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Classification of Rices on the Basis of Sensory Properties of Cooked Rices
and the Physicochemical Properties of Rice Starches
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Abstract

Sensory properties of cooked rice were affected by the varieties and growing environments of the rice. Moist-
ness, cohesiveness, and adhesiveness of cooked rice were highly and positively correlated each other, whereas
firmness was negatively correlated with these attributes. Sixty rice samples which differed in varieties and/or
growing environments were divided into four groups based on their textural properties through principal com-
ponent analysis and cluster analysis. Quality type [ showed the highest values for moistness, cohesiveness, and
adhesiveness, and the lowest values for firmness of cooked rice. On the other hand, quality type [V showed just
the opposite values. There was no significant difference among rice starches in amylose content (P<0.05). A17
(type 1II) and A09 (type IV) had higher blue values for starch and amylopectin than the other samples (type |
and II). On the amylogram, these samples showed lower values for breakdown and higher values for setback
than the other samples. Average degree of polymerization, average chain length, and average number of chains
for amylose and amylopectin were 597-878 and 2660-3140, 140-230 and 17-19, and 3.1-4.9 and 140-170,

respectively.
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Table 1. Coding of 60 rice samples

Variety Region (code)
(code)
Suwon Iri Milyang Kyunggi Gangwon Choong Choong Jeon Jeon Kyung Kyung Standard
A) B) ©) (D) (E) book(F) nam(G) book(H) nam(I) book(J) nam(K) (L)
01 A01
02 A02
03 A03
04 A04
05 A0S
06 A06
07 AQ7
08 A08
09 A09
10 Al0
11 All
12 Al2
13 Al3 D13 E13 F13 H13 n3
14 Al4
15 Al5
16 Al6
17 Al7 D17 F17 G17 H17 n7 K17
18 B18 F18 G18 H18 118 J18 K18
19 C19
20 C20
21 Cc21 H21
22 c22
23 Cc23
24 C24
25 C25 G25 H25 125 125 K25 L25
26 E26
27 E27
28 G28 128 J28 K28
29 H29
30 H30
31 H31
32 H32
33 H33

A, B, C=Crop Experiment Station in Suwon, Kyunggi; Iri, Honam; Milyang, Kyungnam, respectively. D, E, F, G, H, I, J, K, L=
Rural Development Administration in Hwasung, Kyunggi; Chooncheon, Gangwon; Chungju, Choongbook; Daejeon, Choong-
nam; Iri, Jeonbook; Naju, Jeonnam; Daegu, Kyungbook; Jinju, Kyungnam, respectively (K=L). O0l=Jangan, 02=Hwasung, 03=
Obong, 04=Gumoo, 05=Jinbu, 06=Ilpum, 07=Chungmyung, 08=Jinmi, 09=Hwajin, 10=Seoan, 11=Jinbuol, 12=Soback, 13=
Odae, 14=Sangpoong, 15=Anjoong, 16=Seohae, 17=Chuchung, 18=Dongjin, 19=Sangju, 20=Youngnam, 2l=Palgong, 22=
Youngduck, 23=Donghae, 24=Hwayoung, 25=Nagdong, 26=Yeomyung, 27=Bonggwang, 28=Seomjin, 29=Tamjin, 30=Young-

san, 31=Daechung, 32=Woonbong, 33=Gyehwa.
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Table 2. F-values" for sensory attributes of cooked rice samples of different varieties and/or growing regions

Sensory” Among ) Among varieties Among regions

attributes 60 rice in the same region for the same variety

samples Suwon Milyang Jeonbook Odae Chuchung Dongjin Nagdong

CL 3.15%** 2.27* 3.44* 3.79%* 4.41** 3.43* 2.40™ 2.74%
GL 3.53%xx 2.83%* 6.92%** 1.76™ 0.73% 0.70™ 3.00%* 227
AG 6.32%** T05%** 11.81%** 2.48* 1.59™ 4.21%* 10.33*%** 6.81%**
IN 1.34™ 1.86* 121" 0.95" 0.93" 0.59™ 1.14™ 1.58™
PL 452+ 4.08** 8.54%** 2.27* 0.64™ 4.33*%* 3.35* 2.93*
SO 1.74%** 1.91* 3.22* 1.77% 0.78™ 0.56™ 1.95" 1.24"
FI 5.30%** 6.97%** 4.84** 3.35** 2.51™ 3.81** 4.60** 7.08***
co 6.70%%* 7.49% =% 14.00%** 4.33%*x 0.94™ 6.18%** 6.39%** 4.05**
AD 5.95%** 8.71%** 5.50%** 4.43%%* 2.02™ 7.74%** 3.85%* 3.26*
MO 4.96*** 6.37*** 5.58%** 4.42%** 3.25* 6.40%*** 6.86%** 2.97*
ST 2.17*x* 2.41** 2.40™ 1.96" 1.52™ 1.05™ 4.43** 3.46*

"%P<(.05, **P<0.01, ***P<0.001, NS=not significant
JCL=Color, GL=Glossiness, AG=Agglomeration, IN=Intactness of grains, PL=Plumpness, SO=Sweet odor, FI=Firmness, CO=
Cohesiveness, AD=Adhesiveness, MO=Moistness, ST=Sweet taste
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Table 3. Correlation coefficients among sensory attributes of 60 cooked rice samples

CcL GL AG IN PL FI (&) AD MO ST
CL -107% 0427 020™ 029 156 -.122% -076™ 2221 _160**
GL 451 _046™ A39xxx - 52xxx L 3FTHE 452%*x 0 326%** BIe*** 265***
AG A97*xx SBO*** - 508%** S526%Fx 0 458*** 460***  300***
IN - 228%xx 120% ISR J218* ¢ (099 -.094™
PL. 376*F* 417 S30*Fx - 495%xx 45T7xxxE Q8% **
SO - 187*" 198*=* 147 203***  456%**
FI SOTFFEE L S5FxxE L H12%FF - 408***
CO T56% O21HEx 4] 2%k
AD Sepxrx o 3g7xEx
MO S41xxx
ST

DEP<().05, **P<0.01, ***P<0.001, NS=Not significant

YCL=Color, GL=Glossiness, AG=Agglomeration, IN=Intactness of grains, PL=Plumpness, SO=Sweet odor, FI=Firmness, CO=

Cohesiveness, AD=Adhesiveness, MO=Moistness, 8T=Sweet taste
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Table 4. Eigenvalues of the correlation matrix and pro-
portion of variation explained by principal components

Principal Eigenvalue Proportion  Cumulative
component
PC1 6.19022 0.56 0.56
PC2 1.43762 0.13 0.69
O S
> SO G D 005010 50202603035

Fig. 1. Sensory attributes' loading for principal com-
ponents 1 and 2 CL=Color, GL=Glossiness, AG=Ag-
glomeration. [N=Intactness of grains, PL=Plumpness, SO=
Sweet  odor, FI=Firmness, CO=Cohesiveness, AD=
Adhesiveness, MO=Moistness, ST=Sweel taste
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Fig. 2. Component scores of cooked rice samples for
principal components 1 and 2 A=Quality type I, =
Quality type 11, O=Quality type Ill, (J=Quality type IV. 1=
AD1, 2=A02, 3=A03, 4=A04, 5=A05, 6=A06, 7=A07, 8=
A08, 9=A09, 0=A10, a=Al1, b=Al2, c=A13, d=Al4, ¢=
Al5, f=Al6, g=Al7, h=BI8, i=C19, j=C20, k=C21, I=C
22, m=C23, n=C24, 0=C25, p=D13, q=D17, r=E13, s=E
26, t=E27, u=F17, v=F18, w=F13, x=G17, y=G28, z=G25,
A=G18, B=H29, C=H25, D=H17, E=H30, F=HI8, G=H
31, H=H13, [=H32, J=H21, K=H33, L=I28, M=I25, N=I
18, 0=I17, P=J13, Q=J18, R=]28, S=]25, T=K25, U=K
18, V=K28, W=K17, X=L25

Table 5. Physicochemical properties of rice starches”

i)

For S4ol e} 355 ol 72t 4l
A ol thah olsbeby 0 Al
3} 7},

A _1%
&
ELN

o
fle

:‘M

=13

=

o] opl 2 gheke 1742-1855%% vieht
]E/P obdZ A Fepe] e BPe H3lGiy
g7rel 2™l Aol dehdlx] sk ovh(P<0.

d gcﬂ 7h g e e el S sl
2 ZHe e ¢l cl(Table 5).

(o]

oN =~ E‘\ﬂ ru* =}

t

o, Mok

Ei\_
l:|
X K9]

A

F > i

],

H71(Blue value)
Aaak wape] gebs ubdsle AU HE
obdzARle] A Asatel FelH A Aol sl
O} ol Z A0 HRoli= Al H b F-2lAal xo)E-
‘+EMW 2%k th(Table 5). Al FAFH S E}
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Amylogram §4

Brabender/Visco/Amylographel] 23t 33 <FAFS
HAe A 27 =7 L8, H A%, 50°C7HA]
o] W7k ¢ | breakdown % setbackel] 9l AlE
Zholl f-21% zpo]& viehigl o] 95°CoM 2] £
Ao A= A Bzbel §9)A zl0]E JJehyz] ¢kgir)
(Table 6). & Ao 7] HAHZr} L£xlz FU=3
o] AMBZAguct A vtehdizd) ol xfulr]ed g
12l Aslel Aol ozt 3351k of 2 @
gko] UL} F7kel M EFol|a] o}z A kS )
wlEh Aol A o 3L wkow TAle] T =elg do)
7| &0] 1 FR23%F QIR alelz] olr}. U vjee

O

Quality Sample? Amylose Blue value
type content (%) Starch Amylose Amylopectin
I H13 17.42" 0.116° 0.948° 0.091°
11 H17 18.01° 0.116° 0.946 0.078"
611 Al7 18.20¢ 0.132° 0.958° 0.119°
v A09 18.55° 0.140° 0.963* 0.109°

"Means of triplicates: means having the common letter in the same column are not significantly different(P<0.05, Tukey's test)
9H{13=Jeonbook-Odae, H17=Jconbook-Chuchung, A17=Suwon-Chuchung, A09=Suwon-Hwajin.
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Table 6. Amylogram data" of different rice staches”

Initial

Quality Sample” : Amylograph viscosity (BU)”
type pasting ok —
temperature ea 10na CO?led Breakdown Setback (C-P)
CC) P at 95°C (H) to 50°C (C) (P-H)
I H13 65.0° 890" 368° 545° 522° -345°
¢4 H17 65.0° 985° 423° 703* 563 2820
I Al7 62.4" 828° 385° 573° 443" -255%
v A09 64.3a 810° 373 560" 438 -250°
"Means of duplicates: means with the same letter in the same column are not significantly different(P<0.05)
4t a concentration of 8%(w/w)
“H13=Jeonbook-Odae, H17=Jeonbook-Chuchung, A17=Suwon-Chuchung, A09=Suwon-Hwajin
“BU=Brabender unit
Table 7. Molecular structural properties of amylose and amylopectin"
[ 4 s
Quality Sample? D.P., C.L. NCY
type Amylose Amylopectin Amylose Amylopectin Amylose Amylopectin
I H13 859° 2660 180° 17 4.8 160
I H17 878 3140° 210 18 4.2 170
11 Al7 691" 2950* 230° 19 3.0 160
v AD9 597" 2670 1408 19° 4.3 140

"Means of duplicates: means with the same letter in the same column are not significantly different (P<0.05)
“H13=Jeonbook-Odae, H17=Jeonbook-Chuchung, A17=Suwon-Chuchung, A09=Suwon-Hwajin

Sk’Number average degree of polymerization
“Average chain length
“Average number of chain, calculated from D.P.n and C.L.

opl 2~ ghekg Z£71A7| 3 o] ob EtalA] Take
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ol Ao B Agrt e G Hy HeE
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& ARSI dE oyl U527 95w
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£ velice g2 v a™e §a13 A3E v F
Atk Setback- -1 #A >4 > B2 > A
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