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Abstract In this study, waxy rice starch was chemically modified usmg phosphorous oxychloride (POC13, 0.002-0.008%).
Then the physicochemical properties of resultmg cross-linked waxy rice starches were investigated in order to reduce the
steeping time of Yukwa (a Korean oil-puffed rice snack) processing. The swelling powers of the cross-linked waxy rice
starch samples were higher than the native waxy rice starch at temperatures above 60°C, and their increases were
proportional to the POC, concentration. The solubility of the cross-linked waxy rice starch was lower (1.6-3.4%) than the
native waxy rice starch (2.7-6.1%). However, the moisture sorption isotherm of the cross-linked waxy rice starch was not
significantly different from the native waxy rice starch. The rapid visco analyzer (RVA) pasting temperatures (65.4-67°C)
of the cross-linked waxy rice starch were lower than those of the native starch (67°C). The RVA peak viscosities (287-
337 RVU) of the cross-linked waxy rice starch were higher than that of native starch (179 rapid visco units (RVU)), and
increased with increasing POCI, concentration. For the differential scomning calorimeter thermal characteristics, although
Te shifted toward higher temperatures with cross-linking, the To, Tp, and amylopectin melting enthalpy of the cross-linked
waxy rice starch showed no differences compared to the native waxy rice starch. The X-ray diffraction patterns of both
the native and cross-linked waxy rice starches showed typical A-type crystal patterns, suggesting that cross-linking mainly
occurs in the amorphous regions of starch granules. Therefore, the cross-linking reaction did not change the crystalline
region, but altered the amorphous region of the waxy rice starch molecules, resulting in changes of solubility and RVA
pasting properties in the cross-linked waxy rice starch. In summary, since cross-linked waxy rice starch has a high puffing
efficiency and no browning reaction, it may be applicable for Yukwa processing without a long steeping process.
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Table 1. Ion chromatography condition

Condition Anion
Analysis ion F~, CI',NO,, Br, NO;, SO, PO,*
Standard solution Reagecon Co.
Column IonPac AS14A
Eluent 2.7 mM Na,C0,/0.3 mM NaHCO,
Flow rate 1.5 mL/min
Detector Conductivity

degree of substitution)== Rungtiwa 52 ™H(17)9] phosphate
diester group A|4FA 02 ytwsl Ay AFH=E ALttt

P = phosphorus content (mg/100 mL)
% Phosphate (PO,)=% Phosphorus x 3.065
324P
3100 — 96P
= % phosphorus(dry basis) of the cross-linked starch

DS of starch diester=
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7tas} AR F2E5HFTAL Koo 59 WH19E ol&
slo] 2R T A8 oF [ g8 AFETl A oL 25009
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Aisze] 28 99 AET 23 G988 RN Y
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o 8 X2

HE2| pasting S4

¥ pasting 5792 rapid visco analyzer(RVA-3D, Newport
Scientific Pty. LTD, Narrabeen, N.S.W, Australia)ES ©]-& 3}
Lee 59 WHQ0E 283t &, €595 &7 F2A
(14% $ESFE 719) 3.0 5759 25mlE 713 o5 &
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2 YZAIA 287F FRIAIF|HA] pasting temperature, peak time,
peak viscosity, holding strength, breakdown, setback %! final vis-
cosity %S =435t
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Table 2. Water activity of saturated salt solutions at 25°C

Saturated salt solution Water activity at saturation (25°C)
Lithium chloride 0.113 £0.003
Potassium acetate 0.225%0.003
Magnesium chloride 0.328+0.002
Magnesium nitrate 0.529+0.002
Sodium bromide 0.5760.004
Sodium chloride 0.753£0.001
Ammonium sulfate 0.81010.003
Potassium nitrate 0.936 £0.006

HES| HY SN

AR 44 E4L differentisl scanning calorimeter(DSC-630,
SINCO Co., Seoul, Korea)5 ©]83) Choi 59 WHEHE ¥
sl 248190}, $EEE 60%E AR NEE AFE 10mg
W2 4Fulg pandll B2 F F2oA 1A7E B AA 3
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H 130°C7HA] 5°C/min®-2 7}83te] DSC thermogram’doll vHe}
e Y peakZ AT FE peakBHE SIPRAIREZ(T,:
onset temperature), HHISHETE(T,: peak temperature), TIFZA
L% (T,: conclusion temperature)} &2 AET(AH: overall gela-
tinization enthalpy - crystal melting enthalpy)S 2+ 3]t}

X4 31" 24

X-A 3 A%E Xray diffractometer(M18XHF, Mac Science
Co., Yokohama, Japan)S AMS-3tS] Target: Cu-Ko, Voltage: 40kV,
Current: 300 mAS] 702 IAHZITE=(20) 340714 scanning
speed: 3%min(0.02° Step)S = 3]Asl] X-ray diffraction patternS:
1okom Nara®} Komiya22)e] oz e AYs=g +
sHat.

Frile AERAPA N A Je HHOE A=)
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7vs s el phosphorus P Table 33 7o) 0.40-
1445 ug/g© 2 POCL, $H3(0.002-0.008%)°] F71etel weh 43
A AMFes ZrbHEe BES JERIATHR =0.9741). 7k
A7t 744 FA AR 0.002% 7hesl 3R Ee] Ay sharst
A ge dul FAREQT5 pug/g) BokE 22 phosphorusd-S
UellglEd, ol 7hunks 3 HE skashe dojuARt
phosphorus®] o] ANF o2 ol 03]z ARt FFAAR &
ARA phosphorus?} 2EF V0] Yeh Addos He phos-
phorus TS Vel Aoz AZEW, slaA ¥l 0.004-
0.008%2] 7$-olE 7}aNtg- B4 phosphorus®] EE7F A
o7 ol Uul FAAE O ZHEIY] phosphorus &Zof Ao
2 9 wgslaa 7past ¥hgo] Yoji} phosphorus ol St
H e B Ao AztEn, gditgoz e A& phos-
phorus FFL 54 028 mgg, 2 0.57mg/g, A 0.90 mg/g,
A 066 myle, 75 059mg/s, T 0031 mglg TLE VEES
™ (23-25), 2] 72 0.031 mg/g(26)9+ 0.002-0.004 mg/g(27)S
2 Vet 7+ AR 7 uE e & F Utk
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POCL =& 9 7hust ARl HEHe| Hike Fig
13} 7t} oo ARAR} daste) A7) A7A A
2 FES B4 £ e THE il AR tuslEA &
o gyt FEARe] BHEHEL 20-50°CAAE 2.2-23%= L3}
7t 60°CoA 5.5%, 70°COlM 92%= At ME FUME Holt}
7}, 80°CAlA 11.6%, 90°COllA 12.9%= thh SelIAE &S
el 7twsl AHRAEE 20-50°ClA 2.3-2.7%2 443t
7} 60°Col A 6.4-68%F Z718H7) A &8l 70°CoA] 11.4-
12.8%, 80°ColA] 12.3-13.5%, 90°CA] 15.1-17.3% & 53] &
7t Aske UehelFig 1), 9AER 9 A FEPDER
o AAFHow B WEHE Jelon, pOCl IF Afold o}
£ 949 ol WEREA] ¥tk

Table 3. Phosphorus content and degree of substitution (DS) in cross-linked waxy rice starches

Type of starch Phosphorus oxychoride per starch (%) PO (ppm) Phosphorus (ng/g)"” DS?
Native waxy rice starch 0 8.43 275 0.31
POCY, 0.002% 0.002 123 0.40 0.04
POCI, 0.004% 0.004 21.54 7.03 0.94
POCl, 0.006% 0.006 29.82 9.73 146
POCI, 0.008% 0.008 4429 14.45 2.73

"% Phosphate (PO,) = % Phosphorus (mg/100 mL) x 3.065
Phosphorus (ug/g) = PO,>/3.065
IDS: degree of substitution
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Fig. 1. Changes in swelling power of cross-linked waxy rice
starches.
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Fig. 2. Changes in solubility of cross-linked waxy rice starches.
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ANE 2229%F HZH YAHNAL(Fig 2), 7stER] e
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Fig. 3. Moisture sorption isotherms of cross-linked waxy rice
starches.
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Fig. 4. X-ray diffraction patterns of cross-linked waxy rice
starches.

Table 4. Relative crystallinity of cross-linked waxy rice starches

Sample Relative crystallinity (%6)*
Native waxy rice starch 10.89 £ 0.01%**
POCL, 0.002% 11.57£0.04*
POCI, 0.004% 11.79£0.02*
POCI, 0.006% 11.56 £0.06*
POCI, 0.008% 11.47 £0.04

*Relative crystallinity (%)= Ac/(Aa+ Ac) x 100

Aa=amorphous area on the X-ray diffractogram

Ac = crystallized area on the X-ray diffractogram

**Means with the same letter are not significantly different (p <0.05)

RVA E4 M3}

POCL, =& 2|3 7twsl J2HE2] RVA pasting curve®
FE] 78 RVA pasting %4 Z3E Table 59 HepliSich &3}
7HA2 =T RVA pasting curveollA] 257} Z7Fge)] we} A-&0
2 Hert SR A HolMe 252 WMAEA 82
B AR A 66.8°CE Yo POCL H7Fgel S7t
G5E 654°CoA 67.3°C7HA] SN2 E7F URE AR
Hlal] thd ol AY vl5g A Jeplgl oy Ag7kel §
92l ztel= gl

At FaARe A HEE 179RVUE vehgdoen 7lwst
FEAEL 287-337RVUZ Gyt F3RARRT &2 33 IS

Table 5. RVA pasting properties of cross-linked waxy rice starches

UeRieu PoCl, EEo e foH< ztele (T

A2 Hxst 95°ColA 50°CE WA doll HEART B
7] 48 A= UERHE breakdownd] 73§ Ut FHER o]
102 RVUE Vet 7kt F3EAEE POCl ¥l wet 89-
111 RVUZ veht @ub Fadiad fo4Q Aot gle Ao
2 Yebsith

W2k 3 At ke 358 Ul setbackd] 7% 7h
@3} A Ro] 62,5-79.5 RVUZ Yk 2 Ee] 22 RVU B
t} o] Z7td AL B9Th POCL, T mE AL et
VA A stslel] wE HuHE Fkel] w2t setbackgkol
Z7khe Adrt v Zle2 Azbdn.

dwtzo g JlwEE A HW AR Bz stlas 32
gte) garo g HUHET} WolAle Ao YrkHold B Ao
A AREE FRARCAME HUREST 24 ekttt olEd @
FAE vEe tuAE SRS B A3 FeTt oA
7b ZEA 7Y o ol HrbE wiRE FErt Rope A7
Sk A3E JERIYED(3233), ole 2ol A5 dE F
7R ol %= AYE 4= drk AWAE B AFolA AMEE Tl
A ko] Aoz AW FHAZ Jlwst v iR
AEAR WelN Y F9E ol e oFdRes EA¢t
ofdzH e BEXH Alololr] dojubzd] FEHR] A o}
Az e Feko] A glo] ol zHElel B HA shashut
S92 A AR XEEgo] WA dojd F, ZHT ojdR e
B e o olazeEe] B EskA] ool AiFe
2 Ao g ksl wgo] dojuba FEAQl XEukEe] F
Ao dojdozy siwsl AE 45 A XA 54
T 7o) veilie Aoz Az

DSC X £4

BRI ZE POCL, =S g kst EHEe E3 &
3% JElE DSC thermogramell Al 73 I8 54 312 Table
6ol VERH AT

Auk FAARL] AS I LET )= 555°CoIeH, 7t
238} AR A9 POCL HF 0.002%A4= 55.7°C, 0.004%
N E 56.1°C, 0.006%N = 54.8°C, 0.008%A= 55.9°CE &
F9xE gl AoE Jeidth To A¢ 4 AARE
67.6°Co|xL, 7hurs) Azl 79 POCL B 0.002%= 70.5°C,
0.004%= 70.9°C, 0.006%+ 70.1°C, 0.008%< 72.1°CZ LAwzbd
no oa Z7H 2438 ek T s duk e
2 79.1°Co|3L 7hast FEREY A4S POCL TFF 0.002%=
84.7°C, 0.004%% 83.6°C, 0.006% 82.7°C, 0.008%: 84.0°CE
tha Zlsk oy POCL, Bl WE folF<l Atole vEht
A ASATE AHE ¥k FEHEC] 90Jgolon, 7t 3

Pasting Peak Peak

Holding Final Break

. . . . X Setback
Sample temp. viscosity time strength viscosity down (RVU)
O (RVU**) (min) (RVU) (RVU) (RVU)

Native waxy rice starch 66,8 £ 1.7%* 179 +1¢ 3.8+0.1° 77+1¢ 99+14 102+2° 22.0+0.0°
POCI, 0.002% 66.0+0.5% 287+£1° 3.8+0.0° 19842° 260 1° 89 +3¢ 62.5+0.7
POCI; 0.004% 65.6+£0.5% 206+1° 3.940.0° 204+1° 28143 102£4% 77.0+£42
POCI, 0.006% 673+0.5 334+ 5 3.940.0° 228427 306+1° 106+3° 78.5+0.7°
POCI; 0.008% 65.4£0.1° 3374 4.0+0.0° 225+5° 304422 11+1° 79.54+0.7°

*Means with the same letter in the same column are not significantly different (p < 0.05).

**Rapid viscosity unit
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Table 6. Differential scanning calorimetric characteristics of cross-linked waxy rice starches

Sample Melting temperature (°C) AT CC) AH (/g
Tol) sz) TC3)

Native waxy rice starch 55.5+£0.1%* 676+13° 79.1£1.0° 236108 9.0+0.5°
POCI,; 0.002% 55.7£0.3° 705+1.12 847220 29.0+2.5° 9.6+2.0°
POCI; 0.004% 56.1 + 1.3 70.9+0.1° 83.6£1.0° 27.1+£03* 8.3+0.9°
POCI, 0.006% - 54.8+3.1° 70.1+0.3° 2714 279+1.7° 87+£19°
POCI, 0.008% 55.94+0.3° 72.1+£04° 84.0+0.4° 282107 93+0.5°

*Means with the same letter in the same column are not significantly different (p < 0.05).

UT,: Onset temperature

2T,: Peak temperature

IT,.: Completion temperature
IAT: To-T,

JAH: Crystal melting enthalpy

Fig. 5. Yukwa made from steeped waxy rice and from cross-
linked waxy rice starches.
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