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The Physical and Pasting Properties of Parboiled Rice Using
Glutinous Rice Cultivars

Jae-Soo Yoo, Mi-Ja Lee, Hyun-Su Park, Young-Chan Cho, Jeom-Ho Lee, and Ki-Yong Ha*
Department of Rice and Winter Cereal Crop, National Institute of Crop Science, RDA

Abstract

This study analyzed the physical and pasting properties of parboiled rice using glutinous rice cultivars. The Sin-
seonchal cultivar of japonica and the Tongil-type Hangangchal showed the highest and the lowest hardness, respec-
tively, after parboiling treatment and increased in hardness 1.6 to 3.8 times over that of raw milled rice. The solid
contents in the parboiled rice of all cultivars were lower than those of raw milled rice. Hwaseonchal showed the
highest water binding capacity and increased after parboiling by 1.9 to 5.3 times. The Colormetric L value decreased
after parboiling and it tended to darken compared to raw milled rice. The solubility and swelling power of raw
milled rice were higher when treated at 75°C than when treated at the normal temperature of 25°C. Parboiling
increased swelling power but decreased solubility. As for amylogram characteristics, the pasting temperature was in
a range of 62.1 to 69.4°C and there was no significant difference among all the cultivars except Tongil-type Han-
ganchal. For the paste viscosity properties of parboiled rice, the peak viscosity increased and setback decreased
when compared to that of raw milled rice in all cultivars except Hangangchal. Especially, setback viscosity showed
a negative value which seems to be the result of the slow retrogradation of cooked parboiled rice. In the case of
X-ray diffraction, raw milled and parboiled rice showed the same pattern A and the relative crystallinity of flour
particles showed a decrease by 9-30%, which verified the result that a part of the crystalline regions’ structure was
disintegrated.
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Table 1. Comparison of hardness and solid content of raw and parboiled milled rice with glutinous rice varieties.

Raw rice Parboiled rice
Varieties
Hardness (kg) Solid content (%) Hardness (kg) Solid content (%)
Baekseolchal 20.5+4.8% 9.742.4° 41.0+4.0° 6.8+£0.2%
Nunbora 10.3+2.4° 8.8+0.5% 39.8+4.7%® 8.1+1.2°
Sinseonchal 17.8+5.2%® 9.240.7% 45.042.1° 7.640.4
Boseokchal 17.7+4.0® 8.0+0.8" 40.942.8° 7.240.7
Dongjinchal 21.445.4* 8.0+0.3 39.042.5%® 8.0+0.7°
Baekokchal 16.3+4.4® 7.340.2% 38.242.1% 6.6+0.4"
Sangjuchal 16.745.1* 8.5+1.6™ 36.8+1.9% 6.6+0.1%
Aranghyangchal 18.745.3® 9.0+2.8% 40.6+2.7° 7.240.5%
Hwaseonchal 15.8+4.0% 9.1£0.4%® 38.2+1.8%® 8.0+1.6*
Seolhyangchal 17.944.7% 10.610.4% 39.4+2.0® 8.7+0.7°
Hangangchal 18.244.7% 9.9+0.7* 35.0£1.7° 8.2+0.5°

Means in a column sharing a same superscript letter(s) are not significantly different (p <0.05).

Table 2. Comparison of water binding capacity of raw and
parboiled milled rice with glutinous rice varieties.

= L= Varieties Raw rice (%) Parboiled rice (%)
) B 3 ) ) Baekseolchal 109.1%°4+0.2 571.3%+11.7
ZH E3Y niEsn|e| A U ngE B2 Nunbora 105.4°+0.3 434.87°+10.4
AEE A5 F 7IAA8 A9 shuR 2Fe 4 Sinseonchal 104.7°40.1 349.3%+13.1
I AF - BE Zof 283 JIFS mzic) 23 2 Boseokchal 108.4"+0.1 370.7"+14.4
+ +
Sene] Ars= ) o] Wo Tz = Ex %o aeckokchal .2°10. Pl
1el 4 i 10.3 2&'4 ke - “Hi_ ?‘; © Z Aol Sangjuchal 108.7%+0.1 358.9%+12.2
7P ot BHslA, wHEE AlLfE FF L FH < Aranghyeangchal 106.9%+0.1 486.1+12.3
ztol= fith EAEN ] Bre FF 5 AlAdZo] 7} Hwaseonchal 116.1+0.3 609.7+10.5
Z =3 35.0-450kee] MR R T oF 1.6-3.8 1) Seolhyangchal 106.6+0.5 485.7°+11.0
szt SRds)o Ax 27k M), 2 2D A% Hangangchal 105.4°+0.8 196.4%+13 .4
FA L AXHA Be] wl-§zZ o] XUK 7] wEo]H Means in a column sharing a same superscript letter(s) are not significantly

different (p <0.05
(Sajwan et al., 1990; Park et al., 2007), &2 7}& A] % ifferent (p )
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Table 3. Comparison of Hunter color value of raw and parboiled
milled rice with glutinous rice varieties.
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Table 4. Comparison of solubility and swelling power raw and
parboiled milled rice with glutinous rice varieties at 25°C.

Varieties . L a b
(Lightness)  (Redness)  (Yellowness)
Baekseolchal 82.57+0.12  -1.96£0.06  15.13£0.14
Nunbora 81.00£0.16  -1.39£0.08  15.00£0.15
Sinseonchal 80.38+0.04  -1.49£0.02  16.61£0.03
Boseokchal 81.47+0.16  -1.48+0.04 16.19£0.18
Dongjinchal 80.28+0.13  -1.25£0.07 16.51£0.14
RR Baekokchal 78.31+£0.10  -1.73£0.06  15.48+0.24
Sangjuchal 76.82+0.05  -1.32+0.05  17.22£0.18
Aranghyangchal  80.15+0.19  -1.61+£0.05  17.52+0.35
Hwaseonchal 80.44+0.04  -1.61£0.05  15.08£0.43
Seolhyangchal 79.91£0.12  -1.59+0.05  15.50+0.22
Hangangchal 78.97£0.26  -1.44+0.07  15.74%0.32
Baekseolchal 80.2610.11 1.06+£0.03  18.40£0.20
Nunbora 78.89+0.37  0.86+0.02  18.63%0.07
Sinseonchal 79.49+0.26  0.67+£0.03  19.90+0.03
Boseokchal 78.40+0.05  0.76+£0.03  18.24%0.17
Dongjinchal 74.6310.96 1.24+0.08 16.52+0.49
PR Baekokchal 78.64+0.20 0.47£0.02 21.0310.11
Sangjuchal 77.32+0.44  0.30+0.02  20.35%0.02
Aranghyangchal ~ 77.13+0.41 0.75£0.04  18.65%0.06
Hwaseonchal 80.35£0.15  0.80+0.02  18.37+0.04
Seolhyangchal 79.20+0.91  0.72+0.03  18.58%0.07
Hangangchal 76.11£0.07  0.44+0.04  16.43+0.18
We) gixjel HARA $AY Fiol Ba, AN @
el A% dAe] st ARFE A4 + U9
o} FRY=no] 9 1964-610.0% WA FE & A
Zol 7hd £ JRAY § 1.9-53 0 UG oHE
Qenle) BAYY F7ke HRdd g F 54 A 55
Fe ANWA AR BA 7 A% Aol oJte] 73
Ho2 el vlold Px7} BEHHO RN AR 4417
S} BRA N 2ol A F8H7] o Aty
S
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(Multon et al., 1980; Park et al., 2007).

Zy] E3Y nieEcn|e| Me
Ao u|A7t AEFS Brhske d =
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UHAl ®.Ql tH(Hunter, 1975; Kim &
Shin, 2007). 28 £% ¥ 509} YR I n]e] Ax u)
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St Bt Tno] ZMs= A A
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Zo] Akslz| ™ (Shaheen & Shirbeeny, 1975), SAF A] ¢
Z3t o =g Aol o] gk mlo] Y kg Fo] dojwtr]

ko
rot
o
ofh
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=l

Varieties Solubilities (%) Swelling power (%)
Baekseolchal 1.16+0.06™ 2.85+0.07%®
Nunbora 1.16+0.08® 2.79+0.03®
Sinseonchal 1.03+0.04® 2.19+0.03%®
Boseokchal 0.960.05® 2.98+0.07%®
Dongjinchal 1.33+0.03* 3.16+0.04°

RR  Baekokchal 0.91+£001° 3.02+£0.07*
Sangjuchal 1.44+0.03* 3.154+0.25°
Aranghyangchal 1.09+0.02%® 3.05+£0.07*
Hwaseonchal 1.39+£0.03* 3.71+£0.03*
Seolhyangchal 0.89+0.01* 2.92+0.01%
Hangangchal 1.03+0.01% 3.02+0.05%
Bacekseolchal 4.70+0.06° 4.64+0.14™
Nunbora 6.20£1.70° 4.94+0.13®
Sinseonchal 5.75+0.85" 3.60+0.08™
Boseokchal 4.28+0.46" 4.33+0.13®
Dongjinchal 15.25+0.89* 4.89+0.17®

PR Baekokchal 5.24+2.19° 4.88+0.18™
Sangjuchal 4.0120.02" 3.80+0.16™
Aranghyangchal 3.84+0.04" 6.20+0.04*
Hwaseonchal 6.64+0.21° 7.34+0.06*
Seolhyangchal 4.23+0.05™ 6.37+0.38%
Hangangchal 2.76+0.39¢ 3.31+0.18%

Means in a column sharing a same superscript letter(s) are not significantly
different (p < 0.05).

9] tH(Weenen, 1998; Kim & Shin, 2007).
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Table 5. Comparison of solubility and swelling power raw and
parboiled milled rice with glutinous rice varieties at 75°C.

Varieties Solubilities (%) Swelling power (%)
Baekseolchal 1.59+0.39% 5.310.15°
Nunbora 1.2240.11%° 4.77+0.03"
Sinseonchal 1.39+0.01%° 5.08+0.10°
Boseokchal 1.43£0.66™° 5.43+0.03°
Dongjinchal 2.34+0.13* 6.28+0.13°

RR  Baekokchal 1.78+0.45%® 5.14+0.16°
Sangjuchal 1.62+0.43® 5.04+0.16°
Aranghyangchal 2.91£0.29* 6.78+0.32°
Hwaseonchal 2.43+0.11° 6.73+0.29*
Seolhyangchal 1.2440.29™* 5.09+0.02°
Hangangchal 2.54+0.32° 5.33+£0.07°
Baekseolchal 2.81+0.08% 11.69+0.42*
Nunbora 3.15+0.11° 11.63+0.04*
Sinseonchal 2.91£0.10® 10.88+0.86"
Boseokchal 3.24+0.11° 11.34+0.08*
Donginchal 3.36+0.11° 11.72+0.05°

PR Baekokchal 3.36+0.07* 10.89+0.07%
Sangjuchal 3.36+0.15 10.65+0.02%
Aranghyangchal 2.88+0.14® 11.21+0.14°
Hwaseonchal 2.79+0.05% 11.49+0.02°
Seolhyangchal 2.62+0.14® 11.40+0.10°
Hangangchal 2.19+0.32%* 9.67+0.07°

Means in a column sharing a same superscript letter(s) are not significantly
different (p <0.05).

= g A 153%= F2 20|
7P =, RAY T AR YR dRzrT Wty
3L B2 7F Ui E Aol ek ol upet darR) 2.7-
1158 F7FE o) 25°Col A YE5ne] {HL2 2.19-
371% HI=Z ﬁwﬂﬂ 7Pt =3 53 A5 4ol

, i
om, Azl 7 WAl HE AT ool AR EH
WY 248 7%«] HAATE D= AR AT
oA A HA] v FTES YA dud, X4, ¢
Ql Fo MM FFe] Aol ofstH, 53] dtE <
734 B B opd 2RI O] WA P27 thEY] WEo R
A e th(Harmaker & Griffin, 1993; Han et al., 2007). 3}
BRAdrwo HHHe Az MAekz olggkzo] 6.2-

7.34% W2 EAL, wHE>E A, NS> >0 A
A>T A Z®>7FE oo AFr R 1122
I S7He ATk 75°ColA A7 m o] al=e 1.22-291%
WA Rt 7P i, 0}3&%}01 =hen £ 7
o]F ¢l Aol QUAUTE Ll =E 25°ColA KT} 1.1-27
v S7HE led AE dEdd 228 7tdsid w4 7

FaAFe] BoAAHEA F84 HEE] &F0] 42
o] th(Lee et al., 2004). HGHU=
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Table 6. Comparison of pasting characteristics of raw and
parboiled milled rice with glutinous rice varieties by rapid
visco analyzer.

Varieties Pasting Peak Visc. Setback
Temp. °C)  (RVU) (RVU)
Baekseolchal 69.7+0.08 85.6+1.27  -35.7+1.44
Nunbora 71.5£0.84  65.0+£0.33  -24.0+0.77
Sinseonchal 70.5+0.80 92.7+2.74  -31.7+1.82
Boseokchal 71.8+0.46 88.0+2.37  -24.1+2.76
Dongjinchal 72.1+£0.83  59.6+0.88  -11.3+0.99
RR  Baekokchal 71.0£0.40  67.6£021  -21.5+1.57
Sangjuchal 724049  57.840.65 -16.6£2.81
Aranghyangchal 71.840.05  87.7+1.62  -30.4+1.66
Hwaseonchal 70.5+0.48 87.2£2.55  -13.9+2.41
Seolhyangchal 72.44+0.08  92.3+0.84  -24.0+0.43
Hangangchal 70.7£0.40  159.9+0.36  -55.1+0.47
Baekseolchal 62.40+0.06 213.54+1.37  -44+0.29
Nunbora 62.38+0.03 194.7243.58  -36+3.57
Sinseonchal 62.43+0.03 188.83+1.04  -35+1.26
Boseokchal 62.37+0.08 206.19£3.32  -40+2.10
Dongjinchal 62.42+0.06 234.57+£2.60  -32+2.54
PR Baekokchal 62.07£0.37 176.34+3.12 -24.3+1.04
Sangjuchal 62.47+£0.40 171.95£2.09  -21£2.07
Aranghyangchal  62.37+0.08 207.29+3.83  -48+2.00
Hwaseonchal 62.424+0.06 202.29+2.07 -27£1.22
Seolhyangchal 63.68+1.75 194.85+0.89  -27+0.70
Hangangchal 69.43£1.94 186.59+1.99  -34+£1.08
tl, Priestley(1975)= IR IEn|o] 7S AJ2oA 7|
B SR FEEE 457t 23 gt FohEE ww
BELE o gol M Aol ANFHORA FhUTHE B
I8 HAT £ LEo FuAsr A ght
AF 2] 7 A GEE Sl HoA AL AFE] P F
Aol Ao AdE). 75°CoAA YEr]o] WHHe

o].al—skil- §}/ﬂ7‘d— %;ﬂ ‘Lo] 6.3-6 8% ]i lr—ol-j_ TH
27t 4.77%2 71 ko w 25°Co|A] Kk oF 1.7-2.3 H)
S7HE At R =R 9] 3 %%13 9.67-11.72% W=

SRS ALl U A] FF 7F Fo A Aol AL,
A8 BT}t 1.7-24 ), 25°cw:} 1.6-3.0 ¥ F7}=| ST}, o]
o]l Ax2HE Sallret WaEE-2 AEYA W] 29
G i A 39t #-o]
(Priestley, 1975; Kim et al., 2012), t}& I
e B2 dt e gl o2 AdET

H &5 9 niEAE0e| SsiEy

%j%_‘—%l 21F0] T35 el A g 7hEAAed g
k-2 1]zl tH(Juliano, 1985). ?Ltﬂ Tz W gn9 wr
zujo] opd Ry 54 H|W= Table 63 2T} 3374l
= g9l AL 69.7-724°C HY=E WAzl 713
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Fig. 1. X-ray diffraction patterns of glutinous rice cultivars.
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(A) Raw milled rice (a; Hangangchal, b; Baekokchal, c; Sinseonchal, d; Boseokchal, e; Nunbora, f; Baekseolchal, g; Dongjinchal, h;

Aranghyangchal, i; Seolhyangchal, j; Sangjuchal, k; Hwaseonchal).

(B) Parboiled milled rice (a; Hangangchal, b; Sinseonchal, c; Baekokchal, d; Boseokchal, e; Sangjuchal, f; Nunbora, g; Seolhyangchal, h;

Aranghyangchal, i; Dongjinchal, j; Baekseolchal, k; Hwaseonchal).
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Fig. 2. Relative crystallinity of raw and parboiled milled rice
using glutinous rice cultivars.

: Raw milled rice, ll : Parboiled milled rice
Crystallinity(%)= Ac/(Aa+Ac)x100
Aa= amorphous area on the X-ray diffractogram
Ac= crystallized area on the X-ray diffractogram
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