Korean Journal of Food Preservation Vol. 11. No. 2, pp.182 ~188 (2004)

(N

JEN - 2ET - 0EY  UEY - U

FEAFANLATL

sin|e]

o) Az

A HFAFHETEIA

gzsy

1

= X
Loy
A
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Abstract

This study was carried out to investigate nutritional composition and physicochemical properties of waxy(WGR) and
nonwaxy(NWGR) germinated brown rice. Amylose contents of WGR(moisture content 15.45%) and NWGR (moisture content
15.02%) were 49% and 17.9%. Reducing sugar of those were 4.91% and 2.28%. The free sugar contents of WGR were
glucose 042%, sucrose 0.15%, maltose 0.27% and that of NWGR were glucose 0.59%, sucrose 0.50%, maltose 0.24%,
respectively. Color value of WGR and NWGR were L=60.30, a=2.12, b=23.52 and 1=59.51, a=3.15, b=23.04, respectlvely
Degree of gelatinization of WGR and NWGR were 7.67%, 5.21% and hardness of WGR and NWGR were 7.53 kgjem’, 8.93
kgdcm Vitamin E contents of those were 271.8 pg/kg, 310.6 ng/kg and total dietary fiber contents of those were 4.21%,
3.17%. Total amino acids of brown rice, nonwaxy germinated brown rice and cooked germinated brown rice were 126.8
mg/100 g, 90.8 mg/100 g and 106.5 mg/100 g, respectively. Among amylogram characteristics of WGR and NWGR, initial
gelatinization temperature, peak viscosity, breakdown, setback were 42T, 498 B.U.,, 94 B.U, 48 B.U. and 70T, 212 B.U,, 0
B.U., 123 B.U., respectively. Sensory properties of germinated brown rices were affected by color and flavor. Palatability score
of WGR that intensity score of color and flavor were lower than that of NWGR showed high.
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Aol #(pericarp), FH(seedcoat) L B E-Z(aleurone
layen o 2 FA% 0|7t} vi(embryo) ¥ vi-f(endosperm)E
o]FojA glom, o5 T4 HlEL YukHoF v 5~
6%, Bl 2~3%, vl 92%9)] B3] Wi Helg =3}
d Avle] o 2% AFEe WrlE A F UTHD). @
oo ABA MeAS wRd ZE &4 HEG, oy
T 9Ydar O saEe] B Foe AL dy A
Abdoltt. 2y Euyh 2t Hojg #Agdm 5
Hu|g F408 i e olfE dvlY XUt o
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Ql LolRr7t SASHT BAE AAG TH—) Ae
R B #TR(1970'd, gr)-s-e]dEAhold Al 2]
A2 AL WP 19583 1R shedl o]Ao] Eop
Aoz A e A% Az Zojz AZEDQ).
Woldnjgh At 2x9 8, 44 F& 3 dn
o A& 1~5 mm7hR] oAzl Zlog dnje] JUdt 7%
S FUSA7IEA Yo dujeg 4 R ot
(). Eoldrle 24E ASA Aide] AAE ¥ut oy
g} Lol S Ao, wiERl Bl B2, E, 2, 9 59
7183} y-amino butyric acid(GABA), P-sitosterol 5 Z}3 o]
B 75 ESal YA 312069 Yolgeld o
FRTIZE HolxA T BE EFUF o 7047, wolzA
!zl g A7@.67), 71548 GABAY tiE
T(8-13), 7FEAEEA ©]&(14-17) To] Ut A=
o] 83 AA7NTA AFol tFsA dvjExn
Hlgko] 2 MZo g ZEvleted 2003dd= 20,4008
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o) BEWA Woldn] S1BATo| 4, §B 5 AP
AZoz $497 o U 5 ABATH )ss
AT B3R ol27A) 9 FHAA ¥ A7, L

0}54“12 7vE, WEslyl At 23t SA4d gid v
% 87} 23 Aok
mebd, £ A4¥e a8 dolduld g g
T FASAHE At doldn|yt 2 AEAE Al
3t 712 Az AAlStLAL g
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B Ao AMgE ¥ woldu)(waxy germinated brown
rice) @ W& ol uj(nonwaxy germinated brown rice) of
3 mm Wbl AO2 AEF)NM AT A& A3
A FFL 200294 AX Aol Wy %%3 A A
t}. goldrnl AF FAHL WA £F HelE M +
M ¥ dAT dol Lxo Al A AWE “’*°P‘
1 g olg FAste ¥ AT &= At 21
M FARE & Axstd HE FREITEO] U~15%2 5474]
SRk R, AR, Ax 3L doldr] go= 4
NSRen 1 9l olsEy SAe woldn) RE 2Ha)
Aotk woldn] 7EE APHE E471(Cyclotec sample mill
1093, Tecater, Co. Ltd, Sweden)Z —“?_— 712 dlEo] 100 mesh

_‘._4

3% A2 ERAA AR AL ALEIHT
o|&}ss ZEXEM

2 L 105C ovendlld o] HEE AR &
A3l .o.n, amylose 332 JulianoW(19)l] 23t} S

k. & &7 100 mgol 95% ethanol 1 mL, 1 N NaOH 9 mL
A7t 5 ez 1087 BeA ¥ Ae Wdua
Z3FE 100 mLE AHLA}A starch solutiong ARk
Starch solution 5 mLol 1 N acetic acid 1 mL, 02% iodine
solution 2 mL-E& H7} & ZFHSFE t}A] 100 mLE F & F
2083 WA F oh 620 nmol| X FBEE F74 5t amylose
s 43T

49 23L& 271F 08 g SRS ¥o| 200 mL=
88 thE 2412 B wEkg o] 50 mLet #3ted 10%
lead acetate 5 mL$} 3.2% sodium oxalate 5 mLg Po} ¢
A& AA AHg o 100 mLE F83td ARE FHlst
). Fulg A8 2 mLE #H3le Somogyi-Nelsonj off w}
2} glucose EE2 X3} v w3l FAFS T34

335 24& 29 =H(odine binding method)o] )5}
3= E SHSAT B7FE 1 godl FHS 50 mL Hrbete

8,000 rpmollA] 287} FAES & 50T water bathol|A] 3087+
E5o FHAM 718 § FA, 4000 pmell A 1087 AR
Azl g2 A5 05 mL} jodine solution 0.5 mL-S RF$-A]
2 ¥ 640 nm°ﬂ*1 FR=E FHs =g ANsATh
T2 e A7HE 20 g& FHato] 50% e 100 mLE
7}8td 80°C water bathol| A 3087t S&31a] 22712 Y
3te] 10~2082-7 WhA] & 58 g § 045 um membrane
filter2 &jzet 3 HPLCE o]£3}] Table 13} 2o 270
2z fd9e ZRagen, ol
sucrose, maltose 2 2HJ 3} it}

REEIHALE glucose,

Table 1. HPLC conditions for free sugar and vitamin E
analysis

Free sugar Vitamin E
Column Carbohydrate columm 60A, 4 pm  -Bondapak C18, 30x0.39 cm

Detector RI 930 UV 295 nm
Mobile phase ACN : Water = 78 : 22(vjv) MeOH : ACN = 3 : 2(vjv)
Flow rate 1.4 ml{min 1.0 mlymin
Injection volume 15 uL 10 uL
Column termp. 3C 40°C

HIERR] E 3738 A% #/HR(15~20 & A
Chloroform : MeOH:D.W.(1 : 1 : 0.9)¢] v|&= ztz} f£dAL
7}3l12 homogenizerS ©]-€-3}a 5000 pmo) A 2~3E7
Z3}A)| 71t} Chloroform®S Z43AMIEFo] Eolgle 2
W12 FBNA 700 R LE7F 0TI YA BES
FdeFsted AHzgtk A ¥ dH=9 FRFS 7

The 2o} ThAl AjksEEle dEHE2E A Astn
#Y ARES dAF] MeOHE 7is| &3fA1A 020 pm
membrane 0. ¥ o33t T ojutel 10 pLE HPLCO injection
3k} Table 13} & 2702 ZA3HT)

TR B Prosky F0) el web total
dietary fiber assay kit(Sigma Chemical Co., St. Louis, USA)E
AHg8te EA kT

frEjolniedt BAe A A7EE 04 mgs viale]
% PITC (phenylisothiocyanate)Z X3} AlZlch kA A
F olFd A & 200 pLof =4 YAFEA &
AZdg 3l 045 gm membrane filterS FHAZI
Table 29] =74 wa} B3} o|d Zh ofm|i=itke]
290 Alg¢9] HPLC chromatogram®] peak area® "3 A&
REFE A peak areadl] 7)F3t &8I

rﬂ ox Hob il B o

galy 28y

M= Color and Color Difference  meter(Minolta
Chromameter CR-300, Japan)-& ©]-8-3}%] Hunter valued] H%
L value(lightness), 2% a value(redness), 4% b value
(vellowness) & A3} AEZo 2 Jehlgdth. AEge (Al
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Table 2. HPLC Conditions for free amino acid analysis

Column Waters Symmetry C18(4.6x250 mm, 5 pm)
Oven temp.  46C
Detector Variable wavelength detector HP 1100 series, 254 nm

Solvent A) 14 mM NaHAc, 0.1% TEA, 6% CH3CN, pH 6.1
B) 60% CH3CN
Elution Linear gradient of solvent B (0~ 100%)
Run time 40 min
Equil. time 10 min
STD 4 1L, sample 20~40 1L
1.0 ml/min

Injection vol,

Flow rate

" NaHAc: sodium acetate 3 hydrate.

2 TEA: triethylamine.

aa+ab)Po g Adsigon RE WARL L = 96.86,
a=-007,b=2020]%c}

AT 5L FAYNHoRE ¥ Holdn|E  Texture
Analyser(TA-XT2, England)olA &7 2.0 cm®] plhngerS A}
23t rupture mode® Z7A3H T, o|u] plunger?] strainS
50%, test speed 5.0 mmys, pre-test speed 1.7 mmy/s, post-test
speed 5.0 mm/sH T}

Amylogram £4

Woldn] 7129 $31E 4L Brabender Visco Amylograph
(Brabender OHG Duisburg. Germany)E AF8-3}a] Juliano 59
gDl gstel ZPshch woldn] A2 @gde
8B(wiw)E AZE, 35CANA 95CAA 1.5C/mine] £ 2
7}g3te, 95CllA 30 FAAZ ohe oAl FdE &
T2 50T7HA ¥AAZ F oofdzad E4XE U
9 o] amylogram©. 2K E] 317 T(peak viscosity)$} 957 ol A
087 §A42) T2 Yot paste viscosiy), SOTAN 302
b #AAIZ) F9 HX(cool paste viscosity), breakdown,
setback 2 M&31$11. @)= Brabender Unit(BU)ZE JERYSIC)

1]

sdAl  SAIEY

FRslgch BAF 94 SAS TEaAQ)EL o] &3ty
ANOVA EAHEX3} Duncan®] th# 9} 778 (multi range test)
S AHEE Fo AAEE AFsigd. F254
3 AP 3gkE S5t FIX G FFELAE ANEHY
Yeh Aok

2t & a3

olstEty £

g 2 9 doldv]e R} A7t 1545%9
1502% 9tk ole Woldn AzA ARH FEEXF TS
nHGs AlFol fEHe gut Yoo SRS fAlE)
TE AT 279 dx2IAE A7 oo FAE
o] W 71%o] E& japonica type 2] amylose e
GukH o8 o] 5% o)a}, o] oF 20%2 YA Stk
H @) dFY, Y T U8 2FFY 54¢ 24
g A7} amylose ko] 18.1~19.7%, & 5(024)& 6T oA
18.1~212%2t3 &Gt &L Ay EFoA 0%k
BE v7h QITh25). Juliano 5(26)& dolAle] o}
A wjfol A HME FFo] BFATXEE amylose T
F7RIR SHY. 18y B AgdA A3 Ad g
4 wroldn) 9] amylose Sk 717} 49%9) 179% 2 ol
A Bug ok Woje] g & zlolrt fiith

LI KT FFE ST A= Table 33 2t}

Table 3. Physicochemical properties of waxy and nonwaxy
germinated brown rice

Type Waxy Nonwaxy
Water content(%) 15.4540.1 15.02+0.48
Amylose(%) 49004 17.9+0.03
Reducing sugar(%) 4910.1 2.28+0.03
Free sugar(%)
glucose 0.42+0.02 0.59+0.03
sucrose 0.1520.01 0.5040.03
maltose 027003 0.24:0.01
Hunter value
L value 60.3040.66 59511043
a value 2.12+0.69 3.15£0.79
b value 23524285 23521247
AR 4247125 4297438
Degree of gelatinization(%) 7.67+0.07 5.2120.01
Hardness(kg/cm’) 753088 893111
Vitamin E{ug/100 g) 271.8433 3106154
Total dietary fiber(%) 4214049 3.17+0.48

& doldv]e] YT FFS 491%, = dojdne
228% Atk FreEiEe 3 wotdule] 9 glucose 042%,
sucrose 0.15%, maltose 027% {1, w24 woldu]= glucose
0.59%, sucrose 0.50%, maltose 0.24%Ft} 71 S(7)& dold
vl o|gEEA FAMA LolA|gte] ARAEFE FFTH
relde] o] Ha phdte dAE RAFUL, FE7
% sucrose$} glucose 7HAvb AJI ol 59U o] Fol=
fructose$} maltose F#F-E F7Fetdct wol 5U7R] fE@
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8}eF2 glucose, sucrose, maltose =02 EkA|9h, B A3
M P8 I APeleyt AL maltose?} sucorse
B} & ke el 3 AR ¥isle camylase T
A3 AT WA e ALE, Pol ZI)dE sucrosett
glicose7} 3F 7]1AZ olEEHI LolFUE AFE a
-amylase EAJo] FoiEHA HEo] £3|H o] maltose T
o] FrtsEle Aoz AL 3 F(NE aamylase B4
o] o}l 5UAA] FA3F) FUIstr} dol 89 olFHEH
2%y B33yt IR-8 FFAME q, f-amylase AL
A8 Frrsichr) ol 49 o]F o] FAZ FUL HE B
ATH26). T3ze I Poldu7} 7.67%, WE o]
7} 521%2 3Hao] E4ich

dutxg oz oy} Wolskd vwEY Bl, B2 5 " HY H
EFNIF7} SRt 4EA 31em(24,727) B A3 dAM e
HEA Firsg £33 HlE EE HPLC o] 83t 4
3 Ad, 323 98 dopdv]e] HERl E ¥R 77
271.79 ug/100 g} 310.59 ng/100 gtk wlgkubza], WH] o
3 i, FIAEA WFE, ¥F FU2HE 7E, ¥3A
A3k AU Fude 258 NN T Aoldd %
< B3 Ay, 3R g8 goldn| e F Aol df ek
& 27t 421%9} 3.17% 3

AEd feld dHE EASE frelobuake 4E9
o] &S vty LA oy, Aule} woldn| S
ohu|icAlyl Ho FEWT Qe 7154 AE v-amino butyric
acidGABA) &3 5-& vlwsly] 93ix g dvle} ol &
HolA|A A xG doldu| AVMEFY FElohuieAt TS
Z7A3t Table 40 YERATE & opw|idb e &=
126.8 mg/100 g, Foldm|= 90.8 mg/100 g, AlFol| Avfs
AT Holdnike 1065 mgl00 golitk Ar|BRNA =
GABA o] AFEAQl glutamic acid 3o} i1 GABA 3

o] dgton, wolgudlMe W E glutamic acid FHFo
3 GABA ¥Fo] 53 YA duiroz dnjd

ME glutamic acid7} T olW|xAitrch go] EfshH,
lysine® FFE FHojAq AFHQ WS ofm|initelet &n
2 2% Zoos gAEoh £33 A2 H F028)< Hn|
3} Hvule] PR 2} o] 9SPH glutamic acid7} 7}
3 Bo] FRE opvAbolet sted ¥ d@AAANE
mryptophan©} 34.6 mg/100 g2 & 7473 Wtk nigdE] ofw
=2te]  dE9l GABAT  L-gluimate’}  GAD(glutamate
decarboxylase)l| 93| ZEHitE o] AR B, AEo] FAHH
2EYAE WA HA 1 Age] Wy

s, 583 HArlsgd, g T adst
J= GABAS] AEAoM T A7 077 myl00 g =3 35
mg /100 g, ¥71x2] =3} 51-205 mg/100 g, wiF 0.093 mg/
100 g, %< 56.0 mg/100 g(AZF ), 2] 67.0 mg/100 g
FAZEE 80 mglo0 g(IXRFH), AWy 168
mg/100 g, B2 1.46 mg/100 g, 71 EAF ] 2oldu] 10.67

%9,

2 &l

o)

FA54 185

Table 4. Contents of free amino acid in brown rice(BR),
germinated brown rice(GR), cooked germinated brown

rice(CR) (unit : mg/100 g flour)

Amino acids BR GR CR
cya” 00 00 00
Aspartic acid 134 09 45
Glutamic acid 176 18 37
Asparagine 102 00 04
Serine 28 28 60
Glutamine 09 00 04
Histidine 16 12 12
Glycine 16 17 40
Arginine 43 31 13
Threonine 09 06 48
Alanine 72 45 52
GABA? 47 79 47
Proline 39 11 17
Theanine 35 18 3l
Tyrosine 05 04 14
Valine 12 26 29
Methionine 00 03 08
Cystine 82 86 60
Isoleucine 48 49 45
Leucine 42 50 49
Phenylalanine 00 10 24
Tryptophan 46 40.1 412
Lysine 07 06 15
Total 1268 9038 106.5

"CYA is cysteic acid + cysteine, "GABA is v-amino butyric acid.
Data was presented as mean (n=3).

mg/100 g0 8 B i5o] 1th29).

£ ddoA dv|e GABA #%FE 47 mgl0 g Totd
n] GABA #E-& 79 mg/100 go 2 o} o ok 60% =7}
Atk Fopdn|nte GABA T2 AEFY Ax 34 Al
A GAE FY HEFHLE st ZAEFAY B W
ple] Eooz Qg Zozm AZHEnh g doldn|ite

$HE FAVRFGEYF 275%) 24F dgolzz A
AZE ohul=it Paol BS He Foz EA@ch
g wgol 23 Ueia @Az FA54 4Yos

GCMSE o3& ol FHS & 2%, 2 4¥d Aed
LoldrE o]HE Uehlle peakrt HAEA] Fokct o}
ul AujA] Fobg H FHTAI tE FAHL U=
ol ERFHT AR Fz doigle ARZE o
ofelg A FA FYEol EelHEA wAs= 4F
gass} VIAE WA g 2z Adxad Y

AoAe 23E £l dod F o webA dotd v
o Axe Al F A2HAHT FYE S4L HassaA
EAFA7 A ¥EE Adx2de F¥Hste Ao Fasd
(M. & A3 A2 Loldr] Nae EfFH7) fle Ao
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2 ve Hag
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AZZASZ AzHD Yee FAF 4

ga)y S

e g g Zoldne] MTE Hunter valuedl HE
(Lightness)& Yeh< L3, A4 T (Redness)E YERN = agh,
FAZ(Yellowness)& UEHE bEo 2 BAIGR O W
o o] A2 RS FE Foldu|e Lgk 6030, a
I 212, b3} 23522 MHAE):S 42470|%ch WA ubeld
o= L3t 5951, agk 3.15. _b%l 23.04 T8l MIte 42978
AT W Ax 71}0]7]' Ao ik gutyezw b
o] he Moz ¢ H& L valueE JehA gl 2 A
535 A9 “a“’P*]ZJ dng Xz FAs S
AXEX wAE Aoz Azid. dojdn] AFE A
2.0 cm plungerE A3t rupture modeZ FAZL 3 X
9og AEE 7 E(hardness)E UERH A3, doldn| 3
9] AXE 7.53kgfom’, Woldn] wate] ArE 893kgfem’
2 98] Z=7t ¥ 3tk

Amylogram £4

Zoldn] A7}E2] amylogram 5/4& Table 5o vhebdich
Holdn] Fan W&o 33 2U|eEE 47 £2T, 70T
2 o] o Utk MEYAY %v_rﬂl o8 F7HE I=
7kt AEYAY Faf 2 e ¢ A= Favt ¢F
S ol W A HEY Fxgoz BAEY 7Y %
€ YHehlis NREZ AMEse Jadxse 47 498 BU,
212 BUZ ¥ AEo] & ARuY HuHd=rl o Erhe
By ARE0% $YT 4oz gotdnz o] #3k
o} 95T, 308 FAXZ Fo HAHZE FHo| 404 BU,
Wao] 212 BU.E Yel 2 HEHEQ] Cool paste viscosity
T 347 8 woldn| 242} 450 BU, 334 BU.E YE
o HAuPzot HAYEhe] A2 breakdown Zhe o] H
BJ% paste®] SHIEE Ul Aoz 3 doldn]= 94

., B doldu|= 0 BUE Jeldth Setback 7k A
v«l =3} 548 Jehlle Aoz wdopdn] 3489 setback
&L 48 BUE YL, W8 123 BUE vehlo] 3
B Foldu|7} =37t o Adgs ARNEATh

Table 5. Amylogram characteristics of waxy and nonwaxy
germinated brown rice flour

T Gelatinization Peak Hot paste  Cool pate  Breakdown Setback
T emperature(C) viscosity(BU) viscosityBU) viscosiy®BU)  BU)  (BU)
Wary 01 4984 4044 50:6 %2 483
Nowaxy i 25 04 24 0 3

BE2A

HsAAL Avte Table 60 el ZE FAMIME
W o Pﬂnlﬂ Az ol w1 3 wolde)rt o ¥
2 AEE HYth AEE ZAMIME 3 deldur) A,
9 @Tﬂ 3L BAxe o ugtey 3k 71z
J*.él Zoldr|Rnt £ AFE AUtk webd A3 o
H1 AEE xS e Pohdr] Ax 23U
Aol st Yztdnt

-

it o}‘_,
<O‘L
rlr I‘ll‘

Table 6. Sensory evoluation score of waxy and nonwaxy
germinated brown rice

Type Waxy Nonwaxy

Intensity Color 4674129 540:1.18
Flavor 4.80£1.01 5.07+1.33

Hardness 533123 5.13£1.06

Palatability Color 4274171 3.53+1.06b
Flavor 327157 2.80:1.08

Hardness 347£151 353:099

Overall 3.87£1.25 32709

**Means with different superscript in the same row differ
significantly(p<0.05).

o ok
Lt |

Aaz g dopduld] digt
Abste) olEly 2 AVFAE Aol e SzARZ A
Netnat & 48e SRSk 0TAA 2042 Lo
i PolAEGRED 154509 WA Lol Aol R
152%)2] F4 HA%F amylose TFe Z+7Zt 49%, 17.9%,
AT 491%, 228%, FEF @ woldn|y} glucose
0.42%, sucrose 0.15%, maltose 027%°]x W& Holdu]r}
glucose 0.59%, sucrose 0.50%, maltose 0.24% %t} 2z} =1
& woldw| o) Mapgke 247 Lk 6030, agh 212, bgk
23523 L3E 5951, azgb 315, byt 23.040)tt. F3==
7.67%, 521%°]x, ZA7+E hardnesse= 7.53 kgf/cmz, 893
kgfem’2 4 Bol@u|z} sk HlER] E e 3
2718 ughkg, W& 3106 ugkgolw, FHoldH FFe
421%, 3.17%°]t}h. & oju|:Al daks Hu|= 1268 mg/100
g Toldrl= 908 mgl0 g AFol AujE 1 = old
ulRHE 1065 mg/100 golRich doldrn| Az & &, A4
BT o] AEL A YUtk 3 doldv]e opdEa
W EHS 53 271LE7} 42T HoH, peak viscositys 498
B.U, hot paste viscosityx= 404 B.U. cool paste viscositye=
450 B.U., breakdowngt-2 94 B.U, setbackZt-& 48 B.U.0J9
on, & woldu|9] EAL $3} 27|2E7}F T0TH oA,
peak viscosity= 212 B.U., hot paste viscosity= 212 B.U., cool

=) Ir (0]
FEHES FAEHNE =



gho}A] 71

paste viscosity= 334 B.U., breakdowngt2 0 B.U., setbackg}t

< 123 BUSIIG. #5734 AFdMe
w2 A doldn]z}

A} gkl Bt
=S HEE Age vehio
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