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Abstract

Physicochemical properties of hydroxypropylated and cross-linked (HPCL) rice starch were investigated. Dual mod-
ification of rice starch was carried out by hydroxypropylation using propylene oxide (2, 6, and 12%) and then cross-
linking using phosphorus oxychloride (0.005% and 0.02%). Swelling power of dual-modified rice starch increased
at lower temperature (60°C) than that of native rice starch (70°C). HPCL rice starch showed slightly lower solubility
(1.6-6.1%) than native rice starch (2.2-13.8%). Solubility and swelling power tended to gradually increase with
increasing phosphorus oxychloride contents. RVA pasting temperature (66.2-70.8°C) and peak viscosity (160.6-
171.1 RVU) of HPCL rice starch were lower than that of those of native starch (71.3°C, 190.4 RVU) and decreased
with increasing propylene oxide concentration. DSC thermal transitions of HPCL rice starches shifted to lower tem-
perature and show less amylopectin melting enthalpy (11.8-9.8 J/g) than that of native rice starch (11.9 J/g). Overall,
physicochemical properties of HPCL rice starches were highly dependent on hydroxypropylation rather than cross-
linking.
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Fig. 1. Swelling power of hydroxypropylated and cross-linked
rice starches.
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Fig. 2. Solubility of hydroxypropylated and cross-linked rice
starches.
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Table 1. RVA pasting properties of hydroxypropylated and cross-linked rice starches.

Peak

Pasting Holding Final Break
. . Setback
Sample temp Peak viscosity Peak time strength viscosity down (RVU)
®) (RVU**) (min) RVU) RVU) RVU)
Control 71.31£0.4¢ 190.4+4.7° 4.0£0.0° 62.7+0.8° 150.442.5° 127.744.0° 87.7£3.3¢
PO (%) POCIL (%)
2 0.005 88.2+0.1" 161.9£2.0° 6.2£0.1° 131.60.8* 258.343.0™ 30.0+1.2¢ 126.842.1°
6 0.005 83.310.1° 167.7£1.3° 5.440.1° 99.240.7° 298.3+1.4* 68.510.6° 199.1£0.6*
12 0.005 78.4+2.2¢ 160.7+0.4° 5.0£0.1¢ 92.7£0.3¢ 298.4+0.2% 68.0£0.7° 205.740.5°
2 0.02 86.00.5" 162.4£1.4° 6.1£0.0° 131.3£2.1° 292.2+1.3° 31.1+0.7¢ 120.843.4°
6 0.02 84.840.0 160.6£0.9° 5.5+0.1° 91.8£1.9° 227.0+13.5¢ 68.840.9° 135.3£11.6°
12 0.02 78.8+0.7 171.740.9° 4.940.0° 85.4+0.9¢ 277.0£19.5° 85.740.1° 191.6£18.6"
* Means with the same letter within the same column are not significantly different (p < 0.05).
** Rapid viscosity unit
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Fig. 3. RVA pasting properties of hydroxypropylated and cross-
linked rice starches.

TH(Table 1). G¥t BHER T S3PIA=7F =4 Yepd
AL AR HAE Aso] e 2moA] AlFE oY 34
3] F7kel7] A&t S SsPIARER ST W&

= A7tEv, PO 7ol %ﬂﬁ T EEMM =7}

-

L peak time©] 40%’:2& L}E} XU HPCL
% 0Cl, 0.005%7} 2|8 4% PO F 7o)
oA 5.0 #oE FFAstA AL POCI 0.02%
A7FFe] 7S 6.1 HollA] 49 %
, B dub A AR ETE =2 as Y

Aol A e} k7R = HPCL 2
xdfdol Feste A 22 Az

o
)
O&D}L
R
o o
rlr%
a2
I'E[‘:{OLS
:L

§ BF g AHERT e FXE
A7 kol @& Aol IX] %3 }E‘r

W7 3 Herh Asstke 455 UYElE setback®] 73
$- duk BARS 877RVUE YEFGTZ HPCL BAES
POCI, 0.005%7F A 2l€ 739 PO H7te] F7ted+5
126.8-205.7 RVU, POCI, 0.02%7} =2 € 120.8-
191.6 RVUZ 57} t}.

Uul A EH T} breakdown®| Yo}z 32 setbackOI AL
3= AL 7hwsle] 7-E e d%to® sfE AE Ao
37t Q7] wEelgta A7E =Hm, RVA ZAdelA =
T Aol XEAIQ] PO kel whet Aozt lar, 7halst
AL POCLe] ol W Aol YA 2 Jlo=
Hol HPCL 22 RVARE 542 PO 371 &
ol=EA 2 gslel] whE o] 7twste] FEFrTh Ak
3 E U ol Sel=sA|ZR s £ 7hws) §F &
T AR A sto]l=EA T2 Fs}e] A o] A L‘rEPrk
o= A8 At AH3E YERA AT (Mcepherson et
al., 2000).

e AL, POCI,

o‘l‘oﬂﬁL:“

oA EA

PO E%(2%, 6%, 12%)2} POCI, 5%(0.005%, 0.02%)S
gelste] Az HPCL 2Hdw9] €4 548 Yeile
DSC thermogram= Fig. 49 YER SIS, DSC thermogram



336 HBS - AR A9 - A - -

ABg -

Table 2. DSC thermal characteristics of hydroxypropylated and cross-linked rice starches.

Melting temperarue (°C)

o4) S)

Sample o sz) ™ AT(°C) AH(J/g)
control 58.5+0.4" 69.2+0.5° 87.5+1.1° 29.0+1.5% 12.340.0
PO 2% + POCI, 0.005% 55.3£0.0° 66.5+0.6™ 83.4+0.0° 27.740.1* 10.440.1°
PO 2% + POCI, 0.02% 57.7+0.2° 67.3+0.0° 83.4+0.0° 25.840.2%° 10.60.0°
PO 6% + POCI, 0.005% 56.9+1.3° 67.240.4° 83.7+0.8" 26.84+2.1% 9.8+0.0°
PO 6% + POCI, 0.02% 55.0£0.4° 66.0£0.0° 82.6£0.7° 27.6%1.1° 10.7+0.0°
PO 12% + POCI, 0.005% 55.3£0.1° 65.6£0.4° 80.8+0.2¢ 25.540.1% 8.4+0.0°
PO 12% + POCI, 0.002% 55.3£0.0° 64.5+0.3¢ 79.8£0.6° 24.540.6° 10.2+0.0°

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

1) To : Onset temperature

2) Tp : Peak temperature

3) Tc : Completion temperature
4) AT : Te-To

5) AH : Crystal melting enthalpy
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Temperature (C)

Fig. 4. DSC thermograms of hydroxypropylated and -cross-

linked rice starches.
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