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SUMMARY

1. Development of technique to accelerate germination of brown rice using

Chitosan and Ultra-sound treatment

1) Effects of Chitosan on the Germination and Sprout Growth of Brown Rice
The effects of germinating types and treatments of acetic acid, water-soluble
and water—insoluble chitosan on the germination rate and sprout length of
brown rice were investigated in this study. The treatment of 0.001% acetic acid
accelerated the germination rate and sprout growth of brown rice in the
germinating types of a air —exposure method after water—-soaking(Type II) and
a repetitive method of water-soaking & air-exposure (Type III), not
water-soaking method(Type I). The treatment of water—soluble chitosan with
higher concentration caused higher germination rate and faster sprout growth.
The treatment of water—insoluble chitosan repressed the germination and the
sprout growth of brown rice. The germination rates of brown rice germinated
by the type III was higher than those by type I and type II for all the
treatments of acetic acid and water-soluble & water-insoluble chitosan as more
than 97% germination rate. Also, the type III method accelerated the sprout

growth of brown rice compared with type I and type IL

2) Effect of ultrasound stimuli on acceleration of brown rice germination

The effect of ultra sound stimuli on the germination and sprout growth of
brown rice was investigated. The stimuli of ultra sound were conducted at the
frequencies 28 kHz, 40 kHz, and 60 kHz. The brown rice stimulated by ultra
sound were germinated in the three types: The first type (Type I) was to soak
brown rice into water 60 hours. The second type(Type II) was to expose brown

rice to air for 48 hours after soaking them into water for 12 hours. The third

_10_



type (Type III) was a repetitive method of water-soaking and air exposure for
respectively 12 hours. The most effective method for the germination of the
control group was Type III among the three types. The effect of ultra sound
among the germination of three types was most effective in Type I but not
Type II and Type III. The higher the strength of ultra sound stimuli was, the
faster the sprout growth of brown rice was when the ultra sound stimuli were
treated in 40%, 70%, and 100% power(0.137, 0.241, and 0.344 W/cm®) at the
frequency of 40 kHz. The treatment groups good for fast sprout growth of
brown rice at each frequency were the 28 kHz-10min group, the 40 kHz-5min
group, and the 60 kHz-20min group of Type I. The best effective treatment
was the 40 kHz-bmin group at 0.344 W/cm® and at the condition the time
required for sprout growth of 2.5 mm was 51.9 hours. The stimuli of the ultra
sound was very effective in the beginning of the rice germination, and the

germination rate was more than 95% in all ultra sound treatments.

2. Development of a Biosystem and Biophysiologically Stimulating Technology

of brown rice using Electrical Treatments

1) Effect of Anion Treatment on the Germination of Brown rice

The biophysilocal stimulating technology using anion treatment accelerated the
germination and the sprout growth of brown rice and improved the color quality
of the germinated rice. The treatment of anions increased the germination rate
of brown rice and the sprout growth by about 5-1096, respectively. The proper
number of anions for the sprout growth of brown rice was less than 0.9 million.
The rice germinated by anion treatment showed higher brightness compared

with rice germinated without anion treatment.

2) Effect of Electrical Stimuli on the Rice Germination

_11_



The brown rice stimulated by electrical stimuli with a pulse type and duty
cycles of 5%, 20%, and 35% was observed. The germination rate and the sprout
growth of brown rice germinated by electrical stimuli with DC 1V, 1Hz, 5%
duty cycle were increased by about 10% compared with those of the control

group.

3) Effect of Electrical Field on the Rice Germination

The effect of electrical field wit high voltage on the rice germination was
analyzed. The electrical field treatment at 15 kV/cm was conducted for 2.5, 5.0,
75, and 10 min, respectively. The electrical field treatment accelerated the

sprout growth of brown rice.

4) Microorganism Occurrence in Water-Soaking System of Rice Germination
Few microorganisms are sometimes detected on the rice germinated in the

water—-soaking system. The treatment of air and ozone supply was carried out

but was not effective. However, the water exchange per 12 hours prevented the

red microorganism, which reached to almost zero ppm.

5) Development of a Rice Germinating Biosystem of Air-Exposure Type

A rice germinating biosystem of air-exposure type was developed with an
anion lamp, ozone supplier, water circulating system, spraying system and a
control system of temperature and humidity. The developed system increased
the rice germination rate and the sprout growth by about 40%, respectively,
compared with the water-soaking system. The anion treatment in the developed
system improved the rice germination rate by about 5-10% compared with the

system without anion.

_12_
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A= I3 (pericarp), 59 (seed coat) ¥ FFZ(aleurone layer)o 2 TAH
u 72 vl (embryo) 2 ®l-r(endosperm)® o] Foi A Qlth EdH IRt oz o] 59
H&& w7 57 6%, B 2 T 3%, ¥l 92% AEE FA " dnE Wn)o v s}

A, wwd, vlekn B B2b Feka Hol Afel #ol of 2mym ko

0

o]
W Zgd AES WS A4S F1E Y SREE MuEy ol A Bx A
Au = AME Zhssith. o] $f o] Wumlo] Hla] Fwm|7F Aol #Alo] B A
SolA wel Evh= A2 deE ¢l A o]t (Juliano & Bechtel, 1985 Kim &
Cheigh, 1979; ©l, 1998; ©l, 1999).

gy dvle FE7F olda A7 9 Aglgo] "WojxE T dHoez d of
|HA Feka Q. oo dAvE AGE 2= F, AtA 5o T EE T
AlA 05 7 5 mm7hA AE EE Woldn| = ol Axlo] HetE o dAWE ol
© FY7HE A7Ia, MuEy ga ZAEste] SUiEE 5 F2 2 Tdd
LR AvE ol Al v Hol e Y BATE dAIS] &3t o] FojA L
Aol AA wsl v GEFERe UL BrdEe Asts S H g dd an
o] i AATE o] FoAA= W3t7h dojubr] wiEe ool ofgh A F
o dFH 7tAE SUAZI LA st AF7F @Wol o] FoA il JYrH(Kim & Lee,

ol
n)
0
o

S8 wolA AQE AMEH Balesel A od @l 5o AR} AFE
Aol 27 MR D E o] AHE VB EF S FH SoldA £3A
FgoEA ANAel MAHe] nEe A/NEANE AANT F 9
Ueb meer e, wlwk oA, A4 g 5ol A@y sel &3}
e

A & GABA(r-aminobutyric acid), inositol, ferulic acid,
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5~5mmZole] LE A ulo} Hu|E A& T

0](2001) =& Z=E:ulolel tiy|dtolE H2 Ao HiE 83 le] Fu|= uko}
ANDo 2R, o wajo] A wda wolrt shssida g $2318
T, 10/17H-A218 T, 24H)-4H(18 T, 10/7H-A218 T, 10A7HE @An]
of FES FFAZI, FH@5 T, 10A7H)-AH25 T, 2A17H-5H (25 1

nN'

C
, 10A17H)-73(25 C, 10A17H)-1d 325 T, 10A17H-+31(25 T, 104]
o]

g WobA T £ A% W §5o) 2% W 59
7

Footitt(1992) ol ©3tH Fxto] A ste] whE WolFHxe WA BHIiHE=
g, Beb 22 0] Fd Fae] oAl o] 7bAl oAb A8 tiEe] wiel pH7F
g sl 2y FUFEAE ol AEe 2R oS A
wrokel FAlel wie] pH7F #AstE Ao® Wol wjol AHgstrh wofel] ]}
sag a9l 9 shvetal Hassith
Uchida(1988) 5ol olat® 2 E3H7HAl 59 71574 Au2A 7|Eqte] ogk 23

ol Azwdde] wFolol i AFgAaxE b= Aol WA It

2

fr

il

Hirano(1989) ol olst¥ Fdiokel 22l AFH Aok A9 A dx- &
EAL

2(2000) & 25 7 26 CT9 &% =7 3stddA 71EA HHE o] &34
dnl Aiko]l Fbestttal Bastdith 53] J1EA Ads FvES EolA 5ol

SANEES S5a FA0 GABAS dds Y 5 e, 1 mm H7]9] Eolrt
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dojuks WHEH GABA el o] @A Sxe] dojuk 7247 F 2 el
7ol ol B774A] w &R Sxlo] o] FojAnrt o] foll= enta] Xthal ® skl

QoA FYstel 5 T fAHE AL A
& %

ajobrh B Eoldle AAdd" dv 50

14+1%(w.b.) ST},
dujo] &2 seE& =747] K305(Kett Electric Laboratory, Tokyo City,
Japan)E o] &3t FALE AFHT ARE 3WE FAHSAT oA F

AOSA(1993)71 olate] AAF o™, Petri-dish(D: 90 m
o} A (TY2, Advantec Co., Japan)E& 234 7Z%kth. &=8F7](GCS, Labtech,
Co., USA)®] A & - F=e 247 25¢1 C 5= 80% St

ol 9 FAL FAE AN F 60AFEt st ow, WolsiAl A
ol(sprout)e] EZ&o] §oto g #A¥EEH Fo =z A} HFwolgo 3k 50% o}
of 28 %E AIZHTH0)2 Coolbears (1984)9] W o2 AAbstett #old dAw
olo] ZAolx= ¢x¥ wyolAe ¥ A~(CD-15CD, Mitutoyo Co,. Japan)E A}-g&3}o]
1271 2tekey S48k deh ol AR8E SR/ % 0.001, 0.01, 0.05% Z4H&-<, 0.001,
0.01, 0.06% &4 ZIE2HMw: 30%, Ja Kwang Co., Korea)£<, 0.001, 0.01,
0.05% =84 7]|EAF €A (Mw: 200,000 DD: 98% Taehoon Co., Korea)®= 77t A

m, H: 15 mm)v}=ol

Al o] A dulfol 508 AolE =AH3}o]

o

Haztoe g Axstg RE
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Fig. 2-2 Flow chart of the germination of brown rice soaking in water

for 60 hours(Type 1)
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Fig. 2-3 Flow chart of the germination of brown rice soaking in water

for 12 hours and supplying moisture for 48 hours(Type II)
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Fig. 2-4 Flow chart of the germination of brown rice soaking in water

for 12 hours and supplying moisture for 12 hours repeatedly(Type III)
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100 mL).
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01-
A 71(420Aplus Benchtop pH Meter Orion, USA)=Z
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S
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>

1ol 514
2 0.01 mL = 0.01% ZA4H§

=

b, Z-7F 438, 3.82, 344(ZFF%2 pH 77

o
0.01% 71EA+HE

Aol 77 g¥ H-o 5099

7} 2541 C, 80%%! @
25%1 C, 80%%

FIEAF2] 2] (WSC: Water Soluble Chitosan treatment)

oA, o] 7] A

.
\ =
q

d

&4 71E4F 0.001, 0.01, 0.05%
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QA
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3) B84 71EAAH 2] (WUC: Water Unsoluble Chitosan treatment)

01%9° 2AHEHS m= AFEste] =84 71EAF 0.001, 0.01, 0.05% & <& Wt
EAHETHF 9 mL + 24F 01 mL = 01% ZAFE&9 100 mL, 0.1% ZAH&
100 mL + 001 mg E&AA7IEA = 001% EE8A47IEAFEY 100 mL). 558 &
NE2 FHEAVE 28 Z- dAEUAC 77 g¥ Fo] 5099 s AFTAH
AETAZ drle - FE7F 2551 T, 80%<! FdF7]o Wo As HAAEA
o olw pHE ZH7} 331, 3.44, 3.82% 1t} ol e Alggt 58§
12 A Zrebey A 2o] 2Ag oz wghsiith

H ANEN G

4) 28 kHz %34 2] (US: Ultra-Sound treatment)

g} @A) (28 kHz, 100 W, SD-200H, Seong dong Co., Korea)E ©] 83}
=& FAG. ojul X W F22 2543 CTHiL 80%7HA SHTE AMFA AR
Ak Avls AA Y W st JAAA AS5S FAY 29 BAGA =
e Aesia2 FAd5o] i, Asfols 2719 5 AHB.L.T: Bolt Clamped
Langevin Transducer)”’} H2F& o] o}l AFA< WA o] 336 e =] 100 WO
g 2 (el 242 ge ddetd 253 ARe 0297 Wero]l vk 35 25 C
THTAAM 2599 FPEHEE oF 1500 m/s o] B2 A (2)o] 9§ 2guke] 34
< 53 cm 9k 253 A5 1, 5 10, 20, 30 A § FH5A7 2% Z2d HE
grirlel 25 T SHTE 77 g¥ Fo] 509 drE HAF AT ATA7 A

T 257 2551 T, 80%%1 T2l Hol weld S AAEA

5) 40 kHz =3 A 2](US: Ultra-Sound treatment)

Z&u AR (40 kHz, 150W, SD-D250H, Daihan Co., Korea)E ©o]-&3}o =}
=2 FA olwf A T 2624 CTAAL 80%7HA S/-E AMYA AHEst
Ak vl Ao 9 st A JAAA AS5ES FAG 29 BAGA = F
Ao} Aeiz FA5o] i, dsFode 3719 Hs2HB.L.T: Bolt Clamped
Langevin Transducer)7} -2s]o] glvh. A Al zbe 247} 1, 5, 10, 20, 30 o= A

o

Aokt w=e 95 40%, 70%, 100%% 39AZ st 255 FAH F
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Aol WAo] 435 ar, o] z+7} 60, 105, 150 Wol =& 2] (3)o] ztzte] s gl

s 229 A 727 0137, 0241, 0344 W/enol gtk 3 25 T FH oA

2S99 APLEEE oF 1500 m/s o)BE 2 ()] o&) 2o FH4e 37 andd

o 259 A5 1, 5, 10, 20, 30 HE & FHAVF 28 Z4d HEZHAY 25

C TFTE 77 g8 5o 5099 dnE AFAA %
C =

7ol ol wol @S A

)
ofN

FTA vl = - 5527

£

6) 60 kHz %34 2] (US: Ultra-Sound treatment)

Z &0} WA (60 kHz, 400W, sonic9420, Gowon Co., Korea)E o] &3lo] ==
S FA oldf FA U 22 253 THI 80%7HA] THTE AMHA AE3HS
oo #n = gAY W osteel A AAAA AS5S FAY 259 TAGA =
ol AEFE FAH da, AFFds 8709 HEAB.LT: Bolt Clamped
Langevin Transducer)’} 25 o] o} A gA7k2 42 1, 5, 10, 20, 302 3}
ATh ES FH2 77 g AFow 2aAR -] A5S Fo] Bkl A
o] WA o] 1500 arf &3 -2 100%°1A 400 Wol22 2] () S didstd o3
FEE 0266 W/emol Gk, T3 25 T SHTANA 2539 g4
m/sol B2 A ()] 93] 25Tk e 25 emfth =59 A5E 1, 5, 10, 20,
0% A2l F FFEAVE 2% Z2d AEHYA 25 T SRFE 77 g¥ ol 509

o] #nE FJETAAT JEA7 dnje & - FE7F 2551 T, 80%% d-ea57] ol

r ﬁ

Table 2-1. Specification of the experimental apparatus

Tank dimension(mm)

2 9 Cap. Liters Generator/ Weight(kg)
Depth Length Width power
SD-200H 33 L 100 240 140 100W/28kHz 35
SD-D250H 6L 150 290 150 150W/40kHz 5.8
Sonic 9420 22 L 150 500 300 400W/60kHz 125
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Fig. 2-5 Temp. & Humidity chamber

M08/ 08138 23 :

Fig. 2-6 The inside view of a chamber
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Fig. 2-8 28kHz ultra-sound apparatus
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Fig. 2-9 40kHz ultra-sound apparatus

Fig. 2-10 60kHz ultra-sound apparatus
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Acetic acid Treatment

—— Non- primed —— AA 0.001% —&—AA 0.01% —><—AA 0.05%

Sprout length(mm)
N

0 12 24 36 48 60
Time(hours)

Fig. 2-11 The effect of acetic acid on the germination of brown rice

(AA: acetic acid solution)

Water—-Soluble Chitosan Treatment

——Non-primed —#-WSC 0.001% —A—WSC 0.01% —%—WSC 0.05%

Sprout length(mm)
N

0 12 24 36 48 60
Time(hours)

Fig. 2-12 The effects of water-soluble chitosan on the germination of

brown rice (WSC: water-soluble chitosan)
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Water—-Unsoluble Chitosan Treatment

——Non—-primed —#-WUC0.001% —4—WUCO0.01% —<-WUC 0.05%

Sprout length(mm)
N

0 12 24 36 48 60
Time(hours)

Fig. 2-13 The effects of water—unsoluble chitosan on the germination of

brown rice (WUC: water—unsoluble chitosan)

Ultra—Sound Treatment (28kHz)
—&— Non-primed —- US 1min —A— US 5min
—>¢— US 10min —¥— US 20min —@— US 30min
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3
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ol m ‘ ‘
0 12 24 36 48 60
Time(hours)

Fig. 2-14 The effects of 28 kHz ultra-sound on the germination of brown rice
(US: ultra-sound)
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Ultra-Sound Strength 40% Treatment (40kHz)

—o— Non-primed —— US 1min —A— US 5min
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Fig. 2-15 The effects of 40 kHz ultra—sound strength 40% treatment

in the germination of brown rice (US: ultra-sound)

Ultra-Sound Strength 70% Treatment (40kHz)

—o— Non—primed —— US 1min —A— US 5min
—>¢—US 10min —— US 20min —@— US 30min
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Fig. 2-16 The effects of 40 kHz ultra-sound strength 709 treatment

in the germination of brown rice (US: ultra-sound)
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Ultra-Sound Strength 100% Treatment (40kHz)

—o— Non-primed —— US 1min —A— US 5min
—>¢— US 10min —%—US 20min —@— US 30min

Sprout length(mm)
N

0 12 24 36 48 60

Time(hours)

Fig. 2-17 The effects of 40 kHz ultra-sound strength 100% treatment

in the germination of brown rice (US: ultra-sound)

Ultra—Sound weakness Treatment (60kHz)

—e— Non-primed —— US 1min —4A— US 5min
—>¢— US 10min —%— US 20min —@— US 30min

Sprout length(mm)
N
T

0 12 24 36 48 60
Time(hours)

Fig. 2-18 The effects of 60 kHz ultra-sound weakness treatment

in the germination of brown rice (US: ultra-sound)
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Ultra—Sound Strength strong(100%) Treatment (60kHz)

—&— Non primed —- US 1min —&— US 5min
—>¢—US 10min —¥— US 20min —@— US 30min
4

| A
1 /

0 12 24 36 48 60

Time(hours)

Sproutt length(mm) .
N

Fig. 2-19 The effects of 60 kHz ultra-—sound strength 100% treatment

in the germination of brown rice (US: ultra-sound)
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Fig. 2-20 The effects of AA, WSC, WUC on the germination rate of brown rice
(AA: acetic acid, WSC: water-soluble chitosan, WUC: water-unsoluble chitosan)
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Fig. 2-21 The effects of 28, 40, 60 kHz ultra-sound on the

germination rate of brown rice (US: ultra-sound)
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Fig. 2-22 The effects of AA, WSC, WUC on the germination length of brown rice
(AA: acetic acid, WSC: water-soluble chitosan, WUC: water-unsoluble chitosan)
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Fig. 2-23 The effects of 28, 40, 60 kHz ultra-sound on the germination length

of brown rice (US: ultra-sound)
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Acetic acid Treatment

—&e—Non primed ——AA 0.001% —A— AA 0.01% —=—AA 0.05%

Sprout length(mm)
N
T

0 12 24 36 48 60

Time(hours)

Fig. 2-24 The effect of acetic acid on the germination of brown rice

(AA: acetic acid solution)

Water—Soluble Chitosan Treatment

—&—Non primed ——-WSC 0.001% —A—WSC 0.01% —><—WSC 0.05%
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0 12 24 36 48 60

Time(hours)

Fig. 2-25 The effects of water—soluble chitosan on the germination of

brown rice (WSC: water-soluble chitosan)
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Water—-Unsoluble Chitosan Treatment

—&— Non primed ——WUC 0.001% —A— WUC 0.01% —>—WUC 0.05%

4

£

= 37

o

° 2 r
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0 u ———
0 12 24 36 48 60
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Fig. 2-26 The effects of water-unsoluble chitosan on the germination of

brown rice (WUC: water—unsoluble chitosan)

Ultra—Sound Treatment (28kHz)
—&— Non primed —=—US Tmin —A— US 5min
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e
2
o 2
3 1
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0 12 24 36 48 60
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Fig. 2-27 The effects of 28 kHz ultra-sound on the germination of brown rice
(US: ultra-sound)
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Ultra—Sound Treatment (40kHz)

—&— Non primed —- US 1min —A— US 5min
—<—US 10min ——US 20min —@— US 30min
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Fig. 2-28 The effects of 40 kHz ultra—sound on the germination of brown rice

(US: ultra-sound)

Ultra—Sound Treatment (60kHz)

—&— Non primed —— US 1min —A— US 5min
—>¢—US 10min —¥—US 20min —@— US 30min

Sprout length(mm)
N

0 12 24 36 48 60
Time(hours)

Fig. 2-29 The effects of 60 kHz ultra-sound on the germination of brown rice
(US: ultra-sound)
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Fig. 2-30 The effects of AA, WSC, WUC on the germination rate of brown rice
(AA: acetic acid, WSC: water—soluble chitosan, WUC: water—unsoluble chitosan)
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Fig. 2-31 The effects of 28, 40, 60 kHz ultra-sound on the germination rate of

brown rice (US: ultra—sound)
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Fig. 2-32 The effects of AA, WSC, WUC on the germination length of brown rice

(AA: acetic acid, WSC: water—soluble chitosan, WUC: water—unsoluble chitosan)
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Fig. 2-33 The effects of 28, 40, 60 kHz ultra—sound on the

germination length of brown rice (US: ultra-sound)
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Mo 10 = 0.0009t> - 0.0061t - 0.0599 (8)
Mo = 0.0014t> - 0.0489t + 0.4128 9)

t: time(hr), Mego-1, Mo: sprout length(mm)

RS [ele] =

71 Mep1= US 40 kHz 1032 A2 Fol 60A1ZF &<k Fobe] A ZHol

a9

(mm), Mo 22l 6041 &3t frote] 44 Zol(mm)ol Wk 2oy, &

22 ()9 (9)9] ARAGE 747 098829 0.99660] 21Tk,

Acetic acid Treatment

—&— Non-primed —— AA 0.001% —A—AA 0.01% —><—AA 0.05%

Sprout length(mm)
N

0 12 24 36 48 60

Time(hours)

Fig. 2-34 The effect of acetic acid on the germination of brown rice

(AA: acetic acid solution)
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Water—-Soluble Chitosan Treatment

—&— Non-primed ——WSC 0.001% —A— WSC 0.01% —>&—WSC 0.05%

length(mm)

j _
04-%

0 12 24 36 48 60

Time(hours)

Sprout

Fig. 2-35 The effects of water—soluble chitosan on the germination of

brown rice (WSC: water—soluble chitosan)

Water-Unsoluble Chitosan Treatment

—e— Non-primed —a—WUC 0.001% —A—WUC 0.01% —>—WUC 0.05%

4
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g€ 3 r

=

(@)}

§2r

=

o1 r

o

n

0 -
0 12 24 36 48 60

Time(hours)

Fig. 2-36 The effects of water-unsoluble chitosan on the germination of

brown rice (WUC: water—unsoluble chitosan)
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Ultra—Sound Treatment (28kHz)

—&— Non—primed —- US 1min —A— US 5min
—>¢—US 10min —— US 20min —@— US 30min
4
€ . L
= 3
=
2
9 2
3
5 1
wn
0
0 12 24 36 48 60
Time(hours)

Fig. 2-37 The effects of 28 kHz ultra—sound on the germination of brown rice

(US: ultra-sound)

Ultra—Sound Treatment (40kHz)
—o— Non-primed —— US 1min —A— US 5min
—>¢— US 10min —%— US 20min —@— US 30min
4
€ oa Ll
= 3
=
(@)
5 2
3
s 1r
%)
0o ——
0 12 24 36 48 60
Time(hours)

Fig. 2-38 The effects of 40 kHz ultra-sound on the germination of brown rice
(US: ultra-sound)
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Ultra—Sound Treatment (60kHz)

—&e— Non—primed ——- US 1min —&— US 5min
—>¢—US 10min —— US 20min —@— US 30min
4
€ 3
IS
=
2
5 2
5
© 1
[eX
%)
0

Time(hours)

Fig. 2-39 The effects of 60 kHz ultra—sound on the germination of brown rice

(US: ultra-sound)
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£ 8 2 2 53 5 & 5 & @
s S 2 2 g s o 2 o o
c £ < < 9 o O S 8
2 2 = = 2 = =2
Treatment

Fig. 2-40 The effects of AA, WSC, WUC on the germination rate of brown rice

(AA: acetic acid, WSC: water-soluble chitosan, WUC: water-unsoluble chitosan)
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68 i B 36hr
5 [
20 - O24hr
30 r O12hr
20
10

28 kHz 30 min
40 kHz 10 min L
40 kHz 30 min
60 kHz 10 min
60 kHz 20 min
60 kHz 30 min

Germination rate(%
(@]

Non—-primed ———— — T 1
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o = h ]
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Fig. 2-41 The effects of 28, 40, 60 kHz ultra-sound on the

germination rate of brown rice (US: ultra-sound)
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Fig. 2-42 The effects of AA, WSC, WUC on the germination length of brown rice
(AA: acetic acid, WSC: water-soluble chitosan, WUC: water-unsoluble chitosan)
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Fig. 2-43 The effects of 28, 40, 60 kHz ultra-sound on the germination length

of brown rice (US: ultra-sound)
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Fig. 3-1 Temp & humidity test chamber
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Fig.3-5 A instrument for measuring anion

Table 3-1. Specification of ITC-201A anion tester

T ITC-201A AR

=4 W9 10~1,236,000 7i/cc
SAAZAT °F (0.25%/13]

A o] F7)0]&(+/- o] &=4)
o] &27] UisApo]l = gl Lol
= -2.1W

T 400g

A X5 vEHAZTAA)
A 7] 80x35x180(WxDxH)mm
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Fig.3-6 The images of brown rice changed by a TZ reagent
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Fig.3-7 Effects of anion on the GR-1 (GR : germination rate)
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Fig.3-8 Effects of anion on the GR-2 (GR : germination rate)
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Fig.3-9 Effects of anion on the SL-1(SL : Sprout length)
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Fig.3-10 Effects of anion on the SL-2 (SL : Sprout length)
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Al 2 A A7|A= o] dwlold w A= FF

1. A&

AT W %

Sl Al AAbE FAH(ER])e] g E #HEv]Ee] R HolgS Al
I AEA AolHE EAH So] vyt Jgri(Kwon, 1995; Lee, 2000). whakA

= FAETDE] NS FHAITIV] feiM s Eeted 2VIASS FEAE

t} (Adams, 1999; Bewley, 1997; Cai and Morishima, 2000; Okazaki et al., 1978;
Yoo and Kim, 1998) 53] &ze] #f F9& =% e wif, 9 3 39 &
o7 FAE fy= Eoly A FdS WHsiAY VA AHer AETdoen
A frel 28 WEiste] FAkols dAldte Aew deA Stk (Bevilacqua
et al., 1987; Byun, 1970; Borbes and Ferguson, 1948; Woo and Lee, 1985).
AG7A S wobs gl FF = vgd 949 2 =8 =4
R spetA AeHs Z&ste] FAke] wols FXIA TV AT Aso] &wd

A= o] gt} (Anderson and Widmer, 1975; Menzel, 1972; Roberto et al. 2000).

[

ftlo

]

£-3] gibberellins (GA3), ethephone 6-furfurylaminopurine (kinetin),
a-naphthylacetic acid(NAA), KNOs, NaNO; % K3;PO, 59 3stefEs g3t
FHFAS RNA &4 2 24 S7h AxE&499 3 9 PopoA =49 8=
Agtsto g wolyl £R 5= oz dHA Attt (Ahn et al, 1984; Choi et al,
2001; Karssen et al., 1989; Lee et al., 1987).

T3 AME BALA 2 F A 2 22X 53 2L B4 e FUey

Wolg F7h, WelEn R AKEA 59 b U Aew wanm v
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(Moon and Chung, 2000; Kim and Lee, 1998; Park et al., 2000)
oje}to] Fxptole] dig W AFoE EFStal mul dule] wols FAES

A A= vHE Aol webd 2 Aol A= Sliel A Aakd Fnle] ol

£ FPAAN7] SAske] A7AFo] Ardelgat Afol MAE GBS 2
o,
i} olgd 1%

A s A7 =E:AHRS ), A7AS A ZaE @A dopr] ot
of M= TS EAstaA k. dAn el A7 A= A= Function Generator
(Agilent 33220A 20Mhz Functions/Arbitary Waveform Generator)E ©]-g&3te] 3
wlel A= Agstdvr. & Aol A" A= 4 d 3 (sine wave), 42t
(triangle wave), 7% 3 (square wave), ¥ Z3(RAMP wave), H=3}(pulse wave)
o RYE ot Fae JAFow WAL 5 U

dniat=Ae g ers UAE B e T F2v(pulse wave)E ©l&

shalch ol Wste] FE AlelFe WS sto] wrmel U wel Aol
AZre ovlgeh 19 3-159 o] W2 AP F7), BAE FF 74 D %

Width of Pulse
Cycle

Duty Cyicle = %100

71, BaFe A2 A e YA 50%FH ue ekt kel dAR
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90%

FPulze Widlh

Risa Time Fall Time
- Prariod *

Fig. 3-15 Features of pulse waveforms

| u

(a) Duty Cycle 20% (b) Duty Cycle 80%

Fig. 3-16 Examples of duty cycle
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o A7

m{E
rlo

Q- A= = 27 o wistel] tisl whEsto] Adelet FHIAAL el 4
=t 3o (Tompkinset Bird, 1972). 3 &= (Garner$} Bjorkman, 1966;
Latimer®} Thomas, 1991; Lauren® Bjorkman, 1977; Tanaka®} Shimaji, 1992;
You®} Sang, 1997), Impedance®} Brushing(Choi %, 1998)¢] 3t &7 A}=o]
=71 AAe T 2 =% I9A, 28 A E(Burton, 1982; Hippe, 1984;
Kirkby ¢} Mengel, 1967; K, 1998; K, 2001; Obolensky, 1953)o 2]3F £z} dlo} &=

A, & Frd 2 A 3, AW o] WstelM o= WEa A,

=} O
S

i

-~

g 7L AT R 2T S7F 5ol BaElrh. Spillane(1986)2 A& o] %

Qe A71A Aol §714 welal AL FAAAY nFoE wAsAL

o

f

)

g F e AR AR EA dA 7] gk Ffle]l @S ol o= A

ol & ok o] A=o] AEAd dEEHW, Wane(1993) A=Al 73l
A A=l A7 Aoz AsfAH oAl AlxEY o]y telyt AedA g
dozd & gdvkar g

John 5(1995)& EE &S fFr7IA 50 5 F&AY A7 del osiA
g A ela stetAQl NFE At AE AXEs o] 7HA = A5

SRS I s 171 WiZoll &8 HejolA o2& F5
shal WEeke dHee H714 4ol Tastthal kgt

A& olYd A7 SAS st AVE A= A #EA Bee
| =& X#29] Jean Antoine Nollet®} ##H=2] Selim Lemstrom?] ] o] Fo A
o, A7AHe 2 wotate T wotel A 1A s do] B F
shak2 2ul, Hee] F&2 oF 35% 7 FAHE BHAA, Cocksve F9 747
7ol Aol F71E At (Tompkins®t Bird, 1972)3 3t T3k Bk #7)
A ASs Agete] A% 209 7o FEFAALd W AR AR v A=
d el diste] Argoas A& A uX= HA7AH 2ol A A ol A<
Ak Sd B FEEE 7 e VRARE A6 R it

Ao et A7|A=e] A= Galvani(1939)7F 7 7-glo] A FA=S 3 Aol

Q.

=

_,d
e
o
rir
B
N
rE
oo
ftlo
f
o

Nl

1..

>

rlo

It

[oF
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Azz 2 o] F5E vgdt Zofd A Asigt=rl(ol A}, 1992) 53] &5 (Je-tte,
1986; Barrs, 1986), ¥4 Y& (Mohr, Aker & Landry, 1987), ©417d (k& <=, vl
a, 1992), AAl LA (Eckerson, 1984) Go o] o] &% i 9l Yasuda(1953)<}
Fukada (1958)= 43719 714 A=o] Hx2 S &37F vkl sFaith

Basset5(1977)2 &4 o] #7114 =4

o
1o
ol
o
!
2
™
i)
=
o
2
o
a
ol
oft
fo
B

oA Ao R A &= FEok= HFE, XA §F, FF pseudoarthroses

olf], FHom FFF FHow AT 2HNFoIY AT LR B
AH 7= ST @l A7) A=e] Ao oles A JhsAdE &kl 918

E ZAQFe AAS AAFE v 9o Kubota(1995) & && cytokineso|tt
growth factorel]l Xy Aol AT = A VA2 A SAFH= A7) #
ol el =2 2AAS W AF A HA7A A=o] f&gk Wolgtal

LIRS R

A EANEVY SIS FEE AERdA Ax2E QS 23T Ortmans

(1992)& AE olgatel Mo} WA F A4/ AFE ARG 9 AE AzA
A

SR AR A A

o,
e
2
N,
>
fols
1o,
E
)
=2
i
o
o
e
i
)
i
2,
>
=

jud
—_—

o,

A dzE vk glom AR el A QgH

570 Adelt A2TF AYE oA RaHnm must 4w 9

_‘?_
of, RESF AF Az P AESHAS U BT FEE JPH ANRE A
F Qe el Heekt As4e dvkn 4za

Narkhede(1999)= ¥4 ol 42714 @4t wadol vk gze] A7)
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T AdEHS WA % 5H0® AU|AFoRE BAY 2R AXTs &
Sojel o]27] Mol glycolysiset AFFA2Ee] M-S HIAIZ & BAE W7hsto]
= WHESs dFsidn AREAREE w2 2

proteolytic(lysosomal) enzyme?] Z}&o| 23] dF Z+4HF F27F JHFHEz A%

7F A E T Ra(Miller 5 1987)7F 9o 1 Ay =4 F Sy dgk 27

AT

I 22 Fro IFSHE AMNE F e Aol dE Rt 4l 5(1994) 0] A7 A
o] A T g5 o|seA wistel iHAEA A w A= o o
sl A7 HuE 3 v} Savell#t Smith (1979)2 £ 3 18~24A4)7F ol &4

i &1
Atk A 51997 A 5(1994)2 A7A= APad A APl

ATt 5
garol el £47138 132 o4 BEAA AEAAT wo)e % B A4
& FAAYE AoE AAgen F40 § wn Frha wusigrh ool

A71A=2 59 dsts FAAMA 47132 G558t Az Yoz 424 3l

=58 Mo RA 55 7L AE actin®t myosinite] ZAgtel] o3 ATPY
ARE JFESIANA AT ARAS wEA §5337 BAd AR 93 actomyosin

toughness= S WAl 7] W olthLee et al, 1995) <52 AAAZLY A7]E o
A, AxEA B A met thEw, oz Ar|et 2 adld oty
TaEAC Ca¥ FETol FFS W] wEolth ZATAE &9 FE7 o¢
o oA Fagt %S gt glon YR ATPase €48 xHsta
2 tH(Hasselback, 164, Ebashi and Endo, 1968). # 5(1998)2 WX <% B
A wAlrEe] Wstel] WA= AA=e G Basiith A3
Mdet7] fdte] =dd A Ao AIAS AA} S5, 2

2 Ca’'e] olFo WAL 9L T

e}
i
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2 AR R P

ar

2 AToA AMER A= 19 3-17, 19 3-189] YERY Stk s
719l FHzAcREE F3¢(Frequency) 1Hz, 2 Z4 3 Hi-level 1V, Low-level
0V 18] FEJAFO] Z(Duty Cycle)2 5%, 20%, 35% = Z+7F A A slo] 23319t}
Hi-level®= 7t7} 1V, 2V=2 Agsdtt. 5 =3t Adl= demz A8l 1
Atolel dmlE 50" HAAA T2AFFERE Totgt AaE ZAbsEA T Al ARE

AnE AEE9R, AW LeEE 55T, AUFEE 0% T

’

H AN EREE A1

=
Gl At

Fig. 3-17 A functional generator Fig.3-18 The graph of waveform

o

B ATl ARgE SRl 4 Farlee 1d 3-199 AHsi e,

320 Ao AREEA S ASHAl 71Es A

Fig.3-19 Features of functional generator
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1 Graph Mode/!Local Key
2 OniOfF Swatch

3 Modulabon'Sweap/Bursl Keys
4 Slale Storage Menu Key
& Utility Menu Key

& Help Manu Kay

T Manu Cperation Softkeys
8 Waveform Selection Keys

Table 3-2. General

¥ 3-2¢] veE} T Y
19 3-20, 3-219 AFEHo] Ut}

characteristics of function generator

9 Manual Trgger Key {used for
Sweep and Burst anly)

10 Quiput EnabdalDisable Kay

11 Enob

12 Cursaor Keys

13 Sync Conneclor
14 Outpul Canmector

FEANNE 25

S

GEMNERAL

Powiar Supply CAT I
100 - 2300 @@ 50 /860Hz7 (5%, +10%]
100 - 1200 & 400Hz [+10%)

Power Consumpition 50 W& max

Operating Enaranment IEC B10TD
Pallution Degres 2

Indlonr Location

Opearating Temparature

0= to 5570

Operating Humidity

5% to B0% RH, non-condensing

Oparaling Altiude

Ul o 2000 metars

Storage Temperatura

-30°C 1o 70°C

State Sorade Memorg

Fower off state automatically sl
Four user-configurable stored stales

Intarface USE, GFME, and LAN standard
Lingjusigs 0GP - 1993, [EEE-488,.2
Dimansions {4 « Hx O)
Banch lap 261 Ty ¢ D0OS B x 303, 3
Aack mount 212 B % BB 3mm = 272 Imm
Wiy hit 3.4 kg (7.5 Ibs)
Salaty Designed to LIL-1244, CEA 1000, EMGIDND
EMC Tasted to MIL-461C, ENSRO1T, EMNS0DE2-1
Wibaation aind Shodk MIL-T-ZEE00, Tepa NI, Class 5
BAcoustic Noisa 30 dBa
Warm-up Time 1 hour
Warraniy 1 wear
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Mode Trigger Chutpet
Intarmalan nfizrmation Linids Slalus

Mumeric
Readout

|

i jr-:-_i Ir. |r|T-;-

Fig.3-20 The display of menu mode in the function generator

Farametar Parameater
Marmis Wala

100, OV . ) Blonal
+0.000 VYo | ol Ground

[F o= I

Fig.3-21 The display of graphic mode in the function generator

2934 & Pulsed® F34 1 Hz, Hi-level 1V, 2V, Low-level 0V, FE]A}o]
& 5%, 20%, 35%= 7}z A ge A Hi-level 1V, FEIAFOIE 5% 4w wdol&=

Az 19 3-22, 3-23% o Hi-level 2V, FEAOlS 20% < w9
%] zt AP ztell= F AolE Holx @kgkom @3]y Algto]l Ay A

I
N
%
I

vpkolo] A} ol A=el adEs yeEb At
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Germination rate(%
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20

@ Control

W E-Stimuli

24h 36h

T T
'
48h 60h 72h

time (hour)

Fig.3-22 The effects of electrical stimuli on the germination rate of
brown rice under the pulse output(H:1V, L:0V, Duty Cycle : 5%)

3.50

3.00

2.50

mnmn
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o
s}

—_
(o)
o

Sprout length(

1.00

0.50

0.00

@ Control

W E-Stimuli

24h 36h

48h 60h 72h
time (hour)

Fig.3-23 The effects of electrical stimuli on the sprout length of
brown rice under the pulse output(H:1V, L:0V, Duty Cycle : 5%)
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(o3
2

&, AAE ol 9E2AE st

2. T3¢ 1Hz, EZ4A Hi-level 1V, Hi-level 2V, Low-level 0V, JEJAlo]lZ

5%, 20%, 35% % ZtZr A& A3 Hi-level 1Vo|dol Al FEAO]EE 5% o] o
2 AAsgs W AdEd 239 wobg, A5 sol dEAE st

3. F A=3re] AYE Sem= FaL Z1 Afolol AWE HAAAZ F 72A1 S A
3 Ay Fya¢e 1Hz, AdEZ24AH o2+ Hi-level 1V, Low-level 0V, FE|Ao]| &

(Duty Cycle) 5%= AAsAS uf MFEFd gy wolg, AFFH ol 7}

Fa7E At
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A7 FAGA NN BAE= A7 AVle 289 HAS gEr 7 st
7b s W vE TR date 9] A&k, e TR date iy ol
Zh-gste, 7 dak Abolo] AEet= M7IHS F Aot spol wldlstal, + ek Ab
ole] Aglel Aol wkuldEl s} AVFE Fke BE Avith WE SR gS
sb= Wy ol 2HA Fold H7gd dis) 4] fEiA = I3k 7 9
&shs A7l A7)k Wake] FoAA dofop dhrh. A7 v F3tel F
o= 37 wHETh ol g Al F3bel| RxFH v Hste] g 1 ArF X
¥ R wep AR o A7)l vttt M7 At Fs W $3
olg} Ao 4 3l

A7 o] AEo] mAE JFE AVFY AV, HL&3F 35 (pulse
number) £ FIHAFAIZ ] whe} @bk Rk ojye}l A|FS s
of B, FF7], AEe 540 wel A&l v &I Adols A yEdth
A7 A7lE ) 10~100kV/ecm, #1521 7Hpulse width)< 1~100us 5 ¢l A
o Folxm A= FFet & zelar ArEY Al7IeE "W #AVE A

EREEN!

1960 At Gossling Pl &S 28431 7|=d A7 4S o] & 3S A5S
2 Aetstgd o, o] 1960 W Doevenspeck, Sale¥} Hamiltons ol €3] 7 7]%4 9]
u A Eo] AbHe] m = gk dig AdF7F Al AE ITh Doevenspeck< 19601t
Zol A7 M7Iel whel Aol mAdEed mAE el vEA yehuds
S AR e 1960 dd] o] Sale¥ Hamilton< ¢F 25kV/emolde A/ A
717l olelf ATt ER7F APEEW, mAEe] Fol weba Lelan A7) A
7Iv HZAIE Sl 9d] dFS W o Haskth 1980tz HHA
Zimmerman-s ol ola] A7 oA mAEe Sl A7l o3 mAE 9

m
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W stol] thgk 7] A Q1 o] Eo] Halw gt

Hulshlegers-2 ¢F 20kV/cm9 #7173 M7|2 < millisecond A 2]3}5 S w o
FE o] WA Eo] 99.99%0]%d AbHE T L Bastglow, o]k AbE R = AV
ol A7), FBxel Aol Ha o wet JFS v gk E3 Caly Mg

St e 27} Foleo] WgES A SR JFS F 5 drky g

3.

Mizuno®} Hori%® 9F 20kV/ecme A7 A71&2 160 ps AH S 39S 2 7

=dA4s A2 5 dval len, ofota(are) WAl &%

2E0 b EAZE dE A AFEST HE Kae ofstH

Q-0 M7 A7 el =AW AlES o] 54 =4& SRR
8

A7)t 4714 ALSE Ao wopgol FAH M FAE 4

o
i
o

oX,
o
fu

o] Z7le v Hu¥E i 9tk (Moon and Chung, 2000; Park et al, 2000).

Chai and Kwak(2005)° ¢t H7]4S Aeldt Fadate] wdol&2 FA e
ol vlE] 6~10% S7Fstlen, 53] 10kV A FolAe 86%= 7 =4 YE
wrhal Bashglvy =3 A7 Rs A FaksAre] wol&e 73~88%°] o,
4 Gauss A ToAA 71 =A Yetwth A7 B A7 A 4 e @
NA gae] G4e FHske] Wotso] F4H= Aow I AN (Park et
al., 2000) =L 2H& 7|22 o} A 7A] A es] WE A A e gk

Moon and Chung(2000)e] 9]&}H EwntE Zxlo A7 = 27|45 AEs
WA=t A Agtel] whel deopgo] 2 yErsk o, 8~10kVelA = 30~
45%, 3~10 Gauss9lAl+= 60x7} 71 wolgo] & Ao R HISHY. Lee et
al.(1998) A d = #Avbd S aFF o] Agstd 100~400 rad Aol A= 2o}
&3 Aol FIHA L 2400 rad o)l AAH AT Basgit o] 3
ATFANE B FTA A7 AYE 10kVelA 30%, 18 A7 Ags 4

Gaussol Al 60z 59 AHElst= Aol 7HY AHg Aoz Husty vk, #A7|% =
=

6°)

A AN F R EE wE o] Wolgo

Gl i A7= Bo] Busa vy Zefo]golgt Figte] 2dE & F
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S FAAANA FA2Y FEETE A IAFNE Foln, TA Wdolo] Zg
st el Al FHE ZEFA Fomy woln ol HdAdS FHATE Ve
olti (% % 1997). =& polyethylene glycol(PEG)9} #& 3}stzloz EaAdolx

=° & fafs= =de = 95t dAEe} Vet Agss WHe B

MgSOs &9 F7195F &< o] o] &5 %= .

F2ko] WolE S FAAT = W T Z2E A8 (Karssen, 1995), -2 &3 A
714 i ol HAEo] F7A17]= Priming A 2] (Dahals, 1990; Kangs 1999,
Khan 1992)¢} Solid matrix priming(Madakadzes 1993), 3}&-% 3} 2] (Hemmat
5 1985, Khans 1973, Potters 1984) 2 7|8 vl A 2] (Persson 1993)5¢] X il
a9tk w3 &S o] &3 HydroprimingS @7} 7vH &1, xgju] &o] # sl
& F = AHo] th(Hujikuras, 1993, Moons 1999). o]} -FA}gh
TAAEE FAd FAE FAAANA Fol 1-2mmAE ALEHEE HolA
(pregermination, chitting)”} Sl th.

Khans(1983) priming A& #4A F AAE FF3H T2 e wololA
wdo] EZ24HAY 9 oo HjFo] HX1H o] oty ZXHY

al
ol e ANE B W, TA ANF % ANNY ALdE F 2AY FE wE

off
o

Wolg 2 A EA Ko A WHow yokEth B Ao dnjdol

o FEATI7] skl A7l dnobet AFol vA= dFE AT
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Fig.3-24 The apparent of A DC high voltage generator for the germination



Table 3-3. Specification of DC high voltage generator

Model CPS-40K03VIT

Input Voltage AC 220V 60Hz + 10%

Output Voltage 0~40kV

Output Current 0~3mA

Output Distribution 1ch or 5ch

Ripple 0.05% (Maximum output)

Size 405(W) x 500(D) x 190(H)
AT AFEE Y BAEA] dHW B e FaU|e2 o 2

Fig.3-25 The main functions and features of DC high voltage generator

ALdz=9A C dn e F 19 297
. Digital volt meter : &8 4% FA

. Digital ampere meter : &8 dF FA|

. Timer @ 319t&% S ON/OFF Alojal7] 9]k Efolr
. Voltage Adj. : 82} =47].

DVP # @ &89 EFZHE FA8H] 9% f=
. Current Adj. : 8 A7 =47].

RRHEE FHEA DI WA ALl FHL Ak Ao

© 0 N D U s W N e

. Ouput power ON/OFF =9 : 1% %S ON/OFF 37] 93 293
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10. Timer start 29 %] : Efo]®| F}$E A2 ~9]%
11. 3¢Eg Ak (+) @ DC high voltage =32 + @z}
12. W7 Fan : M28718 9122 BEstel gulure =8 A4atA 25

13. GND(-)¥+#} : DC High voltage &2 w3}

s

14. Earth©@x} @ bAoA & 9gk FA &b
15. AC Power inlet : ZH|o] ACHHUS FF37] Y3 AL FLF

(Fuse : AC250V/5A)

A s g AF A7 =EFARS W, A7 Agadrt dv A el
Al dhofo]] M A= FEFS A stLA AT Avlel e WA s ARk
71 (CPS40KO3VIT, Range : 0~40kV, Chungpa EMT Co., Korea)Z ©]&3}o] g
Sttt AFARS 0kVE AFEsg o AyAke 25 50, 7.5, 10minZ 22}
ARSI 28 ddAgE F o AS3e AYE 2emE AT AlRRE F

3

A5 dvlE Abgstdlen, A7 A 2= 25T, dulsE=e 80%°l At
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0.0
0 10 20 30 40 50
Time, hours

Fig.3-26 The effect of static electrical field on the germination of brown rice
under the constant temp. & humidity chamber of 25C and 80%
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Table 3-6 The specification of parts used for assembling a rice germinating

biosystem of air-exposure type

& o] hol Al 28l A 2} 500x730x1450mm

1. WolAISA]
1) FE¥A7] FOX-2H 77x35 (YA 9 FA])
2) H =AY -
3) FEEEHEAY FOX-1004 77x35 (YXE3EA])
4) FERZ=1A 7]
5) 2=ZdA3 10step - Program DH-3, 112 % 40T
6) FE=7HA 7] PT-100 ohm

2. 2ol 500x200x730mm
1) 9 #EEz=] 7] & A5 F9:100mm
2) Aewr saginomia 3/8"
3) g A4 250mm 20V 2 &
4) B¢ J2 gkl 40€]E/F pb
5) w74
6) olzx 500x 730x1250mm

3. A7 A=A
1) 3|H 2®ld 2~ golZH Y 1.5kw, T 220V
2) SSR DC 25A
3) HF7|vjE5RY 100mm Dia
4) 3713 4 120x120x38

5 =EAEA

6mm Dia x 2000mm

6) Elolm 24717 22 13 EFY] 204-0ON, 20+OFF
4. S 3A=74 A

1) LETAHH 400ppm

2) wol&sa 20W, 300971 EFTR20EX-D

3) AkaubAy 7] 17 DK-200

4) ~®l vp=A 445x350x98mm
5. =X 73] A 2}

1) Had Y57 Ao Ws7] 129

2) %71 Aoy W57 12008

3) &%7] HWEE 9w

4) Dryer 1/4"

5) Wzt7] 49 67 x 400mm

5 x84 w71l =Y OW

6) 222 AA EGO

7) Aol 2~ A 2} 1100x1000x1750
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Fig.3-32 The control panel
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B oA Alg¥ GABA ¥AWHoZ= HPLC(AccQ Tag Amino Acid
Analysis System)W o 22 E4319 T Columne Nova-Pak C18 (Waters)S A&
skt GABA #4415 98] HAAAE vifd A5 39dol WeSE22XE:
B = 12539 A 7bstel Aol GABAE E#ste 789 T2 d4Ed
(12,000 x g, 15 min, 4 CT)E &3t Fsds d& F JAdEo FEZXFE =
359 EF NS 7tste] HoldSAE RE= GABAE 23 FE33th

1, 22 AR ESEH 42 FeHS Foto] Wedxsta oo 427 =2 &
gt & 045 mm PVDF ¥ Millipore)= ©]-§3ke] ojzsle] FEA o] Ag-ghr,
GABAY 34 FZ=A3E 93] AccQ Fluor ReagentE AFE3lH, ol5 XA
B2 98 39mm x 150 mm AccQ Tag™ columng AF&3Ht} Columno 2 5-E
FEAS £E2417]7] YA E AccQ Tag Eluent A2t 60% oMAEUEL
(acetonitrile) 2 1ml/ming] %oz & Fu}

GABA & & GABAE 100nmol/ml# 200nmol/mlz Zeld & WA
71&ete] AL ¥ 2 %% GABAS WA} Sample®] WA 3 tiy]ate] A A3}

£ vl A& & 9= nmole/go® ZE o5 F4tEle] mg/gl® GABAFE
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= 5 GABA &%= ($:mg/100g) H] 1L
Wrol&d v (o 7] 2ko}) 36.49(£0.01) mg/100g 245
ol ] (] A o}) 40.78(£5.2) mg/100g 29k 5
kol (3 = ol 39.48(#4.3) mg/100g 2Rk
ol Bw] (] 2] #ol) 43.33(£5.5) mg/100g 2HHE
gk (7] ) 4.7 mg/100g
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Fig.3-37 The effects of germination rate on brown rice according to
anion stimuli under the tray(500g, height 0.5cm)
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Fig.3-38 The effects of germination rate on brown rice according
to anion stimuli under the tray(1000g, height lcm)
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22 (Appendix)

Type 1. Germination of brown rice soaking in water for 60 hours

Table 2-2. The affects of sprout length on brown rice according to AA, WSC, WUC
treatments.

(unit : mm)

Seed Germination period(hours)
treatm %
12 24 36 48 60
ent
Non7 BA, C BC B BC BAC BC BA
ned 0 00 70.258%0.124 0.422+0.201 0.822+0.506 1.729+£1.188™
prime

0.001 00 P0.064+0.134%¢  ©0.366+0.434%" B°0.837+0.7567" ©1.275+1.470%"
AA  0.01 0+0 P€0.095+0.136%° B€0.432+0.234%* €0.672+0.367°°¢ ©1.194+0.9185¢

0.05 0+0 P0.051+0.128°  €0.143+0.160° P0.276+0.1584" P0.447+0.281°¢

0.001 0+0 %0.295+0.227%  20.75840.505" B%0.945+0.793" B¢1.841+1.745"
WSC 0.01 0+0 P%0.232+0.205%* B0.695+0.436%* B*1.121+0.666** P*2.069+1.087%"

0.05 0+0 “0.288+0.250* P40.680+0.382%* #1.336+0.709" *2.655+1.597%"

0.001 0+0 PP€0.118+0.196"*¢ ©0.195+0.364%* P0.195+0.188"¢  P0.195+0.206"
WUC 0.01 0£0 P0.083+0.184"¢ ©0.172+0.357"* P0.172+0.357°° P0.176+0.327°¢

0.05 0+0 ®P°0.139+0.207%* €0.229+0.347%* P0.229+0.353°°¢ P 268+0.367°¢

Significance - sk o sk kNS sk koo sk koo

YMean value and standard error of sprout length.

YA~D Means with different superscripts in the same column differ significantly

3)NS, * %% ek Nonsignificant or significant at P=0.05, 0.001, 0.0001,
respectively(DMRT).

PAA: acetic acid, WSC: water—soluble chitosan, WUC: water-unsoluble chitosan
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Table 2-3. The affect of sprout length on brown rice according to US

treatment.

(unit : mm)

Seed Germination period(hours)
treatme min
ot 12 24 36 48 60

Non- E H E E E BC G B

orimed 0+0 F0.087£0.129 0.557+0.384 1.2105+0.757 2.247+1.333
1 0%0 “P0.164+0.188" P£0.670+0.431° ™1.356+0.781°%¢ ™"3.112+1.314"
5 00 “®0.195+0.229" P¥€0.763+£0.581""4 P’°1,595+1.004™¢ PF3,133+1.634"

28kHz 10 0+0 ©0.186+0.173%" B4°0.886+0.673" P41.786+1.257* PBA¢3.749+1.931"
20 0+0 *0.253+0.216°° P*1.018+0.604" P°1.640+1.03574¢ PPAC3 456+1.740"
30 0+0 "0.272+0.209” P*0.926+0.505°"%¢ P*1.836+0.853%¢ FPF3.139+1.418"
1 0£0 P0.153+0.111"  F0.597+0.431""  "P1.335+0.789"¢ FP*2.922+1.509"
5 0£0 "0.280+0.291"% P*°0.904+0.633%" P*1.851+1.027"*¢ P*3.837+4.482"

40kHz 10 0+0 “0.274%0.234° P2€0.960+£0.607™" #1.947+0.876"* PPA°3.459+1.792"
20 0+0 P0.220£0.190%"  *1.048+0.613™"  P1.739+0.952C PPEC3 35741 652"
30 040 “P0.195+0.165° P*1.006+0.651"" P*1.861+£1.096™ 5¢3.199+1.603"
1 0+0 €0.186+0.199% PE€0.754+0.508%"5 PA1.695+0.867% ¢2.801+1.646"
5 0£0 “P0.182+0.144" PEC0.75540.446"%C PA°1.668+0.726° 2.769+1.586"

60kHz 10 0+0 “0.198+0.180%" PP€0.826+0.417% ™¢1.44040.714° "92.703+1.530"
20 0%0 *0.260+0.216%° B4€0.959+0.578"°4¢ 4] 836+1.076"*  #3.985+4.899"
30 0£0 "0.252+0.173°" PP%€0.872+0.592%¢ P*1.862+0.976"C ™*3.145+1.696"

Significance - ko T skt skt

"Mean value and standard error of sprout length.

Y A™H Means with different superscripts in the same column differ significantly.

INS, #, ## #xx Nonsignificant or significant at P=0.05, 0.001, 0.0001,

respectively(DMRT).
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Table 2-4. The affects of germination rate, T50 and T25 on brown rice
according to AA, WSC, WUC treatments.

(unit : mm)

Seed Germination rate(%) T
g
treatme % T50(hr)  Taos(hr)
ot 24hr  36hr  48hr  60hr Rate
Non-
) 33.3 74.0 78.7 88.7 27.3 70.2 1.000
primed
0.001 40.0 80.7 82.7 84.7 24.7 93.5 1.333
AA 0.01 40.0 82.0 84.0 88.0 25.1 90.0 1.282
0.05 29.3 56.0 62.7 64.7 25.4 204.0 2.907
0.001 50.7 84.7 86.0 92.0 22.9 68.8 0.980
WsC 0.01 52.7 88.0 88.7 94.0 22.7 65.4 0.932
0.05 56.0 88.7 88.7 92.0 21.9 58.5 0.835
0.001 24.7 26.7 28.7 34.0 20.3 1137.7  16.206
WUC 0.01 18.0 30.0 32.0 34.7 23.6 7032 100.170
0.05 22.7 38.7 42.0 48.7 25.2 746.77  10.638
Significance koK koK koK Hokok

YGermination time(hr) required for 2.5 mm sprout length (Tas)

950% of the final germination percentage (T50)

I Ty5 rate = Tosthr) / Non-primed Tas(hr)

PAA: acetic acid, WSC: water—soluble chitosan, WUC: water-unsoluble chitosan
5)NS, x ko Nonsignificant or significant at P=0.05, 0.001, 0.0001,
respectively(DMRT).
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Table 2-5. The affects of germination rate, T50 and T25 on brown rice

according to ultra-sound 28, 40 and 60 kHz treatments.

(unit : mm)

Seed Germination rate(%) T
. O
treatm min T50(hr)  Tosthr)
ent 12hr  24hr  36hr  48hr  60hr Rate
Non-
) 0 0 40.7 68.7 88.7 98.7 27.7 62.9 1.000
primed
1 0 56.0 80.7 94.0 98.7 22.6 55.8 0.887
5 0 62.0 82.0 94.7 96.7 21.4 55.0 0.875
28kHz
10 0 68.7 82.7 92.0 98.0 20.6 52.3 0.832
20 0 74.0 84.7 90.0 96.0 19.8 53.6 0.853
30 0 76.0 86.0 94.0 96.7 19.6 54.1 0.860
1 0 66.0 78.7 88.7 96.0 20.7 56.8 0.903
5 0 64.7 80.7 92.7 94.7 20.8 51.9 0.825
40kHz
10 0 70.7 86.7 92.7 98.0 20.3 52.3 0.833
20 0 68.7 80.0 94.7 96.7 20.4 53.6 0.852
30 0 72.0 86.7 88.7 92.7 19.7 53.7 0.854
1 0 56.7 82.7 94.0 94.0 21.9 56.7 0.902
5 0 74.7 82.0 96.0 96.7 19.8 57.5 0.907
60kHz
10 0 68.7 86.7 94.7 94.7 20.3 59.0 0.923
20 0 74.0 86.7 94.0 96.7 19.8 57.1 0.822
30 0 74.7 82.0 94.7 98.7 19.9 53.9 0.858
Significance - Hkk ok NS NS

YGermination time(hr) required for 2.5 mm sprout length (Ts5)

?50% of the final germination percentage (T50)

IT,5 rate = Tas(hr) / Non—primed Tss(hr)

NS, *, #x =+ Nonsignificant or significant at P=0.05, 0.001, 0.0001,

respectively(DMRT).
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Type II. Germination of brown rice soaking in water for 12 hours

and supplying moisture for 48 hours

Table 2-6. The affects of sprout length on brown rice according to AA, WSC, WUC

treatments.

(unit : mm)

Seed

treatme %

Germination period(hours)

nt 12 24 36 48 60
Non~- F G E E  DC BA  ED A
. 0 00 f0.09240.137% £0.215+0.219 0.757+0.613 1.324+1.681
primed
0.001 0+0 P0.12840.148" P0.299+0.231° BA°1.037+0.665" B*¢2.204+1.249%*
AA  0.01 00 "0.190£0.166° P0.460+0.236° P€0.768+0.388* PP 54941.115¢
0.05 0+0 F0.103+0.119" £0.240+0.185" FP0.52240.357* F0.812+0.5675¢
0.001 0+0 *0.229+0.171% #0.53540.237° ®P€0.93740.465%* PP°1.920+1.443*
WSC  0.01 0+0 ©0.14440.134"  ©0.348+0.194" *1.415+0.652"* P*2.451+1.709*
0.05 0+0 %0.226+0.235" %0.546+0.351" P*1.269+0.608™ #2.810+1.100*¢
0.001 0£0 FF0.099+0.152F F0.22040.252°  £0.181+0.314°  F0.181+0.320P
WUC 0.01 0+0 "0.069+0.154* ©0.130+0.265% F0.162+0.315°  70.195+0.423"°
0.05 0+0 ©0.082+0.155° F0.172+0.258°®  £0.200+0.318%* F0.523+0.532P°C
Significance - s sk sk o

YMean value and standard error of sprout length.

YA™H Means with different superscripts in the same column differ significantly

3)NS, * %% ek Nonsignificant or significant at P=0.05, 0.001, 0.0001,
respectively(DMRT).

PAA: acetic acid, WSC: water—-soluble chitosan, WUC: water—unsoluble chitosan
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Table 2-7. The affect of sprout length on brown rice according to US

treatment.

(unit : mm)

Germination period(hours)

12

24

36

48

60

F0.067+0.116"

$0.50240.116"

©1.059+0.567"

€1.970+0.998"¢

E00.13640.185F
BP0.133+0.218P
¥P0.126+0.170°
540.23240.223"

40.255+0.215%"

$0.609+0.185%
%0.635+0.218"
50.59740.170°

540.846+0.223"

540 807+0.215"

B€1.161+0.870%
BACY 202+0.692"
B€1.168+0.618%
BACY 41840.754"

BACT 486+0.784

©1.988+0.930"¢

#4€2.300+1.334"

B¢2.036+0.9165¢
PAC2.405+1.137¢

BACH 266+1.230%"

50.113+0.092’
%0.264+0.293"
B40.235+0.244"
0. 14940.1965

ECD(),140+0.174°

540.768+0.092"
#20.699+0.293"
B%0,799+0.244"
B40.799+0.196""

BA).743+0.174°

BACY 328+0.761%
BACT 448+0.903"
BACY 59140.744"
BAC1 501+0.639"

41.74440.695"

BACH 24140.830°¢
BACH 205+1.0025¢
BACH 37140.921%¢
BACH 10940.992"¢

BACH 453+0.9828C

£€P0.167+0.206™
ECP0.16440.149"
P€0.187+0.181¢"
BCP0.18240.229%8

B40.23740.172¢

P40.763+0.206™"
B40.736+0.149"
B%0.713+0.181°"
21.049£0.229F

BAD.781+0.172°

41.73440.833"
BACY 44340.656"
5¢1.094+0.618"
BAC] 598+0.731*

BA1.63240.655"

22.715+1.2475
BACD 481+41.135P4¢

BAC 138+0.812°
BACD 537+1.050P4¢

BAg 594+1.039P4¢

Seed
treatm min
ent
Non-
primed
1
5
28
10
kHz
20
30
1
5
40
10
kHz
20
30
1
5
60
10
kHz
20
30
Significanc
e

skokox = skokok

NSk

*+NS

NS+

UMean value and standard error of sprout length.

?A~T Means with different superscripts in the same column differ significantly.

INS, #, ## #xx Nonsignificant or significant at P=0.05, 0.001, 0.0001,
respectively(DMRT).
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Table 2-8. The affects of germination rate, T50 and T25 on brown rice according to
AA, WSC, WUC treatments.

(unit : mm)

Seed Germination rate(%) Tys
treatm % T50(hr) Tosthr) '
24hr  36hr  48hr  60hr Rate
ent
Non-
) 26.0 66.0 78.7 82.0 28.5 84.8 1.000
primed
0.001 38.0 78.0 84.7 96.0 27.0 63.0 0.743
AA 0.01 44.0 84.0 90.0 94.0 24.9 74.6 0.879
0.05 38.0 78.0 78.0 86.7 25.6 129.8 1.530
0.001 50.0 86.7 88.0 90.0 22.8 67.0 0.790
WSC 0.01 46.0 86.0 94.0 92.0 24.0 60.5 0.713
0.05 46.0 86.0 90.7 92.7 24.1 57.5 0.678
0.001 26.0 30.0 34.7 36.0 20.3 1078.1 12.700
WUC 0.01 18.0 26.0 28.0 28.0 21.3 898.18 10.581
0.05 26.0 36.7 44.7 60.0 28.5 133.45 1.572
Significance sk ok ok Hok

YGermination time(hr) required for 2.5 mm sprout length (Ta5)

?50% of the final germination percentage (T50)

Tys5 rate = Tos(hr) / Non-primed T5(hr)

YAA: acetic acid, WSC: water-soluble chitosan, WUC: water—unsoluble chitosan

5)NS, w0k ok Nonsignificant or significant at P=0.05, 0.001, 0.0001,

respectively (DMRT).
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Table 2-9. The affects of germination rate, T50 and T25 on brown rice
according to ultra—sound 28, 40 and 60 kHz treatments.

(unit : mm)

Seed Germination rate(%) Ty
treatme T50(hr)  Tashr) )

Nt min  12hr  24hr  36hr  48hr  60hr Rate

Non-

primed 0 0 32.0 4.7 90.7 90.7 27.8 66.9 1.000

1 0 46.7 80.7 90.0 92.7 23.9 67.4 1.007

5 0 42.0 80.7 88.7 90.0 24.9 62.1 0.928

28 kHz 10 0 46.7 84.0 92.0 92.7 23.9 66.4 0.993

20 0 68.0 84.7 92.0 92.7 20.2 61.1 0.913

30 0 72.0 82.0 88.7 88.7 19.4 63.6 0.951

1 0 62.0 94.0 94.0 96.7 21.4 63.4 0.948

5 0 62.7 90.0 92.7 94.0 21.0 64.6 0.966

40 kHz 10 0 60.7 88.0 88.7 94.7 21.4 61.9 0.925

20 0 46.0 88.0 92.0 92.7 24.1 61.2 0.915

30 0 58.0 90.0 92.7 92.0 21.6 60.7 0.907

1 0 48.7 94.0 92.7 94.7 23.7 57.3 0.857

5 0 68.0 88.7 92.0 92.7 20.2 60.2 0.900

60 kHz 10 0 66.7 84.0 88.7 94.0 20.5 64.1 0.958

20 0 50.0 92.0 94.7 96.7 23.6 59.5 0.889

30 0 72.7 90.7 92.7 96.7 20.0 58.8 0.879

Significance - o ok NS *

YGermination time(hr) required for 2.5 mm sprout length (T25)

950% of the final germination percentage (T50)

IT,5 rate = Tas(hr) / Non-primed Tss(hr)

4)NS, * %% ek Nonsignificant or significant at P=0.05, 0.001, 0.0001,

respectively(DMRT).
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Type III. Germination of brown rice soaking in water for 12 hours

and supplying moisture for 12 hours repeatedly

Table 2-10. The affects of sprout length on brown rice according to AA, WSC, WUC

treatments.

(unit : mm)

Germination period(hours)

12

24

36

48

60

F0.098+0.142fF

BACH.429+40.453"

©1.17840.550"

BA9 132+0.952"

P0.13740.159¢
50.194+0.173"

£0.109+0.126°

BEDC() 316+0.276°
BACH 413+0.3045¢

EDC() 266+0.222°¢

BA1 4492+40.531°8
BC1.20840.447°

P0.71240.540"

BA9 184+0.868"
B1.669+0.612°

©0.735+0.583"

20.228+0.174"°
€0.148+0.136"

40.230+0.239"

BA0.492+40.319"¢
BDC() 366+0.234°

40.602+0.4315*

B€1.35940.491"
BC1.402+0.754%4

2.652+0.6825"

29.23740.808"
42.364+0.836"

29.359+0.906"

£0.116+0.149¢
H0.069+0.154"¢

60.08340.155"¢

¥P0.187+0.318"4¢
£0.137+0.317B*¢

£00.199+0.303"¢

£0.390+0.897%*
£0.24140.985%"

£0.447+1.384"

©0.456+0.372°¢
€0.326+0.276°¢

€0.46840.557"

Seed
treatme %
nt
Non-
primed
0.001
AA 0.01
0.05
0.001
WSC 0.01
0.05
0.001
WUC 0.01
0.05
Significance

sk T skok ok

skt

#xxENS

skokok o skokok

YMean value and standard error of sprout length.

YA~F Means with different superscripts in the same column differ significantly.

3)NS, * %% ek Nonsignificant or significant at P=0.05, 0.001, 0.0001,

respectively(DMRT).

PAA: acetic acid, WSC: water—-soluble chitosan, WUC: water—unsoluble chitosan
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Table 2-11. The affect of sprout length on brown rice according to US

treatment.

(unit : mm)

Germination period(hours)

24

36

48 60

F0.113+0.118"

H0.53540.387"°

BC1.95440.481%  PA2.656+0.976%¢

B¢0.23040.179¢
BPAC0, 235+0.230"
PE).18940.170°
BACH.235+0.224"

BACH 246+0.181°

$0.700+0.459"

50.691+0.480"
FP0.848+0.607"°
BP0.897+0.590"

21.15140.599"

€1.2154+0.549%" PPAC2 3414+0.816"¢
PA517£0.575™  PA2.715+0.946°74¢
A1.540+0.716%"  P2.715+0.875"A¢
PAC1.378+0.570"  P°2.048+0.670""¢

BACY 366+0.512%  P1.932+0.586"

"0.133+0.113"
%0.277+0.290"
B%0.261+0.224"
PEC0.20240.190°

DEC(H 207+0.176¢

F60.73240.484"
FFP0.829+0.509"
B41.079+1.0674
5¢1.005+0.561"

BP0, 959+0.648"

BA 51740.666™  P42.705+0.792°74¢
BAC1 41540.5957" PPAC2 45440.81977%¢
A1.590+0.590""  #2.930£0.857B""¢
81.531+0.528%  PPA2.37+0.618"

BA1.483+0.535"  PPC2.267+0.582°

P60.203+0.177¢
£0.175+0.174°
BPC0.22240.179¢
BAC0.248+0.188¢

20.276+0.169°

EFG0.78940.500"
60.75540.495"
0 90240.493"
€P0.939+0.496"

BC1.001+£0.524"

BAC1.387+0.591%" PP%¢2.490+1.149"
BA.486+0.626™ P42 389+0.933°¢
P1.49240.528"  PAC2.558+0.798"74¢
41.584+0.980"  42.68140.726""°

21.603+0.700%* P42 816+1.003%

Seed
treatm min
12
ent
Non-—
_ 0+0
primed
1 0%£0
5 0x0
28kHz 10 0+£0
20 00
30 0%x0
1 0%£0
5 00
40kHz 10 00
20 00
30 0%£0
1 0zx0
5 0x0
60kHz 10 0%£0
20 00
30 00
Significance -

stk = skokok

ok ok

* NS stk

"Mean value and standard error of sprout length.

YA~H Means with different superscripts in the same column differ significantly.

3)NS, w0k ok Nonsignificant or significant at P=0.05, 0.001, 0.0001,

respectively (DMRT).
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Table 2-12. The affects of germination rate, T50 and Ts25 on brown rice according to

AA, WSC, WUC treatments.

(unit : mm)

Seed Germination rate(%) Tos
treatme % T50¢hr) Tosthr) '
ot 12hr 24hr 36hr 48hr 60hr Rate
Non-
) 0 26.0 62.7 94.0 96.7 31.3 64.6 1.000
primed
0.001 0 38.0 66.7 98.0 98.0 28.6 65.1 1.007
AA 0.01 0 44.0 68.0 94.7 98.0 26.5 81.6 1.263
0.05 0 38.0 64.7 74.0 76.7 24.2 980.8 15.177
0.001 0 50.0 80.0 96.7 100.0 24.0 63.5 0.984
WSC 0.01 0 46.0 88.0 90.7 96.7 24.7 61.6 0.955
0.05 0 46.0 86.0 94.0 96.7 24.7 62.3 0.965
0.001 0 40.7 32.0 50.7 54.0 20.0 174.0 6.679
WuC 0.01 0 18.0 24.0 48.7 52.0 37.0 260.1 4.025
0.05 0 26.0 40.0 48.7 50.7 23.4 1221.1 18.895
Significance - e e s

YGermination time(hr) required for 2.5 mm sprout length (Ta5)

Y50% of the final germination percentage (T50)

9T,5 rate = Tos(hr) / Non-primed Tos(hr)

YAA: acetic acid, WSC: water-soluble chitosan, WUC: water—unsoluble chitosan

5)NS, w0k ok Nonsignificant or significant at P=0.05, 0.001, 0.0001,

respectively (DMRT).
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Table 2-13. The affects of germination rate, T50 and T25 on brown rice
according to ultra-sound 28, 40 and 60 kHz treatments.

(unit : mm)

Seed ' Germination rate(%) Ty
min T50(hr) Tasthr)
treatment 12hr  24hr  36hr  48hr  60hr Rate
Non-
primed 0 0 68.0 86.0 96.7 100.0 20.8 58.6 1.000
1 0 78.7 87.3 93.3 96.7 19.4 61.6 1.051
5 0 64.7 90.0 98.0 86.0 21.1 57.8 0.986
28 kHz 10 0 62.7 88.7 96.0 98.0 21.4 57.8 0.986
20 0 66.0 88.0 95.3 96.0 20.7 68.0 1.160
30 0 74.7 92.0 94.7 96.7 19.8 72.0 1.229
1 0 66.0 89.3 94.7 97.3 20.8 57.9 0.988
5 0 65.3 86.7 94.7 98.0 21.0 60.5 1.032
40 kHz 10 0 71.3 88.7 96.0 98.0 20.2 56.1 0.957
20 0 66.7 92.0 97.3 98.0 20.8 61.8 1.055
30 0 76.0 91.3 95.3 98.0 19.7 63.5 1.084
1 0 67.3 86.0 92.0 92.7 20.3 60.1 1.026
5 0 64.0 85.3 92.7 94.0 20.8 61.4 1.048
60 kHz 10 0 76.0 91.3 96.0 97.0 19.7 59.3 1.012
20 0 4.7 91.3 95.3 98.0 19.9 58.0 0.990
30 0 82.7 91.3 94.7 96.0 19.0 56.8 0.969
Significance - ok NS NS NS

YGermination time(hr) required for 2.5 mm sprout length (Ta2s5)

950% of the final germination percentage (T50)

9Ty5 rate = Tos(hr) / Non-primed To5(hr)

4)NS, x kk ko Nonsignificant or significant at P=0.05, 0.001, 0.0001,

respectively(DMRT).
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Table 2-14. Contents of 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" 0.0 0.0 0.0
Aspartic acid 13.4 0.9 4.5
Glutamic acid 17.6 1.8 3.7
Asparagine 10.2 0.0 0.4
Serine 2.8 2.8 6.0
Glutamine 0.9 0.0 0.4
Histidine 1.6 1.2 1.2
Glycine 1.6 1.7 4.0
Arginine 4.3 3.1 1.3
Threonine 0.9 0.6 4.8
Alanine 7.2 4.5 5.2
GABA” 4.7 7.9 4.7
Proline 3.9 1.1 1.7
Theanine 3.5 1.8 3.1
Tyrosine 0.5 0.4 1.4
Valine 1.2 2.6 2.9
Methionine 0.0 0.3 0.8
Cystine 8.2 8.6 6.0
Isoleucine 4.8 4.9 4.5
Leucine 4.2 5.0 4.9
Phenylalanine 0.0 1.0 2.4
Tryptophan 34.6 40.1 41.2
Lysine 0.7 0.6 1.5
Total 126.8 90.9 106.6

VCYA is cysteic acid + cysteine
YGABA is r-amino butyric acid.

YThe souece of the data: Korea food research institute(2004).
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