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Abstract

A systematic study was conducted to explore thesceffof grain surface proteins on the
physicochemical properties (pasting, retrogradasind textural quality) of rice. Milled rice graia$
two selected glutinous (Thadokkham-8 (TDK8)) anah-gtutinous (Doongara (DG)) varieties were
treated with different concentrations (0 %, 0.0040%92 %, 0.04 %, and 0.2 % wi/v) of NaOH solution
for 1 hour. After surface protein removal, the cedkrice grains showed a significarR<(.05)
increase in adhesiveness. Similarly, protein remstiawed a significantR<0.05) decrease in the
final viscosity (M) of rice flours. Furthermore, NaOH treatment atacentration above 0.04 %
induced yellow colour development in grains. Diffietial calorimetric study showed that alkali
treatment resulted in increased onse),(peak (), conclusion (T) temperatures and enthalpyHj

of both rice varieties. No significantP$¥0.05) effect of alkali treatment was observed on the
retrogradation thermal temperatures I Tor, and ), but the amount of retrograded starch (as
indicated by reduction itH()) was decreased significantli?<0.05) in both varieties. These findings
suggest a good potential of applying alkali prextmgents in the processing of rice to alter the mesd

and stickiness properties of rice.
Keywords
Surface proteins, Alkali treatment, AdhesivenesstiRg properties, Retrogradation

List of abbreviations

AAC Apparent amylose content
AACC American Association for Cereal Chemist
approx. Approximately

ACIAR Australian Centre for International Agricutal Research
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Vp Peak viscosity

Vi Viscosity at point of inflection

\2 Trough viscosity

wiv Weight by volume

XPS X-ray Photoelectron Spectroscopy
AH Enthalpy of starch gelatinization
AH Enthalpy of retrograded starch

ML Microliter

pm Micrometre

1. Introduction
An increasing trend in the consumption patterniecd has been observed due to rising interest in

gluten free products. Rice can be broadly divided two distinctive types based on the native &tarc
type present in the endosperm; glutinous riceauns primarily containing branched amylopectin and
non-glutinous rice cultivars containing linear ahamylose as well as amylopectin (Yu et al. 2015).
The textural attributes of cooked glutinous and-ghutinous rice are quite different from each other
due to this compositional difference. Good quadiytinous rice should be very sticky and vice versa
for non-glutinous rice (Nawaz et al. 201@4pwever, ageing induces functional changes in theed
glutinous rice (Nawaz et al. 2016b) making it leisky. The mechanism of reduction in the cooked
rice stickiness is still an area of research irgiere

The functional attributes of rice have long beeariasd to starch composition and property.
Many studies to date have focused on the role ofi@sa content (Lu et al. 2013; Syahariza et al.
2013), fine structures of amylopectin (Syaharizale2013), solubility of amylose (Fu et al. 201fhg
gelatinization and melting temperatures of amorghand crystalline regions of amylopectin (Zeng et
al. 2014), and the amount of native structures m@mg in starch granules after heating
(Klaovhanpong et al. 2013 xtensive consideration of investigation on onlgreh is not surprising
considering that starch accounts for 92-95 % ofdityematter in a milled rice grain. However, it has
now been realised that starch may not be the @alpf affecting the cooking/eating attributes ogri
grains (Yadav et al. 2013).
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Protein is the second most abundant macromoleculéce endosperm after starch. Rice
generally contains 6-8 % protein and does not dlaket widely from this level (Yadav et al. 2013).
Proteins in a rice kernel are present in the fofmoond discrete protein bodies (PBs). The estithate
size of PB is usually around 4-5 pm. There are tiypes of PBs; Protein body | and protein body I
(Han and Hamaker, 2002). PBs in subaleurone lagemot similar to those present in endosperm
(Baxter et al. 20045ubaleurone PBs are rich in glutelin (alkali sobjl@nd albumin (water soluble).
While endospermic PBs are rich in prolamin (alcadwuble) (Baxter et al. 2004).

Various studies have been conducted in the pashdoout the effect of protein (Yadav et al.
2013; Xie et al. 2008) and shown a weak correldbietween the gross protein content and the texture
of cooked rice, higher protein content rice beirggdeer than low protein content rice (Baxter et al.
2004). Moreover, in a recent study the surface yamalof rice kernels using X-ray Photoelectron
Spectroscopy (XPS) and Confocal Laser Scanningddaopy (CLSM) showed an over-expression of
proteins and lipids and an under-expression otlstan the surface of rice endosperm compared to the
bulk composition of endosperm (Nawaz et al. 201AKali extraction has been used in recent studies
to extract protein from cereal flours, especialyrice (Souza et al. 2016\lkaline treatment by
agents such as lye or sodium hydroxide is wideBdus the production of many value-added food
products from cereals, including tortillas, waxgeridumplings (Lai et al. 2002), and various extdude
products such as instant noodles and yellow alkailimodles (Nadiha et al. 2010). It is assumed that
dilute alkali treatment to the whole rice grainsyniee a useful technique to remove surface protein
residues resulting in more starch on the surfacein&rease in stickiness/adhesiveness in stored ric
may be improved by removing surface proteins, ascltis stickier than protein (Hamaker et al.
1991).Alkali treatment may also wash surface lipids byasafication. However, alkali application to
food products especially cereals should be emplogeeifully as steeping with higher concentration of
alkali (such as 0.4 % NaOH) for longer time (7-B4s) can lead to structural changes in rice starche
(Cai et al. 2014), resulting in changes in functioproperties such as swelling power, water binding
capacity, gelatinization and pasting attributesrifidaet al. 2008; Wang and Copeland, 2012). Our
study has avoided the inappropriate alkali steepygising lower NaOH concentration for shorter
period of time. The objective of the present stiglip investigate if the removal of the protein lasd
from the surface of the grain alters the stickinefsthe cooked grain. For this the milled riceigsaof
two contrasting rice varieties (waxy and non-waxgspectively) were treated with various
concentrations of sodium hydroxide solution to wasiface proteins and lipids. This washing was
expected to lead to increase in stickiness of cdalee grains which is one of the most important

quality attributes of waxy rice.
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2. Materials and methods
One Oryza sativa indica cultivar of glutinous rice from Lao PDR (@dokkham-8 (TDK8)

having 3.77 % apparent amylose contents (AAC)) @melO. sativa japonica non-glutinous rice from
Australia (Doongara (DG), 19.71 % (AAC)) were usedhis study. The milled TDK8 was provided
by National Agriculture and Forestry Research tosti (NAFRI), Lao PDR, while Doongara were
provided by Rice Research Australia Pty Ltd (RRARMackay, Qld, Australia.

2.1. Alkali treatment
The milled rice grains of selected varieties wepsaked in various concentrations of NaOH

solution (Go ~ 0 %, G.oos~ 0.004 %, Go2~ 0.02 %, Gos~ 0.04 %, and £ ~ 0.2 %) at 4%C for 1
hour with a rice to solution ratio of 1:8. After Hour the treated rice grains were washed with
deionised water until completely neutralised (pH.& approx.). These concentrations corresponded tc
7.0,11.0, 11.7, 12.0 and 12.7 pH, respectivelge ffeated samples were spread on blotting pajper an
kept in fume hood at room temperature (ZZx1RH~50 %) for 72 hours to reduce the moisture
contents to 14 %. One controldGample without any treatment was also kept fongarison.

2.2. Colour estimation of alkali treated rice grains
A Konica Minolta Chroma Meter CR-400 (Tokyo, Japams used for all colour measurements.

Prior to colour measurements, the colour meteraadibrated with a white tile. Colour measurements
were made at least in three folds on samples plecacclear petri dish. The colour was measured in
CIEL*a*b* colour spacel* is a measurement of brightness from black (0) hder(100). Parameter
a* refers red-green colour with positig&-values indicating redness and negatiVevalues indicating
greenness. Whereas, parametér refers yellow-blue colour with positiveé*-values indicating

yellowness and negatil®-values indicating blueness (Good, 2002).

2.3. Confocal laser scanning microscopy (CLSM)
Alkali treated rice grains were dyed with a mixt(iel) of 0.01 % (w/v in water) Rhodamine B

(Sigma R6626) and 0.02 % (w/v in poly (ethylenecgly 200 (Fluka 81150)) Nile Red (Sigma 72485)
for labelling protein and lipid, respectively. Tl'amples were treated with dyes in dark with
intermittent shaking. After 10 min dye-labelled sdes were washed with deionised water until
supernatant became clear. The microstructure efgiains was observed by using LSM 700 confocal

laser scanning microscope (CLSM, Zeiss, Germany).

2.4. Crude protein analysis
Rice samples were ground to flour using a disc (@tod Friends of the Guangzhou Machinery

Co. Ltd., Guangzhou, China). The flour particlegeveieved through 500 um sieve to attain particle

size < 500 um. Crude protein content in rice flaas determined by the semi-micro-Kjeldahl method
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using a Kjeltec 2300 Autoanalyser (Foss AB, Swed&mjitrogen conversion factor of 5.95 was used

to compute the protein value.

2.5. Textural profile analysis
Rice grains (5 g) were added in 15 mL of MilliQ eafrice:water ratio =1:3) in 50 mL glass beaker.

The beaker was placed in water bath at 96+1Cooking was continued until there was no
ungelatinized white belly observed in rice kernglss section (data not shown). Analysis of textural
attributes was performed on a TA-§lUs Texture Analyser (Stable Microsystems, UK) usiagn3m
circular probe. Three cooked grains were on thestiage, and the texture determined. The texture
analyser settings were as follows: pre-test sp2€@, mm/sec; post-test speed, 2.00 mm/sec; distance
2.00 mm; time, 10.00 sec; (auto) trigger force50M) From the force-time curve obtained, textural
attributes of hardness (height of the force peakyate 1, N) and adhesiveness (negative forceafrea
the first cycle, Nsec) were computed using the EXBNT Stable Micro Systems software supplied

with instrument. The TPA values reported are therages of 3 different determinations.

2.6. Pasting properties
Pasting properties of rice flour (particle sizeG0pmm) were determined according to the AACC

International Method 61-02.0dsing a Rapid Visco Analyser (RVA-4 model Thermoeliwindows
Control and analysis software, Version 1.2 (Newt Baientific, Sydney, Australia)). Rice flour (3.01
0, 12.4 % moisture basis) was mixed with 25.0 di@liwater in the RVA canister. A programmed
heating and cooling cycle was used, the samples held at 58C for 1 min, heated to 96 in 3.45
min, held at 98C for 2.7 min before cooling to 80 in 3.91 min and holding at %0 for 1.24 min.
Pasting temperature {Ry), Peak viscosity (M, Trough viscosity (V, Breakdown (BD), Final
viscosity () and Setback (SB) were recorded.

There was no peak viscosity found in DG viscografierefore, Point of inflection (pi) was
calculated using®1derivative for every 30 sec (F 30s) as shownuipptementary section Fig. S1.

Viscosity at point of inflection (}) was estimated by using pi.

2.7. Gelatinisation and retrogradation properties
Differential Scanning Calorimeter (DSC) (Mettler l&@do, Schwerzenbach, Switzerland) with

internal coolant and nitrogen/air purge gas wasl tigedetermine the gelatinisation characteristics o
rice flours. The DSC was calibrated for the heaivfusing indium as standard. Rice flour (4 mg, dry
weight basis) was accurately weighed into aluminpan and 6 pL MilliQ water was added. The pan
was hermetically sealed and equilibrated at roamptgature for 30 min, then scanned at the heating

rate of 18C/min from 0 to 108C with empty sealed pan as reference. The onsgtf@ak () and
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conclusion (T) temperatures, and enthalg\Hj of gelatinisation were determined by St@pftware
Version 9.1 (Mettler Toledo).

After cooling the scanned samples pans were placeal refrigerator at 4°C for 7 days.
Retrogradation properties were measured by resegrithese samples at the rate ofQ/in from 0
to 100C. The onset (dpy), peak () and conclusion () temperatures, and enthalpy of retrograded
starch {H()) were determined. The percentage of retrograddfofo) was calculated d#l/AH X
100.

2.8. Statistical analysis
All treatments were replicated three times to abtaiean values. The reported data for the

CIEL*a*b* colour space, crude protein, textural profile gsial, pasting properties, and gelatinisation
and retrogradation for each variety was analyspdrsgely by analysis of variance using Minitab R17
(Minitab® for Windows Release 17, Minitab Inc, Cago) in order to determine significant
differences. The data was then analysed using Bukmir-wise comparison, at 5 % level of

significance, to compare the results between diffetreatments.

3. Results and discussion
3.1. Colour estimation of alkali treated rice grains
The colour parameters of the raw and cooked giimentrol and alkali treated TDK8 and DG

are shown in Table 1. Significarf<€0.05) decrease in the brightneds) of raw TDK8 kernels was
observed when treated with 0.2 % of NaOH. Howenerchange ir.* was observed in raw DG rice
kernels. From 0.02 % to 0.2 % of NaOH concentratimduced a significantR<0.05) increase in
greenness &) in raw TDKS8 rice; whereas, only 0.2 % of NaOH uiced a significantR<0.05)
greenness in raw DG rice grains. For raw TDK8 gcains, yellownessbf) increased significantly
with 0.2 % of NaOH. Raw DG rice grains were susitéptto alkali yellownesshf) and significant
(P<0.05) increase in yellownes$%) was observed with increase in alkali concentratio cooked
TDK8 rice kernels significantR<0.05) decrease in the brightnesk*] at 0.004 % of NaOH
concentration was observed. However, no signifig@#0.05) decrease inL* was observed with
further increase in NaOH concentration. MoreoveaOINl concentration of 0.04 % induced significant
(P<0.05) increase inL* of cooked DG rice kerneldfNaOH concentration of 0.02 % induced a
significant P<0.05) increase in greennessa} in cooked TDKS8 rice. Further increase in NaOH
concentration had no significai®X0.05) effect ona* of cooked TDKS8 rice kernels. Whereas, NaOH
concentration of 0.04 % induced a significaPt 0.05) increase in greenness() in cooked DG rice
kernels. From 0.02 % to 0.2 % of NaOH concentratimduced a significantR<0.05) increase in

yellowness If*) in both cooked TDK8 and DG rice kernels. Previgtusdies on the effect of alkali
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treatment on cereal products also reported thecewiyellowness in sodium hydroxide treated grains
and flour (Lai et al. 2004; Nadiha et al. 2010)eTihduced yellow colour in alkali treated rice gsai
may be attributable to the naturally occurring éiagids (such as apigen®+diglycosides) present in
cereal aleurone and sub-aleurone layers. Theseaordp are colourless at acidic or neutral pH but
turn yellow at basic pH (Asenstorfer et al. 200B)e scanned images showing colour differences of
raw and cooked grains of control and alkali treal@&K8 and DG are presented in supplementary

section in Fig. S2.

3.2. Confocal laser scanning microscopy (CLSM)
The CLSM images of control and alkali treated Keenels are shown in Fig. 1. The surface of

C. and G in both rice varieties (TDK8 and DG) showed a lagklipids (labelled as red with Nile
red) and protein (labelled as green with RhodarBpeReduction of surface proteins and lipids was
observed with increase in NaOH concentration froff080 % to 0.2 %, showing washing of surface
proteins (possibly mostly glutelin) and lipids.dddition, besides surface proteins some of theeprot
located internally might have been removed. Altho@ _SM was unable to detect this, as the dyes

(Rhodamine B and Nile red) were unable to penetheténterior of the kernel.

3.3. Mass loss during alkali treatment

Less than 3 % and 4.5 % of mass loss was recordéteiwater and maximum alkali (0.2 %
NaOH w/v) treated samples (data not shown). Soasfngilled rice kernels with alkali solution not
only washed surface proteins and saponify surfguedsl but also removed intact dust and bran
residues. No doubt there might be loss of wateuldel components from grains which were not

analysed in the present study and needs furthestigation.

3.4. Crude protein of control and alkali treated rice samples
The crude protein content of control and alkalateel TDK8 and DG are presented in Fig. 2a

and 2b, respectively. Results showed that DG mag haore alkali soluble protein (such as glutelin)
content than TDK8. There was no significaRt(.05) reduction of total crude protein content of
TDK8 up to 0.04 % of NaOH when compared tQ (Control). However, significantP0.05)

reduction of total protein content was found in B¢&n at 0.004 % of NaOH.

3.5. Textural profile analysis
Textural profiles of cooked control and alkali texh TDK8 and DG rice grains are shown in

Fig. 3a and 3b, respectively. Cooked TDKS8 rice hass values ranged from 2.12+0.004 No) @
7.84+0.011 N (@2 and from 8.03+0.058 N (&) to 18.56+0.157 N () for cooked DG rice. The

rice samples treated with 0 % water showed the leasiness in both rice varieties. Results showed a
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significant P<0.05) increase in cooked rice hardness with increaddai@H concentration fromdgos

to Go2 in both rice varieties. Baxter et al. (2004) reépdrthat removal of prolamin by 100 % propan-
2-ol resulted in significantR<0.05) increase in hardness which is similar to our ltsswhere we
removed the water soluble proteins by treating wikialine conditions.

The effect of protein removal through alkali (NaO8atment on the adhesiveness/stickiness of
cooked rice grains of selected rice varieties TC@8 DG is shown in Fig. 3a and 3b, respectively.
Cooked rice stickiness increased significantB<@.05) with decrease in grain surface protein
contents, as indicated in CLSM images of contral alkali treated rice grains of selected varieties
(Fig. 1). Similar to the current findings, Chragfi®90) also reported that the adhesiveness/stskin
of rice could be increased with the reduced amadirglutelin it contained. In addition, there was
significant £<0.05) correlation found between hardness and adhesserfealkali treated rice grains
TDK8 and DG as shown in Fig. 3b and 3c, respegtiveboking is a complex process due to several
physicochemical changes taking place simultaneoushe surface layers, cells and granules
disintegrate and components leach out from the ¢€hmura et al. 2014). This disintegration allows
starch granules to interact with protein bodiesstigoamylopectin with glutelin (Chrastil, 1990;
Baxter et al. 2014). This starch-protein interactadfects the overall stickiness of the cooked,rice
higher the interaction greater will be the sticlenePrevious studies reported the reduced starch
protein interaction in aged rice resulted in desegastickiness (Chrastil, 1990; Derycke et al. 2005
Baxter et al. 2014), probably due to a thin layenan-interacted protein (glutelin) bodies on treer
endosperm surface. This explanation supports thethgsis and findings of present study; washing of

surface proteins led to increase in stickinesoked rice.

3.6. Pasting properties
The pasting properties of control and alkali trdal®K8 and DG rice flours are shown in Table

2. Results showed diverse behaviour of samples tdualkali treatment. Increase in pasting
temperature (Bnp with increase in surface proteins removal wasoled for TDK8. However, slight
decrease in {np was found in DG with increase in surface protai@sioval. Increase in surface
proteins removal restricted the swelling of stagrhnules in TDK8 flour, resulting in significant
(P<0.05) decrease in peak viscosity)VHowever, protein removal had no effect on visigost point

of inflection (Vi) in case of DG. Probably, sodium hydroxide (NaQt¢atment had masked the
effect of protein on Y. It was also found that increase in alkali concdmn also significantly
(P<0.05) reduced the y Interestingly, these results are not in agreemathtthe findings of Lai et al.
(2004), who reported significar?€0.05) increase in Y of native cereal starches in sodium carbonate
(Na&COs) and NaOH solutions. However, similar results edtricted \, of alkali treated sago starch
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were reported by Karim et al. (2008). The possiblson of variation in the pasting behaviours may
be the difference in the sample preparation. 18 ghudy and the study carried out by Karim et al.
(2008), cereal samples were treated with alkali sufzkequently washed with deionised water for 15
min to neutralise the pH prior to examining thetpasbehaviour. However, Lai et al. (2004) carried
out pasting studies on starch samples suspendatkah solutions such as 1 % pGEO; and 1 %
NaOH. As the sample preparation in the presentysisigimilar to that of Karim et al. (2008), the
reduced ¥ could be due to the disrupted amorphous regiodsasakened granular rigidity of alkali
treated starch samples.

In general, protein removal resulted in decreasehi®lown (BD) and Setback (SB) of TDK8
flour and Final viscosity (¥ of both TDK8 and DG flours. Although there was BD and Trough
viscosity (M) observed in DG, increase in alkali concentratieauced the rate of increase in viscosity
during holding at 9% as shown in supplementary section S3. The reardtat par with the findings
of Baxter and co-workers (2004), who studied tHeatfof prolamin on the pasting properties of rice
flour. They reported that extraction of approxiniat@5 % of total prolamin fractions in rice flours
resulted in significantR<0.05) reduction in BD and Vand slight reduction in SB. But this study did
not investigate the effect of surface protein readdrom the rice flour or kernels.

3.7. Gelatinisation and retrogradation properties by DSC
The gelatinisation and retrogradation propertiesasftrol and alkali treated TDK8 and DG rice

flours are shown in Table 3. Protein removal viahltreatment resulted in increased onsg}, (feak
(Tp), conclusion (T) temperatures and enthalgyHj during gelatinization of both rice varieties.€Th
rise in gelatinization transition temperatures anthalpy with increase in NaOH concentration may
be attributed to the starch granule stability, pgmgsthrough electrostatic interactions between
hydroxyl groups of starch and Nmns. Starch exhibits Donnan-potential in the gnee of water due

to its weak acidic ion-exchanging behaviour (Oosi€90). The starch particles have negative charge;
therefore, penetration of Nanto the amorphous regions of starch granulesésnpted. Moreover,
under alkaline conditions, hydroxyl groups of skansight have greater tendency to ionise and create
even more binding sites for cations. It is hypoies$ by Oosten (1990) that anions might tend to
destabilise starch granules by breaking hydrogem&oHowever, such destabilising effects of anions
might be much weaker than the stabilising effettsations. Several researchers have reported simila
stabilising effects of sodium salts such as sodehioride (Abd Ghani et al. 1999; Evans and
Haisman, 1982), sodium acetate (Evans and Haisir@&8%®), sodium sulphate (Evans and Haisman,
1982), and sodium carbonate (Lai et al. 2002).
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On the other hand, no significar>0.05) effect of protein removal was observed on the
retrogradation thermal temperatures§T Tpr), and ), but enthalpy of retrograded stardiid()
was decreased significantli?<0.05) in the flour samples of both varieties. This gades that higher
concentration of alkali treatment on starch resrietrogradation. This was a highest amount of
decrease in retrogradation at highest concentrglo2% w/v) of alkali treatment. In faciH,
provides an overall measure of the energy requinérce melting or uncoiling of double helices of
recrystallized amylopectin (Russell, 1987). Sigrafit £<0.05) decrease iH() with increase in
alkali treatment may be indicative of structuralasfes in amylopectin, possibly alkali-induced
depolymerisation. This will need further investigat

4. Conclusion
This study showed that the protein surface layemfrice kernel or rice flour could be washed

by using very dilute (as low as 0.002 %) alkali Q) solutions. It was found that NaOH treatment at
a concentration above 0.04 % induced yellow colbewvelopment in grains. Moreover, it was also
observed that textural, pasting, thermal attribated retrogradation properties were also affected b
alkali solution washing. Stickiness of cooked glotis and non-glutinous (TDK8 and DG,

respectively) rice could be significantly increaseg washing with dilute NaOH solutions. The

contrasting effects of washing of surface proteaansl NaOH concentration mean that it might be
promising to manipulate the textural propertieglotinous and non-glutinous rice kernels to achieve

desirable sensory outcomes by varying the propwstad the surface proteins in milled rice kernels.
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Table 1

CIEL*a*b* colour space of control and alkali treated rice grains of Thadokkham-8 (TDK8) and Doongara (DG).*

Rice variety Treatment CIE a*b* colour space
L* a* b
Raw TDK8 rice C. 97.4+0.18 -0.41+0.04 7.56+0.09
grains Ceo 97.6+0.01 -0.38+0.05 7.99+0.12
Co.004 97.2%+0.41 -0.4%+0.02 7.89+0.28
Cooz 97.7+0.04 -0.58+0.04 9.06+0.29
Co.os 97.6+0.52 -0.86+0.04 9.27+0.95
Coz 96.4+0.09 -1.88+0.03 13.28+0.20
Cooked TDK8 C. 96.8"+0.35 -0.96+0.02 0.55+0.01
rice grains Ceo 97.7+0.37 -0.68+0.32 0.37+0.01
Co.004 95.6+0.21 -0.84+0.05 0.65+0.04
Co.02 95.4°+0.57 -1.68+0.02 2.55+0.06
Co.04 94.8°+0.14 -1.78+0.01 3.55+0.10
Coz 94.2'+0.05 -1.88+0.04 4.35+0.32
Raw DG rice Ce 94.1+0.23 0.48+0.04 8.87+0.08
grains Ceo 94.6+0.71 0.38+0.02 9.69+0.03
Co.004 93.9'+1.38 0.34+0.04 9.97+0.18
Co.02 93.9'+0.60 0.35+0.01 10.34+0.18
Cooa 94.3+0.55 0.39+0.02 10.36+0.03
Coz 94.7+0.18 -0.55+0.10 13.16+0.05
Cooked DG rice C 93.7+0.26 1.26+0.28 7.258+0.35
grains Ceo 94.3"+0.35 0.78+0.04 6.458+0.35
Co.004 93.4+0.21 0.68+0.04 7.55'+0.21
Co.02 93.8+0.57 0.38+0.01 8.58+0.21
Cooa 95.240.07 -0.18+0.04 10.3%:0.09
Coz 95.5+0.19 -0.35+0.07 14.16+0.71

*Means £ SD (n = 3). For a particular rice variety, means with different letters in same column denote significant
difference at 5 % probability level within each rice variety.



Table 2

Pasting properties of control and alkali treated flour of Thadokkham-8 (TDK8) and Doongara (DG).*

Rice variety = Treatment Pasting properties
Pemp(°C)  Vp(mPa-s)  Vi(mPa-s) BD (mPa-s) Vi(mPa-s) SB (mPa-s)
TDKS8 flour G 74.740.67 2417+27.58 2123+46.67 296'+74.25 252%43.13 406+3.54
Ceo 73.3+0.78 2784+108.19 2183+61.52 603+169.71 2584+45.96 401°+15.56
Co.004 73.940.49 2692+25.46 2063+41.01 6281559 247317.68 410+23.33
Co.02 73.8+0.64 2357+70.00 1968+7.78  39%+77.78 224%22.63 279+14.85
Co.04 74.£+0.28 2184+62.23 1722+12.73 462+74.95 202&52.33 307°+39.60
Coz 79.7+0.46 1535+14.14 148%+16.26 258+2.12  175%+14.14 271°+2.12
Sample Treatment Pemp (°C) Vi (MPa-s) VY(mPa-s)
DG flour G 83.3+0.60 304+44.55  346%151.32
Ceo 82.5+1.73 297+87.68  3014+177.48
Co.004 82.1°40.78 341°+50.91  3037+62.93
Co.02 80.6+0.49 363+87.68  284&+75.66
Co.04 80.7+0.18 316+3.54 2466+3.54
Coz 79.9+0.35 225+31.82  259%411.31

*Means + SD (n = 3). For a particular rice variety, means with different letters in same column denote significant difference at 5 % probability level within each

variety.



Table 3

Gelatinisation and retrogradation properties of control and alkali treated flour of Thadokkham-8 (TDK8) and Doongara (DG).

Rice variety Treatment Gelatinization Retrogradation
T, (C) To(°C) T (°C) AH@g)  Tup(C)  Typ(C)  Te»y(C)  AHy(Jd") R (%)

TDKS flour C; 64.4+0.40 71.6+0.01 84.6+0.47 10.4+0.23 41.1+0.18 51.89+0.33 60.6+0.45 4.4+0.26 42.9+3.44
Ceo 64.9+0.45 72.8+0.16 87.8+0.81 9.3+0.78  41.A+1.22 52.5+1.01 60.3+0.23 4.5+0.14  48.8+2.53
Co.004 65.+0.75  72.8+0.22 86.8+0.18 9.3+0.19  41.7+1.28 52.2+0.34 59.8+0.16 3.5+0.06  38.6+0.10
Co.02 64.£+0.71  72.8+0.19 87.8+0.27 10.6'+0.21 41.5+1.97 52.8:+0.86 60.3+0.18 3.8+0.09  35.9+1.56
Co.0s 64.6+0.16  72.8+0.43 88.7+0.13 11.6+0.08 42.6+0.23 52.7+0.34 60.2+0.25 3.940.02 35.5+0.47
Coz 68.2+1.24  75.#+0.03 92.6+1.74 11.%+0.02 41.8+0.02 52.7+0.33 60.5+0.04 3.940.04 35.6+0.39

DG flour C 70.3+0.45 76.1+0.49 83.3+0.73 6.9+0.35 39.%+2.17 53.4+0.01 62.4+0.11 4.f+0.12 58.6+1.26
Ceo 70.7°40.08 76.8+0.43 83.8+0.34 6.0+0.12  40.2+0.54 53.7+1.00 62.7+0.30 4.2+0.06  70.8+2.47
Co.004 70.9°+0.16  76.6+0.23 84.1+0.17 6.2+0.17  41.8+0.52 53.6+0.54 63.1+0.07 3.8+0.02 56.8+1.21
Co.02 70.9°+0.02 76.8+0.25 83.7+0.62 6.2+0.06  42.0+1.10 54.1+0.66 62.8+0.37 3.5+0.05 50.8°%1.26
Co.04 70.6°+0.16 76.8+0.22 83.1+0.04 7.4+0.40  42.2+0.68 54.6+0.01 62.3+0.13 3.83+0.07 45.1+3.36
Coz 71.8+0.47 78.5+0.15 88.8+1.67 8.4+0.09  42.3+0.62 54.8+0.52 62.8+1.46 2.4+0.36  29.6+3.97

*Means + SD (n = 3). For a particular rice variety, means with different letters in same column denote significant difference at 5 % probability level within each

variety.
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DG

Fig. 1. Confocal laser scanning micrographs of control and alkali treated rice grains of Thadokkham-
8 (TDK8) and Doongara (DG). Lipids and proteins are labelled in red and green, respectively.
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Fig. 2. Crude protein content of control and alkali treated rice grains; (a) Thadokkham-8 (TDK8), and
(b) Doongara (DG).*

*Means * SD (n = 3). Within figure, different letters denote significant difference at 5 % probability
level.
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Fig. 3. Textural profile analysis of control and alkali treated rice grains (a) Thadokkham-8 (TDK8), and (b)

Doongara (DG).* Correlation (r) between hardness and adhesiveness of control and alkali treated rice grains; (c)
Thadokkham-8 (TDK8), and (d) Doongara (DG).”
*Means + SD (n = 3). Within figure, significant differences are denoted by lowercase letters for hardness and
uppercase letters for adhesiveness at 5 % probability level.
“The negative sign associated with adhesiveness was ignored while calculating the correlation (r) due to more
adhesiveness associated with greater negative value.



Highlights

* Removal of surface proteins on rice grains by NaOH solution was revealed through

CLS micrographs.
» Significant (P<0.05) increase in adhesiveness was found in alkali treated rice grains.

* NaOH treatment at a concentration above 0.04 % induced yellownessin grains.



