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Pasting Properties and Gel Strength of Non-Waxy Rice
Flours Prepared by Heat-Moisture Treatment
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Abstract

Heat-moisture treatment (HMT) was applied to 4 samples of rice flours, Goami (GM), Taeguk (TG), Choochung
(CC) and Koshihikari (KSHK), of which amylose contents were 31.5, 32.3, 24.3, and 23.3%, respectively.
Wet-milled rice flours were dried, moisture content adjusted to 21, 24, 27 and 30%, respectively, and autoclaved
at 100 and 105°C for 30~90 min. The changes on swelling, solubility, RVA (rapid visco analyser) paste viscosities
and gel strength were observed. In GM and TG, peak viscosity (PV) and breakdown (BD) decreased and no
peak appeared as moisture and treatment time increased by HMT. In CC, FV increased notably with big increase
of PV and setback (SB) by HMT compared to the other rice flours. BD in all the samples decreased as moisture,
temperature, and time increased by HMT. RVA pasting properties of HMT GM and HMT TG were changed
remarkably under conditions of moisture 21%, 100°C and 30 min whereas for HMT CC and HMT KSHK, higher
temperature or more time was required at the same mois ture levels. The swelling power, solubility and gel
strength increased by HMT. Gel strength correlated positively with SB (r=0.78, p<0.01) and negatively with
BD (r=-0.71, p<0.01) and PV (r=-0.36, p<0.05) resulting from strengthening the structure of starch granules

in rice flours by HMT.
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Table 1. Proximate compositions and amylose content of rice and wet—milled rice flours (%)

Cultivar” Moisture Crude protein Crude fat Ash Amylose

GM 12.9+0.12°7 8.1+0.01 0.91+0.014 0.68+0.039 289+0.43

Rice? TG 9.7+£0.14 10.1+0.05 1.25+0.156 0.78+0.034 29.2+0.12
ce cc 12.1+0.05 8.8+0.04 0.52+0.009 0.55+0.015 23.6+0.12
KSHK 11.2+£0.24 9.1+0.06 0.24+0.001 0.68+0.039 21.2+0.40

GM 7.3+0.07 8.2+0.06 0.20+0.006 0.30+0.028 31.5+0.20

Wetmilled rice fl TG 12.6+0.32 8.6+0.05 0.17+0.007 0.31+0.014 32.3+0.44
ctmified nice Hour oo 11.1+0.05 8.3+0.07 0.12+0.016 0.30+0.005 24.3+0.26
KSHK 11.7+0.15 76+0.01 0.11+0.010 0.30+0.029 23.3+0.75

YGM: Goami, TG: taeguk, CC: Choochung, KSHK: Koshihikari.

YRice sample before wet milling. *Mean=+SD (n=3).

Table 2. Color determination of native and HMT Goami rice flour

HMT condition”

3)
Hunter color value

L b AE
Raw” 94.09+0.202" -0.20£0.030° 3.28+0.134¢ 45340.106"
100-30 93.11+0.172" -0.20£0.008° 5.02+0.162° 6.51+£0.079°
100-60 92.50+0.114° 0.16+0.051" 6.39+0.291" 7.99+0.279°
100-90 91.15+0.168" 0.66+0.048" 7.98+0.183" 10.09+0.207
105-30 91.82+0.068° 0.61+0.032 8.140.204 9.86+0.146
105-60 92.28+0.102° 0.20+0.035" 6.42+0.141° 8.14+0.156"
105-90 91.47+0.027° 0.65+0.020" 8.040.096" 9.96+0.071°

Y100: 100°C, 105: 105°C and 30, 60, 90: number of min.
YRaw: wet-milled rice flour without HMT.
I lightness, a: redness, b: yellowness, AE: V(A L)*+ (Aa)?+ (ab)?; color difference.

"Mean+SD (n=3).

“Values within the same column followed by different letters are significantly different (p<0.05) by Duncan’s multiple test.
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Fig. 1. RVA pasting curves of HMT rice flours prepared with
various moisture contents at 100°C for 30 min. GM: Goami,
TG: Taeguk, CC: Choochung, KSHK: Koshihikari.
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Fig. 2. RVA pasting curves of HMT rice flours prepared with
21% moisture at 100°C for 90 min. GM: Goami, TG: Taeguk.
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Table 3. Effect of heating temperature and time on RVA pasting properties of HMT rice flours under 21% moisture condition

Viscosity RVU)”

. 1) o
Rice flours PV PV BD v cs B PT (C)
GM 17" 69.7° 419 157.9° 882" 462" 8.1"
Raw? TG 156. Gb 113.8" 42.8; 225.0° 111.1° 68.3" 87.6"
cc 160.8 925 68.3 162.2. 69.7° 14 83.2,
KSHK 201.0" 105.5° 95.5" 177.2 71.7° -23.8 84.8
100-30 115.2° 90.6Z 245" 179.8: 89.1° 64.62 88.5:;
100-60 944“l 79.0 15. 4°l 152.3 73.3° 57.8 89.0/
100-90 925 82.8° 9. 6( 155.4° 72.5° 62.8" 90.0
HMT GM 105-30 112" 91 8" 19.4° 175.4" 835" 64.1° 8.7
105-60 63.2° 61.3 L8 157 54.3 525, 91.8"
105-90 59.4 57.7 16 107.6 49.8° 482 92.0
100-30 164.2° 131.3" 32.92 247.2° 115.9b 83. o’l 87.3;
100-60 165.6" 1379 216 241.3" 1034 7577 86.4
HMT TG 100-90 1249 116.6° 8.2° 189.0, 72.4° 64.1, 89.0°
105-30 1525 133.8; 18.6° 221.3 87.4; 68.7° 86.4;
105-60 1184 113.1° 5.3° 183.0° 69.8" 64.5. 89.2
105-90 86.3 82.5° 3.8 121.8 39.2° 35.4° 91.3"
100-30 202.5° 137.1; 65.42 231.6; 945 29.ofl 83. 1
100-60 225.1 165.3 59.8' 266.7 101.3" 415 85.3l i
HMT CC 100-90 219.0 180.7° 38.2 283.9" 103.1: 64.9 874
105-30 173.9¢ 120.3¢ 53.5° 211.64 91.3 37.7° 86.6°
105-60 126.6° 977 28.9° 182.3° 84.6° 55.7° 90.0°
105-90 115.8" 95.6° 20.1" 183.2° 875 67.4° 90.0°
100-30 211.9° 123.1° 83.8° 213.7° 90.6° 1.8° 86.9E
100-60 195.01b 130.0° 65.0° 224.2¢ 94.1 29.1° 875"
100-90 197.7° 149.2° 48.4° 255.7 106.4" 58.0° 88.1°
HAMT KSHK 65 4 2145 161.7 52.8) 267.8" 106.1° 533" 87.7"
105-60 212.6° 161.3" 513 264.8" 103.4° 521 87.9
105-90 161.8° 132.0° 29.8° 217.7° 85.6° 55.8" 89.2"

GM Goami, TG: Taeguk, CC: Choochung, KSHK: Koshihikari. 100: 100°C, 105: 105°C and 30, 60, 90: 30 min, 60 min, 90 min.

Raw wet-milled rice flour without HMT.

py: peak viscosity, HPV: hot past viscosity, BD: breakdown, FV: final viscosity, CS: consistency, SB: setback, PT: pasting

temperature.
“Mean (n=3).

Values within the same column followed by different letters are significantly different (p<0.05) by Duncan’s multiple test.
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Table 4. Effect of heating temperature and time on the swelling powers, solubilities and gel strength of HMT rice flours

at 21% moisture

Rice flours” Swelling power (g/g) Solubility (%) Gel strength (g)
Raw” 6.69+0.17Y¢ 5.34+0.19 38.24+2.07°
100-30” 8.48+0.27% 9.83+0.54™ 62.09+3.13°
100-60 8.11+0.46™ 9.47+0.74" 4741 +1.50°
GM 100-90 7.95+0.24" 9.81+0.23" 61.88+3.54°
105-30 7.59+0.04 843+0.11° 47.43+1.82°
105-60 8.04-+0.02° 10.44+0.19 47.09+2.19
105-90 7.46+0.18¢ 10.86+0.28" 47.84+2.74°
Raw 7.33+0.15 5.34+0.17" 79.23+2.18°
100-30 7.82+0.45% 6.25+0.63™ 92.18+10.64
100-60 8.15+0.51° 6.87+0.71" 92.96+5.62"
TG 100-90 7.9440.27% 7.33+0.65" 103.15+10.0
105-30 7.07+0.17% 6.47+0.43" 94.47+15.07*
105-60 7.48+0.46 5.99+0.39" 95.51 +7.94
105-90 7.29+0.16" 717+0.48" 71.81 +6.57
Raw 8.42+0.21¢ 6.06+0.40° 32.26+1.65"
100-30 8.79+0.37° 5.35+0.20% 36.44 +2.60°
100-60 10.09+0.21° 5.13+0.28° 36.03+2.88°
CcC 100-90 9.31+0.10 5.62+0.13 39.34+2.83"
105-30 9.43+0.06" 5.13+0.22° 44.21 +3.25"
105-60 9.05+0.15" 9.19+0.20" 30.49+1.33°
105-90 9.09-+0.18" 10.19+0.23" 33.03+0.92¢
Raw 7.42+0.33" 4.22+0.24° 25.66+2.11°
100-30 8.82+0.35° 4.77+0.35 28.17+1.7°
100-60 8.37+0.23 4.85+0.14" 27.75+0.81%
KSHK 100-90 8.67+0.18 6.08+0.19" 28.44-+1.76"
105-30 8.94+0.07° 5.40+0.17 32.90+3.29°
105-60 8.77+0.49° 5.34+0.13° 30.63+3.00%
105-90 8.87+0.19° 6.73+0.83" 25.74-+2.16

?GMI Goami, TG: Taeguk, CC: Choochung, KSHK: Koshihikari. YRaw: wet-milled rice flour without HMT.
9100: 100°C, 105: 105°C and 30, 60, 90: number of min. “Mean+SD (n=3).
“*Values within the same column followed by different letters are significantly different (p<0.05) by Duncan’s multiple test.
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Fig. 3. Effect of moisture contents on gel strength of HMT
rice flours prepared at 100°C for 30 min.
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Table 5. Correlation between physicochemical and pasting properties of rice flours

Parameters” Amylose | irength  Solubility  OVeLRE  py HPV BD FV SB cs

contents power

Gel strength 0.784™

Solubility 0.559™ 0.331"

Swelling power  -0.608™ -0.289 0.013

pvY -0.781" -0.355" -0.655" 0.571"

HPV -0.337" 0.168 -0.292 0.545" 0.756™

BD -0.837" -0.713" -0.692" 0.302 0.735™ 0.113

FV -0.116 0.328 -0.224 0.422° 0.615™ 0.942"  -0.043

SB 0.790™ 0.777" 0.522™ -0.206 -0.498" 0.148 -0.910" 0.378

CS 0.331" 0.518™ -0.046 0.044 0.141 0522 -0.327 0.773"  0.685"

PT 0.063 0.072 0.475" 0.292 -0.049 0.164 -0.245 0.206 0.285 0.172
Vpv: peak viscosity, HPV: hot past viscosity, BD: breakdown, FV: final viscosity, SB: setback, CS: consistency, PT: pasting

temperature.
“p<0.05, “p<0.01.



=8 _
T

7 E2)4 wglo)] vX = EfE ZABIAT o old 2~
ZAo g ZFak A/ TG(29.2%) 9 FUAF E4=1]¢1 F10}n
GM(289%)& AME3l9aL, St ofd2 e e 34|
CC(236%)¢} 1413]7}e] KSHK(21.29%)8 AH&3t k. HMT
B7MRE FAAE BINFEE FETE 21%, 24%, 27%,
30%2 2-8sta] 22 100°C2F 105°Coll A 30, 60, 90% A 2]
ste] Al zstEd . HMT GM, HMT, TG 2719 RVA &
/4 Wgl= HMT A2 A1zh 2383 Sl wet Pvel BD
7} RolA WA peak’t AMEFAE AEFES HIow, HMT
KSKH 27}¢& A2l&E9k A A1zt S7kell 9s BDE
A 749 =& FVES 233, HMT CCe= ¢& &7}
18td @A PV SB 719 w2 BDE FV7} o $-
A As3de. HMT GM3 HMT TG 8 21%,
100°C, 305014 HMT &2}7} A o] %)% o} HMT CC
9} HMT KSKHE 2Rt &2 105°C HMT =4 71 32
Alzrel a7 E= AL 2 YEyth & HMT 27F+<] BD
A2 Ee A rgte] FUtgte) whet 3FAE)

B3k 30%, 105°C, 908 HMT Z7A A HA s
At HMTZE BE& A7159 B892 7t on &3)
T CC ]9 E}E A7V FANA BT F71e At T2
A7L2A 8 A FEE TG79.23 g)> GM(38.24 g)> CC
(32.26 g)> KSHK(25.66 g) <0193l HMTE ZE &7}
AEE Z7letgoHw, HMT GM3 HMT TG7 £
Z7VES BTt A ZEE SBr=0.777, p<0.01)%} 738+ o
o] F#AAZ, BD(r=-0.713, p<0.01)¢} PV(r=-0.355, p<
=9 FHABAE B }H\/ITOH PJ*ESH A7zl A

Fof 0

o~
T
o~
T

}E_&rlr

H
A e Asd FJTFL mH AL %_1- zr: =5

o] =F-& 20089 AR(LEFHLY &)Y ARo
A2 HKRF-2008-521-F00049) 3} 20093 = Ao st
R TEle] Jx AL oja) FAH AT

A
ot

1. Statistics Korea. 2010. The records and plans for demand
and supply of grains.

2. Mesters C, Coolonna P, Buleon A. 1988. Characteristics of
starch networks within rice flour noodles and mungbean
starch vermicelli. / Food Sci 53: 1809-1812.

3. Li CF, Luh BS. 1980. Rice snack foods. In Rice: Production
and Utilization. Luh BS, ed. Avi, Westport, CT, USA. p
690-711.

4. Tester RF, Debon SJJ. 2000. Annealing of starch—a review.
Int J Biol Macromol 27: 1-12.

5. Sair L. 1967. Heat-moisture treatment of starch. Cereal
Chem 44: 8-26.

6. Franco CML, Preto SJR, Ciacco CF, Tavares DQ. 1995.
Effect of the heat-moisture treatment on the enzymatic

00

©

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

EHYE Az JE7F 535 549 4 F= 203

susceptibility of corn starch granules. Starch 47: 223-228.
Lee MK, Shin MS, 2006. Characteristics of rice flours pre-
pared by moisture-heat treatment. Korean J FFood Cookery
Scr 220 147-157.

Anderson AK, Guraya HS, James C, Salvaggio L. 2005.
Digestibility and pasting properties of rice starch heat-
moisture treated at the melting temperature (Tm). Starch
54: 401-409.

Takahashi T, Miura M, Ohisa N, Mori K, Kobayashi S.
2005. Heat treatments of milled rice and properties of the
flours. Cereal Chem 82: 228-232.

Lu S, Chen CY, Lii CY. 1996. Gel chromatography fraction—
ation and thermal characterization of rice starch affected
by hydrothermal treatment. Cereal Chem 73: 5-11.

Lai HM. 2001. Effects of hydrothermal treatment on the
physicochemical properties of pregelatinized rice flour.
Food Chem 7T2: 455-463.

Kulp K, Lorenz K. 1981. Heat-moisture treatment of
starches. I. Physicochemical properties. Cereal Chem 58:
46-48.

Hoover R, Manuel H. 1996. The effect of heat—-moisture
treatment on the structure and physicochemical properties
of normal maize, waxy maize, dull waxy maize and amy—
lomaize V starches. J Cereal Sci 23: 153-162.
Adebowale KO, Afolabi TA, Olu-Owilabi BIL. 2005. Hydro—
thermal treatments of finger millet (Eleusine coracana)
starch. Food Hydrocollords 19: 974-983.

Yook C, Cho SK. 1996. Application of heat/moisture-treated
rices for Sikhe preparation. Korean J Food Sci Technol 28:
1119-1125.

Hormdok R, Noomhorm A. 2007. Hydrothermal treatments
of rice starch for improvement of rice noodle quality. L W7T
40: 1723-1731.

Lorlwhakarn K, Naivikul O. 2006. Modification of rice flour
by heat moisture treatment (HMT) to produce rice noodles.
Kasetsart J 40: 135-143.

Collado LS, Mabesa LB, Oates CG, Corke H. 2001. Bihon-
type noodles from heat-moisture-treated sweet potato
starch. J Food Sci 66: 604-609.

Miyazaki M, Morita N. 2005. Effect of heat-moisture treat-
ed maize starch in the properties of dough and bread. Food
Res Int 38: 369-376.

Park HH, Lee KH, Kim SK. 1986. Effect of heat-moisture
treatments on physico—chemical properties of chestnut
starch. Korean J Food Sci Technol 18: 437-442.

Song E, Shin MS, Hong YH. 1987. Physicochemical proper—
ties of sweet potato (Ipomoea batatas) starch by heat-
moisture treatment. J Appl Biol Chem 30: 242-249.

Cha HS, Kim K, Kim SK. 1984. Modification of phys-—
icochemical properties of arrowroot starch by heat-mois—
ture treatment. J Appl Biol Chem 27: 252-258.

Kim SK, Lee SY, Park YK. 1987. Gelatinization properties
of heat—moisture treated potato and sweet potato starches.
Korean J Food Sci Technol 19: 435-440.

AOAC. 1996. Official method of analysis of AOAC Inter-
national. 16th ed. Association of Official Analytical Chemists,
Washington, DC, USA.

Juliano BO. 1971. A simplified assay for milled-rice amylose.
Cereal Science Today 16: 334-339.

Schoch TJ. 1964. Swelling power and solubility of granular
starches. In Method in Carbohydrate Chemistry. Whistler
RL, ed. Academic press, New York, NY, USA. Vol 4, p
106-108.

Kim SK, Bang JB. 1996. Physicochemical properties of rice
affected by steeping conditions. Korean J Food Sci Technol



204

28.

29.

30.

31

32.

34.

35.

36.

R E e ==

28: 1026-1032.

Chiang PY, Yeh Al 2002. Effect of soaking on wet-milling
of rice. J Cereal Sci 35 85-94.

Lim YH, Lee HY, Jang MS. 1993. Changes of physicochemical
properties of soaked glutinous rice during preparation of
Yu-Kwa. Korean J Food Sci Technol 25: 247-251.

Lee YH, Kum JS, Ku KH, Chun HS, Kim W]J. 2001.
Changes in chemical composition of glutinous rice during
steeping and quality properties of Yukwa. Korean J Food
Sci Technol 33: 737-744.

Kim RY, Kim CS, Kim HI. 2009. Physicochemical properties
of non-waxy rice flour affected by grinding methods and
steeping times. J Korean Soc Food Sci Nutr 38: 1076-1083.
Lee MG, Kim JO, Shin MS. 2004. Properties of nonwaxy
rice flours with different soaking time and particle sizes.
Korean J Food Sci Technol 36: 268-275.

Kim MH, Park MW, Park YK, Jang MS. 1993. Physico—
chemical properties of rice flours influenced by soaking
time of rice. Korean J Soc Food Sci 9: 210-214.
Schoch TJ, Maywald EC. 1968. Preparation and properties
of various legume starches. Cereal Chem 45: 564-573.
Leach HW, McCowen LD, Schoch T]J. 1959. Structure of
starch granule. 1. Swelling and solubility patterns of vari—
ous starches. Cereal Chem 36: 534-544.

Lee SH, Han O, Lee HY, Kim SS, Chung DH. 1989. Physi-
cochemical properties of rice starch by amylose content.
Korean J Food Sci Technol 21: 766-771.

37.

38.

39.

40.

41.

42.

43.

44.

Hermansson AM, Svegmark K. 1996. Developments in the
understanding of starch functionality. 7rends Food Sci
Technol 7. 345-353.

Shin MS, Kim SK. 1990. Modification of physicochemical
properties of rice starch by heat-moisture treatment. J
Korean Agric Chem Soc 33: 1-7.

Donovan JW, Lorenz K, Kulp K. 1983. Differential scanning
calorimetry of heat-moisture treated wheat and potato
starches. Cereal Chem 60: 381-387.

Bhattacharya M, Zee SY, Corke H. 1999. Physicochemical
properties related to quality of rice noodles. Cereal Chem
76: 861-867.

Yamin FF, Lee M, Pollak LM, White PJ. 1999. Thermal
properties of starch in corn variants isolated after chemical
mutagenesis of inbred line B73. Cereal Chem 76: 175-181.
Jane JL. 1997. Recent advances in understanding of the
structure of starch granules. In Granular and Molecular
Structure of Starch. The 3rd XAFST International Sym-
posium. p 51-59.

Case SE, Capotani T, Whaley JK, Shi YC, Trzasko P,
Jeffcoat R, Goldfarbt HB. 1998. Physical properties and ge-
lation behavior of a low—amylopectin maize starch and oth-
er high-amylose maize starches. J Cereal Sci 27: 301-314.
Liu H, Corke H, Ramsden L. 2000. The effect of autoclaving
on the acetylation of ae, wx and normal maize starches.
Starch 52: 353-360.

(20101 10€¥ 189 A< 2011 1€ 249 A=)



