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ABSTRACT

Threerice cultivarswith different amylose contentswere used for studying
the effect of storage onrice structure and digestion behaviours. The amount
of cell wall remnantsof rice stored at 37°C increased over the storage. The
pasting studies indicate that rice samples stored at 37°C demonstrated a
consistent increase in time to peak viscosity (TTPV) of the RVA curve
during the storage, suggesting a quick ageing progress. Ageing led to the
decrease in the leaching of starch molecules during cooking, indicating
the reduction of hydration and swelling of starch granules in aged rice
grain. Digestion study shows that ageing process significantly reduced
rice digestion kinetics both in rate and extent. Thus, it is assumed that
ageing led torice grain becoming more organized in structurewhich reduced
starch granule disruption and molecules leaching, and subsequently
affected therice digestion properties. This study suggeststhat the changes
in digestion behaviours of rice are highly associated with the changesin
rice physicochemical properties occurred during storage and ageing is
one of useful methods for manipulating rice digestion properties.
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INTRODUCTION

Riceisnormally consumed ascooked riceand only
asmall amount of riceisused to makeingredientsfor
processed foods. Thispattern of usageresultsintheneed
to storericeover varying periods. It hasbeen well docu-
mented that anumber of changesinricechemica and
physical propertiesoccurred during storage, whichis
usudly termedrice ageing. Riceageing commencesbe-
foreharvest and continues*?. Theextensivestudiesin-
dicatethat ageing-induced changesoccur inricecompo-
sition, pasting properties, therma propertiesand texture™

19, Attemptsto explainthechangesinricefunctionality
assod ated with ageing havefocused onthe propertiesof
ricecomponents, such asstarch, protein, and lipidsdur-
ing storage“+14, Aswith functiondlity, changesinthose
componentsweremost gpparent at an elevated storage
temperaturé®. For example, Chrastil and Zaring* re-
ported that the number of disulfidebridgesincreased and
thelower molecular weight peptidesdecreased within-
crease of the higher molecular weight peptidesduring
storage. Changesinfatty acid profilesand anincrease of
freefatty acidsduring storagehave been noted aswel 114,

Recently, theinteractionsamongst rice components
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occurred during storage have attracted more inter-
estd*519, Previous study suggeststhat interactionsbe-
tween starch and non-starch components play anim-
portant roleon rice properties during the ageing pro-
cess¥. Neverthd ess, theeffect of aging processonrice
property iscomplicated and themechanism of riceage-
ingisgill beinginvestigated.

Morerecently, there hasbeen aconsiderableinter-
est inthe possibility of improving diabetic control by
altering the glycemicimpact of the carbohydratesin-
gested. Severd nutritiona advantagescan beanticipated
with productsof low glycemicindex (Gl) and such foods
areusudly associated with lower postprandia responses
of glucoseand insulini*"8, In recent years, aconsider-
ablenumber of studieshavefocused ontheimportance
of low Gl productsasasubstratefor colonic fermenta
tion™¥, Briefly, these sorts of food productswill pro-
videsubstrateto the colonic microflora, thuspromoting
short-chain fatty acid production in the colon with po-
tentia health benefitd?!. Our preliminary survey sug-
gested that the peopl e consuming aged ricewould have
alower risk to have diabetes mellitus compared the
community of consuming fresh rice (datanot shown).
However, to the best of our knowledge, theinforma-
tion regarding the effect of ageing processonricedi-
gestion behaviour isvery limited. Thus, thisstudy ex-
tendsour previouswork of the effect of stcorageonrice
physicochemical properties®? and examsthe effect of
ageing processonricedigestion property.

MATERIALSAND METHODS

Rice samples

Commercialy grown samplesof threeAustraian
cultivars, Koshihikariand Doongarawere selected in
thisstudy. Koshihikari isamediumricegrain with 18%
amylose content; Keeyma, an aromaticricegrain with
26% amylose content; Doongara, alongricegrainwith
28% amylose content. Thethreevarietiesweregrown
inthe MurrumbidgeeIrrigation Area(MIA) of New
SouthWales, Audtraia

Rice storage

Previous studies suggest that storage at 37°C ac-
celerated the ageing process, whilst storageat 4°Cre-
tarded the process and that samples stored at these
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two temperatures provide avalid comparison of rice
ageing[9,10,21,22]. Thus, inthis paper, two storage
temperatures, 4°C and 37°C were used for the studies
of thericeageing process.

Milledricesamples (10 kg) wereplacedinair-tight
glasshottles, sealed and stored in the dark at 4°C and
37°Cinthermodtaticaly controlledincubators. Samples
werewithdrawn from the same bottleat the beginning
of storageand at different intervals. Prior to analyses,
ricegrainswere ground immediately after being with-
drawn from the storage containers using a Cyclone
SampleMill (UDY Corporation, Fort Collins, CO) and
passed through a0.5 mm sieve screen.

Celwall remnantsinricegrain

Riceflour (3.0 g; 12% moisture) was mixed with
25 mL of sodium acetate buffer (0.005M, pH 6.5) and
then 50 L of thermostable a-amylase (Source: Bacil-
luslicheniformis) was added. The mixturewasincu-
bated in aboiling water bath for 4 min to hydrolyse
starch and cooled in anice bath. The hydrolysate was
centrifuged at 2095 x g for 10 min and the supernatant
wasdiscarded. Theresiduewaswashed with 50 mL of
distilled water, stirred and centrifuged. Thewashing
procedure wasrepeated twice. Theresidue was com-
bined with 20 mL of sodium acetate—acetic acid buffer
(0.005 M, pH 5.0) and then 50 uL of glucoamylase
and 20 pL of iscamylasewere added. Themixturewas
incubated at 50C for 20 h.

After incubation, the mixture was centrifuged at
2095 x gfor 10 min and theresiduewas collected and
washed using 50 mL of distilled water and centrifuged.
Thewashing and centrifugation procedureswerere-
peated twiceusing fresh distilled water. The collected
residue wasthen washed twicewith ethanol followed
by acetone. Theresiduewasdried to constant weight
inanovenat 105°C andthecell wall remnant wascal-
culated and expressed asper cent of dry ricegrain.

Rasting analysis- rapid viscoanalysis (RVA)

The pasting propertiesof thericesampleswerede-
termined withaRVA (Newport Scientific, Warriewood,
NSW,Augtrdia). Riceflour (2.8 g; 12% moisture) was
durriedwith distilled water (25 mL). Thetemperature
profileinvolved aninitia 10 shigh-speed (960 rota-
tionsmin?) stir that dispersed the sampleprior tothe
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beginning of the measuring phaseat 160 rotationsmin
1, Temperature was held at 50°C for 1 min and then
raised t0 95°C in 3.75 min, held for 2.5 min, cooled to
50°C in 3.75 min, and held for 5 min.

Moreover, an “‘extending temperature profile” was
asodesignedfor further investigating the pasting prop-
ertiesof thericesamples.

Solublestar ch profileafter gelatinization

Riceflour wasge atinized usngaRVA under anor-
mal hegting profile(see Section 2.5). After the RVA run,
the pasteinthe RVA canister wasingantly collected. 0.5
g of therice pasting wasmixed with 0.5 mL of 0.05M
sodium acetatebuffer (pH 5.0), vigoroudy vortexed and
centrifuged at 10,000 rpm for 10 min. The superannuant
was used for measuring starch molecular profileusinga
gze-excluson high-performanceliquid chromatography
(SE-HPLC) system. The system comprised aWaters
2690 pump equipped with an autosampler and adiffer-
entia refractive index detector (Waters, Model 410,
Milford, MA). An Ultrahydrogel ™ 250 column (Wa
ters, 7.8 mm x 300 mm), guard column (Phenomenex
Inc., Australia) and detector weremaintained at 37°C
andinjectionwasat 25°C. Sodium acetate— acetic acid
buffer (0.05M; pH 5.0) containing 0.02% sodium azide
was used asmobilephaseat aflow rateof 0.4 mL min™.

Rice cooking

Milled Ricegrain (2.5 g, dry basis) was combined
with25 mL of distilled water inaquick-fit conica flask
fitted withaglassstopper. Theflask wasimmersedina
boiling water bath for 15 min after whichit wasplaced
inanicebath for 5 min. After cooking, therice was
freezedried, and wasvisuaized using aScanning Elec-
tron Microscopy (SEM).

Rice digestion in vitro

The digestion procedure of the cooked rice was
described asfollowings: 0.5g of the cooked rice (on
dried basis) was added into 25mL of pH 5.2 NaAc
buffer (0.1 mol L1). Prior to thedigestion, 0.55 ml of
CaCl, (0.1 mol L) was added into the mixture. The
starch suspensionwasequilibrated at 37°Cfor 1 hwith
magnetic stirring, and then 0.15 mL of enzymesolution
containing 2.3U of porcine pancregtin a-amylase and
24 U of amyloglucosidase was added. Thedigestion
wascarried out at 37°C with magnetic stirring, and 0.3

mL aliquotsof hydrolysed solution werewithdrawn at
different timeintervas. Thediquotswereimmediately
put inaboiling water bath for 10 minto deectivatethe
enzymes. Theglucose content in each digestion durry
was determined us ng the M egazyme glucose assay kit
(GOPOD method, manufactureingtruction). Analysis
wasperformedintriplicates.

Scanning electron microscopy (SEM)

Visudisationsof ricegran sructurewere performed
on aCambridge S360 Scanning Electron Microscope
with anattached Oxford CT 1500 Cryotranscold stage
/ coating unit. An aliquot of cooked rice digestawas
centrifuged at 2095 x gav for 10 min and the superna-
tant aspirated to waste and theresultant pell et washed
using RO water and centrifuged again under the same
conditions. Thefind pellet wasair driedinafumehood
and glued onto asampleholder, plungedinto liquid ni-
trogen slush (at -230C) and transferred immediately
ontothe SEM cold-stage. The specimenswerewarmed
to a controlled -80°C to sublimate off ice crystals.
Sampleswerethen transferred into the cryotrons and
coated with gpproximately 10 nanometresof puregold.
The coated specimenswerethen observed at -180°C
on the cold-stage of the SEM.

Satistical analysis

Digestion rateof each rice sampleisthe measure-
ment of theincreasein glucose concentrationinthesys-
tem a each designated time. Digestion extent of cooked
ricewascal cul ated asthe percentage of digested starch
inthetotd starch at thedesignatedincubationintervas.
Theamount of digested starch wascd cul ated after con-
version of rel eased glucoseinto starch by use of factor
0.9. Initia velocity of amylasehydrolysisof the starch
wasexpressed asthed opeof digestion curvewithinthe
first 20 minincubationtime. Experimenta dataweresub-
jected to analyssof variance using one-way analys sof
variance, and sgnificant differencesbetween fractions
weredetermined using Duncan’s Multiple Range Test.
Thedifferenceswere consdered significant at P<0.05.

RESULTSAND DISCUSSIONS

Cdl wall remnants
Milled ricegrainiscomposed of endosperm cells
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varyinginsizeand shape (Figure 1a, b). Thecdl walls
arethin-walled and are packed with amyl opl asts con-
taining compound starch granuleswhich areevenly dis-
tributed. After thedigestion of starch by amylases, the
residues were collected and determined as“cell wall
remnants” (Figure 2). Doongara rice had the highest
amount of cdll wall remnantsamongthethreecultivars
(TABLE1).

Figure1: Scanningelectron micrograph showing cell wall structureinsidetherice. R

The effect of storage on the amount of cell wall
remnantsislistedin TABLE 1. Ingenerd, storage at
4°C did not affect theamount of cell wall remnantsin
thethree cultivars. However, the amount of cell wall
remnantsincreased whenricestored at 37°C. Themea:
surement of cell wall remnantsisof interest duetoits
important rolefor providing astructurd framework with
whichthegrainisorganized and asaphysicd boundary
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icegrain (var. Doongara) wasstored

for 16 monthsat 4°C with integrated cell wall (a) and at 37°C with broken cell wall (b).

TABLE 1: Changesin thecontentsof cell wall remnantsof ricegrain following storageat 4°C and 37°C for 16 months.

Rice cultivars Koshihikari Doongara Kyeema
Storage temperature 4°C 37°C 4°C 37°C 4°C 37°C
Cell wall remnants (%, dry grain)*
0 6.6+0.3 6.6+0.3 7.910.4 7.9104 7.3+0.3 7.3+0.3
4 6.6+0.3 7.2+0.2 8.0+0.4 8.7+0.2 7.3+0.3 7.9+04
. 7 6.7+0.2 7.5+0.3 7.9+0.3 8.9+0.2 7.3+0.2 8.1+0.3
Storage time (months)
10 6.7£0.3 7.5+0.2 7.910.1 9.1+0.1 7.5+0.2 8.3+0.2
12 6.8+0.4 7.7£0.4 8.1+0.3 9.1+0.3 7.4+0.3 8.3+0.3
16 6.7+0.2 7.8+0.3 8.1+0.3 9.0+0.2 7.5+0.2 8.5+0.3

to accessby moisture and heating energy during starch
gel ati ni zati on/cooking process®. Cel wallsbound to-
gether impart adegree of rigidity and are composed of
celluloseand hemi cd lul osesand other minor non-starch
components?. Incell wall remnants, phenolic com-
poundsexert asignificant effect onthe propertiesof the
cell walls, which aremechanically strengthened®! by
thecross-linkings of phenolic acidswith polysaccha-
ridesand contributeto cdll wall rigidity®?®. Theincrease
intheamount of cell wall remnantsduring storage at
37°C might berelated to theformation of ferulatedim-
mers?’, which makesthecell wal remnant more*ligni-

fied” thereby reducing its solubility.
Pasting properties

Pasting property isconsidered as one of the most
sengitive parametersfor monitoring riceageing process,
whichisnormaly measured us ng thermoviscometry and
particularly amylography!*3. Among the RVA param-
eters, timeto peak viscosity (TTPV) and breakdown
arethemost sengtiveindicesfor evauating riceageing.
Theincreasein TTPV of theagedrice (37°C storage)
isoneof themost notableimpactsof ageing (Figure 3).
Therewasno changein TTPV when therice sample
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sored at 4°C for 16 months, whereas TTPV increased
sgnificantly (P<0.01) following storageat 37°C.

Figure2: Scanning electron micrograph showing cell wall
remnantsinriceafter removing star ch granules. Ricegrain
(var. Doongar a) wasstored at 37°C for 16 months.

a
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+-O- 379C, Kyeema
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Storage time (month)

Figure3.Changesin TTPV following storagefor 16 months
at 4°C and 37°C (var. Kyeema) asdeter mined by RVA.

Thechangesinrice pasting propertiesareasoin-
vestigated using an “extended heating profile” and rep-
resentedin Hgure4. Thedifferenceintheviscosty profile
between thetwo storage temperatureswas seen when
temperature raised from 50 to 90°C, suggesting that
ricestructurewas highly strengthened and thusdemon-
strated higher resistance to be cooked for aged rice
(37°C storage) than freshrice (4°C storage). Itisas-
sumed that the more organized structureinricegrain
formed during ageing would contribute to the signifi-

cantincreaseinthe TTPV (P<0.001) and other pasting
parameters(Figure 3, 4)58. Moreover, ageing-induced
changesinthestructureof lipidsand proteins present
on the starch granulesin aged ricewould al so affect
starch gdlatini zati onf222,
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Figure4 : Differencesin RVA profileunder an “extended
heating profile” for thericegrains(var. Doongar a) stored at
4°C and 37°C for 12 months.

Solublestar ch molecular profile

After theRVA rununder anormal temperaturepro-
file, the gelatinized rice samplewas collected and the
solublestarch molecular profilewasanaysed and pre-
sented in Figure 5a, b. The chromatographs suggest
that sorageat ahigher temperaturesignificantly reduced
theleaching of stlarch moleculesintotal. Thisresult was
consi stent with our previous study that that storage at
37°Cledtoadecreaseintheamount of solid contentin
residua cooking water'¥, Thisreductionindicatesthat
the starch components became moredifficult to beex-
truded from thericegrain during cooking®.

a b

RI Response

Retention time (min)
Figure5: Chromatographs of soluble starch moleculesin
ricecookingwater. Ricegrain (var. Koshihikari) wasstored
for 12monthsat 4°C (a) and 37°C (b).Fraction | : amylopectin,

Fraction|l: amylose.
BioTechnology
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Mor phology of cooked rice

The morphology of cooked rice samplesis pre-
sented in Figure 6. Fresh rice (4°C storage) had a
smoother surfaceafter cooking. In contrast, starchin
theagedrice(storageat 37°C) isharder to beextruded
becauseof itsuniquegrain structureformed during stor-
age, which would contributeto acoarser structureon
the surface of its cooked rice particles. It isassumed
that aged ricegrainismoredifficult to behydrated, and
thusitsstarch demonstratesagreater resistanceto be
hydrothermally disrupted compared to therice stored
at 4°C.

Digestion kinetics
Thedigestion curveof the cooked rice samplesis

-

T
.

presentedin Figure 7, which isthe measurement of the
increasein glucose concentration in theincubation sys-
temat designatedintervas. Thedigestion curvesfor dl
thericesamples showed abiphasic pattern, i.e. arapid
rate at theinitial hydrolysis stagefollowed by apro-
gressively decreased rate thereafter (Figure 7). The
overall digestion rate of the aged rice (37°C storage)
was|ower than that of thefreshrice (4°C storage). In
comparison with thedigestion curve pattern, thediges-
tion of aged riceexhibited alower initia velocity (ex-
pressed asthed ope of digestion curvewithinthefirst
20 minincubation time) compared to the digestion of
freshrice. Thechangesinricedigestion property dur-
ing storage might berel ated to the changesin rice physi-
cochemica property asreveded above.
OF .- e A A

Yy ¥ o

Figure 6 : Representative scanning electron micrographs showiné the transver se structure of cooked rice grain (var.
Doongar a) following storageat (a) 4°C and (b) 37°C for 16 months.
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Figure7: Thedifferencesin digestion propertiesof three cooked rice cultivar safter thericegrainswerestored at 4°C (a)

and 37°C (b) for 12 months.

Furthermore, the digestion extent was al so mea-
sured, and the results showed that over 95% of the
starch in rice stored at 4°C was digested after the

compl etion of theincubation, whereasthedigestion of
starchintheaged rice (stored at 37°C) wasreduced to
79.3% for Doongara, 83.1% for Keermaand and
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85.2% for Koshihikari, respectively. These significant
difference (P<0.01) in the digestion rate and extent
between fresh (4°C storage) and aged (37°C storage)
rice confirmed that ageing processatered ricediges-
tion behaviours.

CONCLUSION

Milledricegrainsare composed of endosperm cells
which arethin-walled and packed with amyloplasts
containing compound starch granules. Cdll walsbound
together contributingtoricegraininagood rigidity. Study
showed that therewasan increasein theamount of cell
wall remnants during ageing, which might lead to a
strengthen structurein therice. Pasting studies suggest
that the hydration and swelling of aged rice decreased
and the starch granules became more resistant to be
hydrothermally disrupted. Ageing processledtorice
grain becoming more organised and thuslimited the
leaching of starch components. It ishypothesi sed that
thereduction in the hydration-facilitated disruption of
thestarch granulesin aged ricewould be correlated to
itslower digestionrate and extent.
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