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Abstract

This study aimed to investigate the impact of protease treatments on the yield of rice starch (RST) from frozen rice
flours, and to compare the physicochemical properties of RST by alkaline steeping (control) and enzymatic isolation
(E-RST) methods. Although the yield of E-RST, prepared according to conditions designed by the modified 2° com-
plete factorial design, was lower than the control, the opposite trends were observed in its purity. E-RST (RSTI,
isolated for 8 h at 15°C with 0.5% protease; RST2, isolated for 24 h at 15°C with 1.5% protease; RST3, isolated
for 24 h at 15°C with 0.5% protease) with the yields above 50% were selected. Amylose contents did not signifi-
cantly differ for the control and RST2. Relative to the control, solubilities were higher for all E-RST, but swelling
power did not significantly differ for E-RST except for RST1. Although all E-RST revealed higher gelatinization
temperatures than the control, the reversed trends were found in the gelatinization enthalpy. The pasting viscosities
of all E-RST were lower than those of the control. Consequently, the enzymatic isolation method using protease
would be a more time-saving and eco-friendly way of preparing RST than the alkaline steeping method, even

though its characteristics are different.
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Z71& protease] HH3-A]7H(8-24
h), HE-&-212(15-40°C)9F B AARE-TFH(0.5-1.5%, dbye 22l
E2 3t REEHES FHAEGNHS E—Eﬂ/\]ﬂb HYE
23 b g ol AN wal 21719 AFAEL =514 T)
7+ AYL/RAES] FEE -1, 0, 12 —Hriﬁrfi(coded) k=2
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Table 1. Modified 2* factorial design matrix and response” for
the yield of starches isolated from the frozen rice flour by food-
grade protease

Coded (actual) levels

R - Yield

un Time Temperature ~ Protease (%, d.b?)
(h) (O (%, d.b)

1 0(16) 0(27.5) 0(1.0) 452
2 1(24) 1(40.0) -1(0.5) 427
3 -1(8) 1(40.0) -1(0.5) 443
4 124) -1(15.0) -1(0.5) 51.6
5 1(24) 1(40.0) 1(1.5) 433
6 0(16) 0(27.5) 0(1.0) 472
7 1(24) 1(40.0) 1(1.5) 435
8 -1(8) -1(15.0) -1(0.5) 529
9 0(16) 0(27.5) 0(1.0) 46.5
10 -1(8) 1(40.0) 1(1.5) 459
1 124) -1(15.0) 1(1.5) 50.8
12 1(24) 1(40.0) -1(0.5) 418
13 1(24) -1(15.0) -1(0.5) 502
14 0(16) 0(27.5) 0(1.0) 46.9
15 -1(8) -1(15.0) -1(0.5) 525
16 -1(8) -1(15.0) 1(1.5) 46.4
17 124) -1(15.0) 1(1.5) 50.5
18 -1(8) 1(40.0) 1(1.5) 449
19 -1(8) -1(15.0) 1(1.5) 473
20 -1(8) 1(40.0) -1(0.5) 44.8
21 0(16) 0(27.5) 0(1.0) 452

"Mean values of three replicate measurements.
IDry weight basis.



HnX]vE'_;SH

P
A
ft

SN 22[Ho| olet A= M=
EAY AIFE(100 g)E Po] e
WS eo] =g2d w7bx] 7h2shHA ""ﬂo}fi‘:]' o] %

proteaseE 7}l §HSAIZF F<F HE =

ARESHI T EARE-Eo 9; " ¥ 2ankeES 400

mesh XA %(No. 400, Chunggye; Seoul, Korea)<

5
AA A% FE Sele. A0 A S A
ksl Z

(300 mL)$F &gkl

2}Z=Ho] Tl %

o

=
A7 Adge A9 golers ol 2
ko3
%

ol ¥ ¥ Rl X r-{tl
>4 —_—
. 01_,
rlo
2
X
S
b
N
N
kJ
=
e G

oA 30%7F WRksk 5 7t Jr*é‘}l 50°Cell A
& Zaqinh gk &4
o xFL T ANEE Y
B2 o] &z AW (Wang & Wang, 2004)0l <]& A
zd AAEOZ 3tk Az BHEL £8L8 ol o
ALkl o5l Attt

AR N b ook N ()

fe = R
offt
ok 9
114
off

b
BN
_0|L
&

AzE AARS) AEHe db) o
Z7] B71F9] AEK(g, db)

2o AACCH 73-139 w2} total
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A E2] FA (g, wb)

1E (g, db) x (ITW)

g3 = ALY 095 E23 2 22180 g/mol)ol
st 432 =Y (anhydrous glucose unit)e] = (162 g/

AR T3S AAFALE FAI(DSC 4000, Perkin-
Elmer Inc., Waltham, MA, USA)E ©¢|&3lo] E43IAt
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Design Expert (version 7, Stat-Ease Inc., Minneapolis, MN,
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oo WEAEEY FO9 95% NFFTNN AFe
Arh. &9 dixes AdE AHEE] st 54
E2 33 ®bEete] EASEA A, dYEAHE A (one-way

ANOVA)S F3dte] Ha+R A= Yepfigich 24 ¢
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EAAES] HARE Aol BAA K482 Tukey’s
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2001). Wang & Wang (2001)2 423 2 4Z=] protease
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ol BHES EElsh ¢ ] HAAY o AR
o] &3 FABIAY Fredez E3ko, T4 protease
(A pH 7.5)¢] A5ele Fo¥oz de &5 Bt
At
w4 g - AAYGel ok BHEe] F&ol e
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protease Wk
I}= o] &3t

Eo] 8ol W25 9} protease AFEH2 -2 8 o]0}
(p<0.05), WFEAIZFS 213 < S
(»>0.05; Table 2). 2@l WA Zha} HES-22, HES-A|

Table 2. ANOVA (analysis of variance) for the effects of factors
and interactions on the yield of starches isolated from the
frozen rice flour

Source SSY df  MS"  F-value Prob>F

Regression 208.7 7 29.8 55.8  <0.0001
A? 1.2 1 1.2 2.3 0.1526
B 161.8 1 161.8 3029  <0.0001
C 4.1 1 4.1 7.6 0.0173
AB 9.8 1 9.8 18.4 0.0011
AC 8.6 1 8.6 16.1 0.0017
BC 16.3 1 16.3 30.6 0.0001
ABC 69 1 6.9 12.9 0.0037

Curvature 3.1 1 3.1 5.7 0.0341

Pure error 6.4 12 0.5

Corrected total ~ 218.2 20

P 0.9702

SS, sum of squares; df, degree of freedom; MS, mean square.
IThe terms, A, B, and C, indicate the time, temperature, and protease
concentration, respectively.
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o] &zl A oJg ANz st 54
she=AE BlaLstr] flste] - ARollA 50% o]
HO|= protease REEZAE] o3l Alxd &H
Adste] =8kt 548 vlasiic AdE &
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Fig. 1. Response surface plots describing the effects of the
interactions among time, temperature and protease loading on
the yield of starches isolated from the frozen rice flours by
food-grade protease.
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Table 3. Mean” values for the relative purity, amylose content,
solubility, and swelling power of starches isolated from the
frozen rice flour by alkaline steeping and enzymatic methods

Rice Rela?lve Amylose Solubility Swelling
starch? purity content (%, d b”) power
(%) (%, d.b”) o (¢/g)
Control - 19.8+0.1* 4.8+0.2° 12.6+0.0°
RST1 102.5+0.0" 18.4+0.1° 16.5+£0.8" 14.7+0.6*
RST2 102.9+0.0* 20.1£0.6* 9.1+0.0° 12.7+0.1°
RST3 100.9+0.0° 18.9+0.8" 10.2+1.2° 12.7+0.0°

"Mean values of three replicate measurements; values sharing the same
lowercase letters within columns are not significantly different at
p<0.05.

YA control indicates a rice starch isolated from the frozen rice flour by an
alkaline steeping method. RST1, RST2, and RST3 corresponded to rice
starches isolated from the frozen rice flour by enzyme reactions for 8 h at
15°C with 0.5% protease, for 24 h at 15°C with 1.5% protease, and for 24
h at 15°C with 0.5% protease, respectively.

IDry weight basis.

16.5, 9.13 102%= thZ2T(4.8%)°l Hl3l 5214
=2 52 YeR S th(Table 3). Proteaseol] vz &+
AE amylase A1F2] BAE o8] AAE YA

1‘%—‘3]—1‘3] Ao R BEE ARLYAEETH AEEA
1= (leaching)®] RIHSHA Lot AR Aoz 3

Evers & Stevens, 1985; Srichungwong et al., 2005).

RST1 (14.7 g/g)¢] 7% thx(12.6 g/g)ol

oJHo g & FFE YERNIAINE RST2 (127

g/g)?t RST3 (127 glg)y= F2l4]1 Aels L}E}LHX] %%

ChTable 3). AEUAFS] B&-2 ofLE=AE L] o Folm,

ofd & 0 0] F7iel Sl AR ATk DA U Th(Tester

& Morrison, 1990). Fgt AEJA} vjAZAA ] A

(perfection) & QFYA (stability)°] =255 AEYA] 3

2 AtE oty X35 TSrichungwong et al., 2005).

Evers & Stevens (1985)2 H9] 83|27t =35 H&

g Agy e 28y 2 Aol BAE A

o AR G =E et 2 EHU7] Wil &

Hol| gt Gl = xfole] FaF2 whAlskATh wEb iz

=l Blel RSTIS] &Ho] Fo|H o= £2 22 RSTI

o] opdE QA Jhgko] thxtol Hla} froH o vtow

(Table 3), RST1¢] t]AZAA o] protease *2] &< H&=

o2 EAHN dEoes AZHEn. Avrk RST29

RST3E A|7Fe] WESAI7HS AA A ZE WA annealing

Aol o3 thxwrolvt RST1Ol vl w2 33525 et

lﬂHU

bt o
E

W Ao 7 AtEIti(Zavareze & Dias, 2011) 3l ol 2
22 3HEFo] RST1 fAFS RST39] W&ol et
9] 2Ql 2ol & Holx] 2= A2 RST3 141 n 24 E9]
A2 8ol protease A ElshHE T FFEHASS
A s, o] 2 <laf thatol] BlE] W& oldE QX S
[e]

ol /] MO 2T,
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2 AEE AHEES] 332w Sslgn s
ANAFATE AR FAI51] Table 40 JERNATE G407
Bl - A o g BAEERSTI, RST29} RST3)<]
SIPRA e EE 54.4-55.7°C, SFH I LT E 62.9-63.7°C,
ST ASEE 724-72.8°C Wl d%leH, RE ©
steEso] gz Hls| o222 =STh(Table 4).
A zseee nadA e S A8 (Tester
& Morrison, 1990), & 3}2=7} H=S45(Zhou et al,
2010), T3> EH Y (ZIPRA L8} Sl d2 =0 27t
FE 4 =(Tester & Morrison, 1990) P]AZAA o] A&
dEty dEA Ak B AoA RSTI, RST29}
RST3¢] msl2=r 9= 7H2t 18.4°C, 16.9°C2} 17.0°Col A
ow RSTIS A9t hRA(17.8°C)ETE Yo =&
YeRl ok 24 RSTIS tizZHt 33842527} vjv)
stARE fo] Ao 2 st FolE RSTIS mlAFdg S
protease *]2] T FEZH O 7 &£AE Z o7 AZE W, o]
£ RST19] %<& 353 (Table 3)° 3t sll4S A A 8t=
Ao e, whd RST29} RST32] &3l =R 97}
xR HLS A2 protease *] 2|(15°C, 24 h)ol| 23|
ARG F2skE 59 annealinge] 13 E Aol Ao
2 F3 ¥} Zavareze & Dias (2011)2 annealing> &
Lot TSHIXEE FFATIA F2 53}

1o
kw
5
=
2o o

SEHLE FEAZIGAL Sk e Sslllgd]= gz
(155 Vgl vla) AEE AAREE(129-14.5 J/g)o] 2
Pz

qo g e 38 YERJSITE Tester & Morrison (1990)
S Ao AR ] e ssigy o APA 02 H|F
SIthaL Stk Zavareze & Dias (20112 annealingS &
o] st glo] YIS HAA AU ST
3 stGith 28 E & AteA AdE AHREEC] tx
o) vlE @& S3AEHE 22l AL protease AEE

)
iy

Table 4. Mean" values for gelatinization temperature and
enthalpy of starches isolated from the frozen rice flour by
alkaline steeping and enzymatic methods

Rice Gelatinization temperature (°C) Gelatinization
starch? T T 7 enthalpy (J/g)
Control  53.9+0.0  61.7+0.0°  71.7+0.1° 15.5+0.1°
RSTI 54.4+03°  62.9+0.1°  72.8+0.1° 13.3+0.3°
RST2  55.7+0.0°  63.740.5"  72.6+0.3" 12.9+1.1%
RST3  55.4+0.1"  63.0+0.0°  72.4+0.4° 14.5+0.4°

YMean values of three replicate measurements; values sharing the same
lowercase letters within columns are not significantly different at
p<0.05.

2A control indicates a rice starch isolated from the frozen rice flour by an
alkaline steeping method. RST1, RST2, and RST3 corresponded to rice
starches isolated from the frozen rice flour by enzyme reactions for 8 h
at 15°C with 0.5% protease, for 24 h at 15°C with 1.5% protease, and for
24 h at 15°C with 0.5% protease, respectively.

3’T0, T, and 7, indicate the gelatinization onset, peak, and completion
temperatures, respectively.
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Fig. 2. Pasting viscosity profiles of starches isolated from the
frozen rice flour. A control indicates a rice starch isolated from
the frozen rice flour by an alkaline steeping method. RST1,
RST2, and RST3 corresponded to rice starches isolated from
the frozen rice flour by enzyme reactions for 8 h at 15°C with
0.5% protease, for 24 h at 15°C with 1.5% protease, and for 24
h at 15°C with 0.5% protease, respectively.
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