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Abstract

This study aimed to investigate the germination characteristics of Saeilmi unhulled rice affected by different steeping
(at 35°C) and germination (at 30°C) time. At first, the 24 h-germinated unhulled rice (GUR) were prepared by
germination for 24 h after steeping for 8, 16, and 24 h. Next, the 24 h-steeped GURs were obtained by germination
for 20, 24, 28, and 32 h after steeping for 24 h. Sprout lengths of GUR were more evenly distributed as steeping
and germination time increased. Among 24 h-GURs, the thiamin, niacin, and GABA contents were the highest
in 8 h-steeped GUR while the folate content was the highest in 24 h-steeped one. For 24 h-steeped GURs, their
levels varied with germination time: the highest contents were observed in 24 h-GUR for the thiamin and the
niacin contents (534.6 and 1,281.5 11g/100 g), in 32 h-GUR for folate (58.93 1g/100 g), and in 20 h-GUR for
GABA (16.3 mg/100 g). The glucose content of GUR increased upto 7 times depending on the steeping and germination
time: the highest level was observed in 20 h-GUR after 24 h-steeping. °Brix of saccharified solution prepared
from GURs increased with germination time: the highest was observed in 28 h-GUR after 24-steeping. These results
suggest that nutritional, functional, and saccharification properties of rice could be effectively improved by germination,

especially with steeping for 24 h at 35°C coupled with germination for 24 h at 30C.
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hydrochloride, nicotinic acid, nicotinamide, folic acid, ¥
-aminobutyric acid(GABA), gallic acid, L-ascorbic acid,
Folin-Ciocalteu’s phenol reagent<} 1,1-diphenyl-2-picrylhydrazyl
(DPPH)-2 Sigma-Aldrich(St. Louis, MO, USA)°l A %3}
o] A18-3}%1 2.1, potassium ferricyanide, trichloroacetic acid
3 ferric chloridet= WakoAH(Osaka, Japan)oll A <1353 Tth
716} AHEE AlFE 55 9 HPLC 5= AH&stal o,
32} S-F4-= water purification system(Aqua MaxMT-Ultra,
Young Lin Instrument Co., Anyang, Korea) > 2 A H &2
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A A Zbol| w2 ol 54 AME ffste] AL H 9
v S 2ule] B3 7hste] 35ColA 8, 16, 24413t B3t
242y AAAIZL F 30TCAA] BHFE 90%= 24 plant
growth chamber(DS-52G4P, Dasol, Hwaseong, Korea)©l| 4]
24A1 7t Bt oAl AT A A 717F Bt Az B
wgatglom, wol 717 Fek2 B SR FH3t
St} wole B (germinated unhulled rice)= chamber©i] A]
AA F 50C drying ovenoll A F=E-gh&Fo] 15% o|3l7| 2
) 744 71 228}e] disc mill(BM-D-100, McCoy corporation,
Seoul, Korea)& ©]-&-5te] 4| gF Ths -70Cel|A] B¥ta}o]
#4 ARz At

U0 2, ol A7t & 54 ¥gt 2ALE 95t
T 22135, 24 hellA] FAAZ] £ 30CoAA s

o] dolg FHA& FHEZF mmSl ¥ 2~(530-101,
Mitutoyo, Kawasaki, Japan)E ©|-8-3le] %3l th 2H%
o] Zdo]7} 1 mm P|REQ] ol = WolE|x] 9k Aoz
T Rote] Wolgo A A|LsE e, 1 mm o]/ Aol=
Zolel Wuk Wolel F o7 7hgsle] 2] do|2 =
3151

= o) 2
ol-& (%)= }}‘&}O]ﬁjlofg it s
Elot8l(thiamin) ¥ Ho|OfAl(niacin) &2 &4
FaE doly Alg 3 g& FH3 F 5 mM sodium
1-hexanesulfonate £ 25 mLS 7}8ta £33le] 259t
Z%7](8893-DTH, Cole-Parmer, Vernon Kills, IL, USA)Z
307t FESIGATE FEAL 23 AR 7IHM-1501V,
Hanil Co., Inchun, Korea)E AH8-3t4] 374 xgol A 107t
AAEEt, FSAE FHs) 045 um syringe filter
(Advantec, Tokyo, Japan)2 ©]3}5l] HPLC(1200 Series,
Agilent Technologies, Santa Clara, CA, USA) 2 ¥2I3}3]t}.
HPLC HX o] Alg3F A& YMC-Pack ODS-AM(Cis,
250%4.6 mm, 5 pm, YMC, Kyoto, Japan)©] 1L, A &=+
40C, HZ&7]= PDA(photodiode array detector, Agilent
Technologies) & AF&-3F9] 270 nmoll A A&313 11, ©] 54
2 0.8 mL/min®|t}h °]Fd AE 0.75% acetic

acid(v/v)2} 0.2% triethylamin(v/v)©] Z3¥ 5 mM sodium
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1-hexanesulfonate, ©]' =% BE methanolS A}-8-3}31 o,
22 272 0-8 min & 0% B, 8-20 min 0-25% B, 20-30
min< 25-40% B, 30-31 min< 40-0% B, ~12]1 31-39 min<
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%At} Depletion media©l| A 6A17F B2t vIFAIZ] L casei

brothZ folic acid casei media ¥} A]ol] 4 <&(5 pL/mL)3}1L,
ascorbic acid £4(10 u/mL)S 7}8te] & &3l 7 EAlu)
A & 4|8 T} 96-well microplateol] A 3]Ae F8-
OHJZ]. A}Eoﬂ& 15011L g4o 3 F ]‘], H}HHH;{Ié 150
iy hstel & &3 & 578 ¥a 37C wjg]
(HB-103M, Hanbeak Co., Bucheon, Korea)°l| 4] 18-20A] 7t
v k2] Z1Th. Microplate reader(Eon, BioTek Instruments
Inc., St. Winooski, VT, USA)E ©]-&3d}o] 595 nmeol|A] X
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y-Aminobutyric acid(GABA) &&k 24
GABA 3L Jo S(12)2] WS A= MElale] 246}
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(T10, IKA, Janke & Kunkel-Str., Staufen, Germany)E ©]-&
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HPLC(Agilent) 2 #4138t th HPLC ¥4 AHg-&F A7l
ZORBOX Eclipse XDB C5(150%4.6 mm, 5 pm, Agilent)S3 -
], &2 fluorescence detector(Agilent)E A-8-3le] 7]
314 340 nm, 37494 435 nmel A A &3 &9 <)

GABAE ©] %4 A: pH 7.8% %% 3+ 40 mM NaH,PO, %}
o]} B: acetonitril:methanol:water=4.5:4.5:1(v/v/v)S Tt
53 22 gradient conditions ©]-83lo] E2]8}th 0-3.8
min, 0% B; 3.8-28 min, 0-50% B; 28-36 min, 50-100% B;
36-44 min, 100-0% B; 44-50 min, 0% B. °] &% F#&
1 mL/min°] 21t}

& Wilson 5(13)] Wiell Fslo] 24591
th B A8 2 goll SFFE 7kl wRAIZL £ 100
mLE % -8-3ke] 941E2](3,000 xg 30 min)dtal F5 =
) 3ko] o 2H(Whatman No.2)3FAt}. oI}l Sep-pak Cis,
o2 HAAZ v, 045 um syringe filter2 o3} %
HPLC(Agilent) & ©]-&-ste] #2438}3iTh HPLC 24 A&
3t A& carbohydrate column(250x4.6 mm, Alltech Co.,
Lexington, KY, USA)°| %11, 71 %7]+= ELSD(Evaporative
Light Scattering Detector, Agilent)E AH8-5F1 21, o] 54
< 75% acetonitrile= ©]-8-3} isocratic condition©] %} 2™
o] F%L 1 mL/min°| %It}
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Table 1. Table 1. Sprout length and germination ratio of
unhulled-rice germinated for 24 h at 30°C after steeping for
different time

Germination ratio (%)"

Sprout length

8 h steeping 16 h steeping 24 h steeping

None (<1 mm) 5665289 482,74 6.0£2.0

1-2 mm 92.4452% 712452 52.043.2%

2-3 mm 2020 7.6£2.6% 11.6£3.3%

3-4 mm o« 724118 9.2+] 8

4-5 mm 0« 6.0£2.4% 11.2¢3,0%

>5 mm 0% 32423% 72433

Total germination ratio (%) — 94.4x5.2* 95227 94.0£2.0*

Number of germinated rice

Total number of dehulled rice -

Walues with different small letters in the same column are significantly different
by Duncan’s multiple range test (p<0.05). (a>b>c). Values with different capital
letters in the same row are significantly different by Duncan’s multiple range test
(p<0.05). (A>B>C).

1) Germination ratio(%)=100%
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35TelAl 8, 16, 24413 F1F HA| g - 30TellA] 244 7F
S wolA|7] Hlo] 8 HlEl g S Aoe
Table 29} 2t} EJobql g ol Zd 483.86 1g/100 go| A
£, ol & HA] A7t wle} ok 4-13% FUele Ao R
Uelyttt yololal shake dlol A 418.84 11g/100 gollA]
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A 7V w2 e Ba AR AlRte] ZoldFE £
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ZX| AlZbo| o= wolH{e|l y-aminobutyric acid
(GABA) &tz w5}

GABA <= glutamate decarboxylase(GAD)2] B&H;H 21-&-
°Jate] glutamic acid=F-El A=, AF A FE A
N FFN7AY ABHE BA2A W Mol Ui 7)E
ZXA712(17), B Zstet Ed2E diikE ST
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gk o] RA gl oaf £XE F e e
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&, pH, "|[AE 52 59 o|53HH
S e Aoz LA ATh20).

A AREE Adr]e] ol H GABA e
7.73 mg/100 go|A oW, FA] AJZte| whe} WhopH] o] GABA
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Table 2. Thiamin, niacin, and folate contents of unhulled rice germinated for 24 h at 35°C after steeping for different time (dry basis)

Thiamin content

Niacin content Folate content

Samples (1g/100 g) (ug/100 g) (ng/100 g)
Non-germinated rice 483.8622.69°" 418.84+62.36° 23.61£0.19°
Germinated rice after steeping for 8 h 549.95+15.86" 1,529.71£36.98" 30.30£0.33°
Germinated rice after steeping for 16 h 506.025.17° 1,476.05:41.61° 35.82+1.38"
Germinated rice after steeping for 24 h 534.59+4,32° 1,262.74+88.80° 50.98+1.68°

"Values with different small letters in the same column are significantly different by Duncan’s multiple range test (p<0.05). (a>b>c>d).

Table 3. GABA and free sugars contents (dry basis) and saccharification power of unhulled rice germinated at 35°C for 24 h after steeping

for different time

GABA content

Free sugar contents (%) Soluble sugar content

Samples”

(mg/100 ¢) Fructose Glucose Maltose  Sucrose Total of saccharified soln” (*Brix)
Non-germinated rice 7734021 1.68+0.08° 1.68+0.08° 4,602
Germinated rice after steeping for 8 h 2129+1.54 0.210.03" 14.25:0.54° 14462057 7.1£0.7°
Germinated rice after steeping for 16 14.11:0.84° 16.87+1.45" 16.87+1.45" 9.8+0.2
Germinated rice after steeping for 24 b 13.86:091° 17.89£1.00° 17.89+1.00° 9.7+0.2

"Values with different small letters in the same column are significantly different by Duncan’s multiple range test (p<0.05). (a>b>c).
2Saccharified solution was obtained by incubation of germinated rice in water at 45°C for 20 min, at 60°C for 25 min, at 65°C for 80 min, at 72°C for 15 min, and at

78°C for 5 min.

Holdn| o] GABA & WstE =4
£ 24417 35T} 30Tl A& 1847 AAIAIZ %‘0}6411]
oA Hdl GABA & &5 B o, 1 o]de] A
Al A= GABA ﬂahﬂ 2313 7 ilﬂ ATt B33k
T} Cha 5212 otk e] AFofX = 73 257} =old
5 GABA o] HX|7} == A AlZto] FropA
10°C, 15T, 40°ColA = 8A7ke] AR A|7te] F 3819l o}
50CollA= 2412 2R Al GABA &3] 71 =3ttt
Huslth =3k Jeon S5(22)9 ATE 3 18-254] 7kl
Al GABA 3o 71 =3tkal o] % 3haidhe Ak B
oM 35CAA &57) 27142 GABA o] o=
Ao g Hustch oleldt 3 A5 A% A =4
A= GABA o] S712 o o Aol FFd wheh
1 o)3e] ] ZAelM= 235]8] GABA /o] AaE <&
HolFt} shllth & ATl e HA] % 35Td|4] 8-24
AIZE B ARG A 8AIZE A F oA 7] H o A
7H¢ =& GABA 3o #ztEo] A3 oA Hud
gnlo} wa] wol Al H) GABATEHS A7) 913 A
AIZEEGE e HA] AlZke] 8FEE oz Hojzloh

AN

x| Alzhol| mhE wolol Ralg B Wt U oist S

35°Cl A 8, 16, 18] 1 24X & J A & 30Tl A
24X]2F WolAIZ) M) el RS Table 37 2Tk A2
1] €] glucose i ol 2] 1.68%°l H|ste] o} &
320 Al ok o 79M S A s ke
1621 k2h 24417 7] F wolel X 29| glucose FHgo]

Ao E =30 (p<0.05), 1647k 24413 4] A
elle YA Aole AFHA] gtk f2T
fructoses= ol ol = TZE A kot AI7E 4]
Hole AlFollA mlF HEEHACH, 164312} 244 3F
A & old /\]Eoﬂ’\ﬂi HEE A okt A EA o
Al el gheo] Wstele 212 ol A ‘ﬂﬂé%}%% Skl
Fa7F @A, SRV frEld e R el wA o
&ste] o] 2] ool Yehs Ao g g A 9l
o] g} o] Wolo] ofaf fejde] S} FFo] Wty
588 Tk AeAolM e #EE = Kim 5(23)2
TollA A fructose7} ol 2710l 7Haadto] o} 48
Azl A HARE B = 724158 A A 8] S7Fek3
31, glucose= 96A17el| HAAE Hel T thA] F7lE Qe
™, Aman(24)2] 174 mung bean} chick peat® 2o}
% fructose= Al S71FA R glucose$} sucrose = 57}t
Tp7} o} 72X17F o] % 98] e = 2o ® HaEd
o} W e] A= ol Al glucose= "ot 3L A 7IA] A
sth7h 59 ol % §A3] SUkele 27] R 5] Eot
221 (25), Wl M= fructose TrafFo] Wofol] o8] Z715]
© Ao YERTH26).

S, 35ColA] 8, 16, 24A13F B3k HA] F 30Tl A
2443t FQE oAl W o] BEEAS ARG ﬁa_’ =
Table 33} 2t} 8AIZF %] & o
gatolo] P 7.1 °Brix@ oM, 1647k 24%]{% A
= wolg vle] 9= 9F 10 “BrixE YERo] Tho] &4
o] Hr} ozl Ao ® Hojxith o]= 8A7t A] £ o}

™ o O{N il

-

O, i

r& i &0
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B ue] 297 Zol7F thFE <k 3 mm |3k WhA, 1677
7} 24A17F FR] & drolH HH Z297E 5 mm Zo)7HA|

n2A F¥HE S B w(Table 1), A A7k 18A]E
ool 75 oyt AAH o7 n=A AP #e] Ao
7b oAl ol Ae H97] #1750 A= Ho
ok 7] wiel gt sl
A A7t whE Ajdn] ot o] S5 AN A3
8AIZE AA HThe 162137} 24A13F Ao Gak 2 &
g dFe] ST A vt dEE = A E 0w

A AL 164184 244010 AN olel @ 59 o))
frel el ) ek @, 24413 908 doplal 2904
o] Brk ZojA|x 327 FEHE Ho] wAdoN] %
215 A8 B B4 AAE A AL
e el ghe UERigY] o] o] F o} Azl
e Wolle] B4 £AES 913kl 244104 4% 1A
ARtoR ARl ol F 4Ye ATk

2ol AlZholl 2 giof o Wolg ¥ =Y¥E 22X

£ 35Col A 24A12F <t HAAZL F 30T growth
chamber(A 5% 90%)9ll A 20, 24, 28, 3247t E<F o}
A7l W el dolg W AR BXEE A A3F= Table
49} 2t} wol® &o] Aol ujg} wolg-S 73 Ay
20A17E} 24417F B2t WolE W] 2GS BF 6 mm
o]3}el ®WhA, 2847k} 32417k A 2HF
2 B} Zojzl AL g 4 i) o
2 20|71l A= 12 mmol] ks 29S EolL H‘O}
H 7} 78% 2 A}A| 61 0™, 24-324]7F ol w o] A%

mo
r

T EAARE8ES] R A25H A3E (2018)
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a
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o
9

R

&

-2 mme] &3sh=

= 9%

Of AjZtol| = ol e| E|ofal,
&
HE 35Col|A] 24717 EoF A7) &
oA 7] A Eloprl, o]l
3t A= Table 59 2t} HA|Z 07 Wolo] o3}
A BeH ggko] Zy)etE AS
3} hojeltsl 2
ug/100 g 5

wolH| 7} 52.0-52.4% W<
< 7H ol H]go] Yolx|=
AAAGFE 2g74e] o7t AofA= A
dlole Wol|A 10 mm ©|4e] Z2\A
olH] H|&o| 104% = 7FF =9t} A,
| & do}&-2 932-956%2] 9
ol Q1 Apol= VFERA]
FTA 90% ol’de] doke
7] %61%& 15CAIA 28 &< AR F 30Tl
£ 7849 o} 7|7k &
?— AE Ta Aol &

2 54 fEdd Aoz

85 Oi‘;b— EJ—

oﬂ:[ﬂ o]

AbE T,
Ltolotal 2 ¢

304 20-324]2F
, At she] HgE

He, Heopd

%, o} A 7217} 483,86 11g/100 g7} 418.84
011*1 “‘O} 24X F 27}
1,275.12 pg/100 g©- 2 S718F3) o v 244171 o] ge] wlolof
A el WsE gAY o
735 &} 32417744
k(5893 11g/100 ©1& LFERAITE
o oJaf 571 Elopdl, toobal, 44t g ot A
Hlste] 4zt <k 1.1, 3.0, 254 7

534.59 1g/100 g2}
hasle s JER
REETS

|87 o}
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Table 4. Sprout length and germination rate of unhulled rice germinated at 30C for different time after steeping for 24 h

Germination ratio (%)"

Sprout length

20 h germination 24 h germination 28 h germination 32 h germination

None (< 1 mm) 6.8+3.9"% 6.0+2.0M 52430 44517
1-2 mm 78.04.0* 52.0+3.2% 524+12.3% 52.0+18.0%

2-3 mm 9.242.3% 11.6+33% 11.6£3.6" 6.0£2.45
3-4 mm 0.0£0.0% 9.2+]1.8" 281235 9.6+1.7"*
4-5 mm 4.0£24% 11.2+3.0% 13.6+62% 24£2.6%
5-6 mm 2,042,454 724334 4,015,545 8.8+2.3%
67 mm o« 0% 284235 8.0£2.4™
7-8 mm 0™ 0% 10,4268 13.6£1.7%
89 mm 0™ 0% 6,414,370 56117
9-10 mm o« 0% 208245 10.81.1%
>10 mm o« 0% 324238 104177
Total germination ratio (%) 93.243.9* 94.0£2.0* 94.842.3* 95.6£1.7*

Number of germinated rice
Total number of dehulled rice -

1) Germination ratio(%)=100

Walues with different small letters in the same column are significantly different by Duncan’s multiple range test (p<0.05). (a>b>c>d>e). Values with different capital letters
in the same row are significantly different by Duncan’s multiple range test (p<0.05). (A>B>C).
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Mo F(28)2 &[S 27°CellA] ol A 4043t &<t BIE}
Yl B2(riboflavin)= 57}t ot Elopilz} vfo]ofil & B
T FA3%) A ttn B318+9] 1, KhalilZ} Mansour(29)
< faba bean ol Al &4 BIE] o] s ATt
Hslo]  Apel|a] ol ofaf 484 H|ElTlo] Frlgh
Aztels e FFE YERTE ol A] oelg 84
HIERI &) Wishe o] 4, 3R] 3 ol 2 g3
< W 2230) A8 A Artet AiiE $3E v
3l7] olg] ¥ Aoz weHE)

Table 5. Niacin, thiamin, and folate contents of unhulled rice
germinated at 30°C for different time after steeping for 24 h (dry
basis)

Thiamin content Niacin content Folic acid content

Samples g0y Wgl0y  (ugloo g
Non-germinated rice ~ 483.86:2.69")  418.84+62.36°  23.61+0.19°
Germinated rice for 20 b 503.5848.43  1157.26+4325"  34.83:1.25°
Germinated rice for 24 h  534.59+4.32°  1275.12¢53.75°  50.98+1.68"
Germinated tice for 28 h 510.91+14.35° 1288.43:34.26"  50.58+1.60°
Germinated tice for 32 h  526.5618.27°  1217.65:026°  58.93:3.15°

"Values with different small letters in the same column are significantly different
by Duncan’s multiple range test (p<0.05). (a>b>c>d).

glo} Alztol| o2 wolHe| y-aminobutyric acid(GABA)
EEsE

H & 35Tl A 24A17F Bt A 2 30TellA] 20-32A]%F
ot Wola]7|M A ZAFSE GABA 3 W3} Table 63}
Zt}, ol A He] GABA S 7.73 mg/100 go| T,
Hhol 20417kl A Z T g9l 1628 mg/100 goll =231 o
| o] o} Ajzte] HojHLE folHoz Fharo]
(p<0.05), To} 3247 A= 6.17 mg/100 g2 ol 79
T2 FoHQ 2pol7t fle FEoE AT An
@Y T4 dv|, 0], Zn], 0] F FAnE o}
Al o}l Aol vlale] GABA &aFo] 2.5-11.1H1 = Z719] 9]
tal B3k A, Kaur 5(32)2 Q% dr] 1052 28-30C

o A 48417t ol Al GABA d#o] <F s F7lshe]
14.5-20.5 mg/100 g= YEFA T Husl3ith Ko 5(33)
96417t FoF o} A] At GABA 3aFS Kol wolA|7ke
gazet Az 45 24A17L H271782 84A17L, gt
7174 36A17L, FaErre 48413 - E 724
Zro]lom o]Fo] wol A7t M= 237 GABA o]
ZaFJ T Bt olef 22 AT AYEL IR/
o] T/, Al B FFo wet ol A] GABA o] SVt
EXo] th2A Yehy dukx oz A% 271712 GABA
7} F7¥elthrt oA A E AL HoFn st gk,
Lee(16)= ¥v|9] GABA o] a-amylase $rFo] =&
FEY4E GABA gFo| wrhu Hudle #3o ug
%7] GABA &% 0] Aol & YR = 55 YE
Atk 71 5 GABAS] IS AE B 4 oy
=xke] d714 JhE 3y FoM=E #AREEY BF
glutamic acid gF=Fe] 7+4-¢} S GABA o] S71E &=
Aol Hi1%0](12,34,35), GABA7} glutamic acid 258 &
A%7] Wzl 27] A5 glutamic acid I T2 Hd
Aol Q&S HolEr) st wheba] EFo] wWE glutamic
acid = To} A| FAEE GABA & F3ol 9&FS
A= 8Rle] # F & Ao g Algdrh

ghot AjZiof| e ehoteie| Fa|g Bt wist W st SA

ol Al 7hol] w2 vlo| feld ek ¥skE S A7
= Table 63} 2T} Glucosed] 4% 7] 1.68%0l| A o}
20/17F & <F 18] Z7BE =T, o] % ol Alzte] HojR
o met fojd oz st e HSthp<0.05). BH,
fructose= Lo} A HEEA| kot ol 204712 284]
Zr A w2 A ZEE 932, maltose®} sucrose= ol 3|
A BF AEEA] 29T Munata 5360 B Wol & 4d7}
A sucrose §Hgo] PAIA o & 7HAagh & byl Xl g g o
ute} A48 Z74E vk Baske) A, Kim 5(26)< &vl
dhol %719 sucrose®} glucose$t 22 FEl@o] 2 A=
H Ao} ol A|zko] HojAyE HA} 7FAske]a, ol

Table 6. GABA and free sugars contents and saccharification power of unhulled rice germinated at 30C for different time after steeping

for 24 h (dry basis)

GABA content

Free sugar contents (%)

Soluble sugar content of saccharified

Samples

soln? (°Brix)

(mg/100 g) Fructose Glucose Maltose Sucrose Total
Non-germinated rice 7731021 - 168008 - - 1.68+0,08° 46027
Germinated rice for 20 h 16284024  036:0.03°  18.65:1.19° - - 19.00+1.20° 8.8+0.1°
Germinated rice for 24 h  13.86:091° - 17.89+1.00° - - 17.89+1.00° 9702
Germinated rice for 28 h ~ 9.8820.84°  0.64£0.04"  15.93091° - - 16.57+0.94° 102+0.1°
Germinated rice for 32 h 6.17£0.75° - 16.44+1.06% - 16.44+1.06° 9.9+0.3"

"Values with different small letters in the same column are significantly different by Duncan’s multiple range test (p<0.05). (a>b>c>d).
3Saccharified solution was obtained by incubation of germinated rice in water at 45°C for 20 min, at 60°C for 25 min, at 65°C for 80 min, at 72°C for 15 min, and at

78°C for 5 min.
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54 SHE = fructose2} maltose7]- AZH7] Al&sk i
H3gh uf glek. dbA o g S wol 2ol B EA
Sk sucroseS A7 cUA Lo & o] &a7] wf el 271
sucrose S 7HAsleE HhH, WolE $13)] a-amylase 243
o] T7FFIA g et frElde Ash] wiiol
glucose, maltooligosacchride, 2 fructose 5° B4E F 3l
= Aoz oy X% 1;],(37 33). o]a 3k l:ﬂ—o]_ %27] Oﬂ __7} 1
o7 245 = sucrose9}t maltose FASt= £ AFoA= &
27 el o= 2 A7 75 ol AlRE 20:324]
& FAT DA W A ARED, 2, B
ATl M= v 297 Zol7F FAl FxF ol 204
QeAE ghucose Gl F 119 T bk, 2EY
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SEHT HolE 98 aHEe St webd Rl g
o] ol 20413t o F AW ALA 02 PaHen
o] 717k Bl A= sucrose$} maltose= T3l ¥ o] =%
o] A o] &EHAY Ao w Atsdrh

A, 24A17F AR 30T AlA] 2032413 F<tF oAl
H o] G35} 5405 2ALe A¥= Table 67 2Tk ol A7E
o] ojd5 ol o] Gt P fFolF o R FoA|
© 43S U] (p<0.05), 2841% ]’J*} R2AIZE BRF otd
Bl 71 e BErt BAEdE ol oF 250 St
© FEOoR oF 102 *Brixs UERATE IRk o R fMLﬂ
M Az Al B3 B FE5FTHAN dLSTEE 98]
L% 11-12 °Brix °—‘.4§3_ A Hed 2 %ﬁLOﬂH Az
| oS oo} S Wl Aol o] & Al Lais At
| ag S oA Azt 7hed o m HofZit
AR A Zto] oA 5 g3l o] Frle = A4S &
g AFoM e BEE =], Lee 5392 ARl SHE
225yl A F 242} 20 CQP 30CoA 13 &<t
HWholA| 712 o H]’O]' L7 B & 30ToA Hold A8
gov] 24 % ol Azl
ﬂﬂ% 01 7ML Bustsict. 3, 2
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