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INTRODUCTION

Many epidemiologica studiesindicatethatregular
consumption of wholegrainsor related food products
incidencesof chronic diseaseand severa formsof can-
cer¥, Thebiologically plausiblemechanismsmay be
dueto the scavenging of freeradica sby thebioactive
phytochemica spresentinwholegraing?. Phytochemi-
ca compoundsmainly present inwholegrainsare phe-
nolic acidsand flavonoidg?. Themain phenolic acids
foundinwholegrainsareferulicacid, vanillicacid, caf-
feicacid, syringic acid and p-coumaric acid®!, while
flavonoidsareflavonols, flavan-3-ols, flavonesand fla-
vanones*. Cered grainsaremgjor food sourcesworl d-
wide. Whole grains are usually made up of the en-
dosperm, thegerm, and the bran of thegrain. Theen-
dosperm makes up about 80% of thewholegrain, while
the germ and bran componentsvary among different
grains. Among them, rice (Oryza sativa L.) isbeing
consumed asone of themost important staplefoods,
currently sustainstwo-thirdsof theworld’s population.
Riceisclassified according to the degree of milling:
brown rice, remainsunmilled with just theremoval of
thehull, whilewhitericeismilled by removing embryo
and bran. Theconsumption of brownriceisbecoming
more and more popular because of its higher dietary
fiber and antioxidants contents compared towhiterice.
Inbrownrice, phenolicacidsexistin both freeand bound
formg*621, whichthelater formisbelievedtoexistin

grain asester-liked to cell wall polymersand consist
mainly of ferulic acid and its oxidatively coupled
dimerg?23, Ferulic acid has been known as antioxi-
dant whichiseffectivetoward anti-inflammationandin-
hibition of tumor initiationand asapresarvaivey. There
are anumber of literature reports on phenolic com-
pounds and their antioxidant activitiesin cered, fruit,
and vegetable. However, theliteraturereportsonrice
isrdaivey limited™,

Thereducing capacity of antioxidant isanimpor-
tant parameter to eva uateitsfunctional property. Re-
cently, thedetermination of totd antioxidant activity has
gained a strong interest as a directionto explore the
putativerole of antioxidant-rich productsinthe pre-
vention of degenerative disease and to screenthegrain
vaidieswith potentidly positively hedth benefits. Rice
isconsumed as cooked rice and only asmall amount of
riceisused to makeingredientsfor processed foods.
This pattern of usageresultsin the need to storerice
over varying periods. During storage, a number of
changesinricechemica and physicd propertiesoccur,
whichisusually termed rice ageing. Rice ageing com-
mences before harvest and continues. Ageing-induced
changes occur inrice composition, pasting properties,
thermal propertiesand texture?®. However, the study
on the effect of storage on brown rice antioxidant ac-
tivity isgtill limitedintheavailablericeliterature. Thus,
theam of thiswork wasto study the changesintotal
phenolic content, total flavonoid content, ferulicacid
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concentration and antioxidant activity when brownrice
stored at different temperature (4°C and 37°C), and
therelationship among these parameters.

MATERIALSAND METHODS

Rice samples

Ricegrainswerecultivated inthe 2009-2010 grow-
ing seasonin Hei Long Jiang, China. After dehulled,
two brown rice cultivarsweresel ected (both arelong
grains, named asAcheng/BA C and Wuchang/BWU)
for thisstudy. Bulk samples (3 kg) of two brownrice
cultivars were stored at 4 and 37°C in sealed glass
bottles for up to 6 months. During storage, therice
samplewaswithdrawn at different timeinterval, and
ground using aCyclone SampleMill (UDY Corpora-
tion, Fort Collins, CO, USA) througha0.5mm sieve
screen. All theanadysiswas performedintriplicate.

Extraction of freephenolic compounds (Free-PC)

Beforetheextraction, rice samplewastreated us-
ing purehexanefor twicetimes(1:20 g/v for each treat-
ment) to removelipids. After air-dried, theresduewas
used for extracting Free-PC using the modified meth-
odology of Igbal, Bhanger, and Anwar (2005) and
Pérez-Jiménez and Saura-Calixto (2005). 1g of the
residue was mixed with 20 mL of 80% methanol and
homogenizedfor 2min. Themixturewasmagneticstirred
at roomtemperaturefor 1 hwith the protection of light.
The mixturewas centrifuged at 2920 gfor 10 min and
the supernatant was collected. Theresduewas mixed
with 10 mL of acetone/water/acetic acid (70/29.5/0.5,
v/iv/v) and repeated above procedure. 20 mL of 80%
methanol (chilled, pH 2.0) was added to the collected
residuefor thethird extraction. Thethree supernatants
were combined together and used for the analysis of
FPCs and antioxidant assay. The final residue was
washed twicetimesusing pure acetone, air-dried and
then used for analysis of bound phenolic compound
(Bound-PC).

Extraction of bound phenolic compounds(Bound-
PC)

After theextraction of Free-PC, thedried residue
was used for the determination of Bound-PC accord-
ingto anakalineextraction protocol in Zhou et a .17,
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Briefly, Riceflour (2.0g, dry basis) wascombined with
agueous NaOH (4M; 60 ml) and the mixture was
stirred using amagnetic stirrer at room temperature
under anitrogen atmospherefor 4 h. The samplewas
acidifiedtopH 1.5-2.5 by gradual addition of ice-cold
6 M HCl and extracted threetimeswith ethyl acetate
(3x70 ml). The ethyl acetate fraction was dried by ad-
dition of anhydrous sodium sulfate and evaporated to
drynessusingarotary vacuum evaporator at 35°C. The
residue wasredissol ved in agueous methanol (50% v/
v; 4ml), filtered through a0.45um nylonfilter and stored
inthedark prior to anaysisby HPLC. Theextractions
wereperformedintriplicate.

Determination of total phenolicsconcentration

Thetotal phenolicsin both Free-PC andBound-
PCwas analyzed using the Folin—Ciocalteu assay.
Briefly, 0.1 mL of the extract (Free-PC and Bound-
PC) was mixed with 0.25 mL of Folin-Ciocalteu re-
agent. After gentle shaking, 3mL distilled, deionised
water was added to the mixture. After incubation at
room temperature for 2 min with the protection of
light,1.0 mLof 15% sodium carbonate was added and
left for 1 min, and then made volumeto 10.0 mL with
distilled, deionised water. After incubation at roomtem-
perature under dark for 90min, the absorbance was
determined at 760 nm against thereagent blank. Mea
surementswere calibrated to astandard curve of pre-
pared gallic acid solution, and thetotal phenolic con-
tent wasexpressed asmg gallic acid equivaent (GAE)
per 100 g grains(mg GAE/100g).

Deter mination of total flavonoid concentration

Thetota flavonoid concentration of rice samples
both in Free-PC and Bound-PC was determined by
using acolorimetric method. 1.00 mL of theextract
wasmixed with5 mL of distilled, deionized water ina
10 mL volumetric flask, then added 0.30 mL of 5%
sodiumnnitrite. After 5min, 0.30 mL of 10%AICl, was
added tothemixture. After 6min, 2mL of 1 molL*NaOH
was added, followed by the addition of ditilled, deion-
ized water to the volume. The absorbance was mea-
suredimmediately at 510 nm. The content of total fla-
vonoidswas cal cul ated from the calibration curve of
catechin standard. Measurementswerecalibratedtoa
standard curveof prepared catechin solution, and the
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total flavonoid content was expressed as mg (+)cat-
echin equivaent (CE) per 100ggrans.

M easurement of ferulicacid concentration in
Free-PC and Bound-PC

TheHPLC wasapplied for measuringferulicacid
concentrationin theextracts (Free-PC and Bound-PC).
Anaiquot (250 uL) of the purified extract was sepa-
rated using a Varian HPLC System (Model 9012,
USA). Pesksweredetected with avariablewavelength
UV—vis detector (Varian 9050, USA) operated at 280
nm. Separationswereachieved ona5-ImAlltimaC18
column (150 mmx4.6 mm; Alltech Associates, Inc,
Austrdia). Gradient e ution was performed withagra-
dient of A (water:acetic acid, 100:1, v/v) and B
(methanal:acetonitrilecaceticacid, 95:5:1, viviv) asfol-
lows: 0-2 min, 5% B; 2—-10 min, 5-25% B; 10-20
min, 25-40% B; 20—30 min, 40-50% B; 30—40 min,
50-100% B; 40-45 min, 100% B; 4555 min, 100—
5% B. Solvent flow ratewas 1.0 ml min! andthetem-
perature of the column was maintained at 22°C. Peak
identitieswere confirmed from retention dataand by
spiking of extractswith authentic standards. Recovery
of ferulic acid from spiked samplewas81%. Quantifi-
cation was achieved by reference to authentic com-
pound used asexternal standard.

Deter mination of antioxidant activity (AOA)

Inthisassay, theantioxidant activity of thericegrain
extracts (both Free-PC and Bound-PC) was assessed
intermsof hydrogen donating or radical scavenging
abilitiesusing amethod from Lopez-Martinez et al.,
20009. Extractsweretested at astandardizedphenolic
concentration of 0.1 mmol/L (gallic acid equivaents).
Thereaction for scavenging DPPH radical was con-
ducted in 15 mL polypropylene tubes (Becton-
Dickinson) at room temperature (25°C). Extracts of
ricetested at aphenolic concentration of 0.1 mmol/L
(gallic acid equivalent) were added to 2.8 mL of 2,2-
diphenyl-1-picrylhydrazyl radica (DPPH", 98.9 mmol/
L inmethanol) and vortexed for 15s. Thedecreasein
absorbance of DPPH" was measured at 515 nmina
photodiodearray spectrophotometer, starting a thetime
the solution was added and then every hour until no
further changein absorbance was measured (ca. 6 h).
M ethanol served asblank solution (equivaent metha:
nol wasadded to test samples), Trolox (0.020 mmol/

L) was apositive antioxidant control; and 2.8 mL of
DPPH" plus 100 puL methanol served asacontrol. The
AOA was calculated as a 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox) equiva:
lent (mmol TE) per g of grain by comparison to astan-
dard curve. Thereactionswereperformedintriplicate,
and the mean val ue was obtai ned.

Satistical analysis

Experimental datawere subjected to analysis of
varianceusng Gendat 5 (rlease4.1). Treatment means
weretested separately for |east significant difference
(Isd) at a5% leve of probability.

RESULTSAND DISCUSSION

Phenolicsprofileof thetwo brown ricecultivars

The concentration of phenolic compounds present
inthetwo rice cultivarsand the corresponding antioxi-
dant capacity were measured and theresultswerelisted
INTABLE 1. Ingenerd, cultivar BAC had ahigher con-
centration of phenolic compounds (Free-PC and
Bound-PC, respectively) than cultivar BWU, indicat-
ingthegeneticinfluenceon phenoliccompoundsof rice.
Neverthel ess, the datashowed asmilar phenaolic pro-
file betweenthetwo rice cultivars. For example, the
concentration of Bound-PC was higher than that of
Free-PC in the two tested rice samples. Adom and
Liu® al so reported that Bound-PCisamajor portion
of total phenolics (sum of free- and boundphenalics) in
grains(85%incorn, 75% in oat and wheat, and 62%
inrice). However, thereport from Minet a . showed
anoppositephenolics profile after the measurement of
13wholegran cultivars. Thediscrepancy might bedue
totheuseof different extracting solvents: 80% chilled
ethanol in Adom and Liu®¥ and 100% methanol in
Maillard and Berset*3, whileacetone/water/acetic acid
wasusedinMinet dl. study.

Theantioxidant activity of thetworicegrainswas
evauated and theresultswereseenin TABLE 1and 2.
The datashowed that AOA for Free-PC extract were
3.2and3.7 mmol TE per gram samplefor BWU and
BAC, respectively. ThisdifferenceintheAOA between
thetwo rice cultivarswas highly consistent with their
phenolic profileof Free-PC extract. Thismight suggest
that riceBACmay servebetter asareducing agent than
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riceBWU. Havonoids havebeen considered asstrong
iron chelating agents because the negatively charged
phenoxidegroupsof deprotonated phenolic compounds
chelatefreeionicironsand stabilizetheform of thefree
ionicirond®. It wasa so seentha, dthough theflavonoid
concentration in Bound-PC washighthanthat in Free-
PC (24.7vs 20.9 for riceBWU, 27.5vs 21.2for rice
BAC), their corresponding AOAdemonstrated an op-
posite pattern. It has been known thatflavonoids are
efficientreducing agentsand iron chelating agents. How-
ever, thisstudy might suggest that, their reducing ca-
pacity, radica scavenging capacity, theiron chelating
capacity of individua flavonoids may vary depending
ontheir structureand the number of attached hydroxyl
groups®.

TABLE 1: Concentration of free phenolic compounds(mgg

Effect of storage temperature on phenolic com-
poundsin Free-PC extract

Theeffect of storage temperature on the phenolic
compoundswassummarizedinTable 1. Ingenerd, the
concentration of phenolicsincreased at thefirst 2 months
storage, followed by adlight decrease but with no sta-
tigtic differencefor thetworicecultivarsstored at 4°C.
However, acons stent decreasein the concentration of
phenolicsand flavonoidswasfound followingthe stor-
ageat 37°C forboth cultivars. Other studies also have
suggested that phenolic compounds may suffer
decompositionunder high temperatures, and thiseffect
dependson thetemperature, time of processing, type
of compoundsinthe sample and other conditiong?*9,
Thisdecomposition led to areduction of the polyphe-

allic acid equivalentsper 100g rice sample), freeflavonoid

compounds(mg (+)-catechin equivalentsper 100gricesample) and freeferulicacid, and antioxidant activity (AOA, mmol TE

per gricesample, dry base)

Free phenolic compounds
Cultivar BWU BAC

Storage temperature 4C 37°C 4°C 37C

Storage time (month) 0 2 4 6 2 4 6 0 2 4 6 2 4 6
TPCs 435 443 427 425 421 402 373 451 459 450 452 424 403 39.1
TF 209 205 202 197 193 188 181 21.2 210 20.7 20.8 201 19.2 183
FER 172 179 170 165 163 152 144 179 184 178 175 168 160 152
AOA 32 31 30 30 28 22 17 37 35 35 34 31 26 21

TPC: total peholics, TF: total flavonoid; PER: ferulic acid; AOA: antioxidant activity.

TABLE 2: Concentration of bound phenolic compounds(mg gallic acid equivalentsper 100g ricesample€), bound flavonoid
compounds(mg (+)-catechin equivalentsper 100gricesample) and bound fer ulicacid, and antioxidant activity (AOA, mmol TE

per gricesample, dry base).

Bound phenolic compounds

Cultivar BWU BAC
Stor age temper ature 4C 37°C 4C 37C
Storage time (month) 0 2 4 6 2 4 6 0 2 4 6 2 4 6
TPCs 67.3 683 66.7 665 681 672 653 693 699 686 682 685 67.3 670
TF 2477 245 242 240 240 241 237 275 270 277 270 268 262 258
Ferulic acid 213 219 210 21.0 208 204 204 239 239 232 233 233 227 221
AOA 19 19 17 17 17 15 14 22 21 20 20 20 18 18

TPC: total peholics, TF: total flavonoid; PER: ferulic acid; AOA: antioxidant activity.

nol concentration, as observed in thepresent work for
ricestored at 37°C.

Storagemadegreat impact onAOAvaue(TABLE
1), depending on storagetemperature. The changein
theAOA va ue during storagewas consistent with the

changein profileof phenolic compounds. Another plau-
siblemechanismfor the significant reductioninAOA
for ricestored at 37°Cmight be the possibility of inter-
action of the phenolic compoundswith other compo-
nentsinrice. One of themost outstanding chemical re-
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actionsoccurredinriceduring storageislipid hydroly-
sisand oxidation. Thefat acidity iscommonly used as
anindex of quaitydeterioration during rice storage be-
causelipid dissolutionprogressesmorerapidly than that
of proteinand starchi*”, Genkawa, et d” havereported
that thefat acidity wasincreased from 24.3 (fresh) to
59.1 and 68.8 mg KOH100 g*when brown rice was
stored at 15°C and 25°C storage for 6 months, re-
spectively. It isaso important to make sure that the
lipid oxidizablesubstratedoesnot initidly contain oxi-
dation compoundsor proxidant substancesliketransi-
tion metals. Because freefatty acids (FFA) aremore
susceptibleto autoxidation than esterified fatty acids,
thecontrol of theconcentration of the FFA, particularly
unsaturated FFA might be an effectiveway for retard-
ingriceageing progress. Therefore, theexisting of phe-
nolic compoundsin rice may beinvolvedin theregen-
eration of the chromanoxyl radical into
chromanolthrough polyphenol oxidation into phenoxyl
radicas.

Effect of storage temperature on phenolic com-
poundsin Bound-PC extract

Similar to the changesin Free-PC, the concentra-
tion of phenolic compoundsin Bound-PC extract also
showed areductionduringricestorageat 37°C TABLE
2). Thisindicatesthat the chemical reactionsal so oc-
curred in Bound-PC fractionduring rice ageing process.
However, themagnitude of the reduction of Bound-PC
after the storagewas much lower than that of Free-PC,
suggesting that the phenolic compoundsin Free-PC
extractwere moresensgtiveto ageing progress. Thisdif-
ferencemight bedueto thedifferent structures of phe-
nolic compounds present in Free-PC and Bound-PC
fractions, respectively, becausestructura differenceis
thedetermination of itsindividual reducing capacity of
the phenolic compound. Many invitro studies>%8 have
also shownthat a1,2-dihydroxy substitutiononthe B
ring (catecholic structure) isakey factor in determining
the antioxidant activity of phenolic compounds. The
higher antioxidant efficacy of ortho-diphenolsisusualy
explained by stabilization of the phenoxy A Oradical
through formation of anintramolecular hydrogen bond.
Invivo, itisquitelikely that flavonoidswith acatechol -
like B cycle act in the same way as ascorbic acid.
Consistently,therice stored at 37°C for 6 months dis-

played agreater reduction of 46.9 and 43.2% inAOA
in Free-PC extract fraction compared to areduction of
26.3 and 18.2% of AOA in Bound-PC extractfor the
tworicecultivars. Thisfurther confirmedthat phenolics
existingindifferent fraction paly differentrolesonre-
tarding rice ageingprogress, which might bebased on
their configuration structures.

Therédationship between

The correlationsamong the parameters measured
inthisstudy aredisplayedin TABLE 3. The concentra-
tion of phenalics, flavonoid andferulicacidin Free-PC
fraction were highly correlated to the AOA value of
their respective fractions (R?ranges from 0.922 to
0.940). A relatively high correlation was also found
among these parametersin Bound-PC (R?rangesfrom
0.922 to 0.940). Thisindicates that free and bound
phenolicsdirectly contributeto theantioxidant capacity
of wholegrainrice, but they might contributeto differ-
entinfluenceonricequdity. Itisassumed fromthisstudy
that phenolic compoundsinfreefractiontakemainroles
for controlling ricetotal AOA vaue, whereas phenolic
compoundsin bound fraction take partially contribu-
tion toriceAOA but with someother influenceonrice
quality duringrice storage. For instance, theoxidation
of ferulicacidinbound fraction led to form diferulic
esters, which could makethe cell wall structureof rice
more strengthened, and subsequently impact rice cook-
ing behaviors.

TABLE 3: Correlation coefficients between phenolicsand
antioxidant activity measured in thisstudy

Freefraction Bound fraction
Phenolic TPCs TE Ferl_Jllc TPCs TE Ferl_Jllc
compounds acid acid
AOA 0.940 0936 0.922 0.749 0.707 0.828

TPC: total pehalics, TF: total flavonoid; PER: ferulicacid; AOA:
antioxidant activity

CONCLUSION

Although the concentration of Bound-PCwashigher
than that of Free-PC in the two tested rice samples,
their corresponding AOA demonstrated an opposite
pattern. Thisstudy might suggest that the structureand
profileof phenolic compoundsmay differ betweenthe
two fractions. Therewasasignificant reductioninthe
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concentration of phenolic compoundsand AOA both
in Free-PC and Bound-PC fractionsfollowingtherice
Storageat 37°C, indicating phenolic compounds present
inthetwo fractionsareall involvedinthechemical re-
actionsoccurred during rice ageing process.
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