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Physicochemical Properties of Rice Cultivars with Different Amylose Contents

Induck Choi
Dept. of Rice and Winter Cereal Crop, NICS, Jeonbuk 570-050, Korea

Abstract

Rice cultivars of Goami2 (G2), Baegjinju (B]]), and Sulgaeng (SG) with different amylose contents were
developed by mutation breeding via N-methyl-N-nitrosourea (MNU) treatment to Ilpumbyeo (IP), high japonica
rice. They were identified by different appearances such as grain size, color, and shape. In this experiment, the
compositional and physical qualities of those cultivars were examined. The G2 rice classified as a high—amylose
rice cultivar was significantly higher in its non-digestable carbohydrates contents. Linoleic and oleic acid were
composed of 70~75% of all fatty acids composition regardless of milled and brown rice, except G2 rice in which
palmitic acid was the major fatty acid followed by linoleic acid and oleic acid in order. Major amino acids were
aspartic acid, glutamic acid, and hydroxy lysine. It was found that cysteine contents were higher in the cultivars
of endosperm mutant rice. The DSC analysis revealed that enthalpy was the highest in BJ] followed by SG,
IP, and G2 rice. The lowest enthalpy of G2 might be attributable to the higher amylose content. Ilpumbyeo
in its cooked rice form showed the highest in Toyo value and less in hardness, but G2 was vise versa. Results
of gelatinization and cooked rice properties suggest that G2 was less suitable for cooked rice, but has a potential
for functional ingredients from nutritional point of view. The BJ] and SG could be used for traditional cooking

as well as for processed foods.
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FEe gAsE Bor WalH Arh10). o8 @ AF
ZA0) w97 W 53 A7l ofs) A FE Y
EoeRE W% A7, Loln)2s 5 o e S
ol EFo] ALHAUT & ATANE AEH f A% A
o o]g4 2L AR N2ARE AFHTA o5 282
mo] grje} wiwlo] Tjgt o]seby A4S v, AR

dEH O FAu ] MAYERZ Y OHN-methyl-N-
notrosourea)’g 2|3 EAH] FE<, 1o}H]235(Goami2),
w213 (Baegjinju), 78 (Sulgaeng)# ¥ F4H (Ilpumbyeo) =
AHESER o, ol E FEL FENTA A HHskelol A 2007
ol ==t Y88 FEE A7 Z(model SY83-
TH, Ssangyoung Ltd., Incheon, Korea) #| &3+ & wv] 2} 3
"] 7](model NPL 102M, Ssangyoung Ltd.)Z &v] TS
71Eo2 88%7HA =T WulE AFARE AMSSAT

=
B =2 ¥ A (Cary 3E, Varian
o]-&-3}4 620 nmol A =743}
AL F AolAdf FEL
gHakS Megazyme kitE o] &
st AOAC o= S48t A8 1.0 goll Arteh5-8-Y
(pH 6.0)2 Yol #+= FZlA] heat-stable a-amylase 100
mLE ¥o] 1687 WAl 1, pH 75 A proteaseS, pH
46914 amyloglucosidaseS <2120 2 Yo Ra)jst4 )
iy T 05% eSS Yol F 43S T 80% HESE
; oA Azt 54
Stach dvtgdE e 3 ke =g o =z AAHAY

Inc., Palo Alto, CA, USA)
AoH12). & FAsA

ALA =M 2o
R upak B A8 Rafael® Mancha(13)9] ®H o wal 05
g9 B2 A E ] methanol : heptane : benzene : 2,2—-dime-

thoxypropane : H2SO4(37:36:20:5:2, v/v)2 ZAH &9
7Fsta, 80°CE 71 3ted digestion 2 lipid transmethoxy -
lation A 2]7} Ao H=F st} 71Eo] ¢ single phase
= g2 Wzt ¥ fatty acid methyl esters(FAMEs)E
Hretal e deAS Fdted capillary GColl =43t
R4k B0 AFR-E GC system= HP 6890 system FID

(HP Co., Palo Alto, USA)°] 31, HP-Innowax capillary
(Cross-linked polyethylene glycol) column(0.25 um x 30
m)S AFE3E T B4 Z AL initial temperature 150°C, fi-
nal temperature 280°CZ4] 4°C/min® Z71E =% 3191,
carrier gas24] NoE 10 mL/min® 2 EHFATh £29]
A= FoF inlet® detector?] £x+ ZHz: 250°C 2
300°C7F FAHEEE Y. £F FAME mix(Ciu-Cp)e
Supelco(Bellefonte, PA, USA)A} A &S AF&3A T

FE[oto|-at B

A& 03 gol 5 mLe) 6 N HCIE 7F8kal N, gasZ X $HA|
71 3 110°Cell A 24417 HCIE 783 3 No.2 oA & o
3t 10 mL flaskoll %7 3 Milli-Q waterZ 32314
ot o5 F AT £ FFES AAAZI7] A3t 01%
TFA(solution D2} 80% methanol(solution IZ Sep-pak
Ciss 843N &, AEE&HS THAAA EAER ALE
3t ofv| 2t AFE XS Amino acid Auto-analyzer
(L-8800, Hitachi, Tokyo, Japan)E °]&3}it}. o}u| =4k
g AME Yot olmeAl EFEE N2 Ajinomoto-

LN h
Takara’HTokyo, Japan) A|#FS& F Y3t A&t

AlRE AL G20l o5t SEEY A

2el g2~ DSC(differential scanning calorimeter) 3 of &
7} 20 mgd SF/F 09 mLE ¥ DBt 147 H<
Hx]8F & DSC(model DSC Q1000, TA Instruments Inc.,
New Castle, DE, USA)E o]&3}o] 20°CellA] 150°C7}HA]
10°C/min®] $&== 7tdsty 4 a5 AATh

Al0IEY o gho| HAX £F

AuEAo g yro] §7XE 7to] 24T 4 & palat-
ability #2321 Toyo & #&3Iuth Mu] A8 33 g8 80°C
oA 1027 HWt & LA 38 5 A0 1 F,

Toyo meter(MA-90B, Yakayama Co. Ltd., Yakayama,
Japan)& ©o]-&3to 71X E FA st Av|EAS 2435
Atk wre] "lad S-S fte] winl Al 30 goll & FA
1.25W0 9] SRTE H7hete] SA=r maa WdAol A=
ZH 22 F(F7 60 mm, =°] 70 mm)ol| o} -2 A
2087 3 5 ATHbEe Yol AWM & 108 B
o|a, 50°CE FA=<v BV RAsIHA F4ol A3}
At} ¥ro] d2x = Texture Analyzer(model 7TA-X72,
Stable Micro System Ltd., Haslemere, UK)S o] &3} =
Attt =4 271 two-cycle compression, pre-test
speed 0.5 mm/sec, post-test speed 0.5 mm/sec, strain 60%,
probe diameter 20 mmZ 3}3 .

=
=

SA=M

-
BEAE d7e] EARAL SAS(Ver 80, Statistical anal-
ysis system) ZZ2 T3S o]-&3t] T, FLHEA(ANOVA),

Duncan®] t5%H 9 A1 8 (Duncan’s multiple comparison)
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24 wlwlof nlste] thh v Ao 2 YERGTHTable 1). &
A, Kang 5 (14)°] Hlal #2413t Wn| o] o} 22~ Fefol 4
AF 1 (18.63%), MR F(6.43%), 478 (17.23%)C B 23 9
AR T BFgha, 1olu)25E 33.96% 2 A B AR
o oA = BaE e, oy A9l 5 A7y Al
23 Tl g3 Aol A AlgHh dAasY R ao}
u|25 o A a9} Hwlr} 742 7.25%, 1594% 2 A Fro]H o
2 %3, Kang 5(16)3 Kim $(17)& Tolvj2se &
T AE o] & g2 ZYor HEHo] Ao wlf
M EZ S} A Aolo] &2 Tl A A (protein body)7} 4 &
st Qo olgs FxE Qs molm2s el AlztE e
I Fure] of#go] vkl Busth e otr]2s
© invivo 482 A2 43 A AT A a3 E Hg
Fxte] SAAY A, Gl $xte gz x 7%
o] Birg u} QlTH(18,19).

N K

X|ghat =y

IFAT 2P Av) o] Wuje} Hulo] At 4 B
Table 29} 2t} dw| e} Wi o] g A",k linoleic acid
(C18:2), oleic acid(C18:1), palmitic acid(C16:0)ZA4 AA] A
kel 95% o) AkAstaL Qo™ 53] linoleic acid2t
oleic acid7} 70~75% S 2}A|st= <A 7|20]H, A A
WAkel] o) 3 B3 A]YAHUSFA) Q] Bl&ol loiM= Hi
Ho 7 70% HEES 2ASa ek w9k dvl 9 linoleic
acid®} oleic acid ZAH S AHHH Holu25E A 93
WA 7Y, AF8 Q] W)= linoleic acid $F#e] 39.18
~46.88%°] 1L, oleic acide 26.92~30.78%<] W, du]=
linoleic acid”} 39.01 ~43.97%, oleic acid”} 32.25~37.61%%
Ffrate] wWiwl el @wj o] A Ak 240l tha xtolrt e
Ao 2 Vet 33, 110bn|235 #iu) o= palmitic acid7}
43.74% FHrEe] slo] vhE FFl vldte] oF 13~19% H=
wo] g5 0o] 2, linoleic acid®} oleic acid %o zHzt
30402 23.97% 2 FUF oz HAJY wolu]2E Hu|d=

Table 1. Approximate compositions (%) and non-digestible carbohydrates of milled and brown rice

Rice Cultivars Ash Crude lipid Crude protein Amylose NDC

Ilpumbyeo 0.2940.01° 0.29+0.01¢ 6.91+0.39 19.20+0.25 3.55+0.28"

Milled rice Goami2 0.91+0.12° 2.42+0.08" 7.88+0.39° 27.18+0.37° 7.25+0.28"
Baegjinju 0.34+0.01 0.91+0.07" 7.10£0.19" 9.12+0.14° 3.45+0.01"

Sulgaeng 0.31£0.04" 0.65+0.02° 6.57+0.11" 19.38+0.18" 2.59+0.14°

F-value 41.95™ 41415 6.94" 239.55" 11017
Ipumbyeo 0.81+0.03° 2.39+0.47° 7.35+0.20 18.98+0.06" 7.25+0.42™

Brown rice Goami? 2.21+0.02° 4.63+0.09° 8.45+0.47" 25.49+0.63" 15.94+0.29°
Baegjinju 1.01+0.04° 3.31+£0.40 7.97+0.09" 9.18+0.23¢ 8.25+0.21"

Sulgaeng 0.84+0.06 2.99+0.08" 7.28+0.38" 17.63+0.56° 6.65+0.14°

F-value 649.50" 17.85"* 5817 469.12" 391.67"

Means in the same column followed by different letters are significantly different at p<0.05.

Significant at “"p<0.001 and “p<0.05 from ANOVA.

NDC (non-digestible carbohydrates) is measured by total dietary fiber analysis.
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Table 2. Fatty acid compositions (%) of milled and brown rice
Rice Cultivars C16:0 C18:0 c18:1 C18:2 SFA USFA
Ilpumbyeo 24.92+0.16 - 28.20+£4.47" 46.83+431" 24.92+0.16° 75.08%0.16"
Milled rice Goami2 43744067  1.89+268  2397+0.10° 30.40+£1.90° 4563+201° 54.37+2.01°
Baegjinju 27.83+0.17° - 3078055  41.34+0.72" 27.88+0.17° 72.12+0.17
Sulgaeng 3051073  3.39+007  2692+0.88" 39.18+0.08" 33.90+0.80° 66.10+0.80
F-value 531.88" - 3.05 1650 141.97™ 141.97
Ilpumbyeo 23.37+£1.39" — 37.61+£1.14" 39.01+£253" 2337£1.39"° 76.63+1.39"
Brown rice Goami2 2847+0.45"  265+0.12  3662+078" 31.79+0.38°  31.12+0.33" 63.83+0.33"
Baegjinju 23.79+0.04 - 32.25+0.32°  4397+£028"  23.79+0.04"  76.21+0.04°
Sulgaeng 24.14+0.04° — 33.99+0.27"  41.87£0.23" 24.14+0.04" 75.86+0.04"
F-value 21117 — 23.05™ 33.95™ 53.39" 53.39"

Means in the same column followed by different letters are significantly different at p<0.05.

Significant at ““p<0.001 and “p<0.05 from ANOVA.

C16:0, palmitic acid; C18:0, stearic acid; C18:1, oleic acid; C18:2, linoleic acid; SFA, saturated fatty acid; USFA, unsaturated fatty acid

palmitic acid”’} 2847% 2 & E£F3 FAFSFSI AL, oleic acid
¢} linoleic acid”?} 24z} 36.629}F 31.79% = oleic acid”} lino—
leic acid® v} @o] o] lojA, 1= 37Hﬂ & EF5
g2 ZgS YelR Atk Taira 52002 X3R4
oleic acid$} linoleic acid Fe] gk A}o) °ﬂE o] g
7} Yeby e m, 3] palmitic acid®} linoleic acid 3%
& Zrol FElgk Apolvt Qlom, o] g &Y Ak 24
H o] FE3 AujA 7)o wetAE HElE =,

] 7HE Fa3 8212 557] 7o vt B
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Table 32 4&FH 2 213 dn]|9] wuje} Hrjo] o}w] =4}t
SFS vlaslgon, Wuje] FQ ofu|:=Ake aspartic acid,

a, dre A=
aspartic acid, glutamic acid, hydroxy lysine®] A2 2 e+
PGk 53] 3 gfolu]=Atl cysteined ZAF IEFH o
62.02 nmol $F-% HhHo) AlE A w2 F10}u|25

780l Z+z}+ 109.11, 161.53, 138.37 nmol = wlj-%- %‘—%
e At 28y drlds 935 FF AT cysteine
°] 123.86 nmol& =A Webstarl, v A 37 FFell= 21.80

glutamic acid, cysteine, hydroxy lysine®]il

LUEES

Fe

R

z}o] & B Yt} Cysteine2 threonine %
] @—ﬂo}u]},—_}\]—/] o]Zoi o]:z]/] o
AL lysine 2 cysteine?d] $FgFo] Q3+
g RuFTH22). 3, 31o}u]25 o = alanined}
(gamma-aminobutyric acid)7} o+ 5o A&
velg=d, Bujds 242 112413 162.94 nmol, @79
146.199} 214.01 nmolZ EAH A}, olm|25 & A9 gh
Aol AFEFC] alanine FFL vl Ao, dFHY A
7ol = GABAZE AEHA] skt GABAE A&7 7|4

teine &=k
phan¥} g}

e

A AT A M oholico s Al 473
o} gojo) F2 FfElo] glom, Mo Fio] B E £

el ARdE %é% S7HAA =

F 2o TH?23). ¥ 7% A AW o}
Hely 723 5o B3 YF2A)

Aol A =4l
GABA A7 9%

ol m| Az
HALE 40°Col| A 8217t A ]
Al, GABA 7o) 7} =okchal Bkl

st oblEF o)}
7158 FHe T8

2}, GABA”} 81743}
H e H, Choi 5(25)

2 f‘“‘

=N r\o v

pe o), gAes
% frelofr]

A e Mu)r} 306.42~661.44 nmolo] i, du|= 522.64
~77346 nmol=. ®v]] % f-ote]est gFere] Ehoh
of wste] of 2 we & el

RO vehgont, 43 4F

E3), mor)2s Wuj= 4F
obvlito] FEl Qe
Rol AR YoM E FF 1Y Aol

3} HI%E S

~39.83 nmol WHIE 2ol G5l Mrlst Al cys B mTh AVt YA 3 FFe) M gl F 42
Table 3. Amino acids profile of milled and brown rice (unit: nmol)
Rice Cultivars Asp Ser Glu Gly Ala Cys GABA Hylys Total
Ilpumbyeo 57.59 13.71 87.21 9.84 1859 62.02 - 57.46 306.42
Milled Goami2 76.29 40.78 70.78 32.36 112.41 109.11 162.94 56.77 661.44
rice Baegjinju 122.24 21.73 103.97 16.47 41.52 161.53 26.74 56.02 550.22
Sulgaeng 78.22 12.61 43.10 8.62 13.48 138.37 - 56.66 351.05
Ilpumbyeo 127.06 35.51 226.23 15.22 39.56 22.73 — 56.32 522.64
Brown Goami2 94.52 67.48 110.23 46.06 146.19 39.83 214.01 55.15 773.46
rice Baegjinju 198.60 51.54 279.95 15.16 23.92 123.86 - 53.88 746.90
Sulgaeng 237.99 41.72 322.60 15.20 30.99 21.80 24.42 55,51 750.22

Asp=aspartic acid, Ser=serine, Glu=glutamic acid, Gly=glycine, Ala=alanine, Cys=cystine, GABA=gamma-aminobutyric acid,

Hylys=hydroxy lysine.
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Table 4. Pasting properties of milled and brown rice by DSC

1317

Rice Cultivars To (°C) Tp (°C) Tc (°C) AH (J/g)

Ipumbyeo 63.71+0.04° 72.31+0.21° 88.34+0.62¢ 5.49+0.05
Milled Goami2 66.39+0.08™ 84.98+0.25" 101.874+0.25° 5.91+0.00
rice Baegjinju 66.93+0.81° 76.56+0.55" 96.52+0.74° 7.9940.74°
Sulgaeng 65.35+0.02° 72.70+0.19° 90.55+0.62° 7.2340.13°

F-value 23.93" 619.25" 216.07°" 1873
Ilpumbyeo 64.03+0.25" 72.64+0.22° 88.49+0.21° 5.33+0.24
Brown Goami2 74.93+0.08° 86.06+0.04% 102.27 +0.74% 497+0.17°
rice Baegjinju 65.49+0.53° 74.47+0.22° 92.25+1.77" 6.97+0.21°
Sulgaeng 66.39+0.06" 73.52+0.10° 88.49+0.21° 51040.13"

F-value 541.37™ 2952.35™ 80.86™ 47.03™

Means in the same column followed by different letters are significantly different at p<0.05.
Significant at ““p<0.001 from ANOVA.

To, onset temperature; Tp, peak temperature; Tc, completion temperature, AH: enthalpy for gelatinization.

=
B
2

< 39 3 e ¥
%

(Table 4). &3} JZolo] st

i
N\
oX,
%
>_]
(@]
<
o
N
)
o
V)
iz
=)
lo
1
[
2
i
o M
o 1> 4
o
o
_ﬂ
o r

Table 59} 2t} 2| X & dFo] 822F 7}
F, A7, otv25 7} 247 676, 59.8, 45.2% A = o]
o FF el AR AolE BYoH, dF
2 7to] 7pg £ Ao 7 BAEIY. w3 vt
texture profile analysis(TPA)Z ¥2]3F 23}
v|257F 1057 g2 2 71 =A SA4HASH, 2
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YFo] 9482 gol T, WHFe} H78Le Z+7} 614.87 641.7

gl 2 ZAH Aot vkl 27| (FFA)E WFo} o]
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8 S = © =3 Lo dEWIL =ghon, woln25 = vj$- v
WA FQu A9 FAALEE Tolu|2E 7} 7228°CE o o AFHA7L EHEH, AFZEE HF %
. e Bt o)A zou2z 2 FHwel ye ZA7|7) §lo]
E FTEHU 7~10C =4 SA A=, ol 71E A A = _
.. FAT 2L Hol BE FEEVE A e 54
o] Hfro] AAE o] 2u] A3t Ucle] H AR F5H o = o
e = L - R o]#3t AxE F3 molr2ie Iyt Hukg &
o 3t 2ask 8 dgue WAF A7, dFH, 1o} _ o .
: = T AYetA dong g 8sE F83te Zlo] AT A
w2357} 242 799, 7.23, 5.49, 4.71(J/g) 2 AT FFo] 7}
: . o5 ARETH v, AT AP AFEF YEY
4 BRI, ;ohu2Es} HY ke How ehdth okl _
. NS W ke B4 Rolg HolAT kg wE S
g AR P BA P2 3 29ED 294 A B
_ gol BF AT Aoz AzHT)
JehRE A0 duED Bl 3 oluR s} e B
i, _ Aurol Aule oz QQlEd oM A=Y, 25
of e FEunwa pEd g Ael daee T T S e e
=% fal A az471 = 3 = \:—1\_:.: L
A& Yepdoin B gie(4). ks mepujoge] e T U ° o e
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Table 5. Toyo value and texture profile analysis (TPA) of cooked rice
Cultivars Toyo-value Hardness (g) Adhesiveness Springiness Cohesiveness
Tlpumbyeo 82.2040.99" 948.2+786" -291.34+97.3 0.71£0.09" 0.25+0.03"
Goami2 452043251 1057.0+139.5° -78.3+£285 0.68£0.09° 0.11£0.01°
Baegjinju 67.60+0.75" 614.8 +54.4° -391.3+113.4° 0.73+£0.04° 0.28+0.02°
Sulgaeng 59.80+1.41¢ 641.7+63.3° -3685+112.9™ 0.69+0.11° 0.31+0.05"
F-value 163.65"" 49.98™ 23.62" 0.87 75.95""

Means in the same column followed by different letters are significantly different at p<0.05.
Significant at ““p<0.001 from ANOVA.
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