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2-2. Betzul AFr1&e A AF 2 Sghznt 3F AW

7t 520 Ad7leS L3 AR SHAAAEY VAE Ao AR AFs 2 F3F
Ag =4 &9
(1) Lab scale Za}=ul4=(plasma-activated water, PAW) x| & o] &3 Agb 2 4 10

(7P Lab scale Zetzul(PAW) AXE H&3 WAHE SHGHAAEFY vAE A3l &
7} &<l
@O PAW AHglel w2 wAE A &3}
@ PAW A& o] &3 HHo| Hore] mAYE A3 Az <l
o AP ATt w2 ZtRul g Al BEZF 2 )] nAEo] A a3 <2l
- G¥o] Yo wAEstE ¢kxAdel FasiH(Jeong et al., 2012) PAWH & &3
g1 sk o
- PAW AHIZ 208 AHglsle] wEolx PAWE wio] wS 10, 20, 30, 123l 40%
ok XEstg S w B wAyEo] oF 1.8, 2.5 2.6, 183 3.0 log CFU/gWHE A 3]
HAS (Fig. 1; P < 0.05; .
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Figure 1. Inactivation of mesophilic aerobic bacteria on Korean rice cake treated
with plasma-activated water (PAW) or distilled water (DW)

- PAW AH|Z 208 AHglsle] wEojx PAW=Z HEo] ©¥& 10, 20, 30, 1831 40%
ok AYstRe u) HAsiu|WE (£ coli O157:H7, Salmonella Typhimurium, Listeria
monocytogenes, Penicillium chrysogenum)< ¢F 2 log CFU/lg A= AdFASH
Candida albicans& ¢F 1 log CFU/gu+E A3l A& (Fig. 2, 3)
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Figure 2. Reduction of foodborne pathogens on Korean rice cake treated with
plasma activated water (PAW) or distilled water (DW); (a) £ coli O157:H7, (b) S.
Typhimurium, (c) L. monocytogenes.
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Figure 3. Reduction of P. chrysogenum (a) and C. albicans (b) on Korean rice cake
treated with plasma activated water (PAW) or distilled water (DW)

@ PAWS] pH &3}o] theh ®Fo] Hol Mo mAlEo] A a3t =<l

e PAWS} 22 pH (pH 2.5)% Z=dd HCl &Yooz Hio] S sty EX W&
Al =S ¥laglon, 102 AYE A<l PAW A27F HC ARt HiFo| 9
o] Bz v E A3 B} FolF oz =3k (Fig. 4, P < 0.05).
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Figure 4. Reduction of mesophilic aerobic bacteria on Korean rice cake treated
with plasma activated water (PAW) or HCI solution

e PAWS} 22 pH (pH 2.5& =HH HCl &40 = Hio] HS st HAAd mA
E(Escherichia coli O157:H7, Salmonella Typhimurium, Listeria monocytogenes) # 3l
AEE Hlwgh AHgAzre]l &< v, 1 log CFU/g 9 =tol7F AL (Fig. 5).
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Figure 5. Reduction of foodborne pathogen Korean rice cake treated with plasma
activated water (PAW) or hydrochloric acid (HCI, pH 2.5); (a) E. coli O157:H7, (b)
S. Typhimurium, (c) L. monocytogenes.



@ PAW Aglst 71 A=A HEo| WAl waEe] Aa| &3 el

o Jotd2tIEE FANaCIO; 0.2 ppmIOE H¥o] Hg 108 £ AR L o
3 vy ol o 14 log CFUg A=I9g. 2& 4 AzrelA PAW Ao =3
MAE A EdE GoldAAPES §9 HY ok FOHoE we (Fig 6 P
< 0.05).
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Figure 6. Reduction of mesophilic aerobic bacteria on Korean rice cake treated
with plasma activated water (PAW) or sodium hypochlorite (NaOCI, 0.2 ppm) or
distilled water (DW) for 10 min

Ao AU EF &ANaCIO; 0.2 ppmez Hirol HE 108 5 Agsisle o
HAA wAE(E coll 0O157:H7, S Typhimurium, L. monocytogenes)] <F 1.5 log
CFU/g A= Ae. 2L Al AlZtolA PAW 2ol HUA vAE A3 &3rt 2
oA EF & A Bo FoHoE w}aFig 7, P < 0.09.
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Figure 7. Reduction of foodborne pathogens on Korean rice cake treated with
plasma activated water (PAW) or sodium hypochlorite (NaOCI, 0.2 ppm) or distilled
water (DW) for 10 min; E: E. coli O157:H7, S: Salmonella Typhimurium, L.

Listeria monocytogenes.

@ PAW Hel7l ®igo] we| ojslety SAle] wx= Ja
@ A Akl WE PAW A % wo] Ho| A A
e PAW A3 HiFo] He| A&, A%, I¢3 pHe

o) A%, A%, 283 pHet folHQl Aol & Hol
Table 1. Effects of plasma-activated water (PAW) treatment on the color, pH,
and firmness of Korean rice cake

DH =4
A 23 o] H(thx)
3 9}%(Table 1; P> 0.05).

&o o[N H'T

Treatment time (min)

PIT W -treated DW-treated
10 20 10 20
I=* 78.2 = 0.4a 77.1 = 0.9a 77.1 = 0.5a 77.1 = 0.7a
a* -1.4 = 0.1a -1.6 = 0.2a -1.6 = 0.1a -1.5 = 0.1a
b 6.9 + 0.2a 6.3 = 0.4a 6.3 = 0.6a 6.2 = 0.5a
PH 7.1 +=0.0a 6.9 = 0.3a 6.9 = 0.2a 7.0 = 0.1a
Firmmess (kg) 2.4 £ 0.2a 2.3 = 0.2a 2.4 = 0.2a 23 += 0.2a

@ WAz el WE PAWS & - 383 B4 24

e PAWS] pHe Eg=ul W Algbo] AulE o] &3t 5, 10, 15, 183 20802 A
2§ PAWE AgAzte]l AodsE HAstA o H(Fig. 6, P < 0.05), ¥ PAWS
ORP$} electrical conductivitys Z7}8+93S (Fig. 8)
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Figure 8. Effects of plasma treatment on the pH (A), oxidation-reduction potential
(ORP) (B), and conductivity (C) of plasma-activated water

(1) Lab scale Zet2up=PAW) FAAE AL3 IARE SHHAHAANEY] 3 A =4
34
(D Lab scale Ze}znt A9 Zgtzn &A% w5 =4 2 3
e PAW ZA4F9 w59 #2 AgAzted g mAdE 534E nf
A rS AASE Aol 2%
o AN WE PAW Ul BHE BT BA
- AN o] Ao]A+E pHE A&EFH o7 7443 (Table 2)
- ANzl AAAFE BE A EO; , NO, N0 »=71 Z7beh, 4023 60
oA+ %< 2o]E Ho|A &L (Table 2; P> 0.05)

F



Table 2. Concentrationa of reactive species of plasma treated water

Treatment _ -
, , pH O3 (mg/)  H,O, (mg/) NO,” (ppm) NO;  (ppm)
time (min)
0 5.53 =+ 0.00 £ 0.00 = 0.00 £+ 0.08 £+
0.27 0.00 0.00 0.00 0.04
20 2.83 £ 0.00 £+ 0.09 £+ 3.99 + 160.53 =+
0.04 0.00 0.01 2.07 23.05
0 5.38 £+ 0.00 + 0.00 = 0.00 = 0.08 £+
0.10 0.00 0.00 0.00 0.04
40 2.55 + 0.00 + 0.16 + 13.03 =+ 316.60 =+
0.01 0.00 0.05 0.87 0.18
0 5.62 =+ 0.00 £+ 0.02 £ 0.00 £+ 0.08 £+
0.29 0.01 0.04 0.00 0.04
60 2.22 + 0.05 =+ 0.15 £ 12.84 =+ 498.79 +
0.27 0.09 0.08 6.01 34.83

? Mean value =+ standard deviation

gAZE =24 AHRS FAsE 49 20 mint A= pHE 3 o|3tE UgrtE A
o] AFENoH, HETFF ofdstdy Hibdo] BF Vst O FAAE A4k
ol F7F £&57F O wWE AL s BYs wo A4k o] s Hom A
gl AlZke] 7 #Aue Aol e WAL 20 o2 AHEs PAWYE /M &3
Zolgt & F A

@ PAWE o] &7 H¥o] Holxel Az weny 3
@ WA wE PAW M2 I €Ro] woxe] nyE A8 & el

PAW Az A @FAAIZro] 584 30802 Zojd 42 PAWE A A3 wHo] ¥
EZ nyEo A= o 1.6 log CFU/golA 3.5 log CFU/ge. 2 ooz =713
S (Fig. 9; P < 0.05).

WA AZre]l 5% 1l 1029 wl PAWE AlHE "ol He FRTE AHT H
(MzHe B vAlE AsS(eF 1.7 log CFU/@F A1 =ol&

(Fig. 9; P < 0.05).

WA AZre] 208 283 30EY ol thE WA RT W] B B3 nAE
o] Asf&o] FoHoz =2 (Fig. 9 P < 0.05)
9 A¥e nigoz WMgEHE

e olgste B mdE A =24 HAHSE A
o _
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Figure 9. Effects of the plasma discharge time on the inactivation of indigenous
mesophilic aerobic bacteria in rice cake by plasma-activated water treatment

e PAW A= Al WA Al7to] HiEolA] 3002 AoAATF PAWE A A ©FEo] Ho

@

coliform bacteria®] # sl ¢F 1.3 log CFU/goll Al 2.2 log CFU/ge. 2 Feldo =2 F7}
3 =(Fig. 10; 2 < 0.05).
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Figure 10. Microbial reduction of coliform bacteria on  Korean rice cake

subjected to PAW treatment on various plasma discharge time.
9l Ade HRCoZ coliform bacteria B fslin| &S] Ad =1 HHSE T W
A AN 20802 AAAS.

A8 ol & PAW A2 & HEo] HoAe] nAE A ax &<l

PAW MZH A ®Eo] Ho] 8gFo] 318 gollA 238, 158, 1&]lal 80 go & AT o
o]l Heo] B3 mAEe] A HErE oF 2.0 log CFU/gollA oF 2.7, 2.9, 181
3.1 log CFU/ge.2 frej& o2 F7tatdw(Table 3; £ < 0.05).
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Table 3. Effects of the weight of the rice cake on the inactivation of indigenous
mesophilic aerobic bacteria in rice cake by plasma-activated water treatment

Weight of rice cake Microbial reduction
(g (log CFU/g)
80 3.1+0.2a
158 2.9+0.3a
238 2.740.2a
318 2.0+0.3b

? Mean value =+ standard deviation

e 80-318 go] HEo] Wo PAWE Azt 23}, ¢F 1.3-2 log CFU/ge] coliform bacteria
o] Aslge myomn, 80, 158, 238 goll Ao H7s & H=s}t 2 log CFU/gS] Hl%:
g FES BolH, fFoHoE xolF HolA &3 (Fig, 11; P > 0.05).
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Figure 11. Microbial reduction of coliform on Korean rice cake subjected to PAW
treatment on various mass.

9 A¥S vlg o E coliform bacteria 2 vy ES] A2 =1 HAHIE A% AE
o) < 80 go= ARFAL.

MG EH RN o83kl PAW EX04E A3 HA A 21 AF
e HERARAYS o] B3lo] PAW A2 27 HAs AWe Eo] 29E HH AL
WA AZE 287 B, AlF AZE 29 B, W¥o] Wl g 1555 golglor], d2H B3

+ 3.2 log CFU/go] 3.

=
o,
i
)
o
ol
Ty



Hiol e B2 mAE Ao FPL FE WEE WA AN o) e g

e
)
_>‘.L'
o
\1

S o] g3l AEHE A7 PAW Haiu|¥E A& a3 A=

mHo] Weol 9o QS v|YE P chrysogenum & °F 2 log CFU/g 2] mAE A& &
5 RolH DW A&l Tr«] o2 zolE BPOom(Table 4; P < 0.05), C. albicans
+ 1 log reduction €ojyrom, DW A2} Fo]H oz zpo]E HolA] ekk3(Table
4, P > 0.05).

fﬂl

Table 4. Microbial reduction on Korean rice cake subjected to optimized PAW

treatment
Treatment P. chrysogenum C. albicans
Microbial DW 0.61 = 0.14 A 1.06 = 0.34 A
reduction (log
CFU/g) PAW 197 £ 0.19 B 1.00 £ 031 B

4 Mean value =+ standard deviation

Zrle] F8 JvAAEMEAY wAE;, E cof O157:H7, S Typhimurium, L.
monocytogenes)>- °F 2.2 log CFU/g <] "|AE A3 &35 Holw DW Xt 9
Z o7 zlo]lE R YS(Table 5, P < 0.05).

Table 5. Microbial reduction on romaine lettuce subjected to optimized PAW

treatment
Treatment E. coli O157:H7 S. Typhimurium L. monocytogenes
Microbial DW 091 £ 041 A 086 £ 0.15 A 0.76 £ 0.06 A
reduction
(log CFUg)  PAW 240 + 033 B 224 + 026 B 220 + 029 B

8 Mean value =+ standard deviation

@ PAW EZuAE A HA xg 2HNAe F8 uAyE A3 Az o> 6D

ARdE HAH zddA FHSF OW) A A EZ wdE9 1611%—3— 1.940.1 log
CFU/go. 2 PAW g7} DW g1t} ¢ 1.1 log CFU/g o &< A& &}
™, HCl &<, plasma *2]¥ PBS &<, 18|31 PAW A& & ‘Pﬂiol =
B9 A& ZzF 24+0.1, 2.8+0.3, 181 3.2+0.3 log CFU/gol A<

e PAW treatment®] A s &#7} HCl €98 Al A} axwtt FoHog o (PL

0.05) A3 FIH}ES HAJAW, PAW )¢} plasma AHzE PBS £HE& o] L3
treatment7} 71 A3 &3 HolA = FoAHA AolE AT 5 gl (P> 0.05)
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2 PAW A =1 o]&ste] Hio] "o Ad 47

0dzatoll 4 D.W *&] (water-treated), NaClO &< €], 18]a PAW X |3t B Eo]
Hol Ez w9 cell population Z+Z} 4.3+0.7, 3.7£0.4, 122 3.1%0.5 log
CFU/gol 3=

4 ° CollA 14d & AFAES o obF AHZskA &¥AY, D.W Az, 181 NaClo
283 HEo] "o Ex u|PEL A F cell populationo] F7}ste] A whx|ut
Yapel 14¥ o= cell populationo] Z+zt 6.5+0.3, 6.3+0.4, 12]31 6.1+0.4 log
CFU/geZ MZ {Fo& < AFolE HolA &%(P > 0.05, Fig. 12A).

PAW Aglgt "Eo] wHeo] A A ZF cell populationo] FAEHo] 14Yat=
3.1+0.8 log CFU/ge. 2 & AEEET Fodo & Fks((P < 0.05, Fig. 12A).

10 ° CollA 14Y =9 AAFUS wjol= PAWA 23+ HEo] HE A|93tal ol 27
32 gAY, DW g, 282 NaClO * 2|3 = &o] g9 cell populatione HH 3
7bste] A A mx et A9l 14Y apol+= cell populatione] Z+2F 7.1+0.3, 6.9+0.3, 1
g2 6.9+0.3 log CFU/ge.2 MZ F2o]& o]& Holx] ekgron} (P> 0.05, Fig.
12B)., PAW A g]dt HEo] W 4 ° C AFAA AT cell populationo] %3}
33+05 log CFU/ge.2 T & AIRERY FoHoz @2 e HUYF (P < 0.05
Fig. 12B).

{A) (B

Call population (log CFLVg)
Ceell population (log CFLg)

Starage time (days) Storage time {days)
Figure 12. Effects of plasma-activated water (PAW) treatment on the growth of
natural bacteria on Korean rice cake (KRC) during storage at 4 ° C (A) and 10
° C (B); each symbols indicated unwashed (@), sterile distilled water-treated
(O), NaClO solution-treated (W), and PAW treated of KRC (A). Plasma
discharge time, PAW treatment time and KRC mass were 28.7 min, 29 min, and
155.5 g, respectively.



(th) Lab scale Zt=rh(PAW) X9} W xglo] vAE A3 &3 &<
@ PAW A 2]e} 254 nm UV lamp WA 2] Al HEo] Heo| nYE A 3|
e PAW ¢} 254 nm UV lamp W3 A A, S Hs| Asf&olA Fol&Qd Zfo)
= 89 (Fig. 13 P < 0.05)
e PAW ¢} 254 nm UV lamp ¥3§x & Al, E coli 0157:H79] 3 log reductione &Al3}
#A o1}, synergistic effects YEFA] 242 (Fig. 13)
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Figure 13. Microbial reductions of £. coli O157:H7 on Korean rice cake subjected to
plasma activated water (PAW), 254 nm UV lamp and its combination treatments.

@ PAW A gle} organic acidete] Waxe] A HEFo] B nAE A 3|
e PAWS} organic acid= 2% lactic acidg AF&3t9o ™, Hio] Wo| FA X7}
A gl va) aRdoE nAAES Aofsiy, AFHAZ Fomg FEFS A
(Fig. 14)
- PAWS} 2% lactic acid ®3 A2 Al, 3 log reductione A3+ S U, synergistic
effecte UEUA &5
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Figure 14. Microbial reductions of E£. coli O157:H7 on Korean rice cake subjected
to plasma activated water (PAW), 2% lactic acid and its combination treatments



(2) Yx=p] EZ2}=u}l4 (Nano-bubble plasma activated water, NBPW) X & o]&3F 3 g
b Y= EZF22nt(NBPW) BRI S 483 WAFs SAAFAAFY rAdE As) &
74 2l
(D Prototype plasma bubble-activated waterE ©] &3+ =]
@b Plasma bubble-treated waterg ©]-&3 2 gld] HEo] HoAe] nyE A3 a3 &
&l
o AP A7k wE plasma bubble-treated water 2] Al EZ w A& A &3} s

5}
il

- Prototype plasma bubble-activated water &3]+ o3 S (Fig. 15

usiface DAD |
cletirods | EEE—
104 mil
wrfsce DED L chusiiber
Waler
Pibetlect

. =2
_I

P comtrodler D3 mr gy

Figure 15. Schematic diagram of prototype plasma bubble-activated water
treatment system

- Plasma bubble-treated water2 10% Z8]1 205 Agl:= "o "o Ez nAE
S fFoH oz AIAFNA &kS(Fig. 16; P > 0.05).

- Plasma bubble-treated water *]2]”7} bubble-treated water(th &)Xt} 403} 60&
oA HFEo] wWo Ex nAE A3 &7} =ha(Fig. 16; P < 0.05).
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Microbial reduction {log CFU/sample)
Lk

Treatment time (min)

Figure 16. Effect of plasma bubble-treated on the inactivation of mesophilic
aerobic bacteria on Korean rice cake

e x}E|A|Zte| wE plasma bubble-treated water 2] Al 3NV B E(E coli O157:H7)<]
Al &3 &l

- WHo] Wo| Zgtznl W& AHg A, 3 log reductions gAst= AL &3 (Fig
17)

- Fg&Eu HE AP A, odlo] Wil HE] FolFQl xol7t s s ST &
< (Fig. 17; P > 0.05).

Reduction (log CFUQ)

—a— Plasma bubble
—— Air bubble

T T T T
0 10 20 30 40 50
Treatment time (min})

Figure 17. Microbial reductions of E£. coli O157:H7 on Korean rice cake subjected
to plasma bubble treated water and air bubble-only treatment

o g A7t wE plasma bubble-treated water 2] Al &2 Ysiu| W E(E coli
O157:H7N <] A& &3 el
- ARGFOAAE olo] we] Ws) Felxel wiel AAHOR vgEe] HBIE



& 4 d=(Table. 6)

Table 6. Comparison of the populations of E. coli O157:H7 between plasma bubble
or air bubble treated distilled water

. . Treatment
Treatment time (min) = bubble (og CFU/M) _ Air bubble (log CFU/mD
10 153 + 0.50° 472 + 0.10
20 145 + 0.64 449 + 0.42
30 130 + 0.52 456 + 0.09
40 130 + 0.43 435 + 0.22

4 Mean value = standard deviation

- Z22u HE AHY= AFFAHANA vAE FHAAES FHE Y ARRSE eE A

e

@ Plasma bubble-treated water7} H¥o] Heo| &2 EAo)] nx= I
o X2 Azto] wE plasma bubble-treated water xg] ¥ miro] ®o] A% pH =
- Plasma bubble-treated water= 60 A& A &3t HEo] Ho| Ao FF&
] X A] FSkS-(Table 7, P > 0.05).

Table 7. Effects of plasma bubble treatment on the color of Korean rice cake

Treatment time (min)

Untreated Plasma-hubble-treated Bubble-treated
10 20 40 60 10 20 40 al
77.0 = 76.7 = 75.9 = Bl TiI3+ 755+ 7T69= 76.9 =
L* 76.6 = 1.7a .
0.7a 13a 2.6ab 1.0b 1.9a 0.%ab 0.8a ¥5a
21 = 22+ 22 £ 22 20£ 21 -22= -19 =
a* 2.0 = 0.1a
0.0a 03a 0.1a 0.2a 0.1a 0.2a 0.1a 0la
5.8 = 56 = 57+ 63 .+ 3T £ 57 = 56 = 5.6
b* 58 = 04a - " =
04a 03a 0.5a 0.2a 0.5a 0.5a 0.4a 03a

() YewBEe2olaNBPW) AXE A48 WARE SA4ANF A4 He =4

_4

@ NBPW (ver.1) & ©l&3% g dAetvg mAd= A &3 &<l
@b AZAIZHG, 10, 20, 30i)el wE NBPW 2] & Higo] Hojxeol mAs As| a3}
<l

o U EZg=2r5(NBPW; ver. 1) ZX+= o437 2-3(Fig. 19)



Figure 19. Schematic diagram of (a) nano-bubble plasma activated water treatment

system and (b) applied plasma source (ver. 1)

e 30% &% A3 NBPW=E =S AlHsAS o, 308 =<k AH3 =l &
2 M= Al B=7F 7 E=3ks(Table 8).
Table 8. Effects of the washing time of nano-bubble plasma activated water of
the inactivation of indigenous mesophilic aerobic bacteria in romaine

Washing time

(min) 5 10 20 30

Microbial reduction

(log CFU/g) 0.3 0.2 0.4 1.0

e 30% ¢ A3 NBPW= =2u|dls AlAstdS o, g A g Asind=(E
coli O157:H7, S Typhimurium, L. monocytogenes) As|&E3t= Fo)z o2 xto]7} 9l
A=(Table 9; 2> 0.05)

Table 9. Microbial reduction on romaine lettuce using plasma nano-bubble water
on various treatment time

Treatment time (min) E. colf O157:H7 S. Typhimurium L. monocytogenes
Microbial 5 1.81 £ 0.12 Aa 2.06 £ 0.12 A 0.82 = 0.42 A
reduction 10 1.61 £ 0.17 A 1.72 £ 0.37 A 0.94 £ 0.56 A
(log 20 1.68 £ 0.13 A 1.59 £ 0.46 A 0.90 £ 0.58 A
CFU/g) 30 1.68 £ 0.19 A 1.79 £ 0.30 A 0.91 £ 0.52 A

4 Mean value =+ standard deviation

@ i€ NBPW (ver.d)& ol&3 A7 dtved A= A3 &3 &<l

Pl

=2 A



A Zke] w2 NBPW H2le] mAE As) &3 3l
u}

£ NBPW A2) & HBo] gojxe] naZ As) &3 5l

- AdE Y EEet2nk(NBPW; ver. 3) ZX = o3 Z5(Fig. 20)
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Figure 20. Schematic diagram of improved (a) plasma sources and (b) nano-bubble
plasma activated water treatment chamber (ver. 3)

- "

N4

=

o

-

o] Wzt& goldtA 3w, NBPW A% Al head space & Z4st= Weko g

- Distilled water2 M gl& w] Rt} NBPWZ A& & w] Hio] Ho Bz v E
Asl =7t =3ka(Fig. 21; P < 0.05)

- YW EZgzu Xg Al B Agbe] 408 wiET 608U w HFo] Heo] Bz
nAdE Al A=7F 7 =9ka(Fig. 21, P < 0.05)

35

30

Microbial reduction
{log CFU/g)

05 4

oo

254

20 4

Aa
Ab
1
B
T
Distilled water %0 80
Discharge time

Figure 21. Effects of the discharge time of nano bubble plasma water of the
inactivation of indigenous mesophilic aerobic bacteria in rice cake

- Y EEet2nt A Al 3 Azro] 40EY Rt 60EY W "ol " HF



o

AsimB= Al Z=7F 7 =k=(Fig. 22; P < 0.05)
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Figure 22. Microbial reductions of foodborne pathogens on Korean rice cake
subjected to nano-bubble plasma activated water (NBPW) treatment within different
discharge time; (a) £. coli O157:H7, (b) S Typhimurium, (¢) L. monocytogenes.

o WA Ao wWE NBPW A & Zulo Ao nyE A &z &9l

- Distilled water2 A3 S w] Bl NBPWE A HFHPS uf 2w¢le] B3 nyE A
3l A=7F =4 (Fig. 18; P < 0.05), 608Y w Zrde] Ex mYE A3 Hxr}
7+ =kS(Fig. 23; P < 0.05).
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Figure 23. Effects of the discharge time of nano bubble plasma water of the
inactivation of indigenous mesophilic aerobic bacteria in romaine

A

- 3 ARbe] 60wY W ZHI/le] HFI HAsin|AAE (B col O15T:H7, S
Typhimurium, L. monocytogenes)el 7+ &2 A3l&<S B (Fig. 24; P < 0.05).
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Figure 24. Microbial reductions of foodborne pathogens on romaine lettuce
subjected to nano-bubble plasma activated water (NBPW) treatment within
different discharge time; (a) £ coli 0O157:H7, (b) S Typhimurium, (c) L.
monocytogenes.

- Zohzrt HAAIZE] 602 € A, mAE #BARC M =2 AsiE
2, NBPWA 2] B3k 608z 249

filo
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A A zre] = NBPW Al wAE A& &3 &9l
A A 7ro] w2 NBPW X8 & mEo] "o nWE A &3} 3l

- GFol "ol NBPW A& Al B A HAIZEel A DW Aol vls) B2 vl
ojHq oz Ao (Fig. 25 P < 0.05, NBPW gl Al, HgAgte] ©E A3 &2
FolH oz 74 (Fig. 25 P < 0.05)
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Figure 25. Effects of the washing time nano bubble plasma water of the
inactivation of indigenous mesophilic aerobic bacteria in rice cake

- H¥o] wo] NBPW Ag] A, =& AHAZ oA DW Ao Hlaf fafu| &S
olz1 o2 Ao} (Fig. 26; P < 0.05), NBPW A& Al, Azt W& As)&2
oAl ztol7t flsls (Fig. 26; P> 0.05)
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Figure 26. Microbial reductions of foodborne pathogens on Korean rice cake
subjected to nano-bubble plasma activated water (NBPW) treatment within
different washing time at 60 min discharge; (a) E. coli O157:H7, (b) S
Typhimurium, (¢) L. monocytogenes.

o A A7t WE NBPW g & ZueloAe nyE A &7 g9l

- 2ule] NBPW A& A, BE AHAZTA DW A vls| B2 vgES fo
Ao=g Aoyt (Fig. 27, P < 0.05), NBPW g Al, A Azt & A3)&2

frel Al Zpol7b s (Fig. 27; P > 0.05)
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Figure 27. Effects of the washing time of nano bubble plasma water of the
inactivation of indigenous mesophilic aerobic bacteria in romaine



- 2o NBPW A8 Al, E A2 A7 el A DW Aol nls] Ssiv|dES F2F
o8 Asgo (Fig. 28; P < 0.05), NBPW g Al, HgAztel] w2 A& &
oAl ol7l §1oS (Fig. 28; P> 0.05)
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Figure 28. Microbial reductions of foodborne pathogens on romaine lettuce
subjected to nano-bubble plasma activated water (NBPW) treatment within different
washing time at 60 min discharge; (a) £ colii O157:H7, (b) S Typhimurium, (c) L.
monocytogenes.



(3 =& U A Zat=vl(In-package cold plasma)@x]| & o] &3 X g?
P A=3Ee] Ay 21135 mm) £ o Zk=v} @AY AX](large gap-in-package cold
plasma (CP)) AHIE o] &3 H& A =1 g9
O Large gap-in-package CP A& & o|&3 A& Ievy g5 9 HZH3
@b Large gap-in-package CP @] ®Eo] Hol|x e EZ nAPE A ai <l
o WI7ke] ATk 1G5 mm) A o EZ2kznp @A) AX|(arge gap-in-package cold
plasma (CP)) Avl& v Za(Fig. 29)

Figure 29. Schematic of the large gap-in-package cold plasma treatment system

e Large gap-in-package CP #]2] % shakinge H¥o] "eo] EX nmyEo A& oF
1.0 log CFU/g & 7FA#=(Fig. 30; P < 0.05).

e ZF Ul HF HAAE WFE T A ALY olF ddolMe Large
gap-in-package CP A& ol shakings st= Ao ® ZAASH o™, 8 Z shaking
o] gol&lA ol FANEE EAA SIHI} AR electrode 7+ AdE 05 cmE 1A
39 =(Fig. 30).
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Figure 30. Effects of shaking the rice cake-containing package during the large
gap-in-package cold plasma treatment on the inactivation of indigenous aerobic
mesophilic bacteria in rice cake by the treatment



e Large gap-in-package CP A2 A|Zlo] 1&o|A 3Eo 2 F7IE u ©Eo] ¥o] ExF
n g A& F7FeFHS(Fig. 25 P < 0.05). 3HARF 38, 4%, 183l 5ElA
B2k =9 A& FoAR] ztolE HolA dsk&(Fig. 31 P> 0.05).

e o] % o)A & Large gap-in-package CP A ] AZt& HEFEo] He EX nAE9
A &o] e or FOHA 7HE #2 Al 3R R AR Pt E.
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Figure 31. Effects of the large gap-in-package cold plasma treatment time on the
inactivation of indigenous mesophilic aerobic bacteria in rice cake

e Large gap-in-package CP A gl& X7 W "ol "o X & th33 Zo] 2R
< (Fig. 32)

i
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Figure 32. Description of packaged rice cake in a polyethylene terephthalate
container subjected to large gap-in-package cold plasma treatment

e Large gap-in-package CP A& ¥4 ) ¥o] We| 9)x9} Auglel B2 wAE
< TYstA A3AIFH =(Table 10; 2 > 0.05).



Table 10. Effects of large gap-in-package cold plasma treatment on the
inactivation of indigenous mesophilic aerobic bacteria in rice cake at the designated
positions in the container

Sample (Numbers designated in Fig. 3) Microbial reduction (log CFU/g)

1 1.0+0.3a
0.9+0.3a
0.9+0.1a
1.0+0.3a
0.8+0.1a
0.9+0.0a
0.9+0.1a
1.0+0.4a

0 3 N L W

e Large gap-in-package CP *|&] A] ;‘L_XOF W g Xo] Wo] J7) 47) 18|31 87 Y
B2k mAdEo A& FYAA Zol7F gl oK Table 11; P > 0.05) H3Fo] Ho)
12 "ol EZ vAES] A&l FoHo = WEoks(Table 11; P < 0.05).

Table 11. Effects of the number of pieces of the rice cake in the polyethylene
terephthalate container on the inactivation of indigenous mesophilic aerobic
bacteria in rice cake by large gap-in-package cold plasma treatment

Number of samples Head space volume to sample volume ratio Microbial reduction
(pieces) P p (log CFU/g)
71 1.9+0.1a
8 3:1 2.0+0.1a
12 21 1.4+0.1b

e 9lo] HYES EUE large gap-in-package CP A #le] HA z=xde 7 AL 25
kV, A2l Azt 3%, A2l F shaking &Y, A AW FH electrode 7] Az
0.5 cm, 182 HEo] Hol /4 SME AAHZAL.

o 274 H large gap-in-package CP A& & Z7A CP A+ HEo] Ho| HEH
Salmonellag 1.4%0.1 log CFU/g AajAIzom, HA A Z7o| 4 shakingdtA] 23k
S o] go] o] HZFH Tulane VirusE 0.5+0.1 log PFU/g A | Al A&

 Large gap-in-package CP * 2|7} H¥o] "o Mzof vX= YT

e Large gap-in-package CP #* 2] % shakinge HEo] "o A& WA 7R LU=
(Table 12; P > 0.05).



Table 12. Effects of the shaking of the rice cake-containing package during large
gap-in-package cold plasma treatment on the color of rice cake

Treatments L* a* b*
Untreated 74.7+0.8a -1.6+0.3a 7.3+0.4a
111\1‘1’;" 74.540.92 1.6+0.3a 7.3+0.42
CP-treated shaxing
Shaking 74.5+0.8a -1.6+0.2a 7.0+£0.5a

e Large gap-in-package CP A2l A2 Alxtol] A#gle] HEo] HO MEE WA
7)1 A ekkS(Table 13; P > 0.05).

Table 13. Effects of the treatment time of large gap-in-package cold plasma on
the color of rice cake

Treatment time (min) L* a* b*
0 74.7+0.8a -1.6+0.3a 7.2+0.4a
1 74.7+1.2a -1.3+0.1a 7.1£0.3a
2 74.9+1.4a -1.5+0.2a 6.7+£0.5a
3 74.5+0.8a -1.6+0.2a 7.0+£0.5a
4 74.1+1.4a -1.5+0.2a 6.8+0.3a
5 74.0+1.0a -1.6+0.2a 6.8+0.5a

e Large gap-in-package CPA2l= =& Wl 2Fo| $A¢} Aagle] Yol Ho| M=
£ W3 TIA F3k(Table 14; P > 0.05).

Table 14. Effects of large gap-in-package cold plasma treatment on the color of
rice cake at designated positions in the container

Untreated CP-treated
Sample L* a* b* L* a* b*
1 74.5+1.8a -1.6 £0.1a 7.44+1.7a 74.4+0.5a -1.540.1a 6.7+£0.3a

2 74.2+1.1a  -1.6 £0.1a 7.0+2.3a 73.6£1.0a -1.6+0.1a 6.2+0.6a

3 74.3£19a -1.6 £0.1a 7.2+ 14a  73.1+1.8a -1.6+0.1a 6.1+0.4a
4 74.2+0.8a  -1.740.2a 7.0+1.2a 73.0+1.0a -1.5+0.1a 5.9+0.4a
5 73.9+1.1a -1.7 £0.2a 7.0+1.1a 73.2+1.6a -1.540.1a 6.6+0.4a

6 73.9£0.9a -1.6 £0.2a 7.2+1.3a 73.1+£0.9a -1.5+0.1a 6.3+0.7a

7 73.8t1.5a  -1.6£0.1a 7.3+2.0a 73.3£1.1a -1.5+0.2a 6.2+1.2a
8 74.8t1.4a  -1.6£0.1a 6.8+2.0a 74.3+£0.9a -1.5+0.1a 6.8+1.0a




e Large gap-in-package CP gl Z4 Wl HIho] Bl 7)ot Aagle]l Hito] B2
A5 WA 71X &kS(Table 15; 2 > 0.05).

Table 15. Effects of the number of rice cake on the color of rice cake treated by
large gap-in-package cold plasma treatment

Number of samples

(pieces) L* at b*
Untreated 74.7£0.8a -1.6+£0.3a 7.2+0.4a
73.9+1.0a -1.7+0.1a 6.9+0.3a
CP-treated 8 74.5+0.8a -1.6+0.2a 7.0+£0.5a
12 74.0+1.1a -1.4+0.1a 6.9+0.7a

W) =4 § Z8=ul @A AA(in-package cold plasma, IPP) ZB] S o] &3+ T Ho] o
Bz nAE AAE 93 HH My =0 g9
@ PP A2 E o]&% A Fetvy gy 2 HAH s
@b IPP A gloll "ol Hoxel EX wmAE A5 a3 <l
e [PP A7 AX|o st =4 =+ figure 333 &

170
FEL]

£

Figure 33. Schematic diagram of in-package cod plasma treatment system

o PP XA A2 AIEE HFo] He| B nAdle Adjdd ¥Fs FA d3ka(Table
16; P > 0.05).



Table 16. Effects of the in-package cold plasma treatment time on the inactivation
of indigenous mesophilic aerobic bacteria in rice cake

3

Treatment time (min)

Microbial reduction
0.6+£0.1a 0.6+£0.2a 0.7+0.1a

(log CFU/g)

=1 O
S

e PP a4 Az AzZre wWRo| wWeol osiu R (coliform bacteria) Aso]
F2] kok-e(Table 17, 2 > 0.05).

Table 17. Effects of the in-package cold plasma treatment time on the

inactivation of coliform bacteria in rice cake
Treatment time (min) 3 5 10
Microbial reduction
0.50+0.42 A 0.76+0.52A 0.79+0.40A

(log CFU/g)

o olF APeIME PP A AHE 7Hg FE AR 3Bom AR A

« PP AT A x4 W) AFo] HlE&S AASA FAEAN TAA 277t HotH e o
HHo] Bzt nAlEo] Al Hrl felHor F71sdS(Table 18; P < 0.05).
Table 18. Effects of dimension of container on the inactivation of indigenous
aerobic mesophilic bacteria in rice ckae by in-package cold plasma treatment

14 x 20

Dimension of container
) 21 x 23
(width x depth; cm)

Microbial reduction
0.6+0.1b 1.2+0.2a

(log CFU/g)

o [PP AEA A7 AP HiFo] Ho EXR wA= Ao d&F< FA Ft=(Table
19; P > 0.05).
Table 19. Effects of the in-package cold plasma treatment power on the inactivation

of indigenous mesophilic aerobic bacteria in rice cake
Treatment power (W) 20 60 80
Microbial reduction
1.2+0.2a 1.3+0.2a 1.2+0.2a
(log CFU/g)




(th In-package cold plasma (IPP) x5 ©]&3 HFo| B nAE(EZR A, EZF
A5, Bacillus cereus spores, E. coli O157:H7, Penicillium chrysogenum) A& 9|3+
HZA A =4 &4

@ PP A& o] &% A Fepvy gy 2 HHs)

@ IPP Ao @2 gxo] g 2d¥ E. coli O157:H7 A3 &z} <l

o [PP *8] Z"o] 10 WollA 30 W= ZF71e v "Eo] Ho] £ coif O157:H72] A 3| &
T SVl e(Table 21; P < 0.05). kAR 30 W<} 50 WellAl E. coli O157:H72] A 3|
&2 oA Aol & HolA Ft=(Table 21; P > 0.05).

Table 21. The effects of the in-package cold plasma treatment power on the
inactivation of £. colfi O157:H7 in the Korean rice cake by the cold plasma

treatment
Microbial reduction
Power (W) (log CFU/g)
10 1.0 £ 0.1 ¢
30 1.6 £02b
50 1.6 £ 040

o 0]F AFNAE PP Al AgS o] Wo| £ coli OI57:H79] As| o] fFojFo
2 =omA 71 e AEg 30 WE AAse AYPstES

e [PP X &] 5 shaking& H o] Weol £ colf O157:H7 As] Fxol JFS FH &t
(Table 22; P > 0.05).
Table 22. The effects of shaking the rice cake-containing package during the
in-package cold plasma treatment on the inactivation of £. coli O157:H7 in
Koreanrice cake by the treatment

Microbial reduction

Treatment (log CFU/g)
Non-shaking 1.6 £+ 04 a
shaking 14 £ 0.1 a

e IPP A Fol shakinge &4 &+ o= AAsA+.

o [PP g Al7to] 3ENA 4R o2 =718 w HHo] Wo| £ coff O157:H79 A=
7Vt &(Table 23; P < 0.05). 3FAIWF 483} 5&o)A E coli O157H79] A3 &<
o7l o] 2 Kolx| 9Fgke(Table 23; P > 0.05).



Table 23. The effects of the cold plasma treatment time on the inactivation of E.
coli O157:H7 in the Korean rice cake by the in-package cold plasma treatment

Microbial reduction

Time (min) (log CFU/g)
3 1.6 + 02 b

22 £ 0.1 a

5 20+ 02 a

o o|F APolM= PP A2l AIRbE HFo]l "ol £ coli OI5T:HT9] Adfj&o] o2
2 oA 7H & ARl 420 ® AAst] &S

o [PP 8] A] & A& o] nylon+LDPE 18|13l nylon+PPY W, E coli O157:H72] A3}
AE7F FolH oz =Z9ka(Table 24; P < 0.05).

Table 24. Effects of packaging materials on inactivation of £ coli O157:H7 in the

Korean rice cake by the in-package cold plasma treatment

Number of
samples LDPE PP Nylon+LDPE Nylon+PP
(pieces)

Microbial
reduction 20+ 0.10b 19 £0.1Db 22+ 0.1 a 23+ 02 a

(log CFU/g)

o o]F APolM= 2 Ade HFel " £ coli OISTHTS] A &o] frofHo=
EowA Hio] © xAe| A8H= LDPE A& I3 nylon+LDPEE ZAA 3%

[e)

= .

o [PP A2l A & U AF9 v &E A FASIHA AR Z71E S5 S
W wxol We] £ coi O157H7S A AEE §912el 2o/l 9ole(Table 25; P
> 0.05).

Table 25. Effects of dimension of container on the inactivation of £ coli O157:H7
in the Korean rice cake by the in-package cold plasma treatment

Dimension of container
(width x depth; cm)
Microbial reduction

(log CFU/9)

11 x 20 14 x 20 17 x 20

22 +£0.1 a 22 +£0.1 a 20+ 02 ¢

o [PP A A % W "ol Wel 77t 57 28l 8/l wi E. coli O157:H7¢| A



ge FoAel xto)rb gl ok (Table 26; P > 0.05), ® o] Ho] 1170 147) &
wo)= E coli O157:H72] As)-&o] fojz oz ke (Table 26: P < 0.05).

Table 26. Effects of the number of pieces of the rice cake in the nylon/LDPE
pouch on the inactivation of E. coli O157:H7 in the Korean rice cake by the
in-package cold plasma treatment

Number'of samples Head space volume to sample volume ratio Microbial reduction
(pieces) (log CFU/g)
5 11 :1 23+ 0.1 a
8 71 22 +0.1 a
11 5:1 20+0.1b
14 4 :1 1.8 £ 0.1 bc
olF AFolMe T W HEe] B JNFE HEo] B E coli O157T:H7¢] Asj &0l
oA o2 womA 7P B2 /) /M2 AAs A

IPP X2 & 4° CollA 1 h 283 24 h ARAPYS v A =& 39X Y 71~ F77}
No(%): COxA%) = 50: 50 (Gas DI 745 HEo| ®we| E colif O15TH7 A& <F 1
log cycleZ2 O-& 7}~ S/} E coli O157TH7 A3 AEE vl B2¢S w 723
o 2 Jors8(Table 27, P < 0.05).

AxA F¢H W 7t FFIF 04%): COA%) = 70: 30 (Gas 2)¢ o PP A7 *
4° CollA 1AI1ZF B9t AFL WEo] "ol oAdH £ colf O157H7S CP A8 & A%
1A &gkS wrt Ao T AsHPon, ard wRTE E coli O157:H7 A3l
37 =95(Table 27, P < 0.05).

25° ColA 1AIZE B¢ AR o 7t S/ ©E "EFol ¥ E coli O157:H7
Al B=el ztol7b YUMAIRE, 2441 AZPE o Gas 13 Gas 22 E4H HFo)
WA= E coli O157T:H77} A7AstA] edk=(Table 27; P < 0.05).



Table 27. The effects of in-package cold plasma (CP) treatment on the growth of
E. coli O157:H7 in the Korea rice cake during stored at 4 and 25° C in different

gases.
Storage Post-treatment storage
tempera  Treatments 0 h 1h 24 h
ture (gas) Cell population (log CFU/g)
(®)
Untreated 53+ 03 Aa 5.7 £ 03 Aa 5.5 £ 0.1 Aa
CP treated
3.6 £ 0.3 Abc 35 £ 03 Ac 3.5 £ 04 Ac
4 (Air)
CP treated
42 + 04 Ab 42 + 0.2 Ab 46 + 04 Ab
(Gas 1)
CP treated
34 £ 0.2 Ac 2.8 + 0.3 Bd 3.1 £ 0.4 Be
(Gas 2)
Untreated 53 £ 0.3 Ba 54 £ 03 Ba 75 £ 02 Aa
CP treated
3.6 = 0.3 Bbc 3.8 £ 0.2 Bb 59 £ 02 Ab
75 (Air)
CP treated
42 + 0.4 Ab 4.1 + 0.3 Ab 4.8 + 0.2 Ac
(Gas 1)
CP treated
34 £ 0.2 Ac 3.7 £ 03 Ab 3.7 £ 0.3 Ad
(Gas 2)

e 99 HAES EUE IPP A HFH =1 A AY 30 W, A ARt 48, =3
A& nylon/LDPE, =& =7] 14x20 cm, 181 H&o] o] /4 M= AARI}AL.

B AAE HF A7 oA HEo] B vAE (B M+, EF A7, B cereus
spores, E. coli O157:H7, P. chrysogenum) A3l &<l

o AX = PP g HA ZAANA CP AHeglv "HEo] "o =% E coli O157:H7, E&+
Mo 28l Bz JAF/7E 27 2.2+0.2. 1.1+0.2, 28]32 1.0+0.1 log CFU/g A3l
Ao, P chrysogenum, B. cereus sporesx= 2+z} 2.2+0.3, 1.4+0.1 log spores/g
(Fig. 34).
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Figure 34. Inactivation of Indigenous aerobic mesophilic bacteria, yeasts and
molds, Bacillus cereus spores, Escherichia coli O157:H7, and Penicillium
chrysogenum in the Korea rice cake by the in-package cold plasma treatment.

(b In-package plasma (in-package cold plasma, IPP) &z ¢} WA el mAgE A3 &

3 8l

@ IPP A g]2} 254 nm UV lamp W] Al HEo] Heo| A& A 3|
e PAW ¢} 254 nm UV lamp W3l A2 A, @dA 2ol s Haliv|B= (£ col O157:HT,
Salmonella Typhimurium, Listeria monocytogenes) A& &ollA 222 zo]E Holx|

%= (Fig. 35 P> 0.05)

o A AZto] 3RA 5RO Z F71T AS, UAE ALHo

35

olN

7Vete AgS 29, (Fig
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Figure 35. Microbial reductions of foodborne pathogens on Korean rice cake
subjected to in-package cold plasma (IPP), 254 nm UV lamp and its combination
treatments within different treatment times; (a) £ colf O157:H7, (b) S Typhimurium,
(c) L. monocytogenes.

@ PP &9} aerosolized sanitizer W] Al HEo] Heo] vAE #3|
e Aerosolized sanitizer= 2% hydrogen peroxideE A}-&3+

e [PP #AH] 9} aerosolized 2% hydrogen peroxide 3§ x g Al, @5 glo] Hls] &34z o
Z "y EES A3l Fig 36)

e Aerosolized 2% hydrogen peroxide #2] 2 B3 g Al, A& Azt Fov|g FTFE
w2 erS(Fig 36; £ > 0.05).
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Figure 36. Microbial reductions of foodborne pathogens on Korean rice cake
subjected to in-package cold plasma (IPP), 2% H,O, mist or combination treatments

within different treatment times; (a) E. coli O157:H7, (b) S Typhimurium, (c) L.
monocytogenes.
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(7} NBPW #Ae] 34 w4 A4 2 wAE Ao 13

o NBPW 3|04 Zetzul wAAzs} NBPW A2 A7 34 W5 8

o Behzl PRAT] S NAYE Aol F7hshE, 60 Bol Ao Felzt

gom, Adanst 713 Eﬂrﬂ Fh=
o b WAL 60T AR

o A AIZFe] A5, 2-40 EolA F7lste A e Ho]E=E, Kinetic modeling<
O

A8 AIZE
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2 YW BEZe=nl45(NBPW) Axo] tig WA E AbE Kinetic modeling @ W&

4 BRE 3% 7ol AA
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7HA
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K
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j

(7B Nano-bubble plasma-activated water (NBPW) A 2]¢] Jafin] & AE sfelo] 23

model A4

e GInaFITS o] &3} Weibull ¥ Log linear + Tail modelS 27 3gt

- GInaFITS °]g3te] AAY F =do| g R*9} RMSE -2 Table 28% 23
- Weibull model®} Log linear + Tail model =5 R? gto] 1 o] 7}7b$-m RMSEZEe] 09

AN AL FAT 5 AE

- Weibull model#} Log linear + Tail model®] 7§ & =kol7} glou, Al84, PAEE

=2 FAME S HEl Weibull model= 27 %

Table 28. Comparison the R* and RMSE of Weibull and Log linear + Tail models

subjected to nano-bubble plasma activated water (NBPW) treatment

Weibull Log linear + Tail
Food Pathogen
R BMSE RZ BMSE

E. coli O15THT 097 £ 0.04 016 +0.15 0.97 020+ 001

[“’r:;cﬂeme 5. Typhimurium 0.98 + 0.01 0.15 + 0.03 0.98 + 0.01 0.15 + 0.08
L. monocytogenes 098 +0.01 0,15+ 003 097 £ 003 0.16 +0.10

E. coli O157TH7 099 0.11 + 0.02 098 017 £ 0.02

Romaine B i 0.99 0.09 + 0.11 0.98 0.17 £ 0.01

lettuce

L. monocyvitogenes 0.9% 0.01+001 099 + 001 0.10 + 0.09

# Mean value * standard deviation

(h) A" =do parameter A4 2 3 log reduction point (Tzy) &4



o RHYS T3l Ty #hS A7) f1sl A= ZF modeldll HEE & 4 €3 I 2
23 HEES T3] 3 log reduction point (Tzg)S T+

e log N/No= -(t/ 0/
- Weibull model®] parameters 2 Tiy &t Table 292} 2o
- Parameter & oM, ol& ol &t Ty #= &
- AE EE AE E 9 AYAE YEE S
- b, NBPW 4 A2l o= WAAZE 6023 Az 40 o= AA3
Table 29. Evaluation of Weibull model parameters of samples and pathogens
subjected to nano-bubble plasma activated water (NBPW)
Weibull
R? RMSE 8 P Taa

-~

o3&

LS = Y

Food Pathogen

E. coli O15THY 097 +0.04 0.16 £ 0.15 692 +£3.09 059 £ 058  43.01 £541

K e
jorean S, Typhimurium 098001  015+003 757+28F  073+042 3673 <278
rice cake
L. monoevtogenes 098 +001  015+003 580+043 058+019 3801 352
E. coli O157TH7 0.99 011+002 034+590 020+055 4302+620
il 5 . . 0.99 009+011 691+570 056+054 4309+ 735
lettuce
L. monocytogenes 0.99 0.01 £0.01 1.87 +1.18 036+023 40715126

4 Mean value * standard deviation

(th Y= E E&=vt Ao g vAE g FGEE 25 7tol=gkl AlA
e NBPWO| & EA¥ mAE AbE & g o=z nAE kA FRE Q3 A 7}
o=kl AA
- NFRI ¢ NBPW 54 #H7} A 852 ulgog Zalznl 6058 WA A, pH 2 o =23
gkl gt
- AAE APAAE vlg o2 HAAT 608, A AIZE 4089 3 log reductiong EA
e &gk
- kAl o] & Htg o ®E FA o NBPWE A8 749, pH 2& NBPWS] control point £
ARl o]F A&ZFHoeZ RUEH &9, randomized operationg E3 3 log
reduction®] A7} dAY=A 7153t ol& #EF

-
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Aot =54
Cell population (log
6.89 £ 049 a 6.88 £ 0.20 a
CFU/g)

| Hete W 7] AE ol oAl zZpolrh =P > 0.05)

o Aot HAZFHNBPW Az A HiFo] He| B3 vz Aot =5 482
5 vl HtS W NBPW A 2jol] wE HFo] He Ex rAE A =s 72
1 2ol 7 flA=(P > 0.05)

Microbial reduction
(log CFU/g)
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nEF e TAA EAFL, oJdF FeSH EHoz A AF AEY Fol
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B8 #2870 ofelgol Ae
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APTES S RPS AP RS

(# = .= '?"‘ = = = =
AANE= A dixat 2 Adde] RE FEo| tis] A AHheart), TH(iver), ®A+
(spleen), #H(ung), A &Kidney)S A=sl1 FHS A3t AFo 2 o] FHiaksh

@ FATH HA

e NEFES 3 A 197 A4/ 3, 10-30% COZ &% vzAA B3 dsY
oA A3 AEF RS FSuAE ethylene-diamine tetraacetic acid(EDTA-2K)
#2] = blood collection tubedl] 5 Zo] HEZE 2 EE50] 4° Co| R3] 4847t 9]
el AsdAHA77IE o]&ste] dEHeHA A&l ¥ (white blood cell,
WBC), Z&8T(red blood cell, RBC), @M ATF(hemoglobin, Hb), HIFWHEE
(hematocrit, Hct), FaiF(platelet), B+ EF&H(mean corpuscular volume,
MCV), 382~ (mean corpuscular hemoglobin, MCH), H#Z 7 dNMAFTE
(mean corpuscular hemoglobin concentration, MCHCO)E 7%+

g y3tetz AL

o BEHFHAAN AT A T dFEE YsHH AALR o] &3, YA R
Aslsty  ZAe flsted EDTA free tubeel o} table top refrigerated
centrifuge(1248R, Labogene, Lynge, Denmark)g ©]-&3te] 44 (3,000 rpm, 20
min, 4° O3ttt 29 A& A5 AstsHAAZ(FUIL DRY CHEM 35001, Japan)

g o] -3} albumin(ALB), alanine aminotransferase(ALT), aspartate
aminotransferase(AST), blood urea nitrogen(BUN), creatinine(CRE), glucose(GLU),
high-density lipoprotein(HDL),

ammonia(NHj), totalbilirubin(TBIL),totalcholesterol(TCHO), triglyceride(TG), totalprotein(TP
).uric acid (UA)S =43

A A

o = A¥AINE FHFX £SEM(standard error of mean)o.E YERI I, EAEA S
SPSS A== 13 (Statistical Package for the Social Science, Ver. 12.0, SPSS Inc.,
Chicago, IL, USA)< o|&3te Zt SA47k 119 Fo8e SHIE tgA S AASHY

A5

Q@ FoETg2v A A8 g4 AT 54 AE 29

@D ANFE L FHTA

o ZEFTIAT AHEH YEol ¥, FdF 9 AU ANEE B3I FAsta 27 A%

55 &S 23, & AdTe ST TEANA =R AEE AR
Bo & ALe #AzEZA F2(Table 30). 25731e] #&7|7F 5 SAERAZE AT
g A= g@wAdoss of fur), A AHdiarrhea), A (soft stool), =TA 7rA(decreased
motor activity), F&(edema) 52 FH4Ld & HEI A ST FEANA
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o Zgznt AgE ARY @3 Fom Q3 SAHASEE #BEHA Fe(Table
31-1 & 31-2)

Table 30. Mortality of rats in single dose toxicity of cold plasma-treated samples

Mortality (%)

Dose Number of
Sex Group i
(g/kg) animals (Dead/Total) (%)
Control 0 6 0/6 0
Rice cake 5 6 0/6 0
Male
Lettuce 5 6 0/6 0
Noodle 5 6 0/6 0
Control 0 6 0/6 0
Rice cake 5 6 0/6 0
Female
Lettuce 5 6 0/6 0
Noodle 5 6 0/6 0

Table 31-1. Toxic signs of rats in single dose toxicity of cold plasma-treated

samples
Group for acute  toxicity
Male
Control Rice cake Lettuce Noodle
Loss of fur NAD NAD NAD NAD
Diarrhea NAD NAD NAD NAD
Polyurea NAD NAD NAD NAD
Soft stool NAD NAD NAD NAD
Decrease motor activity NAD NAD NAD NAD
Edema NAD NAD NAD NAD

NAD: no abnormalities detected.

Table 31-2. Toxic signs of rats in single dose toxicity of cold plasma-treated

samples
Group for acute  toxicity
Female
Control Rice cake Lettuce Noodle
Loss of fur NAD NAD NAD NAD
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Diarrhea NAD NAD NAD NAD

Polyurea NAD NAD NAD NAD

Soft stool NAD NAD NAD NAD
Decrease motor activity NAD NAD NAD NAD
Edema NAD NAD NAD NAD

NAD: no abnormalities detected.

FIF L AW AEE B Felsu 25709
@ A5 mE AYTS s FRIA ASE A
&

TI
o= 0 pas
= —2—7}3}5— A% BAou gazTy vmste FoHd Hol(P > 0.05%
& &

Table 32-1. Changes in body weight of male rats in single dose toxicity of cold
plasma-treated samples

Male (g)
Week
Control Rice cake Lettuce Noodle
0 212.53%2380  91100+4.77 211574517  213.18+5.21
n
1 285.77£10.21 975654435 274204939  288.37+7.04
2 SI5.70£13.40 304954524  297.10+14.66  320.02+7.77

Weight gains (g) 103.17+6.98°  93.95+7.33 85.53+9.86 106.83+3.27
Values are the means =+ Standard error of mean (SEM) for each group. NS, not
significant.

Table 32-2. Changes in body weight of female rats in single dose toxicity of cold
plasma-treated samples

Female (g)
Week
Control Rice cake Lettuce Noodle
0 162.53+49.60  162.82+579  164.50+4.29  165.82+5.52
1 206.70458°  197.63+1.46  203.65+2.93  211.27+4.66
2 208.13+478°  219.03+273  227.85+236  233.37+6.81
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Weight gains (g)  65.60+6.11  56.22+5.29  63.35£2.56  67.55+5.17
Values are the means =+ Standard error of mean (SEM) for each group. NS, not
significant.

2 Fe AT Ak d2E vastel mE A
7l A BEAA Hol L SFUAF FHA WKL > 0.09E HolA

2=(Table 33-1 & 33-2)

Table 33-1. Changes in food and water consumption of male rats in single dose
toxicity of cold plasma-treated samples

Male

Consumption
Control Rice cake Lettuce Noodle

Food (g/day) 28.25+1.70°  26.55+0.35  25.82+1.62  28.43+0.81

Water (mL/day)  34.60+0.66  34.67+053  34.38+074  35.12+0.43
Values are the means =+ Standard error of mean (SEM) for each group. NS, not
significant.

Table 33-2. Changes in food and water consumption of male rats in single dose
toxicity of cold plasma-treated samples

Female

Consumption
Control Rice cake Lettuce Noodle

Food (g/day)  20.47+0.21°  19.87+0.64 20.62+0.23 20.30+0.47

Water (mL/day) 26.81+1.24  25.52+1.06 26.24+0.85 28.10+1.11

Values are the means =+ Standard error of mean (SEM) for each group. NS, not
significant.

@ Fe 3719 FF W
e FEETant AP Bl W, PYF U AW ARE ©I FoIsu 2779 B
A7 5 F 24 APT A8 AEse] 5944 20S BARIL FFS 3
& As, RE AYT Fe5H TR AIINM FU4H 223F SolF nE 34
e BAHA e AWTel A TRelA 2 A%, v, W, 9 Age]
o §oFel 2po]E Holx] ¥S(Table 34-1; P > 0.05). AT I4A FEINHE
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iz Hlwste] F8 7)ol FACAE FoFQl AolE HolA S(Table
34-2; P> 0.05)

Table 34-1. Organ weight changes of male rats in single dose toxicity of cold
plasma-treated samples

Organs Male
(g/100g of body

weight) Control Rice cake Lettuce Noodle
Liver 329+0.18°  3.25+0.07 3.29+0.15 3.25+0.07
Kidney 0.93+0.04"  0.87%0.02 0.82+0.03 0.89+0.02
Spleen 0.19+0.01°  0.2040.01 0.02+0.01 0.18+0.02
Lung 0.42+0.02°  0.4240.02 0.47+0.05 0.51+0.03
Heart 0.39+0.01°  0.38+001  0.37+0.02  0.3940.01

Values are the means + Standard error of mean (SEM) for each group.

Table 34-2. Organ weight changes of female rats in single dose toxicity of cold
plasma-treated samples

Organs Female
(g/100g of body

weight) Control Rice cake Lettuce Noodle
Liver 326+0.11 3.11+0.06 3.63+0.21 3.36+0.07
Kidney 0.86+0.03°  0.83+0.02  0.90+0.06  0.86+0.03
Spleen 0224001 0234001 0244001  0.24+0.01
Lung 0.55+0.02° 0524002  053+0.03  0.52+0.02
Heart 0424001  0.38+0.02 0394001  0.39+0.01

Values are the means + Standard error of mean (SEM) for each group.

o FEETt2A HYH HEo] ¥, FFF F AW AR @I Fo ZAHAFA
WBC, RBC, Hb, Hct, platelet, MCV, MCH @ MCHC® #& 3938z g
SAG 23, B AFTY FHAA dEzadH Hudd das FA7F i
Sl A¥gS HYoy =5 A (platelet: 735-1418 103/ L) Wel st
2 oA Aol HolA gtom FQ HATH A BT oA v
st oAl xo]E Holx Y& (Table 35-1; 2 > 0.05). AT dAAAE
BEE ARAA dzTFH vt folAQl ztol= HolA Fs(Table 35-2; P >



0.05)

Table 35-1. Hematological parameters of male rats in single dose toxicity of cold

plasma-treated samples

Male

Test Unit
Control Rice cake Lettuce Noodle

WBC 107 4L 11.04+096° 13324028  13.86+0.80  13.91+2.97

RBC 107 4L 8524023  8.88+0.42 8.78+0.38 8.9740.27

Hb g/dL  17.13+0.27° 17.90+0.72  17.40+0.81  17.80+0.38
Het % 56.77+1.66  58.70+2.17  58.63+2.67  58.67+1.55
Platclet 107/ 1, 979-00:27.06 1068.67-£526  1035.33:2124. 111600125
MCV fL 66.60-0.06  66.43+0.09  66.77+0.61  65.47+0.42
MCH Pg  20.33+0.17"  20.37+0.09  20.03+0.18  19.87+0.20

MCHC g/dL 30.07+0.32°  30.07+0.18 29.63+0.09 30.40+0.21

Values are the means =+ Standard error of mean (SEM) for each group. NS, not
significant. WBC: white blood cell count; RBC: red blood cell count; Hb: hemoglobin
concentration; Hct: hematocrit; MCV: mean corpuscular volume; MCH: mean
corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration.

Table 35-2. Hematological parameters of female rats in single dose toxicity of cold
plasma-treated samples

Female
Test Unit
Control Rice cake Lettuce Noodle
WBC 0L 9.44+056°  10.30+0.20 9.39+0.77 8.2140.25
RBC 10 L 8.75+0.49" 8.74+0.12 9.55+0.28 8.73+0.21
7]
Hb g/dL 17.70+0.76°  18.50+1.23  18.87+0.77  17.53+0.38
Hct % 56.43+2.89°  54.80+1.63  60.33+215  55.73+1.30

Platelet 107 xL 1048-%Z¢22-9 1036-08i77-4 977.00£59.54 976.67+61.68
MCV fL, 63.97+0.27°  64.17+1.17  63.63+0.84  63.70+0.25

MCH Pg 20.10+0.20°  19.57+0.32  19.73+0.07  19.93+0.07
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MCHC g/dL 31.57+0.18°  31.27+0.15  31.30+0.15  31.27+0.20

Values are the means =+ Standard error of mean (SEM) for each group. NS, not
significant. WBC: white blood cell count; RBC: red blood cell count; Hb: hemoglobin
concentration; Hct: hematocrit; MCV: mean corpuscular volume; MCH: mean
corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration.

EEREL R

i

o Egkznt Agd Hiol 4, AT 2 AW AR @I T ZAZAPAA

T g9 A3etE o)l FoqRE o Hud A FAAMHE ZE A
| o2l o] E Holx ¢ (Table 36-1; P > 0.05). APFE2 LA olA
iz Hlwdte] BE AFAA Fo]A Aole HolA| ekS(Table 36-2; P >
.05)

>
o

)

Mok
9

o

Table 36-1. Serum biochemical parameters of male rats in single dose toxicity of col
d plasma-treated samples

Male
Test Unit
Control Rice cake Lettuce Noodle
ALB g/dL 4.28+0.09°  4.43%0.05 4.25+0.27 4.65+0.10
ALT U/L 43.75+1.60°  42.00+3.11  43.00+1.87  41.00+1.68
AST U/L 67.50+0.87  64.25+144  67.25+4.97  63.75+3.12

BUN mg/dL  14.40+0.93°  16.88+1.24  14.58+0.67  14.58+1.35
CRE mg/dL  0.27+0.01°  0.29+0.01  0.25+0.01  0.27+0.01
GLU  mgdl 239251931 9439511886 219.75+23.37 225.50+18.36
HDL mg/dl.  56.50+3.80°  56.75+3.45  55.00+2.35  55.25+4.40
NH; gidl, 370502842 370954 9565 358.00+14.85 387.00+33.39
TBIL mg/dL  0.30+£0.04°  0.33£0.06  0.25+0.03  0.28+0.03

TCHO  mg/dL  80.00+5.12"  84.75+3.07  81.00+122  82.50+7.63

TG mg/dl  52.50+2.63°  61.00+£592 58.25+12.94  46.50+3.80
TP g/dL 6.08+0.06°  6.28+0.08 5.98+0.18 6.200.16
UA mg/dl  510+0.31°  4.65+0.23 4.7340.23 4.9540.45

Values are the means =+ Standard error of mean (SEM) for each group. ALB:
albumin; ALT: alanine aminotransferase; AST: aspartate aminotransferase; BUN:
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blood urea nitrogen; CRE; creatinine; GLU: glucose; HDL: high-density lipoprotein;
NHj;:ammonia; TBIL:totalbilirubin; TCHO:totalcholesterol; TG:triglyceride; TP:totalprotein;U
A:uricacid

Table 36-2. Serum biochemical parameters of female rats in single dose toxicity of
cold plasma-treated samples

Female
Test Unit
Control Rice cake Lettuce Noodle
ALB g/dL 480+0.15  4.53+0.19 4.70+0.09 4.68+0.06
ALT U/L 32.00+252  36.25+278 38254345  34.00+0.91
AST U/L 65.25+1.60 65004453  64.25+118  68.00+2.80

BUN mg/dL  19.70+0.44"  20.60+£0.81  19.08+0.48  18.55:£0.56
CRE mg/dl.  0.29+0.02°  0.31+0.03 0.30+0.02 0.30+0.01
GLU mg/dl,  206:50:£10.43 9135041579 210.00+15.58  203.00+20.31
HDL mg/dl.  57.75+0.85  60.50+3.80  60.75+3.68  58.00+4.36
NH3 g/dl  315.00+18.66 309.25+9.13 314.50+35.42 325.00+7.36
TBIL mg/dl.  0.45+0.03  0.40%0.04 0.40+0.04 0.48+0.03

TCHO mg/dL 94.75+2.10°  93.25+4.13 93.00£3.81 91.00+8.41

TG mg/dl.  61.50+3.50  62.00+11.53  59.50+8.47  61.75+6.12
TP g/dL 6.70£0.08°  6.48+0.07 6.43+0.05 6.630.13
UA mg/dl.  3.88+0.11"  4.18+0.42 4.28+0.35 4.13+0.44

Values are the means =+ Standard error of mean (SEM) for each group. ALB:
albumin; ALT: alanine aminotransferase; AST: aspartate aminotransferase; BUN: blood
urea nitrogen; CRE; creatinine; GLU: glucose; HDL: high-density lipoprotein;
NHs:ammonia; TBIL:totalbilirubin; TCHO:totalcholesterol; TG:triglyceride; TP:totalprotein;UA
:uricacid
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Table 37. Mortality of rats in repeated dose toxicity of cold plasma-treated samples

) u oz
+5 A, F3

) ZE A %+5(Table

’

for 2 weeks
Dose Mortality (%)
Sex Group (a/ka) Number of animals
gikg (Dead/Total) (%)
Control 0 6 0/6 0
Rice cake 1 6 0/6 0
Male
Lettuce 1 6 0/6 0
Noodle 1 6 0/6 0
Control 0 6 0/6 0
Rice cake 1 6 0/6 0
Female
Lettuce 1 6 0/6 0
Noodle 1 6 0/6 0

Table 38-1. Toxic signs of rats in repeated dose toxicity of cold plasma-treated
samples for 2 weeks

Group for acute toxicity

Male
Control Rice cake Lettuce Noodle
Loss of fur NAD NAD NAD NAD
Diarrhea NAD NAD NAD NAD
Polyurea NAD NAD NAD NAD
Soft stool NAD NAD NAD NAD
Decrease motor activity NAD NAD NAD NAD
Edema NAD NAD NAD NAD

NAD: no abnormalities detected.

Table 38-2. Toxic signs of rats in repeated dose toxicity of cold plasma-treated
samples for 2 weeks

Group for acute  toxicity
Male

Control Rice cake Lettuce Noodle

Loss of fur NAD NAD NAD NAD
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Diarrhea NAD NAD NAD NAD
Polyurea NAD NAD NAD NAD

Soft stool NAD NAD NAD NAD
Decrease motor activity NAD NAD NAD NAD
Edema NAD NAD NAD NAD

NAD: no abnormalities detected.
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Table 39-1. Changes in body weight of male rats in repeated dose toxicity of cold
plasma-treated samples for 2 weeks

Male (g)
Week
Control Rice cake Lettuce Noodle
0 287.07+3.38°  277.33+5.20  284.62+4.79  284.62+2.06
1 317.82+4.09° 294.23+16.90 318.57+6.39  320.52+4.77
2 350.23+4.68" 34553654  356.05+7.03  358.15%7.03
3 3793042136 573001787 3968541145  399.68-+8.69
4 055351377 gg6074876 4085541537  410.60+-9.83
5 450.23£12.62°  y3707. 719 4457741476  436.53+12.82
Weight gains (@) 231-38%1202 51768595 9969741492  21572+13.82

Values are the means + Standard error of mean (SEM) for each group.

Table 39-2. Changes in body weight of female rats in repeated dose toxicity of
cold plasma-treated samples for 2 weeks

Female (g)
Week
Control Rice cake Lettuce Noodle
0 173.974+3.40  172.80+£166  173.37+2.24  173.70+1.65
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1 212.96+6.01°  215.27+2.83  214.65+3.89  211.12+3.44
2 2320741042°  op505 43 935524645 238720562
3 244861101 opa 60700 246254905  253.556.08
4 2622051305 a0 881465 266.084905  269.227.04
5 TL3TEILB0  or6854788 268204866  282.30+8.29
Weight gains ()  97.40+10.05  102.78+8.36  94.83+7.75  108.60+6.98

Values are the means + Standard error of mean (SEM) for each group.

H w¥o] ¥, PYF U AW AR MEFFL Uz
L
-

WA @9k (Table 40-1

&l

Table 40-1. Changes in food and water consumption of male rats in repeated dose
toxicity of cold plasma-treated samples for 2 weeks

Male
Consumption
Control Rice cake Lettuce Noodle
Food (g/day) 28.25+1.70° 26554035  25.82+1.62  28.43+0.81
Water (mL/day) 34.60+0.66 34.67+0.53 34.38+0.74 35.12+0.43

Values are the means = Standard error of mean (SEM) for each group. NS, not

significant.

Table 40-2. Changes in food and water consumption of female rats in repeated dose
toxicity of cold plasma-treated samples for 2 weeks

Female
Consumption
Control Rice cake Lettuce Noodle
Food (g/day) 21.16+£0.95  20.55+123  21.80+2.24  21.96+0.66
Water (mL/day)  29.43+3.20°  24.05+2.27 26.43+2.03 28.45+1.40

Values are the means =+

significant.

@ 78 379 F
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o 2%7ke] MERC] BANYeIA 2t APTY AVNE AFshe] KobH 4L BT
1 FEe A Av, 2%7te] BrEezn Ael® €¥ol €, R4F 2 AW
ARe WE Fol %4 AYeld mE AYFEe] i B BTN o
A BolF wk WAHAAL BARA dgor], fEEw viastel 7] FFe
oAl Apol& HolA Fte(Table 41-1 & 41-2; P > 0.05)

Table 41-1. Organ weight changes of male rats in repeated dose toxicity of cold
plasma-treated samples for 2 weeks

Organs Male
(g/100g of body

weight) Control Rice cake Lettuce Noodle
Liver 2.92+0.09°  3.14+0.09 3.060.07 3.160.06
Kidney 0.78+0.02°  0.82+0.01  0.86+0.02  0.78+0.01
Spleen 0.2140.02°  0.20+£0.01 0.21+0.01 0.1840.01
Lung 0.38+0.01°  0.38+0.01 0.38+0.01 0.3740.02
Heart 0.35+0.01°  0.34=+0.01 0.36+0.02 0.3540.01

Values are the means =+ Standard error of mean (SEM) for each group. NS, not
significant.

Table 41-2. Organ weight changes of female rats in repeated dose toxicity of cold
plasma-treated samples for 2 weeks

Organs Female
(g/100g of body

weight) Control Rice cake Lettuce Noodle
Liver 2.95+0.06°  3.07%0.10 2.78+0.07 2.98+0.05
Kidney 0.734+0.01°  0.75+0.02 0.73+0.02 0.77+0.01
Spleen 0.22+0.01°  0.20%0.01 0.2140.01 0.194.01
Lung 0.44+0.02°  0.50+0.03 0.43+0.01 0.45+0.01
Heart 0.36+0.02°  0.37+0.03 0.37+0.01 0.36+0.01

Values are the means =+ Standard error of mean (SEM) for each group. NS, not
significant

EEEEIEEP

- 117 -



2730 HHERA ZHAPAAN S=ZT
NM= ddsts AxE o A
o (Table 42-1; P > 0.05). S &= =]
Fof e AddTY dAAA iz Blwsted WBC % RBC 4
Zdaste AFe EAoy #FoFR] Aole HolA ¥k EF
3.0-14.3 103//1L, RBC: 6.69-8.92 106/uL) el Wtz nddEHd
W32 Aot S(Table 42-2; P> 0.05)
Table 42-1. Hematological parameters of male rats in repeated dose toxicity of cold
plasma-treated samples for 2 weeks
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Male
Test Unit

Control Rice cake Lettuce Noodle

WBC 107 4L 1067+185° 10314074  11.94+1.84  11.94+1.84

RBC 107 4L 869+028°  8.40+0.07 8.53+0.19 9.08+0.21

Hb o/l 1657+045  16.53+0.12  16.27+0.30  17.23+0.43
Hct % 54.53+1.44"  5440+0.85  53.83+0.58  57.30=1.60
Platelet 107 4L, 1074.11%;18.3 967 00-£41 51 1069.6;160.6 1101.33174.4
MCV fL, 63.97+1.11" 6413043  64.00+057  63.07+1.03
MCH Pg 18.97+0.37"  19.60+0.15  19.33+0.15  19.00%0.25

MCHC g/dL 30.30+0.20°  30.37+0.26 30.23+0.22 30.10+0.12

Values are the means =+ Standard error of mean (SEM) for each group. NS, not
significant. WBC: white blood cell count; RBC: red blood cell count; Hb: hemoglobin
concentration; Hct: hematocrit; MCV: mean corpuscular volume; MCH: mean
corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration.

Table 42-2. Hematological parameters of female rats in repeated dose toxicity of
cold plasma-treated samples for 2 weeks

Female
Test Unit

Control Rice cake Lettuce Noodle

WBC 107 4L 9.03+0.62"°  7.54+0.06 8.10+0.47 7.25+0.92
RBC 107 4L 827+027°  7.68+0.12 8.17+0.11 7.79+0.19
Hb g/dL 16.07+20.41°  15.37+0.18  16.30+0.06  15.80=0.53

Hct % 5253+1.23°  52.03+189  5253+0.35  50.77+1.41
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Platelet 107 1L 979_001#47.7 1116.6(7)i51.9 1089.6;180.6 1092.09061103.
MCV fL 64.70+0.60  64.23+0.26  63.33+£0.57  63.60+0.96
MCH Pg 19.43+0.18"  19.60£0.32  19.63+0.34  19.37+0.20
MCHC g/l 30.87+0.12"  30.87+0.18  30.67+0.30  30.87+0.12

Values are the means =+ Standard error of mean (SEM) for each group. WBC:
white blood cell count; RBC: red blood cell count; Hb: hemoglobin concentration;
Hct: MCV: mean
hemoglobin; MCHC: mean corpuscular hemoglobin concentration.

hematocrit; corpuscular volume; MCH: mean corpuscular

Fgr % AW AR WEE F4AH
AT s BEO WA AR YA A, DIEd unsed 2E A
HEAA FAA AP > 0.05)5 HolA 3t(Table 43-1 & Table 43-2)

Table 43-1. Serum biochemical parameters of male rats in repeated dose of cold

plasma-treated samples for 2 weeks

Male
Test Unit
Control Rice cake Lettuce Noodle

ALB g/dL 4.33+0.29°  4.48+0.05 4.43+0.05 4.33+0.09
ALT U/L 4150+2.72°  4250+3.01  3850+150  39.50+4.35
AST U/L 64.50+8.35  6450+4.21  62.00=178  63.75+3.94
BUN mg/dL  14.55+0.77°  13.23+1.15  13.93+0.85  14.23+0.82
CRE mg/dl  0.29+0.02°  0.31+0.01 0.2940.02 0.26+0.01
GLU mg/dl, 246001385 540 754 3638 236.25+14.62  236.00+6.57
HDL mg/dl  64.75+2.10°  67.50+1.89  59.50+3.57  58.25+2.81
NH3 g/dl, 366793455 3539511105 367.50+1243 358.00+15.76
TBIL mg/dl  0.40+0.04"  0.45+0.03 0.38+0.05 0.40+0.04
TCHO mg/dl.  99.25+2.32"  115.75+4.05  95.75+531  95.00+2.61
TG mg/dl  42.00+4.22"°  45.75+572  4450+6.64  49.50+5.33
TP g/dL 6.45+0.22"°  6.60+0.15 6.25+0.06 6.40+0.13
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UA mg/dl  5.08+0.34  5.38+0.44 5.1340.19 4.85+0.24

Values are the means =+ Standard error of mean (SEM) for each group. NS, not
significant. ALB: albumin; ALT: alanine aminotransferase; AST: aspartate
aminotransferase; BUN: blood urea nitrogen; CRE; creatinine; GLU: glucose; HDL:
high-density lipoprotein; NHs;: ammonia; TBIL:totalbilirubin; TCHO:totalcholesterol;
TG:triglyceride; TP:totalprotein; UA:uricacid

Table 43-2. Serum biochemical parameters of female rats in repeated dose of cold
plasma-treated samples for 2 weeks

Female
Test Unit
Control Rice cake Lettuce Noodle
ALB g/dL 51040210  5.25+0.27 5.05+0.06 5.05+0.09
ALT U/L 34.004+1.00" 0.43+0.02 0.45+0.05 0.43+0.05
AST U/L 61.25+2.21" 57.50£2.40 64.25+10.50 62.25+3.75

BUN mg/dL 18.23+2.03°  17.35+0.64 18.90+1.05 17.80+0.36

CRE mg/dL 0.32+0.01" 0.32£0.02 0.32+0.02 0.31+0.02

244.25+34.87

GLU mg/dL 242.25+28.75 198.75+13.71 252.50+£20.47

HDL mg/dlL  67.25+5.44"  73.25+4.80  68.25+7.95  71.75+2.29

390.75:£26.40 406 50+ 28.43 369.75+23.57 381.00+15.45

NH3 g/dL
TBIL mg/dL  0.43+0.09°  0.43+0.02 0.45+0.05 0.4340.05

TCHO mg/dL  108.75+8.64 126.25+10.01 112.00+14.38 110.75+6.13

TG mg/dL  63.25+7.35  54.50+9.90  59.75+2.72  65.75+8.84
TP g/dL 6.78+0.10°  7.25+0.25 6.93+0.09 7.00+0.14
UA mg/dl.  4.50+0.58°  4.80+0.41 4.00+0.11 4.65+0.25

Values are the means =+ Standard error of mean (SEM) for each group. NS, not
significant. ALB: albumin; ALT: alanine aminotransferase; AST: aspartate
aminotransferase; BUN: blood urea nitrogen; CRE; creatinine; GLU: glucose; HDL:
high-density lipoprotein; NHs: ammonia; TBIL:totalbilirubin; TCHO:totalcholesterol;
TG:triglyceride; TP:totalprotein; UA:uricacid

U Eg20 7)€ e AT T4 Py A4 2 AR HY T gsias > P
1) Eg=rt Hg A4S A% =YY AA
b A3 AYrt 2135 mm) £ ) Sezep @A A X|(large gap-in-package cold
plasma (CP)E o] &3 =74 74
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e Large gap-in-package CP A2 A] X% zj& o] nylon+LDPE 12]3l nylon+PPY wj,
Ez nAlEe Al AErF fo¥ oz =3ka(Table 44; P < 0.05). wehA| o] =
Z FHE AAstr] AT APdA AxAe AHE LS nylon+tLDPEE A48+

Table 44. Effects of packaging materials on inactivation of total mesophilic aerobic
bacteria in rice cake by large gap-in-package cold plasma treatment

Number of
samples LDPE PP Nylon+LDPE Nylon+PP
(pieces)
Microbial
reduction 0.5+0.2b 0.8+0.1b 1.6+0.4a 1.5+0.3a

(log CFU/g)

e Large gap-in-package CP 2] A % ¥
AxA, Ax7, a8 AxF ) FEzA42At

e Large gap-in-package CP A 2]Al % g7} 23 =4Y w] B nYE A3 A
Z7F o H o2 =3k5(P < 0.05).

o welA HHo] WMo Ex wAE AHI|E 91 large gap-in-package CPA#e] x4
WS nylon+LDPE A% 392 U PET €72 AZAE 221 =408 AAHHY

[e)

o -

(2 Szt Ay A B ¢ e 2FA AP fE a4 &<
@ Large gap-in-package CP AHIE o] &3 Helo} A9 EAo g 9F 75
b A=3ke] A7k 2135 mm) 3
plasma (CP)E ©]&3 > ‘ﬂo’”ﬁ 44

¢b Large gap-in-package CP 2] Az 9 ZAA] W] g Hifo] Ho =%
£ Wl
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(2) Large gap-in-package CP AHIE ©] 83 Ao 2AAY £ i 9F 73
(b Large gap-in-package CP A g]¢] A P ZAA wro] W& Hio] ¥ &84
EA ¥g
e Large gap-in-package CP Agl& AlFo| A" IAA 9 8 F3xr, 44 BT,
a8 a A EAS HIATIA &EkS(Table 45; P > 0.05).

¥a

Table 45. Effects of large gap-in-package cold plasma (CP) treatment on water vapor
permeability, oxygen transmission rate, tensile strength, % elongation at break, and
elastic modulus of low-density polyethylene (LDPE), polypropylene (PP), nylon/LDPE,
and nylon/casted PP (CPP).
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t Tensi % el i
Packaging Water vgp_»or Oxygen ensile % elongation Blashic:induiiug
materials  1reatments permeability transmission rate strength at break (MPa)
(g -mm/k-Pa-h-m?) (mL/m?- day - atm) (MPa) (%)
15 Untreated 0.016+0.002a 1201.78+278.83a  18.71+1.07a 425.51+1.49a 211.03+21.08a
CP-treated 0.016+0.001a 1225.46+265.75a  18.31+0.50a 427.34+3.09a 209.30+32.12a
i Untreated 0.014+0.001a 718.27+175.07a  14.79£0.59a 425.08%x1.54a 615.82+13.34a
CP-treated 0.013+0.003a 727.81+44.58a 13.21+1.43a 425.97+254a 613.55+3.72a
Untreated 0.013£0.001a 257.46+28.58a 30.93+8.18a 83.03+8.53a  641.18+5.27a
Nylon/LDPE .
CP-treated 0.012+0.001a 239.80+18.88a 30.77+3.34a  83.80+9.08a 645.10+36.71a
- Untreated 0.016+0.002a 168.58+39.73a 29.35+£2.10a §7.99+18.72a 1063.70+12.05a
0]
L CP-treated 0.015£0.006a 163.65+27.32a 29.81%2.33a 87.67+10.71a 1076.75+20.0la

Q) Ehzr A A Y A= AR 1Y A& 24 &

b PP AHE ol g3tel Aelst ARl S4o] Y IF T
O PP Hel ¥ 24 294 54 =4

o« PP HY3HA g mAA e EWE Ao FIHol glo] Mude AL AT

AL (Fig. 37, PP Ag] A o] B wAA wHel A 2To| wol F4¥ 2

o BT 5 YT AFo] B4 Y TRAY THME HriFor JEE D

At A e F50] Bl&(Fig. 37).

IPP-treated
(non-electrode)

Untreated IPP-treated (electrode)

Figure 37. Atomic force microscopy images of nylon/LDPE package surface treated by
in-package cold plasma (CP)

o IPP Xel3tx e ZAA wlws] PP Hgst ZAAY AF7] FeuEQl Ry
Raverage, a9 Rpeak7 } S7Fsl s =(Table 46)

Table 46. The roughness parameters of nylon/LDPE package surface treated by
in-package cold plasma (CP)

Treatments Rms (nm) Raverage (nm) R pear (nm)
Untreated 35.7 27.9 132.6
CP-treated 37.2 29.5 161.6
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(non-electrode)

CP-treated
(electrode) o4.1 375 481.8

*Rmms: TOOt mean square roughness
*Raverage: @verage surface roughness
*Rpeax: highest peak height

o [PP AHelstA] &2 ZAA e} PP A F H=o] ¥4 &2 AZAAE ATR-FTR =4
S o) 2918 2 2849 cmlellAl -C-H- stretching vibration (ZZ C-H
asymmetrical stretching vibration 72|31 C-H symmetrical stretching vibration), 1463
cm® 719 cmlol A CH, groupel W&d® Fx(z2 CH, scissoring vibration 1@l
CH, rocking vibration)ell sjg3sl= a2 &2 = AA-S(Fig. 38).

o PP A2 Al HFo] B2 ZAAY A9 IA U oo oA It ofye}
1749 cm™ (C=0O stretching vibration)ell A/l 2L I 3E FATd = AA-S(Fig. 39).

2918

|
i 2850
|

|
(1 719

CP treated (electrode)

CP treated (non-electrode)

Absorbance

| J{ | ] ﬂ Untreated

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure 38. Attenuated total reflection Fourier transform infrared spectroscopy
spectra of nylon/LDPE package surface treated by in-package cold plasma (CP)

e PP HZ3e w A etx 2 24A e Y4 FFy nBlus) dagTdFe Fast

T A9l AasrEFe =715192(Table 47).
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N/C vl &o] F7leta, A8 5 =0 2
o z&AA9 vlws] O/C vl Eo] =759 (Table 47).

Table 47. The elemental composition and ratio of nylon/LDPE package surface treated
by in-package cold plasma (CP)

Sample Cls (%) Ols (%) N1s (%) OIC N/C

Untreated 87.07 9.36 1.62 0.11 0.02
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CP-treated

80.15 11.45 7.41 0.14 0.09
(non-electrode)
CP-treated 72.82 21.54 417 0.30 0.06
(electrode)
o ol F AHEstA] &k xAAAe] H$ Zz C-H/C-C, C-N, :Lﬂz C=0 Z3gol aFst=
284.8, 286.0, 121 288.1 eVolA ZZte] WaE &Qd & +(Fig. 39).

e PP A7 F #Fo] @4 L& TAAE= e & 284.89 288.1 eVol 3|@33l= 1=
A717F Aastal 286.0 eVell sidsts H 9] A7l S7betis. ek 286.99F 287.6
eVol A A 2e v =7t JebdFig. 39).

o o} A A k& "E wlws PP He F AFo] ¥ FE AL Ay F
284.89} 286.0 eVell a3t WA AVlE Fastg o, 22 C-09 0=C-0°] 3%
st 286.99F 289.0 eVol Al A Z& 5 =7t Ueb(Fig. 39).

Untreated

C-CiC-H
88%

290 288 286 284 282
Birding emergy {(eV

CP-treated (non-electrode) CP-treated (electrode)

G-GIC-H

290 288 286 284 282

250 288 286 284 282
Binding energy foV)

Sinding enargy {8V}

Figure 39. Deconvoluted Cls peaks of nylon/LDPE package surface treated by
in-package cold plasma (CP)

o [PP A &stA] 2 TAAS HE=Z42 PP A3 2AARG wgkton, Ay T A=
o] B2 xAZATF A=l A ¥ ERAERG H=HZ0] ¥ =d=(Fig. 40)

IPP-treated

Untreated (non-electrode)

IPP-treated (electrode)
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Water E
Diiodo
methane

49.50 £ 4.36

Figure 40. The contact angle of nylon/LDPE package surface treated by in-package
cold plasma (CP)

o PP Aeld gAY W AF oUAE Aelsd e ARt § Eghom, By
o PP Ae] A AFol @A e mAARG Aol e mAAe] W AF oA}
o] =3ks(Table 48).

Table 48. The surface free energy parameters of nylon/LDPE package surface
treated by in-package cold plasma (CP)

Polar component Dispersive Total surface free
(mJ/m?) component (mJ/m? energy (mJ/m?
Untreated 24.68 £+ 0.93 24.07 = 1.08 0.61 = 0.16
CP-treated
29.47 + 1.13 27.38 = 1.01 2.10 = 0.46
(non-electrode)
CP-treated
41.50 = 1.40 34.53 £+ 2.43 6.96 + 1.28
(electrode)

o oF AP ere mAAsH PP Al
AU AA "HTable 49; P > 0.05), IPP A &
2 F7bst tHTable 49; P < 0.05).

= A=
F AT e TR 2

Table 49. Effect of cold plasma (CP) treatment on opacity of nylon/LDPE package

Treatments Opacity (AU X nm/xm)
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0 day

Untreated 1.06 £ 0.06 b
CP-treated (non-electrode) 1.07 £ 0.03 b
CP-treated (electrode) 1.18 + 0.03 a

o PP AP stAY AEstA B2 AL et 57 Fhee FoFd A7t §l
A=(Table 50; £ > 0.05).

Table 50. Effect of in-package cold plasma (CP) treatment on oxygen transmission
rate (OTR), water vapor permeability (WVP) of nylon/LDPE package

WVP
OTR (mL/m? X day X atm) (gxmmxk!xPa
Treatments Tyl md)
0 day 3 day 0 day
Untreated 338.46A: 7.74 344.44A4_2; 26.56 6.01 + 012 a
CP-treated (non-electrode) 325.00 Aia; 24.05 319.61 A+ 31.04 6.24 + 0.07 a
CP-treated (electrode) 315.81 Aiel 1771 340.70 + Aa 32.93 6.46 £ 0.21 a
o [PP He3tA] & ZAAL A T A=o] ¥A & TAA, 281 Ay F ATl
g A9 tensile strength (TS)¢} elongation at break (EAB)= =& IAFAA A

glo] e 919l z2hol7k §1-S(Table 51; 2 > 0.05).

o PP A& & Wio] HE AANA FAY AAT TZAE 12/ AAZAY ol&
72713 &< A7 TSeF EAB= =5 #F9 A1 zteol7t fills(Table 51; P > 0.05).

o WHo] WS AAZL 1247 AAFSAYG 7243 AT EAA] TS} EABE &
oAl zte]7k gl =(Table 51; £ > 0.05).

Table 51. Effect of in-package cold plasma (CP) treatment on tensile strength, and
elongation at break of nylon/LDPE package

Tensile strength (MPa) Elongation at break (%)

Treatments 0 day 3 day 0 day 3 day
24 h 72 h 24 h 72 h 24 h 72 h 24 h 72 h
3598 34.03 3364 3230 9876 106.29 90.64  84.78

d + + + + + + + +
Untreated 190 977 177 054 530 1406 493  8.12
Aa Aa Aa Aa Aa Aa Aa Aa
CPotreateq P46 3743 3320 3571 8837 9638 8607 9160
_electr + + + + + + + +
(noré di) 087 126 076 165 227 917 120 349
Aa Aa Aa Aa Aa Aa Aa Aa
35.26 3541 3224 3452 8436 8512  89.00  88.85
CP-treated + + + + + + + +
(electrode)  1.31 147 128 188 1054 404 011 657

Aa Aa Aa Aa Aa Aa Aa Aa
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Disinfection of E.coli with C(HNO, Conc.)*T(Reaction time) values
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