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(57) Abstract: The present invention relates to a bean sprout cultivation method using plasma-discharged water and comprising the
steps of: producing plasma-discharged water by discharging a plasma in water; and cultivating bean sprouts by using the produced
plasma-discharged water as cultivation water for bean sprout cultivation. The present invention can provide a bean sprout cultivation
method which allows cultivation water to be circulated and used by preventing the contamination of the bean sprout cultivation wa -
ter and the proliferation of microorganisms, the bean sprout cultivation method being capable of increasing the concentration of the
bioactive materials of bean sprouts and improving the growth of the bean sprouts. The purposes of the present invention are to in -
crease the efficiency of the generation of active oxygen species and active nitrogen species generated by a plasma, ultimately in -
crease the efficiency of transmission into water, and thereby provide smooth non-heat food-ingredient sterilization apparatus and to
provide, based thereon, a plasma low-temperature food-ingredient sterilization apparatus having portability, electrical safety, thermal
safety, and the like. The present invention has increased
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etficiency of the generation of active oxygen species and active nitrogen species by having a dielectric tube closely surrounding
the outside of an electrode and installing a gas tube so as for an injected gas to pass through a plasma-generated section only and
also has increased treatment efficiency by minimizing the length between a discharge section and an inlet into water and transmit-
ting the active oxygen species and active nitrogen species in the form of microbubbles into the water. Further, the present inven -
tion relates to a plasma apparatus in an improved form which increases the efficiency of the generation of active oxygen species
and active nitrogen species by installing an auxiliary electrode outside an external dielectric tube. The present invention has ap-
plied plasma-treated water to the sterilization of food ingredients.
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[113]

[114] [EA]<ll]

[115] D Eet=np b Ale

[116] a = ef=v} WA Uk Dielectric barrier discharge (DBD)

[117] powered electrode 2} ground electrode A}©]l| dielectric. 2. = quartz tube A}-&-.

[118] b. Z}=n} WhA 7FA: air (5 L/min)

[119]  c. FHE AuE e Seb=vt A A5 A=W of A 1l A(acryl
bathyell &5 2 Eeh=rk g 42 B Yol 5%k Fekme} st e
A& A 2§k

[120] %18 FobE AR ALes] o3 Sebant A E Azt 39
w4 o)t}

[121] A7) AR o FA A 28 ohg v g}

[122] (1) Input voltage : 220 V(AC power)

[123] (2) Output voltage : 18 kV

[124] (3) Gas : Clean dry air

[125] (4) Gas flow rate : SL/min

[126] (5) Quartz tube diameter : 20mm

[127] (6) Powered electrode diameter : 7mm

[128] (7) Powered electrode length : 360mm

[129] (8) Powered electrode composition : Copper

[130] (9) Ground electrode composition : Copper

[131] (10) Tap water volume : 8L

[132] (11) Dimensions of acryl bath : 450200155 mm?

[133] (12) Tap water temperature : 20°C

[134]

[135] 2y =et=nt WS o) &8 Fubs Al Aar g i

[136] %= 2LE Fvb= A Aujrlel Bar 30wl 154 o A5 55
AR ol &8t sz Aol Fa HEE & 20 YERAT
Aula=e] o= A A Zko] F7hgtkel whel 4 aF F7hako] Al 94 kel 7 log
CFUMmIG~+ 0.2 F7FsSi .

[137] 5232 25°C =l A A Al Sk Avla=e] tame] WEtE 743 Aot

[138]  FUES 1Y Al e Aul o] Sekzvt =343 A ) Al gkl whE o

[139]

312 30 YEF AT 1Y Al E 7.4 log CFU/ml 5 2. 8 713 A==
Eohznt =50 13 A g Al 5.2 log CFU/m 7+ 0 & ZhAst it & ezt
TR A Al gbe] FrEstel] whek Ajular o] Fat = FHASHe] 5 A g Al
3.1 log CFU/ml -+ 2. =2 7483t

FuE A E 8l A A7l T 1006 S X33kl Al 4=t
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303 1 S8 HE 5 S AT ¥ 4 050 F RO haTE
59U v Folo] 3k Tl 4ok A2 19 23] Fe vt 5

[140]
[141]
[142]

[143]

[144]
[145]
[146]

N Ze=En w2 gy FuEo 54

FREZ AME FUE (2 Skl S TR AN o=
HIEFY] C $h5F A 35 A1 (cotyledon), W Z; (hypocotyl), B8] (root) 2 L} 3
1o YERH AT &2 A gk FuER T Sobznt S5 d a2 A e
Fob=o] vlErel C gFol ALSY, vl 5, el ol A 22t A LR

[3E1]

Tap water Underwater plasma treated
water
Cotyledon HypocotylRoot |70.30 5.09 2.62 74.15% 5.65* 2.86

(9 mg/100 g)(P<0.05)

FERER AN Uz Skt S5t dsR AE S uE
A, =, He) o] opv| mat Sk S S TR 2). L A3
ot 23} 2} 7] (asparagine) 2 7FHHGABA) 9] &&Fo] Eef=mt =32 A
Tzl A M, el A7tz R 7 JEs T
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[147] [3%2]

Cotyledon Hypocotyl Root

Tap underwate Tap underwate Tap underwater

water  |r plasma water r plasma water [plasma

treated treated treated
water water water

Aspartic 0.52.6 |0.53.040.6* |0.60.5 [0.60.5 1.0* 0.80.5
acidGlutamic |31.8 1.6 |1.9* 0.4 3.3 |108.77.5|120.1* 7.9* |0.7* 77.2% 2.9%
acidAsparagin |0.42.9 [0.20.9* 4.6* |3.1%*9.2 |2.99.7%*04 |75.63.0]|2.75.50.3
eSerineGlutam |0.2 0.7 (0.92.5*%0.2 (0447 |49%035.2 (2459 |12.7041.7
ineHistidineGl |3.3 0.8 |1.30.2* 1.7* 0.3 5.3 |1.4* 0.3* 0329 |1.7%0.2
ycineThreonin |2.1 0.2 |2.6* 1.0* 1202 (1490334 |051.8 |480.12.1
eArginineAlan |1.1 0.1 |0.8%0.40.7 (14.10.3 |8.77.72.3 1602 (1.32.20.9
ineGABATyro|1.4 2.0 3.181 (1321 5302 (0.20.6
sineValineMet (0.8 0.6 7524 2014
hionineTrypto (0.3 0.5 1.6%2.3 24 1.1%*
phanePhenylal 0.3
aninelsoleucin 0.9*
eLeucinelLysin
eProline
Total 47.7 50.6 121.8 131.5 99.5 105.5

[148] (91 mg/g)(P<0.05).

[149]

[150]  F A4Ake] G, A, 2717 22 F5 A Eske] 10064 X]”o}i’iﬂ 59 F
Aol Wk (%2, EekEnt ) 1009 Sk FAE 54
A5 5 3 eI 1A SehEn AR Xﬂﬂﬂﬁ%ur <]
A= a2 A AS-En S7H Ao g2 e

[151]  [3E3]

Tap water Plasma treated water
100-sprout weight 52.87 2.37 60.34 4.81*

[152] (&9 g) (P<0.05).

[153]

[154] = 51:11 T 62 Auky] 10031/] 3o % (= b_,gg]_xu}/\zuc};ﬂz,:(g

6)= 59 A nljste] =&ksl I} E ALRl ot} =

%—ng

A~
T%% =

Zm],

S e A
A AL F A9 m T vl o] o) 7k A Ha o)
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[155]

[156]

[157]

[158]

[159]

[160]

[161]

dol= e Ao ey
578 Avrd 1009 o] F-2 445 =(Control) = Zgl=n}

TS WA (Treatment) 2 54 A vl sho] =88k Fob= ARxlo| o}, Eef=nt
TR A FUES FEES AR ARESE A - B Aol vt

A a1 33EEHA bk Ae o 5 AT

Ehg o d gdons A oSS EASH ol ARk 3 A
FHE = 72T Eefzapr B H e e Ad A RS A
AAGo N dAdNAT R BAALT ol B 58S =, WA A0
TR FRAT7HA 8] dol & HAz}eto] vA Bl E R 2N AE 3
ShA] 2

Y ALE B FFOR A sel el £ B
5 8ol ¥ o] HehavtE o) 88 AR 1D AR L AT S
AABRE O ALgH = Fekanh g Aol FA o] st 9
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il
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rir
s
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do
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2
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AR 95 5 o] A=100)S AAA e =2 H 3178 FA(400) = Frof
AAE € 723000 YL 7H2(300) ol g FAIZ o] g5fo] 7k

A¥H(500)S 24T 7H A2 #(500) 2] Aol = AR 7E o] 7k

AT 5= vt G o2 o] Fol ] A AR yds wjdy o] &A=

Apolo| A Eehzul o] dojueh Hel Ay Al A= A2 Aoz e

HA#H200) Wi FAA o=, 7F2H3E00)S & FHA #ow

dH4=3= 100 kHz ©) 8] {2 A
&=

CEZEIENE E

ob
)
iy

WA 71 A= E el 7tAE e §
7F~7H(300) Qto 2 FUE B
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[162]

[163]

[164]

[165]

[166]

[167]
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[169]
[170]
[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

A& 7 vpe} Zo] g w0 R @ Fol Ay H,

02 + O— 03 (254 nm),

W3k, OH-(OH radical : 309nm ™ <) + OH- — H202 (254 nm)7} A A H T}
127 EgEal BAG A 2R E B ¥ = NO29| s 25 et 9s
Ao} 2711 2 54 AE BRolFErh A 5% NO29| 55 115ppm 4 =3 T

5132 EehEal A X o) th gk At 1I7F Al kel w2 B4 F o] F
W3S v Eete] 25, pH 52 A E WslE S48 1250t} 2.75 kvsﬂr
3.75kVe 17bHSF o = A2 AlgkE H T 300 = 5] HolH &
FRsIR o, Hakstapa, dabstA A A7) 9] 5T A E o] 9l A
AN7FAME 3l A8 x50, 50 ml A% S5 A e]ge] A S
Fofglo] Q1o 2.75 WA 10kV X7t 17bE = o L& s E = UUPE S
H o she] 7] Aefel M 74 H vk 52139 1zl TAIE Sk
Zafol v Q17 gl T},

Edhzvtel] o & A E AV AQl HALS A, dAE A A, FAT] 9] s e
o] A 5-2.75kV Q17FA] Btk 3.75 kve] QIZMA U molA = A&
1AL, A A bo] Z-7ketel et 71 E 5 vE Sbehs 4 @ BT pH
A g] AlZko] 303 74 = A&} Z.%iﬂ Rl LE FEE RIS

st 5 A S Bt
gk nke) o], A AR Aol vl & a4 <l 3}1‘4%01 F4ak7] 9

FEO FEE Fola 9F 9 x5 9184 soml A e

A
EL R 275 kVHT & Q17 S & 30 LHX] 3 A A= Ao
AR stk aL Euk A 2 G ko] S A9, LS T2 SekEn AnE

o A AW )I7FHSHS ol Ao ®E te 3 T

A5 Aol dojAM, FA] o A A AFES A= A a3 E IS ek
FHA R 0 EE A a i vyt & o sl 2AFES
Scavenging HH-3-S H. o] 7] w]i-of], 2 whg o] uitH.o =
ARl 271 A Aol &85 = o] A a2 A1 Aol A

ol 5

_

[} ©
A B S DTS, o] F & E o] 8-5he] Al 7‘3 3}04 A= J‘ﬂ f
g M AFEAs AT s Alo] F24 o= A Al o A A
AT = A 7 A 74 T U

HHe ¢ 0}(Escher1ch1a coli & Staphylococcus aureus) ?54 Elo %
AFR Eo|t}, 60F FoF St =l A% v glole vt
o= At

L 157 =109 A Fal Aol FFH vhe o} A el thEk Azl 3
T Eolth 13 EeF Evk=nt A e f A9 o vhe 2] oKE. coli R S.aureus) 9]
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TE ld%P lb}g Al
%473 9] A 18 = A2l o] A,
s E WA Al 29l 745 €1 (Input) A o] 110 ~380
(Output) Z13}Fo] 2000~35000V2] 91 AL 54 o & 3=
HATE o] &3 F L A wjjud,

FAA ol Yol A1 AT} A2 A=

A=3 A2 Aol Zhzbe] i 1A ol Yozl FejE A=
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At gas et

‘Contdining.  Electrode
‘radical gas

Parameters
Input vokage
Outgut Voltage
Frequensy
Gese
Gos flow rate
Quartz wbi dismeter(inlet/outiet
Electrode diameter

Energy/sec

[=11]
The voltage and current signals The optical emission spectroscopy’

s N, sPs
(Second positive system})

Emmsion intenaty (aa)
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