Protective role of rice polyphenols in oxidative stress.
Anticancer Res1999 19, 3645-3650 (in Japanese).

(5) Nawa, Y.; Ohtani, T. Property of pigments in rice hulls of various
colors.Food Ind. (Tokyo)992 11, 28—33 (in Japanese).

(6) Przybylski, R.; Lee, Y. C.; Eskin, N. A. M. Antioxidant and
radical-scavenging activities of buckwheat seed componénts.
Am. Oil Chem. Soc1998 75, 1595-1601.

(7) Oki, T.; Masuda, M.; Furuta, S.; Nishiba, Y.; Suda, |. Radical-

scavenging activity of fried chips made from purple-fleshed sweet

potato.J. Jpn. Soc. Food Sci. Techn@001, 48, 926-932 (in

Japanese).

Maeda, H.; Katsuki, T.; Akaike, T.; Yasutake, R. High correlation

between lipid peroxide radical and tumor-promoter effect:

Suppression of tumor promotion in the EpsteBarr virus/B-

lymphocyte system and scavenging of alkyl peroxide radicals

by various vegetable extractpn. J. Cancer Re4992 83, 923—

928.

Todd, J. J.; Vodkin, L. O. Pigmented soybe#&lycine max

seed coat accumulate proanthocyanidins during development.

Plant Physiol.1993 102 663-670.

(10) Sun, B.; Ricardo-da-Silva, J. M.; Spranger, |. Critical factors of
vanillin assay for catechins and proanthocyanidinggric. Food
Chem.1998 46, 4267-4274.

(11) Williams, V. M.; Porter, L. J.; Hemingway, R. W. Molecular
weight profiles of proanthocyanidin polymem®hytochemistry
1983 22, 569-572.

(12) Ariga, T.; Koshiyama, I.; Fukushima, D. Antioxidant properties
of procyanidins B-1 and B-3 from azuki beans in aqueous
systemsAgric. Biol. Chem.1988 52, 2717-2722.

(13) Saint-Cricq de Gaulejac, N.; Provost, C.; Vivas, N. Comparative

study of polyphenol scavenging activities assessed by different

methodsJ. Agric. Food Chem1999 47, 425-431.

Takahata, Y.; Ohnishi-Kameyama, M.; Furuta, S.; Takahashi,

M.; Suda, I. Highly polymerized procyanidins in brown soybean

seed coat with a high radical-scavenging actiwtyAgric. Food

Chem.2001, 49, 5843-5847.

Adams, G. E.; Lazarus, S. A.; Mitchell, A. E.; Prior, R. L.; Cao,

G.; Jacobs, P. H.; Kremers, B. G.; Hammerstone, J. F.; Rucker,

R.; Ritter, K. A.; Schmitz, H. H. HPLC method for the

quantification of procyanidins in cocoa and chocolate samples

and correlation to total antioxidant capacilyAgric. Food Chem.

1999 47, 4184-4188.

Richelle, M.; Tavazzi, |.; Enslen, M.; Offord, E. A. Plasma

kinetics in man of epicatechin from black chocolder. J. Clin.

Nutr. 1999 53, 22—26.

Spencer, J. P. E.; Chaudry, F.; Pannala, A. S.; Srai, S. K.;

Debnam, E.; Rice-Evans, C. Decomposition of cocoa procya-

nidins in the gastric milieuBiochem. Biophys. Res. Commun.

200Q 272 236-241.

(18) Ling, W. H.; Cheng, Q. X.; Wang, J. M. T. Red and black rice
decrease atherosclerotic plaque formation and increase antioxi-
dant status in rabbitsl. Nutr. 2001, 131, 1421-1426.

(19) Taffe, B. G.; Takahashi, N.; Kensler, T. W.; Mason, R. P.
Generation of free radicals from organic hydroperoxide tumor
promoters in isolated mouse karatinocyt&®iol. Chem.1987,

262 12143-12149.

(20) Maples, K. R.; Kennedy, C. H.; Jordan, S. J.; Mason, RnP.

vivo thiyl free radical formation from hemoglobin following

®)

(©)

(14)

(15)

(16)

17



Polymeric Procyanidins in Red-Hulled Rice

administration of hydroperoxideArch. Biochem. Biophy499Q
277, 402-4009.

(21) Fukushima, Y.; Takagi, K.; Takano, M.; Maeda, H. Incidence
of colon cancer by N-nitroso-N-metylurea is enhanced by
high fat’/high heme-iron diet and suppressed by African
Rooibos tea, which is a potent lipid radical scavengeoc. J.
Res. Soc. Gastroenterol. Carcinog995 7, 199-201 (in
Japanese).

J. Agric. Food Chem., Vol. 50, No. 26, 2002 7529

Received for review July 24, 2002. Revised manuscript received October
1, 2002. Accepted October 3, 2002. This study was supported by a
Grant-in-Aid from the Research Program provided by the Ministry of
Agriculture, Forestry, and Fisheries (MAFF) of Japan and the
Cooperative System for Supporting Priority Research performed by
the Japan Science and Technology Corporation (JST).

JF0258417



