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ABSTRACT

Development of the manufacturing technology for high—quality hot red
pepper powder using pulsed electric fields and cold plasma

Pulsed electric field (PEF) has the features of inducing cell membrane permeabilization
within a very short time (us - ms range) leaving the product matrix largely unchanged. The
PEF induced permeabilization of cell membrane enhances the mass/heat transfer rates
through the vegetable tissues which result in the accelerated drying. This study was
conducted to identify the destruction level of cell membrane of red peppers and the
reduction of drying time. The destruction levels of red pepper's cell membrane were
estimated by measuring impedance of red pepper tissue after PEF treatment. The PEF
processing parameters were field strength of 1, 1.5, 25 kV/cm with a constant frequency
of 50, 100, 200 Hz at a pulse duration of 30 s and duration time of 1, 2, 4 seconds. The
conductivity of red pepper cell was increased especially at low frequency region as applied
PEF treatment condition increased. The conductivity profile indicates that there was a
direct correlation between PEF treatment and the degree of cell membrane permeabilization.
Drying experiments were conducted at inlet temperatures of drying of 45 C. The drying
rate increased continuously with decreasing moisture content or PEF treatment. It is also
noted that the drying rate increased with the increase in field strength and frequency. A
non linear regression procedure was used to fit five thin layer drying models (Newton,
Page, Logarithmic, Two term and Modified Henderson and Pabis) available in the literature
to the moisture ratio data. The performance of these models compared based on their
R%(coefficient of determination), EMD (mean relative percent error), MBE (mean bias error)
and RMSE (root mean square error) between the observed and predicted moisture ratios.
The logarithmic model has shown a better fit to the experimental drying data of thin layer
red pepper samples as compared to other models. Colour changes were assessed by
measuring Hunter's color values using a colorimeter and the American Spice Trade
Association (ASTA) using a spectrophotometer. Samples were observed in Hunter's AE
values 2.30 to 3.42 and ASTA color values 13694 to 15252 of PEF treatment samples
were significantly higher than untreated samples. The application of PEF resulted in
enhanced rate of transfers as indicated by an increase of 20-30% in water loss as
compared to the untreated red pepper. Cold plasma treatments (CPTs) with and without
the combination with microwave treatments and/or heat treatments have been developed to
inhibit microorganisms in red pepper powder, including Aspergillus flavus and Bacillus
cereus spores. The number of A. flavus was reduced by 2.5t0.3 log spores/g by the CPT
with nitrogen at 900 W and 667 Pa for 20 min. CPT at 900 W and 667 Pa for 20 min



inhibited naturally occurring total aerobic bacteria in the red pepper powder by
approximately 1 log CFU/g. B. cereus spores were inhibited (3.4+0.7 log spores/g
reduction) only when heat treatment at 90 °C for 30 min was integrated with the CPT
using a helium-oxygen gas mixture at 900 W. Fermi's model and Weibull model adequately
described the inhibition of A. flavus on the red pepper powder by the CPT. The changes
in treatment temperature and water activity (aw) were less than 5.0 °C (initial temperature:
23.8 °C) and 0.22, respectively, and were affected by both treatment power and time
(P<0.05). The CPT at 667 Pa for 20 min with helium and the CPT integrated with a
microwave treatment at 21.7 W/cm3 (MW-CTP) initially inhibited spores of B. cereus and
A. flavus by 0.6+0.1 and 1.5+0.3 log spores/cm2 and 1.1+0.3 and 1.5+0.3 log spores/cm2,
respectively. The reduced numbers were consistent throughout storage at 25 °C for 28 d
(P>0.05). Both CPT and MW-CPT inhibited B. cereus spores more effectively from the
larger dimension sample than from the smaller dimension one. The aw significantly
affected the effectiveness of microbial inhibition (P<0.05) and the highest reduction was
obtained at aw 0.8. After CPT, a higher reduction was observed with red pepper samples
dried by vacuum drying than those dried by far-infrared. Food dimension, water activity,
and drying method have been identified as treatment parameters affecting the effectiveness
of microbial inhibition in foods by CPT and MW-CPT. The ASTA values (color values)
among the samples were not significantly different after treatments (P>0.05). The
concentration of ascorbic acid was highest with untreated sample (141.7£6.0 mg/100 g),
followed by CPT samples (125.1+1.4 mg/100 g), while those of capsaicin of untreated and
CPT samples were not significantly different (P>0.05) on day 0. The MW-CPT sample had
the lowest concentrations of both compounds as well as ASTA values during storage.
Antioxidant activities of different samples were not significantly different (P>0.05) during
storage. The sensory properties were not influenced by the treatments (P>0.05). Potential
modifications on the conventional red pepper powder have been suggested. Both CPT and
MW-CPT with and without the combination with heat treatments have potential application

to reduce the microbial counts of red pepper powder and preserve red pepper powder .
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of foodstuffs
45 | - Pl
- TEUE - 2011
R
T R % - 30
A - Cold plasma pasteurization
= =T
ol ] A AR F =4, 2En
g NE

71E =22 HE ES=rkE o] &3 Al A5l i A ﬂﬁl wokell AF =

of I A FeAe] nd Febzul Aol e A7 B3 AAolt) ol AR AL
Z7FE A or Ao A (Jung et al, 2011), ohmic 2 (Lee et al., 2000), &2
2t (Lee et al, 1997), ¥F 2~ At Fo] AFHoy, 71 a3l Fn] SHAA F9H
Agol ogy oA E We AT B8R Hi vk 53] UV FI A= AF FH
Aol Asfevt g3l How dHA 9l
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(b =% 24 ¥4
Table 3. 3 =& 4 A4 H9
=71 e, 98, 59
= DB Web of Science
A2 717 1043t
A 9 AL, 25 2 719=

Table 4. 315 7]+ =T3¢ #AA
A2A7RE 0|87 FEEHZAE o8
Py =
hidha HEY AEAZ A& BUAE BHslE
Pulsed electric field, Drying, Cold plasma, non-thermal plasma,
Keyword
Pepper food, treatment
EEEE 79 47
FraEEEdT 3 11

Combined effects of pulsed
electric field pre-treatment and
partial osmotic dehydration on air

drying behaviour of red bell

pepper

Effect of atmospheric pressure
plasma on inactivation of pathogens
inoculated onto bacon using two
different gas compositions.

JOURNAL OF FOOD ENGINEERING

Food Microbiology

Kim B, Yun H, Jung S, Jung Y,

F7hatel

2 A A} Ade-Omowaye BIO et al
212 Jung H, Choe W, Jo C.
CEC AAYE 2003 2011
F=HA(
60% 50%
%)
AR PEFZ o] &3 AxEe A% A Foll Aol 2= A
T 0w
Bpe Lab-scale®] Batch®}2] NZo| 25 A7 24 =
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M3g ghEsd HWE 3 25

A1 A HEHVHPEF) AgE o83 ] ASHE Ve T

1. 32A7% 79 o4 nH
H 24 7] (Pulsed electric field, PEF) 7]+ 74 kV/cm® 14 4S microsecond
[us] @912 Almo] AHgste] 2w AAHE AE AL} (Trans—membrane potential,
TMP)oll ¢]3F electro-compressive force’} M Ewe] HEH 94 FE3ts H7FE A

71 ol (Fig 5).

“

Cell membrane

Profoplast
of pptato

_E o
+.‘

— (D
E<E, inact Cell _—RdS
- membrane -

f F =

v— 5=
|
E>>E, klrreversiuie)‘
- =N
Fig. 5. 9237173 Agd o AEe A8z »3 AAYZ (F);
B2A7% Aol 3 Axee] gag AAANEY w7 AR ($)

= —

BA ] FEEE T AlEde] deidow A&

1l b 5] = 2(‘1
Wl ¥ due] ¥, % A7e AGete ARA 2ol gElE Axgel Wshol
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induction of slress response
0.5-1.5 kVW/cm 0.5 - 5 kdikg

exposure of /
cells to eleclric field R
P electropermeabilisation

; . of cells
.
sludge disintegration ~ \\ improvemeql of mass transfer
10 - 20 kV/cm 50 - 200 kJ/kg l 0.7 - 3.0 kV/em 1.0 - 20 kJfkg

micrabial inactivation
15 - 40 kVfem 40 - 1000 kJ/kg

Fig. 6. &9l W& 23471739 A2 217 A F4 5

Had7 el o3k Alxure] Mehd Bajs= 2 E7pgo] tpekdl Rokol g8&= 4= Qv
& Eol, 2% Fd 2 A7FS Agste] AExeE BHAI7IE AMEd Yoz
A B E4AdY S0 548 S ol g dAE ol &t - AE 249 A
Z, YF, & FE&EHEY FE2o 244 IS ML &+ v (Fig. 1

A7l ofgh Alazmte] Aes Z3e) oo mE EdddEE9 F7kes 53] =
2 T B A oss FHotY AXREEE JMEAF & Ak oY stz a e
Az AL EE F AdUAY ¢S FEAE AR VgiEnh B3 A g5
AP ET E457] 412 Vitamin C 5 7548 AT &4& HAAZL 3o =2 7Y
IR=

TauFe] 27 HeE AdMe 1dGERE AT 5 e 2 AL
dasirh, Ao AHEH 5 kWa E2 Auld o] (HVP5, DIL, Germany)& = A5&, 11
A 2993 Alz", "2 Edayy ASEA 9 PLCE 2EYA o2 7451 3%
400 V o HFALS FF wol 25 kV 9 =HALGHF)S FAH & 2l

H AU eoleE B 243 4= = PEF &4 WSS Pulse power (1-100%), Pulse
width (4-30 ps), Pulse frequency (1-1000 Hz), Treatment time (s) ©]™ Batch FE|Z
g3t 79 Pulse frequency®} Treatment times F&3dle] A8 H2~ 4= (Total pulse
number)E 24 F At} Continuous FE|Z A -89 79 Batch FAolA 248 34

Aok Flow rates aejshd AR Aelds EA4E 24T 5 vk

of A&E= duxe] e weh AMREAS FE T 5 ok
o A4S YeliAE 15-40 kV/em o A7}

2ol MEus Adadqoz FHATY] HsAE

bed Aoz dEA



2. 4794
7. 3£ 24 X8 Z (Batch treatment chamber) oA o] B2 EX =X
(1) 2AY 2= A E Y3 T4 H5 g4

T uFo] Aol 7hssta oy XA A4u| et AFEEE 899 Conductivitydl w2 %17]
Z(Field strength, kV/cm)2] z}o]lE Lolr 7] 98] Tddista ot QA &4E5 233}
o]

Conductivity meter (CM-21P, TOA-DKK, japan)E AF&3}¢] conductivityS

o theFsk conductivityoll 4] A7 ghs dolry] 98] SRl 94 FXE9 Ringer's
solutions E&3te] 0.001 ~ 0.100 [S/m]e] &4} A s AeAzte] & A
olE FAAth A¥ELE 5A AV AEEE Zte &98 3EY Azl AL
AdldlelH e &2 (% power)¥ H~ZE(pulse width, us)S ZAstH 1w Az o]
A AREE A&V AFA)E S THTable 5). Az WFe A7 (Field
strength, kV/cm)© & Azl dgdd d7]4 olyA & AAst= T8 WF=E 2(Eq 1)

of wel ALkE

B
4T

Filed Strength (kV/cm) = Peak voltage (kV) / Gap between the electrode (cm) (1)
e A7 Age A2dA FdEgdon 38 Az 7halxl "2~ 5 (Number
of pulse, n) & W% (Pulse frequency, Hz)¢} ZH2~ 2] A|ZHTreatment time, s)olA]
ALtetr (Eq 2). webA] Table 9-20 Akelo] &4 dHeolg & &9 2345 x4 3 &

2A717%E A 20 mE B g kg BEst & SAE e #aEgs v

Number of pulse (n) = Pulse frequency (Hz) x Treatment time (s) (2)
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Table 5. The range of conductivity, pulse frequency, treatment time, power and
pulse width for checking Field strength of PEF

Pulse frequency  Treatment time

Conductivity (S
onductivity (S/m) () ©

% power pulse width

0.001
0.017
0.020
0.040 25 3

0.060

0.080 10, 20, 30
0,100 10 - 80%

0.001

0.001

0.001 50
0.001

0.001

us

Ol > LN =

(1) 29 A=

TaFe AS A FeA dvists Uit 1FE AREEdT 54 12-15 g, 2ol
10-13 cm o FF7F AdEo] ARRHAY. FaFeE S IPT w7 4 T oA
YARE Ao 4 Aol FaFs dl2=dd 5t Fd d¥ds A st FaFe
SAE A2 tg xHe FES A & F, HAE AAT F1FE AbEste] dds
8 Aot

122 AAT TaFE 2472 1 kV/em, 2 kV/em, 25 kV/em ¢ 204 A d7)%
= o] 29 9%& conductivity meter (CM-21P,

of AlZteol whebr S, B A7 A el= 25 Hz ol
&

nFE ZAze] A71% slA ool BaALE we 3

ol
TOA-DKK, japan)ZS ©]-&3}
A, 3 23 AgEen=

o]t} (Table 6).

Table 6. Pulsed electric field processing conditions

Field Out voltage(%) Pluse width(us)  Frequency(Hz) Time(second)
strength(kV/cm)
1 45 10 25 3
2 55 20 25 3
2.5 55 30 25 3
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ol a7 wEel o
stel Aol 2§ At

] 10-13 ecm ¢ &EaF7F A

1 so] A Sk,

Fig. 7. AAA LS o] &%

MW T3+ 300 mL o €42 zr= PEF chamber ©] Yoz % 32 =3
z 9 "2 A7 sl 72 1, 3, 5 23 A HFig 8). 38 T

-9 %x2¢ EAS Optical scope (Dino Lite, Taiwan)Z
x210 &= Bt

kV/cm, 50 H
of AA~A7H AHelgk g
o] -8-3Fo] %100,

¥ FuE

2.

(@)

5

Fig. 8. PLCE 0|88 %2 Auddolee 2a< 44 (18 F); A & T
guy Ao z(nd 2hel 9 F B AudoEe FHHE B (1Y )
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HU
N
ol
ME
ob
£
X
0
=
1Y
")
Mo
ftlo
)
N
r U
A,
2
>,
o
o)
B

gAY A

(h) B2=A7178 A

Al&+ Batch camberdl S+ 300 mlet 74 Yol A Field strength 1, 1.5, 2, 25
kV/em ¢ #7174 W99 Frequency 50, 100 200 HzeF HZAIZF 1, 2, 3, 4, 5 =2 HY
oA A2 .

(th) A= WU
AYH AEE 1 E7E AAS & dF AxE AHESte] 45, 70 T 9] drying
oven (ATP, Berlin, Germany, ModelMS1016)°l 4 25 hr &<t AZXEH AdA A7+ 1140

2 ARE AW diA Aol WMy & EAES A5t FESFEFS g9l o dAxU E
w5 dA Aol WY & eSS JPFEEZ A AFESA T
() a3k
7t A 89 8 gE(Wet weight basis)E ofefj o 2o 218 AL-g319dc}.
o, T 0 3)
X
b w;

MCuws, W, W, Wr i Moisture content wet basis(%), =2 W] A&2] FA|, %7] A9
FA, F A5 FAE YeRdY. Ax5412 Sigmaplot computer program< AR-8-3} o]
1% T}

(UH FodHFMR) Y AxEE
Az 7 3 (Moisture ratio)® 7% & %(Drying rate)x ofefe} 2 A& A}

gaksict,

_]\l

(4)

My o—M,

&t (5)

Drying rate =
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M, M, M, M, 133 My = 21 W F2&H 27| Fudd, 3y F23F t Al
Zhl e SRS el trdt oA e FEEHS yEhdy A xS442 Sigmaplot

computer program< Ab-g&3te] 13T}

MR : Average moisture ratio (dimensionless)

M : Moisture content at any time (kg water/kg dry matter)
M, : Initial moisture content (kg water/kg dry matter)

M. : Equilibrium moisture content (kg water/kg dry matter)
M, : Moisture content at t (min)

M .a - Moisture content at t+dt (kg water/kg dry matter)

¢t : Drying time (min)

3 REBAES ANG F oo ANRE

= a o R Oq /%]_}\]'C'/](;i:ﬂ— jg&
Hl L s, &gk Ao f-o4l Akol7F A E 749 Duncan’s multiple range testell
o] Hurgkel Uit FodS AF AT 9o &P value)= 0.05 ©|t} (SPSS Inc.,

Chicago, IL, USA).
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g FoA =3 AF Az A
at

=
ZUAE oSt Wol o] &HE S/ RAS AEEt (Table 7). Table 72 %
< 7€ Bde BT AYgsrt vbeeiy Rl A3 HdAge sidd i) ws 2d
S o] g5t Zbztel Ax Rde| diddtt. x2S Sigmaplot computer program-<

ARESle] gt ZF AJgelAe] wislWS4E= SPSS 20.0.0.1 (SPSS Inc., Chicago, IL,
3}o] Levenberg Marquardt W20 wlel A A3 A EA o2 A

A st 5719 RRA S A8 A7 F ARAFER)) =S
T5 FHHeo wdg AASAY. EMD (mean relative percent error), MBE (mean bias
error), RMSE (root mean square error)¥ 7 HAd @ x&S ALtste] zhzhe] wdl
o] o&FS wuegY. EMD, MEB, RMSE %ol 22 RdS 7|Fo=w AA dth
EMD, MEB, RMSE+= W2 2 (6, 7, 8)= °]&3te] ALF 513

100 exp 7 - M%Te z|
MD N =1 MRexp,i (6)
1 N
MBE = N;(MRW MR, ) (7)
1
[1 o2
RMSE = ]—VE (MR, ,— MR, ) (8)

1=1

R’ : Coefficient of determination, EMD : Mean relative percent error
REMSE : Root mean square error, MBE : Mean bias error

MPRes,; ¢ ith experimentally observed moisture ratio

MR,r; : ith predicted moisture ratio

N : Number of observations
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Table 7. Thin layer curve drying models

used for mathematical calculation of the drying of red pepper

Model no. Model name Model References

1 Newton R exp —kt) Mujumdar (1987)

2 Page MR=exp —kt ) Page (1949)
Yagcioglu, Degirmencioglu,

3 Logarithmic MR=aexp(—kt)+ ¢ ati0g & B
and Cagatay (1999)

4 Two term MR= aexp — kyt)+bexp(— kit) Henderson (1974)

Modified  Henderson  and
5 Pabi MR= aexp(— kt)+ bexp(— gt)+ cexp(— ht) Karathanos (1999)
abis
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. WaA7g Aol Be 5 W 23

AMEs Ax7 B9 F1FZ2 CIELab$t ASTA #e dolr gt Alx =42 M
(UltraScan PRO, Hunterlab.,, US.A)E A}&3lo] Lx(lightness), a*(redness), and
b*(yellowness) #< 743t th 2 (Eq. 95 ol&3t 1xd FHg AR 277
& AT AEeke A=A (AE)E UEHIAT. ASTA @2 %3 Fu1xs 7
Eo] 13 AR (0.1 g)ol 100 mLe acetones FH7}sle] FAolA 16 A7F F<F B A3
% Toyo No. 2 oJ#x11 o33 % gspectrophotometer (genesys20, Fisher Scientific,
US.A)Z 460 nm®] 3pgelA ASTA #S S48t ASTA #2 S44" 3% @S
ozl o] A (Eq. 10)ell thdste] dojiAtt (ASTA, 1968).

A (AL) +(Aa)?+(Ab)? 9)

absorbanceof extract X 16.4 X I;

ASTA unit = (10)

weight (g) of red pepper powder
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3. dT+4 3

7} (F)nFe] BaAE 9

o
e
I
8
©
o3l
N
L
ofd
o
&
n
o
o

(1) 4+ W&

()59 H2A71F Age= 784 oA o]FolxH ojuf F&He HA7] Hx
o]
A

(Electrical conductivity, S/m)7} ®¥3}e] QQlo] & 4=

NEAZE 9@ FaFe] WaAF AL AF FH BFD ogolth w4
Aol A B 859 ANAEES 4% Bast Ak A7E 4 FYostast o
2 Aol AsE F oot g0 A7) AEEE 248 A3 0014-0023 [S/m] o A
) AREES 2 Ao %4 HUd (Table 8)

Table 8. 471%= ¢4AFA TGS A JA2AY &9 A7 A=E

Toper Conductivity [S/m]
AR (B71= HFA A FA]) 0.014
A5t 1 (B71= A 4 H) 0.023
Astg 2 (A71= A T 9 0.017
FEE (7= 3A8A dgH) 0.017

=TT 0.001

GF B2 At 488 Ao ANgS

spel A7) AEEE Aol weh ghel Aol Y& Ao ogHTh merd okefel A

o= Z=Hgo 94 FX9 Ringer's solutionS E3slo] thekst Axo H7] Axx
£ ztv Y A4S A F A AgRdA AAAEE A SAS FASAT
(Table 9-20).

s A3 Z2(%Power)¥} Pulse widthE 57} AlZ 45 Electric field strength #t©]
7l AL gl 3k A8 = 899 Electric conductivity kel 0.001-0.100

S/mZ S7}3stoll wl Electric field strength ko] #AstsE AS el 2 A 7t
w} 2 Electric field strength®] W3l= @A 4= Qi
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Table 9. A7] A== 0.001 S/m &F AH&A| 3 &2 AP xdAY Hx 54 &3
(f=25 Hz, t=3 s)

Setting Electric field Peak Voltage Peak Current

% power pulse width Strength (kV/cm) &V) (A)
10ps 0.2 14 2.1

10% 20ps 0.3 2.6 2.1
30us 0.4 3.1 2.1

10us 0.3 2.3 2.1

15% 20ps 0.5 4.1 2.1
30us 0.6 4.8 2.1

10us 0.4 3.3 2.1

20% 20pus 0.7 5.6 2.1
30us 0.8 6.6 2.1

10ps 0.5 4.1 2.1

25% 20pus 0.9 7.1 2.1
30pus 1.0 8.3 2.1

10us 0.6 5.0 2.2

30% 20ps 1.1 8.7 2.2
30us 1.3 10.1 2.3

10ps 0.7 5.9 2.5

35% 20ps 1.3 10.2 2.5
30us 1.5 11.9 2.5

10us 0.9 6.9 2.9

40% 20ps 15 11.8 3.0
30us 1.7 13.7 2.8

10us 1.0 7.9 2.2

45% 20pus 1.7 13.3 3.4
30us 1.9 15.4 3.5

10us 1.1 8.7 4.1

50% 20ps 1.9 14.8 4.2
30us 2.2 17.2 4.2

10pus 1.2 9.6 4.9

55% 20ps 2.0 16.3 4.9
30us 2.4 19.0 5

10us 1.3 10.6 5.7

60% 20ps 2.2 17.9 5.7
30us 2.6 20.7 5.9

10us 14 11.4 6.6

65% 20ps 2.4 19.4 6.6
27 s 2.8 22.5 6.8

10ps 1.5 12.3 7.4

70% 20pus 2.6 20.9 7.5
25us 2.9 23.3 7.5
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Table 10. A7] A=%= 0.017 S/m &5 AH&A 3 &4 AZxzAM B 54 =74
(f=25 Hz, t=3 s)

Setting Electric field Peak Voltage Peak Current

% power pulse width strength (kV/cm) &V) (A)
10pus 0.2 1.3 2.1

10% 20ps 0.3 2.5 2.1
30us 0.4 3.0 2.1

10ps 0.3 2.1 2.1

15% 20us 0.5 3.9 2.1
30us 0.6 4.6 2.2

10us 0.4 3.0 2.2

20% 20us 0.7 54 2.3
30us 0.8 6.4 2.4

10us 0.5 3.8 2.5

25% 20us 0.9 6.9 2.8
30ps 1.0 8.1 2.9

10ps 0.6 4.7 3.1

30% 20ps 1.0 8.4 3.6
30ps 1.2 9.8 3.8

10us 0.7 5.6 4.2

35% 20us 1.2 10.0 4.7
30us 14 11.6 4.9

10pus 0.8 6.4 51

40% 20us 14 114 57
30us 1.7 13.3 5.9

10us 0.9 7.2 6.3

45% 20us 1.6 12.9 6.9
30us 1.9 15.0 7.1

10us 1.0 8.1 7.4

50% 20us 1.8 14.4 8.0
30us 2.1 16.7 8.2

10ps 1.1 8.9 8.6

55% 20ps 2.0 15.8 9.3
30ps 2.3 18.4 9.5

10us 1.2 9.8 9.7

60% 20us 2.2 17.3 10.3
30us 2.5 20.1 10.6

10us 1.3 10.6 10.9

65% 20us 2.3 18.8 11.6
27us 2.7 21.4 11.8

10us 1.4 11.4 12.0

70% 20us 2.5 20.3 12.8
25us 2.9 22.6 12.9
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Table 11. A7] A=%= 0.020 S/m &5 AHEA 3|24 Az B 54 =74
(f=25 Hz, t=3 s)

Setting Electric field Peak Voltage Peak Current

% power pulse width strength (kV/cm) &V) (A)
10pus 0.2 1.3 2.1

10% 20ps 0.3 2.5 2.1
30us 0.4 3.0 2.1

10ps 0.3 2.1 2.1

15% 20us 0.5 4.0 2.2
30us 0.6 4.6 2.2

10us 0.4 2.9 2.3

20% 20ps 0.7 5.4 2.4
30ps 0.8 6.3 2.6

10us 0.5 6.3 2.8

25% 20us 0.9 6.9 3.2
30us 1.0 8.0 34

10us 0.6 4.6 3.6

30% 20us 1.0 8.4 4.2
30us 1.2 9.8 4.5

10us 0.7 54 5.0

35% 20us 1.2 9.8 55
30us 14 11.5 5.7

10us 0.8 6.3 6.1

40% 20us 14 11.3 6.8
30us 1.6 13.2 6.9

10us 0.9 7.2 7.3

45% 20us 1.6 12.8 8.0
30us 1.9 14.9 8.4

10us 1.0 8.0 8.6

50% 20us 1.8 14.3 9.2
30ps 2.1 16.6 9.5

10ps 1.1 8.8 9.9

55% 20ps 2.0 15.8 10.6
30ps 2.3 18.3 10.8

10us 1.2 9.7 11.1

60% 20us 2.2 17.2 11.9
30us 2.5 20.0 12.1

10us 1.3 10.5 12.4

65% 20ps 2.3 18.7 13.2
27 s 2.7 21.3 13.4

10us 14 11.2 13.7

70% 20ps 2.5 20.2 14.7
25us 2.8 22.5 14.6
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Table 12. A7] A== 0.040 S/m &5 AHEA 3|24 AZxzAM BX 54 =74
(f=25 Hz, t=3 s)

Setting Electric field Peak Voltage Peak Current

% power pulse width Strength (kV/cm) kV) A)
10us 0.1 1.2 2.1

10% 20ps 0.3 2.4 2.2
30us 0.4 2.8 2.2

10us 0.2 1.9 2.5

15% 20us 0.5 3.7 2.8
30us 0.5 4.4 3.0

10us 0.3 2.7 3.8

20% 20us 0.6 51 4.4
30ps 0.8 6.0 4.6

10us 0.4 34 55

25% 20us 0.8 6.5 6.2
30us 1.0 7.6 6.7

10us 0.5 4.2 7.1

30% 20ps 1.0 7.9 8.0
30us 1.2 9.3 8.3

10pus 0.6 5.0 9.0

35% 20us 1.2 94 9.8
30us 14 10.9 10.2

10us 0.7 5.8 10.8

40% 20us 1.3 10.8 11.8
30ps 1.6 12.6 12.0

10us 0.8 6.6 12.9

45% 20ps 1.5 12.2 13.8
30us 1.8 14.2 14.2

10us 0.9 7.3 14.8

50% 20us 1.7 13.6 15.7
30us 2.0 15.9 16.0

10us 1.0 8.1 16.7

55% 20us 1.9 15.0 17.7
30ps 2.2 17.6 18.2

10us 1.1 9.0 18.9

60% 20ps 2.1 16.4 20.2
30us 2.4 19.2 20.0

10us 1.2 9.6 20.6

65% 20us 2.2 17.9 21.9
27us 2.5 20.4 22.7

10us 1.3 10.5 22.6

70% 20ps 2.4 19.3 23.8
25us 2.7 21.5 24.2

80% 22us 2.9 23.0 26.2
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Table 13. A7] A=%= 0.060 S/m & AH&A 3|24 Az B 54 574
(f=25 Hz, t=3 s)

Setting Electric field Peak Voltage Peak Current

% power pulse Wldth Strength (kV/ Cm) (kV) (A)
10us 0.1 1.1 2.2

10% 20us 0.3 2.3 2.4
30us 0.3 2.7 2.5

10ps 0.2 1.8 3.3

15% 20us 0.5 3.6 4.0
30pus 0.5 4.3 4.3

10us 0.3 2.5 5.6

20% 20us 0.6 5.0 6.3
30us 0.7 5.8 6.5

10us 0.4 3.3 7.7

25% 20us 0.8 6.4 8.7
30us 0.9 7.4 9.0

10us 0.5 4.0 10.6

30% 20ps 1.0 7.7 11.1
30us 1.1 9.0 11.1

10ps 0.6 4.8 11.8

35% 20us 1.1 9.1 13.7
30us 1.3 10.6 13.8

10us 0.7 5.5 14.8

40% 20us 1.3 104 16.0
30ps 1.5 12.2 16.7

10us 0.8 6.3 17.3

45% 20us 1.5 11.8 18.6
30us 1.7 13.8 18.8

10us 0.9 7.0 19.9

50% 20us 1.7 13.2 21.2
30us 1.9 154 21.4

10us 1.0 7.7 22.3

55% 20us 1.8 14.6 23.9
30us 2.1 17.0 24.3

10us 1.1 8.5 24.7

60% 20us 2.0 15.9 26.1
30us 2.3 18.6 26.6

10us 1.1 9.1 27.3

65% 20us 2.2 17.3 29.3
27 s 2.5 19.8 29.2

10us 1.2 9.9 29.4

70% 20 2.3 18.7 31.3
25us 2.6 20.9 32.1

80% 22y 2.8 22.4 37.0
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Table 14. 7] =X 0.080 S/m & AH&A 3 E4 HPxdAe Hx 54 53
(f=25 Hz, t=3 s)

Setting Electric field Peak Voltage Peak Current

% power pulse width strength (kV/cm) kV) (A)
10us 0.1 1.0 2.4

10% 20ps 0.3 2.2 2.9
30us 0.3 2.6 3.1

10us 0.2 1.7 4.6

15% 20us 0.4 3.5 5.6
30pus 0.5 4.1 5.8

10us 0.3 2.3 7.3

20% 20us 0.6 4.8 8.3
30ps 0.7 5.6 8.6

10us 0.4 3.1 10.1

25% 20us 0.8 6.1 114
30us 0.9 7.2 11.7

10us 0.5 3.7 13.1

30% 20ps 0.9 7.4 14.5
30us 1.1 8.7 14.7

10us 0.6 4.4 16.0

35% 20ps 1.1 8.7 174
30us 1.3 10.2 17.9

10us 0.6 5.1 19.1

40% 20us 1.3 10.0 20.7
30us 1.5 11.8 20.9

10us 0.7 5.8 22.2

45% 20us 14 114 23.9
30ps 1.7 13.3 24.0

10us 0.8 6.5 25.2

50% 20us 1.6 12.6 27.4
30us 1.9 14.9 28.1

10us 0.9 7.2 29.0

55% 20ps 1.7 13.9 31.1
30us 2.0 16.3 314

10us 1.0 7.9 31.6

60% 20us 1.9 15.3 34.2
30us 2.2 17.8 34.5

10us 1.1 8.4 34.9

65% 20us 2.2 16.5 37.4
27 s 2.4 18.9 38.0

10us 1.2 9.2 37.4

70% 20us 2.2 17.8 41.0
25us 2.5 20.0 41.0

80% 225 2.7 214 47.0
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Table 15. A7] A=%= 0.100 S/m &5 AHEA 3|24 Az B 54 =74
(f=25 Hz, t=3 s)

Setting Electric field Peak Voltage Peak Current

% power pulse Wldth Strength (kV/ Cm) (kV) (A)
10ps 0.1 0.9 2.9

10% 20us 0.3 2.1 3.9
30us 0.3 2.5 4.1

10ps 0.2 1.5 5.9

15% 20us 0.4 3.3 7.2
30pus 0.5 3.9 7.4

10us 0.3 2.2 9.3

20% 20us 0.6 4.5 10.9
30us 0.7 54 11.2

10us 0.4 2.8 12.7

25% 20us 0.7 5.8 14.5
30us 0.9 6.8 14.6

10us 0.4 34 16.3

30% 20us 0.9 7.1 17.7
30us 1.0 8.3 18.3

10ps 0.5 4.1 20.0

35% 20us 1.0 8.3 21.4
30us 1.2 9.8 21.8

10us 0.6 4.7 23.2

40% 20us 1.2 9.6 25.7
30ps 14 11.2 25.6

10ps 0.7 5.4 26.7

45% 20us 1.4 10.9 29.2
30us 1.6 12.7 29.4

10us 0.8 6.1 30.0

50% 20us 1.5 12.1 32.9
30us 1.8 14.3 33.1

10us 0.9 6.8 33.8

55% 20us 1.7 134 36.6
30us 2.0 15.7 37.2

10us 0.9 7.4 36.9

60% 20us 1.8 14.7 40.1
30us 2.1 17.2 41.2

10ps 1.0 79 40.5

65% 20us 2.0 15.9 44.4
27 s 2.3 18.2 45.6

10us 1.1 8.6 44.2

70% 20 2.1 17.1 48.7
25us 2.4 19.2 49.0

80% 22y 2.6 20.4 59.1
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Table 16. 7] AEXE 0.001 S/m &F AL&A| &2 HgxAY H& EF A
(f=50 Hz, t=1 s)

Setting Electric field Peak Voltage Peak Current

% power pulse Wldth Strength (kV/ Cm) (kV) (A)
10us 0.2 1.6 2.1

10% 20ps 0.4 2.8 2.1
30us 0.4 3.3 2.1

10us 0.3 2.6 2.1

15% 20us 0.5 4.4 2.1
30pus 0.6 5.1 2.1

10ps 0.4 3.5 2.1

20% 20us 0.7 6.0 2.1
30ps 0.9 7.0 2.1

10us 0.6 4.5 2.1

25% 20us 0.9 7.6 2.1
30us 1.1 8.8 2.2

10ps 0.7 5.4 2.2

30% 20ps 1.2 9.2 2.3
30us 1.3 10.7 2.3

10us 0.8 6.4 2.5

35% 20ps 1.3 10.8 2.5
30us 1.6 12.5 2.6

10us 0.9 7.4 3.0

40% 20us 1.6 12.4 3.0
30ps 1.8 14.4 3.0

10ps 1.0 8.4 3.6

45% 20us 1.8 14.0 3.6
30ps 2.0 16.3 3.6

10us 1.2 9.3 4.2

50% 20us 2.0 15.6 4.2
30us 2.3 18.1 4.3

10us 1.3 10.3 4.9

55% 20ps 2.2 17.2 4.9
30us 2.5 19.9 5.0

10us 14 11.3 6.0

60% 20us 2.3 18.8 6.0
30us 2.7 21.8 6.0

10us 1.5 12.2 6.6

65% 20us 2.6 20.4 6.7
27 s 2.9 23.2 6.8

10us 1.6 13.2 7.4

70% 20us 2.7 22.0 7.4
25us 3.0 24.3 7.4

80% 22us 3.3 26.2 9.3
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Table 17. 7] AEXE 0.001 S/m &F AL&A| &2 HgxoAY H& EF A
(f=50 Hz, t=2 s)

Setting Electric field Peak Voltage Peak Current

% power pulse Wldth Strength (kV/ Cm) (kV) (A)
10us 0.2 1.5 2.1

10% 20us 0.3 2.8 2.1
30us 0.4 3.3 2.1

10us 0.3 2.5 2.1

15% 20us 0.5 4.3 2.1
30pus 0.6 5.1 2.1

10ps 0.4 3.5 2.1

20% 20us 0.7 5.9 2.1
30us 0.9 6.9 2.1

10us 0.6 44 2.1

25% 20us 0.9 7.5 2.2
30us 1.1 8.7 2.2

10us 0.7 54 2.3

30% 20us 1.1 9.1 2.3
30us 1.3 10.6 2.3

10ps 0.8 6.3 2.6

35% 20us 1.3 10.7 2.6
30us 1.6 12.4 2.6

10us 0.9 7.3 3.1

40% 20us 1.6 12.3 3.1
30us 1.8 14.3 3.2

10ps 1.0 8.3 3.7

45% 20us 1.7 13.9 3.8
30us 2.0 16.1 3.8

10us 1.2 9.2 4.5

50% 20us 1.9 15.5 4.5
30us 2.2 17.9 4.5

10us 1.3 10.2 5.2

55% 20ps 2.1 17.0 5.2
30us 2.5 19.8 5.3

10us 14 11.1 6.1

60% 20us 2.3 18.6 6.1
30us 2.7 21.6 6.2

10us 1.5 12.1 6.9

65% 20us 2.5 20.2 6.9
27 s 2.9 23.0 6.9

10us 1.6 13.0 7.0

70% 20 2.7 21.7 7.7
25us 3.0 24.2 7.7

80% 22y 3.2 26.0 9.4
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Table 18. 7] AEXE 0.001 S/m &F ALL&A| &2 HgxAY H& EF A
(f=50 Hz, t=3 s)

Setting Electric field Peak Voltage Peak Current

% power pulse Wldth Strength (kV/ Cm) (kV) (A)
10us 0.2 1.6 2.1

10% 20us 0.4 2.8 2.1
30us 0.4 3.3 2.1

10us 0.3 2.6 2.1

15% 20us 0.5 44 2.1
30pus 0.6 5.1 2.1

10ps 0.4 3.5 2.1

20% 20us 0.7 6.0 2.1
30us 0.9 6.9 2.1

10us 0.6 44 2.1

25% 20us 0.9 7.5 2.2
30us 1.1 8.8 2.2

10us 0.7 54 2.3

30% 20us 1.1 9.1 2.4
30us 1.3 10.6 2.4

10ps 0.8 6.4 2.7

35% 20us 1.3 10.7 2.7
30us 1.5 12.4 2.7

10us 0.9 7.3 3.3

40% 20us 1.5 12.3 3.3
30us 1.8 14.2 3.3

10us 1.0 8.3 3.9

45% 20us 1.7 13.9 4.0
30us 2.0 16.0 4.0

10us 1.2 9.2 4.7

50% 20us 1.9 154 4.7
30us 2.2 17.9 4.8

10us 1.3 10.2 5.5

55% 20ps 2.1 17.0 5.5
30us 2.5 19.7 5.6

10us 1.4 11.1 6.3

60% 20us 2.3 18.6 6.4
30us 2.7 21.5 6.4

10us 1.5 12.1 7.1

65% 20us 2.5 20.2 7.2
27 s 2.9 22.9 7.2

10us 1.6 13.0 8.0

70% 20 2.7 21.7 8.0
25us 3.0 24.1 8.0

80% 22 3.2 25.9 9.7
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Table 19. 7] AEXE 0.001 S/m &F ALL&A| &2 HgxAY H& EF A
(f=50 Hz, t=4 s)

Setting Electric field Peak Voltage Peak Current

% power pulse Wldth Strength (kV/ Cm) (kV) (A)
10us 0.2 1.6 2.1

10% 20us 0.4 2.8 2.1
30us 0.4 3.3 2.1

10us 0.3 2.6 2.1

15% 20us 0.5 44 2.1
30pus 0.6 5.1 2.1

10ps 0.4 3.5 2.1

20% 20us 0.7 6.0 2.1
30us 0.9 6.9 2.1

10us 0.6 4.5 2.2

25% 20us 0.9 7.5 2.2
30us 1.1 8.7 2.2

10us 0.7 54 2.3

30% 20us 1.1 9.1 2.4
30us 1.3 10.6 2.4

10ps 0.8 6.4 2.7

35% 20us 1.3 10.7 2.7
30us 1.5 12.4 2.7

10us 0.9 7.3 3.3

40% 20us 1.5 12.3 3.3
30us 1.8 14.2 3.3

10ps 1.0 8.3 4.0

45% 20us 1.7 13.9 4.0
30us 2.0 16.0 4.0

10us 1.1 9.2 4.7

50% 20us 1.9 154 4.8
30us 2.2 17.9 4.8

10us 1.3 10.2 5.5

55% 20ps 2.1 17.0 5.6
30us 2.5 19.7 5.6

10us 1.4 11.1 6.3

60% 20us 2.3 18.6 6.4
30us 2.7 21.5 6.4

10us 1.5 12.1 7.1

65% 20us 2.5 20.2 7.2
27 s 2.9 22.9 7.2

10us 1.6 13.0 8.0

70% 20 2.7 21.7 8.0
25us 3.0 24.1 8.0

80% 22y 3.2 25.8 9.7
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Table 20. A7] A== 0.001 S/m &5 AH&A 3|24 Az B 54 574
(f=50 Hz, t=5 s)

Setting Electric field Peak Voltage Peak Current

% power pulse Wldth Strength (kV/ Cm) (kV) (A)
10us 0.2 1.6 2.1

10% 20us 0.4 2.8 2.1
30us 0.4 3.3 2.1

10us 0.3 2.5 2.1

15% 20us 0.5 44 2.1
30pus 0.6 5.1 2.1

10ps 0.4 3.5 2.1

20% 20us 0.7 5.9 2.1
30us 0.9 6.9 2.1

10us 0.6 44 2.2

25% 20us 0.9 7.5 2.2
30us 1.1 8.7 2.2

10us 0.7 54 2.3

30% 20us 1.1 9.1 2.3
30us 1.3 10.5 2.4

10ps 0.8 6.3 2.7

35% 20us 1.3 10.7 2.7
30us 1.5 12.3 2.7

10us 0.9 7.3 3.2

40% 20us 1.5 12.2 3.3
30us 1.8 14.2 3.3

10us 1.0 8.2 3.9

45% 20us 1.7 13.8 4.0
30us 2.0 16.0 4.0

10us 1.1 9.2 4.7

50% 20us 1.9 154 4.7
30us 2.2 17.8 4.8

10us 1.3 10.1 5.5

55% 20ps 2.1 16.9 5.5
30us 2.5 19.6 5.5

10us 1.4 11.1 6.3

60% 20us 2.3 18.5 6.3
30us 2.7 214 6.4

10us 1.5 12.0 7.1

65% 20us 2.5 20.0 7.1
27 s 2.8 22.8 7.2

10us 1.6 12.9 7.9

70% 20 2.7 21.6 7.9
25us 3.0 23.9 8.0

80% 22y 3.2 25.8 9.6
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ot H2A7 g A wE F1F Y W #F

S35 25 kV/em, 50 Hz ¢ 2 717 Sfol A
F U-x4e 545 aFsan (Fig 10-1~4).

Digital scope (Dino Lite, Taiwan) & ©]-&3}c] x100 22 x210 wWj&=2 #Z 3}
o

A71% A8l A5 FaFe] Wi

L mEA Bagsge] FuE At 3

aEg
<

|
EE
kUl

Aow BeE )

Fig. 10-1. €2471%F Agd & 15
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2) PEF (25 kV/cm, 50 Hz, 1 s) g3 Za139 37 =4
PEF zm T3 TA o] ¥ <x21o>

50 1280x960 2012110122 214105

i
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3) PEF (25 kV/cm, 50 Hz, 3 s) A3 139 ¢34 EA
PEF A& &i339 ¢ #W (x210)

»

50 1280x960 2012110122 2141:05

NS B

Fig. 10-3. ¥
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A 2]

4) PEF (25 kV/cm, 50 Hz, 5 s)
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Fig. 10
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(1) Field strength®] z}o]o] uw
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10

25
35
20
65

Out voltage(%) Pulse width(us) Frequency(Hz)

o
ot (Fig 11).

A7 A= =3

Field strength(kV/cm)
15
2.5

Table 21.




(2) Field strength® xztole] W& Fu3

©
ol
i
ot
of

AP FuF5 ARESte] 1, 15, 25 kV/em 9] A71% stel A 3 23t 23k (Table
22). o]% AHEH TuFE= FHe EV|IE AAS F 70 °C 9 drying ovenoll A4 25 hr &
P Az dA AZF AR FAE SAHS FEIEFS Wet basis 7+ 282 583
o} (Fig 12).

ool 7helxl 271 A7 45 S5 o] wEA aste
= I F Uk dE 5ol FAY FaFe A5, 70 °C oA 9 AR Ax F oF 4
of TETHFS HolXF 25 kV/em9] PEF A9 4% 21%9 FEd# Holn
<= AT (Fig 12).

80 COUfLO|
TRKACW

O sorncw |1
eo |
10 |
S0 |
.

T T T T T
0 2 10 ® 50 52 30

TTIe6(uonL)

Fig. 12. 924713 Adol e Fnze Az

Table 22. B2A7% Ha 22

Field strength(kV/cm) Out voltage(%) Pulse width(us) Frequency(Hz)  Time(second)

1 25 30 25 3
1.5 35 30 25 3
2.5 65 20 25 3

_49_



(3) A AIzEe Rpolo] ME FaFo FEFZF

A T3S AFRsle]l 25 kV/em o @713 sloll A 1, 3, 5 27F 2 8d (Table
23). o] % AHEw TuFE e E7]E A A F 70 °C 9 drying ovenolAl 24 hr &
b AW A A A0 FAE FAHSY WX £2E HFTAo (Fig 12).

A

o

AL AT = vk A& 50 FAE FaF9
-/] [e]

FaFo halR Bz g A7) F4E FuF
s = Ry

o] R3S RHolAuk 25 kV/ecme PEF A

coupLoj
| @scouq
3 2ecouq |1
2 26c0Uq
0 2 10 ® 50 52 30
TTIme(mo L)
Fig. 13. €247 Agd W& F1F9 dx
Table 23. B 2A7 A g 27
Field strength(kV/cm) Out voltage(%) Pulse width(us) Frequency(Hz)  Time(second)
2.5 55 30 50 1
2.5 55 30 50 3
2.5 55 30 50 )

_50_



TAFE ARESte] 25 kV/em o] W71 sl A 1, 3, 5 %3 A2 Y (Table
=] 2] = 70°C 9] drying ovenollA 22 hr &

&
k-3
TEEHES Wet basis 7|02 =43

Fuk] A BaAA G AL F5E FauFe] £ Ggl M Pasts
: 9] 7 C oA

AL Fadd G, 70 °C oA 9 A AdAx F 9
3H% o TcETHFS HolARF 25 kV/em® PEF A2 4% 15%°] TS Kol
Vee FAIH (Fig 14)

- CcoufLo|
80 1 26c0Uq
32600Uq |
2 26C0Uq
00 |
%0 |
Nl
.
T T T T
0 2 10 ® 50 52

TTme6(womnL)
Fig. 14. 9277% Aed Be 139 Az

Table 24. B2A7| % A8 =4

Field strength(kV/cm) Out voltage(%) Pulse width(us) Frequency(Hz)  Time(second)

2.5 55 30 50 1
2.5 95 30 50 3
2.5 95 30 50 5
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AdE S35 AFSste] 25 kV/em o A7 stellAl 1, 3, 5 =3 AHElE (Table
25). o] AYH FaFE= qWY E7]E AAS * 70 °C 9 drying ovenell A 26 hr &
oF AxHw dA At 1tz FAE FH43 x £5& A5 (Fig 15).

e coupLo|

1 2sc0uq
3 26couq |
2 26C0Uq

Qo |

%0 |

S0 |

TTIme(monL)
Fig. 15. 24713 AHgd W& T1F9 AZ

Table 25. B2A71% Ha =4

Field strength(kV/cm) Out voltage(%) Pulse width(us) Frequency(Hz)  Time(second)

2.5 95 30 50 1
2.5 95 30 50 3
2.5 55 30 50 5
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(6) A AIzEe zpolo] ME FaFo FEIFZF

AdE FaFE ARESe] 25 kV/em o A7 skl 1, 3, 5 23 A2 (Table
26). o] AYH TuFE U E7]E AAZ T 70 °C 9 drying ovenolA 26 hr &
b AxHW A A AR FAE A A2 25 A5 (Fig 16).

SarFge] Zraldd "H2Hrge) A7 S5 FaFe] i FEol W= fAAcse
AL A 5 Atk dE 5o FA SaFe AF, 70 °C oA 12 AP Az 5 ¢
24% °] =R FFE BolAT 25 kV/em®| PEF Ao A9 15%°] FE3@de ol

couLo]
] e6conq
3 eeconq
2 26conq

80 |

eo |

10 |

50 |

Trme(monr)

Fig. 16. @247 Ao mE F1F 9 Ax

Table 26. B2A7F A7 =4

Field strength(kV/cm) Out voltage(%) Pulse width(us) Frequency(Hz)  Time(second)

2.5 95 30 50 1
2.5 95 30 50 3
2.5 95 30 50 5
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u 3o A5 H2AYE Y3 Az 3
(1) T1F9 9443 E2X8E ¢ Electric field strength 3 4 s}

BEA7EE ol 8T

ofol
kl
u
f (o
S
Ap>
Y

lo e

5 dal H22A171E Agxd 5 HA9
Electric field strengthZ X743} & sttt g 20k 5 S (Frequency, 25Hz)¢ 2
221 2] A ZH(Duration of pulse, 3s)& LAT}FOEZE Algo 7leiX= & Hxg4= 7H
pulses® A E Tt o]g|dt ZHoA] Al Fe] 7}ell A= Electric field strengthE 1.0, 1.5,
2.0, 25, 25 kV/em 9] ZE= A3t A2ttt (Table 27).

Az T TuFY FEFE (Eq 39 Aoz Aiksith A5e %7 #2332 oF
83-85% (w.b.) ot} Al&] 7}8 % Electric field strength®] A|717} S43 A 89 i
ghaFol wEA FHAhste ASs G ¢ Avk (Fig. 17). & & FAE Al=9 49,
70°C ol A & =HMR)e] 0.2 7F == Algke] ¢F 7.8 Alto] A= WA 25 kV/em 9
271 A9 B 6.3 Altel] 029 FEFFE Holi &S At ole x

b2l 2 AlE oiH] oF 20% AXEHLES S Hol Foh A2H7E AEg ARe

¢
)
Ey)
4
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rr
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Ach
Ll
_O‘L
rr
offt
2
ool
=
i
Lo
=X
bl
4
lo
—~ o
juj
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21

e
H
V/em 9] o2 A% e st A]§7} Z ko uu}e e
o

FAE Amek EAMCR FoH] AolH S BATHFig 19). w}a}i —%91 d&5Y 2
A A2 25 kV/Cmi’dXéQS’i

Table 27. S2A7|F A7 ZA

Field Out voltage(%) Pluse width(us)  Frequency(Hz) Time(second)
strength(kV/cm)
1 25 30 25 3
1.5 35 30 25 3
2 55 20 25 3
2.5 65 20 25 3
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(2) B339 d&5F F2AYE A% B2WMEFT](Pulse frequency, Hz)9t HXA
2] A] 7H(Duration of pulse, s) 2 8}

A7 S o83 59 7HE5axE 98 221714 Agxd s
7] (Pulse frequency, Hz)¢t H 3] 2] A ZH(Duration of pulse, s)& AAd+= AdAS &
sttt Electric field strength™ <9 AdoA A o= gy 5
A71E Abg3tg o HAdbEE7)(Pulse frequency, 79 278 100, 200HzS AF&-31% 2
H AAAYALS 1, 2, 4 22 243 HTable 28). ol Al5ol] 7FalA| &= & x5 e
100 Hz2] Z-$- 100, 200, 400 pulsesel ald3stH 200 Hzel 4% 200, 400, 800 pulsesel 3l
[ciia=

[4\1
oy
B
a2
1o
i
[>
T,

A9 AT AR b Pulse frequencyst 47199 A7I7F 94 3 W AL A
o ARe FRGFel Wi AhdE AL FAT 5 Ak AF Fo FALY AR
2 # o ef

3, 45 T oM &

- 31 /\]7]’01] 0.15 4 TS Hola 9\)]\:: Als o
62}’3% Ho] F=tv} (Fig 20). %3k Field strength 25 kV/cm,

H] oF 35% 9] AXEE

Frequency 200 Hz ¢ =02 AHg P& o, A4 A5 A5 FEFZFMR)e] 0.15
of =dal=t 44 Alzte]l Atk BAATE e Alme A 4 2 AHE 7E 3.0 A
roll Fghako]l 015 o =EdS A ol AHeA e Als UiA o 32% <
AzEL o A4S wol Zu} (Fig 22).

BN
B
H
Lo

AME 2 (Eq 59 WHo= Aitstdd o, 1 A3= Fig 210 YER
+ Field strength 2.5 kV/cm, Frequency 100 Hz ¢ ZHd o2 HAH 7%
o o] w2 AxEE FE HoFEr AAzte] ZojYe uhet
= 3-1.1’0 At} (Fig 21). Field strength 2.5 kV/cm, Frequency 200 Hz <]
A Al 7ko] dojHe we} AxEre] F7HE g & 4 o} (Fig 23).

o
BN
Y
H

BCAL 2 3R
O R
dp o
>,
kU
N
r
A
QLI

12
S

H1
- Lo

FREStFo] w2 AxEEo Zolol W] Duncan’'s multiple range testZ ©]-&3lo] W
A 3tk Frequency 100 Hz ¢ Aoz H2A7A Agd Algs A3 A
P o FETFFY FoAAQ HAE S F F vk HEA AR e

=1 A el Bls) folA AolE RS
ool glo] AT 2 25 HA o A A
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Table 28. S2A71% Ay A

Fleld Out voltage(%) Pluse width(ys)  Frequency(Hz) Time(second)
strength(kV/cm)
2.5 55 30 100 1
2.5 55 30 100 2
2.5 55 30 100 4
2.5 55 30 200 1
2.5 55 30 200 2
2.5 99 30 200 4
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o A4E A¥ZAL B4 FTure) 44y RaA

(1) AAZANA F159 94 DAY} AZSE FHa%n

44T e AAEA(Table 200§ A3te] FnFe) A%Y BaAelS FAstg

T uFE ALE3}9] Electric field strength 2.5 kV/cme d71% 3tell A Pulse frequency
100, 200 Hz, 2 %%+ 23t} (Table 29). A% F FuFo FRIFS #“ (Eq 4)°]
Ao 74]*&?1‘3} A5 A7 ARl 7FslZ Frequency ol A717F 4A EolA =
AxEE9 Zol7t e v AL g9 ok FA4Y A= A4 4 N FE
stEE(MR)e] 015 7} H+=d oF 3.7 Ateo] Zg+= ¥hH Field Strength 25 kV/cm,
Frequency 100, 200 Hz ¢ 2171 At Alzmel A F 7FA =21 25 oF 26 Al
Zre] 0.15 & F&FFE Holal A5S G o= ﬂfﬂﬁ}ﬂ 2 A= oiH] °F 30%
o] Ax&H%E A4S BHo Foh(Fig 26).

o
HN r
o

ox

_—

AzxEEe] ALt F2 (Eq 59 HHo= Aietgon, 7 A3+ Fig 27.9 WER
A, AFXEE+= Field strength 2.5 kV/cm, Frequency 100, 200 Hz ¢ o= H2H
7174 Age A5 A AlRe FEdgd Ub] =2 AxELE e HoFr (Fig

FEFF B2 AxEEe] Aolof A= Duncan’s multiple range testE ©]-&3}¢]
v 319 th Frequency 100, 200 Hz ¢ 7o 2 H~A7A sk Ala= T s A
ol RS u FEsFEFe] FoFel FHAS el s 4 du (Fig 28). Frequency 100,
200 Hz 24714 202 AHs AJ59 /\]Z_}oﬂ 2 R3tegEe] g9o7 zolv) gle
S gelglty, EX A3 Frequency 100 Hz, 2 = @3 A 59 Frequency 200 Hz, 2%
Ak Als He Fol & 5 Q7] Wl A7

o] st W AxHL9 W—JXJ 2fo]
717 H 2~ 4 200 pulse (Frequency 100 Hz, 2 %) A& H2d 7%
7ol FaFe 7pEAXE 8 b Ade Ay 2o 2 ddE A

Table 29. 22A71% A7 =4

Field
Out voltage(%)  Pluse width(us)  Frequency(Hz) Time(second)
strength(kV/cm)
2.5 55 30 100
2.5 55 30 200
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S = JJrc}o}aiE} Table 302 &Fi59 dxEwd e 2t &
deo] AAAS vug Zow AXEHE d5c7] A A5 H 2R coefficient of
determination(£#%), EMD (mean relative percent error), MBE (mean bias error), RMSE
(root mean square error)E& YEFWTE $3159] thin layer 1ZXE54S o F317]o 7174
Age wde g e g oo} V¢ we EMD, MBE, RMSE 32 Ueh=d 7]
Fol AAMG (R 07 1Akele] #hg 7w 19 49 &

AR dvke A 9guEt. R 090 ®Th 2

(Madamba et al., 1996, Erenturk et al, 2004). Table 30014 Zz} Ed2]o] uw&
EMD, MBE, RMSE® A, HU 2 R 0.9953-0.9999, EMD 10.92562-66.47540,
MBE -0.03912-0.04063, RMSE 0.035760-0.061917 ©] #& walth A% & 744 %< f°
9 Mg vbe EMD, MBE, RMSE % Jebd ®@& Logarithmic 222 R, EMD,
MBE, RMSE %kol Z+7Z} 0.9976-0.9989, 10.92562-13.52020, -0.03912-0.02861, 0.036564 ~
0.053419¢]t}. o] A3} e Page X243 "S53 Aa2 wolu Qv R3 RMSE
9] A Page RdAo] o7t O il We IS HoF JA W Logarithmic €2 o]
EMD®| ko] oF 4-58% ¢ & 29 s BT 11:} ojof 57kA] RHA F

TauFo AxEA AFs RS Logarithmic E@Aolgka g 4 9th,

f
L

_1P;1
o
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Table 30. Values of the drying constants and selected models determined through regression method for frequency(Hz)

Frequency Treatment
Model , Model constants Vid MBE RMSE EMD
(Hz) time (s)
100 = 0.5178 0.9986 0.04065 0.046341 66.47540
Newton 2
200 k = 0.6704 0.9953 -0.03735 0.061917 28.32854
. 100 ) k = 0.6008 , n = 1.1506 0.9999 -0.02813 0.035760 14.67760
age
& 200 k =0.8564 , n = 1.2100 0.9998 -0.03890 0.048941 18.44536
o 100 k = 0.6196, « = 1.0346, ¢ = -0.0283 0.9989 -0.02861 0.036564 10.92562
Logarithmic 2
200 k = 0.6188, a = 1.0436, ¢ = -0.0342 0.9976 -0.03912 0.053419 13.52020
100 k = 0.6696, a = 0.5057, b = 0.5057 0.9976 -0.02694 0.04194 19.70268
Two term 2
200 k = 0.6787, a = 0.5076, b = 0.5076 0.9956 -0.03685 0.060179 27.05147
k = 0.5146, a = 0.8711, b = 0.8711,
Modified 100 0.9993 -0.02921 0.035775 13.19808
c = -0.7372, g = 0.5136, h = 0.3699
Henderson and 2
) k = 0.6777, a = 0.2554, b = 0.2554,
Pabis 200 0.9956 -0.03683 0.060161 27.06114
c = 0.5044, g = 0.6777, h = 0.6796
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(3) AHxzHAAN TaF9 H2AFY F Ax Ws 53

471 Ao W A% 549 A= Table 31 dE Utk ¥ AE
(lightness)& YWEIN &= Lxgk2 = S ZaFo] wEl 100, 200 Hz A &3 Al 89
G- oF7hol W2 AEe] fol Al AolE ERldrt. A M E(redness)E YEFNE ax #
¢ FAg Alg7 30792 Holi 100 Hz: 2967, 200 Hz:= 2936 S eldich o
S FoAR AolE Holal gla HARVE Myl Aol FolAd AolE HolA
il Aok M E(yellowness)E WEF & b gkl A9 FAE AlE7F 2285 Holil
100 Hzi= 2598, 200 Hz& 24.45 ke #ldlth o e {9 x<Q Hols Hoja glth
A A Lx g 224718 AgdS v 9 e S JEA ax g H~

= ﬂﬂ & “41 C—’k 1 92 §te ®BoFa, bx §t2 FA3 ARt %*ixdﬂ;é} A 2

o O
L)

o

o

D)

§2

(¢

A =5 Yel &= ASTA A E:+= American Spice Trade Association (ASTA)
Z7bF FEA A7 s BAStE WHoR, uxrbFe F4 AxE st

H, 54 7534% Table 31 WetH AT FH & a5 100, 200 Hz =7 7]
} AElsk ASTAE 7H7h, 13694, 151.12, 15252 kol SA AT vl= FdF 3 A A
STA(American Splce Trade Association)®] 24 ASTA color value 70 °]¥<
AMER Wi 70-160%1 745 5-69AZ F2 %Ter@}"’ AT g A A (KS)ell
Z7FFe] e ASTA A% 101-130 oW H-&%5 =, 131-160 o] =, 161 ©o]7
Exlo g R vl (Red pepper ground (2008)). FAg e Alse HAH7A

fo o
>

U@ ARE 1369-1525% 2% A &3 A% g s aEu B A
o} BaANG Ae@d Ame] A% 2= 142-15582 4Pe 2po]E Ho] PEF AH#e

H2A71F A s vl FS A Agstnz dEede Aol x| &k AAdd
HAHzHAA A A s AIZF s T AA AEHARAZHTreatment time in s)< Tt
=3 2ok

Treatment time = Pulse width (30 us) x Pulse frequency (100 Hz) x 1 hr (3600 s)
= 10.8 s/hr

werd H8 zaclHel @ Az Bobe] AAAEHE e} ok

Work = Output voltage(18.4 kV) x Output current(9.5 A) x Treatment time(10.8 s/hr)
524.4 W
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Table 31. Color characteristies and ASTA value of PEF treatment red pepper using hot air drying

T:E;:n(z? ' L*-value a*-value b*-value AE ASTA
Control 49.91+0.40"%2  30.79+0.32°  22.85+0.47° 0 136.94+0.32°
100 Hz 2 50.720.14° 29.67+0.14°  25.98+0.49° 3.42 151.12+0.72°
200 Hz 2 50.76£0.43" 29.36+0.37°  24.45+0.63° 2.30 152.52+0.40°

YEach value presents the mean = SD.

“Mean with different letters within the column are significantly different at p<0.05 by Duncan’s multiple range test.
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DE7FFGEEALF) Aol Aol Fhsetal, oA AME a#stWA A E impedance
of wrxo] HH] FHAZE FstUrt. 1 AF} cavity chamber, microwave generation
parts, gas mass flow rate control, vacuum gauge, vacuum valve & H]Eo] % 3}% At}
(Table 32).

Table 32. The major specifications of the lab equipment

3 3 Fa A%

Cavity chamber e Size: 428.4(W) x 370(H) x 400(L) mm

e  Magnetron 2M246 (LG electronics Inc., Seoul, Korea)
o Wz} WA air cooling, min 0.8 m’/min, A2
e Power supply: 50-1,000 W

¢ MODEL 3660 (Kojima instrument Inc., Osaka, Japan)
Gas mass flow rate |e G2Fe] WM< 0-20 slm per each

Microwave generation

parts

control e A& F= 2 lines

o A7 A SUS 304 /4 tube

e Model KC 430 (KVC Co. Ltd., Gyeonggi—do, Korea)

o 2 W9 760-1x10" torr

e Model 2-way electric ball valve (DongjooAP, Incheon,
Vacuum valve Korea)

o AA Al NW 25 flange

Vacuum gauge

(2) 2= Sehz=u FAWS B9
Table 330 vbebd AF871A1, Ao A, ANk, AUge 2Ae WEE Gl <
A Behzrk AL 9% 4 WFES Mg WAE 482 Fd 2YAAh g7

d
As T A4 EF7F2 T(993 @ 090 FF-APE EF7E2 (998 © 02)= 2H4t

Pintassilgo 5 (2007)¥} Hong & (2009)9] AF+AI}E AR 3to] AATAT
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Table 33. The range of gas, power, treatment time and pressure for forming

stable plasma

. =] g =] g
A&7 A A< (mL/min) A Z¥(min | ¢ (torr
A8 (W)
) )

ops

a5
A5 A2 ERI2
3 = AN =
(1% : A4 = 998 1000

0.2) 300-900 1-20 92200
A2 BRI~
(A2 : A2 = 993

0.7)
Ao A BRI 2500
(A2t A2 =4:1) | (2000 A2 500 A2

. = ZH2v A g3 uAE A7Egn HAF
(1) QA W AE(Bacillus cereus, Clostridium perfiingens)dl ™3t A4

(7}) B. cereus

O FEFAE

B. cereus ATCC 10876, ATCC 13061 18] W-1+ tryptic soy broth (TSB, BDTM)®ll
A Zyzy Sataf ettt 2 wrEe] wWidE TSBE 3 ¥ YA EE(10,000 rpm, 2 #)3h
o AlF3 & TS5 T=Z THE9 15 mL cornical tubedl ®o} cocktailZ A %3}
0.1%(w/v) peptone water® 3|4 3}o] oF 8 log CFU/mLS HEH o2 et

Ao Fujs s e EduZ(a3 AatE], Goesan)s LGZ7|EH 7S o] &3] 121
°CellA 15 & &< A=A ”é H BgauF A5 5go 1 mL B5F% &1 7\]7J il
AT A7 dE 900 Well T

A1
rate: 1,000 sccm), & 7}/\({% . 5 torr, flow rate: 1,000 sccm) - ’\Pi %% 7}
F

I(24 @ 2ba =4 1, AF%: 10 torr, flow rate: 2500 sccm), AA-4HA E3H7FA10
(A4 @ A4 =993 1 0.7, FF%: 5 torr, flow rate: 1,000 sccm), £ dF-AHA &
sth~(AF  AFA = 99.8 1 0.2, XJ . 5 torr, flow rate: 1,000 sccm)2 2= Zgh=
vl A& AT Ay AEY AEE Ol/(W/V) peptone water® 10 v} gAlsle] 3 &
7} blending3dF % tryptic soy agar (TSA, BDIM)ol| 24 A17F %<t 37 °Coll A wj ksl 9l o).

@ x72
TSBol Swul$® B, cereus ATCC 10876, ATCC 13061, 1#]3l W-1& thA] TSA9
Tslo] 37 °ColAl 5-7 A &<t midstdtt wiekE plateol]l 2 mLe] 0.1%(w/v) peptone

=]

waterg 5ol dgAS wrEI o]E -2 F(water bath)o]l ¥ o] heat shock (80
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°C, 10 min)< 3t o] W, 4 TS 8000 rpmolAl 20 3+ 4 3] FHEE st 3
MR H#FES 5% FE2 THE ¥ 15 mL conical tube (50015, SPL Life Science
Co., Pocheon)ell o} cocktail® #AZ3Fa, 0.1%(w/v) peptone waterz 3]A3FAtt 1
S w3k 52 sprayerol] TX7F 9F 8 log spores/mLel HEYP o2 WS

|Foll AmE e FEIF(F FAE)s 14T 7IETE7IE o]&ste] 121 °CellA
15 ¥ F<F AHFHAL} Hir® AR 5 goll 1 mL 53 & 1 A AxAAY HEd
AlgEE A9 900 W°ﬂ/\1 10, 20 & &9 AA VAR FE: 5 torr, flow rate: 1,000

A

>

sccm), AF 7FA(RAFE: 5 torr, flow rate: 1,000 scem), AA-AbA E37FA1 (A &
A = 4 01, AFE: 10 torr, flow rate: 2500 sccm), AAa-AA SO (E &
AFZ2~ = 99.3 0.7, AFE: 5 torr, flow rate: 1,000 sccm), == AF-AtA T4

2
D AFA = 99.8 @ 0.2, IFE: 5 torr, flow rate: 1,000 sccm)® A Ak A A
5% 0.1%(w/v) peptone water® 10 ®f 34 3}e] 3 £7F blending3 & TSAc]
24 A|ZF 5ok 37 °Coll A 8] &3HS

ol
lo
S

(W) Clostridium perfringens

C. perfiingens KCCM 409465 fluid thioglycollate medium (BDTM)ol Al @ 7] & o2  uj<
skt o] W, anaerobic jar (BDTM)oll Gas—pak (BDTM, MD, USA)E Yo @714 %
S wEoFT Z=vE AAHAE 4000 rpmol A 20 37 QG4 (centrifuge) S
%, kA E’Loﬂ Ol/a(w/v) peptone waterZ 3|4 35to] HFYUS FH|EAT Hid AR
goﬂ 1 mL ¥ , 1 A BoF AxA7I A dE 900 WollA 10 & s A
(R F & 5 torr, ﬂow rate: 1,000 sccm), a-AbA EF7FAT(H A L AFA = 40
&% 10 torr, flow rate: 2,500 scem)Z F= Zelznl A28kt A 359 A RS
0.1%(w/v) peptone water= 10 #H] 3 Alste] 3 &b blendingdt ¥ tryptose sulfite
cycloserine agar (Merk, Darmstadt, Germany)& ©]-&3}% pour plating3}it}. ©ol&= 37
Col A 24-48 A3t &t @714 o= ¥l

ol r-?L o2

>HE
AN
N

—_

Il

(2) B9iu| B E(E 7T, Aspergillus flavus)ol W3k A

Oh Z7NA8 T

FE= Zdtznte] s714T A dig A7 BT FaFE A I 53

A = 4 01, IFE: 10 torr, flow rate: 2500 sccm), HA-2FA EF7FAO(E &
2F2 = 993 ¢ 0.7, AFE: 5 torr, flow rate: 1,000 sccm), B8 AF-AtA EF7FA(E
F o AFA =998 1 0.2, AFE: 5 torr, flow rate: 1,000 sccm) 2 X ZEEvl A8 S
st AHElekA] e Alge AgHE AlRE 0.1%(w/v) peptone waterZ 10 v 8] 5l
3 ¥7F blending3 ¥ plate count agar (BDTM)oll 24 A7+ &<t 37 ColA v st}
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lalste] & ‘tﬁﬁ}ﬂ I%E}a Ao

Al > 5

(A F%E: 5 torr, flow rate: 1000 Sccm) Zélﬁ\:ﬁ‘_é: 31??”7}/\ I (&2 A
2 TRV AO(E & A

7, AEFE5 torr, flow rate: 1000 Sccm) T A5 A4 ES7A(—A F 1 4F

2~ =99.8 : 0.2, A¥%: 5 torr, flow rate: 1,000 sccm)ES AFEsTth A A5 ANRE

0.1%(w/v) peptone water= 10 8] ]2 3}e] 3 &3t blending$dt § PCA°l 24 A] 7t

°Coll A ul &t

4

(4) A. flavas

A. flavus ATCC 200026< potato dextrose agar (PDA, BDTM)® YHE Al uj R o] =3}
o SAZL & 5-10 mLe] 0.1% Tween 802 9ol Eir ¥ loop= AEA A #3Fo]e
x5 Hstzl #18] clothE  ol&st] Agds AN F AqAFdE FHFAS

Hemocytometer (Paul Marienfeld GmbH & Co. KG, Lauda-Konigshofen, Germany)= 7|
ettt 0.1%(w/v) peptone water® 3418t °F 7 log spores/g® HEYo R FH|3

J
AN

15 ¥ %o& Aelwoich. A PUaF AR 5 gl 1 gol MAEE AT 1 AT F
A o

U
AzAAY A% &

U
2
A

-

L_

5
flow rate: 1,000 sccm), &5 7F2=(FF%E: 5 torr, flow rate: 1,000 sccm), & Ah-2FA
N A

o 23
PR T (A A D AbA = 4 01, IFED 10 torr, flow rate: 2,500 scem), ZEB_—Li =357t
20(E 2 0 2FA = 993 @ 0.7, IF%: 5 torr, flow rate: 1,000 sccm), = dF-Ah

A EFVAE™AF A = 99.8 1 0.2, IFE: 5 torr, flow rate: 1,000 sccm)E EFE=
Zg=v AYEAY Ay A3 AI5E 0.1%(w/v) peptone water= 10 v 3 A5k 3
7t blendingdt ¥ potato dextrose agar(PDA, BDIM)oll 2-3 & &<k 25 °Coll A v &3}

At

3) | BE A3 model +5 % model parameters 23

T gl JFAZ A Aavas7t vlE Hekz=ul Ao o A= A4S & Adst
Folelx] ol 7] 98 1k vhs &% EPE(Eq 12, 13), Fermi 22 (Eq 14)

(Peleg, 1995), 18] 32 Weibull 29 (Eq 15)°] v A= A& dlo]eE 3 (fitting) A At

ol W 1 2 ¥F$ &% RAlE3 Fermi B9-S Minitab 15 (ver. 15, Minitab, Inc., State

College, PA) T2 71 S o] &390, Weibull &S GInaFiT (Geeraerd and Van Impe

Inactivation Model Fitting Tool) Z213& o] &3ttt vd Zak=vl 2y Ay F9

HNAE FE2 AsEA] &2 MAE sE(RME T3 HEq. 11).

RM = A/A (11)

A A9 v = Fx(log CFU/g), A¢ x99 vAd= Fx=(log CFU/g).

fr {e o

weo]
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In (RM) = -k E (12)

E Ael AHW), ki 1 A 984
In (RM) = ~k,¢ (13)

n

RM = (14)

E A7 A=HW), Ey EM°] 057} 5+ A d5(W),

a Ey 7% =49 71715 vede oAk

log N = log Ny - (t/8)° (15)

& A7) AR, s BF A AL
(4) Lab scale A9 HAE 47 JH=xA &
RE AFe 23] vrEm ) BEAMHEA W (analysis of variance) 0 & ZF FE ke 2}
o] 2 R, Fx7t = A Duncan S HFS AAEITh EAHRA )
Gz AEe SAS 21 (SAS®version9.2, SAS Institutelnc., Raleigh, NC, USA)<
ol &8tk A= e Folak= 5% FrolA HISHUM A davus A3, AL A9, 2
2ol A7 A7 A#ATBA= SASS] Pearson correlationsS o] -§3to] A AT dulF
of HEANZ A favuss AT W Al dH3 Agto] F= FFS golr 7] fste] W
F7F 27021 A A EH (two variable second-order center composite RSM design) &
2 Minitab (Minitab, Inc.) ZZ1#& o] &3l AL AFstgon, ojuf FAA F
Hs 22 5 eF 13712 A Akt (Table 34) (Nath &, 2007). s€H®HATE= A8 A
(X7, 400, 474, 650, 828, 900 W)} A 2] A|ZH X, 4.0, 6.4, 125, 18.6, 20 &)l 23
7 FAL SAS RIS o] &3 HERUEA S Fd o]Foxon, Bl A &

ol 22 ARG S A&

N

¢

Y =bo + b1 X1 + boXo + bioXiXo + buXiz + baoXo (16)

o

= 22U EAN A favusd] Al E(log CFU/g)olal, bnE 3| A AT, Xi9 o=
7y 7 AY g W)k A ARGR)olth. A, favus * 3l 2
Response optimizer functione Ab&3te] AAsIAh. #

EHE] ?lxl'%(kn, kE, E/], 3) %}]\—%% 01]%—’5‘]—2}]\‘:}-
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Table 34. Experimental variables and their values for the determination of
optimum cold plasma treatment! conditions for inhibiting A. flavus on red

pepper powder

Explanatory variables - Response
Treatment power: X;,Cy; .
Experiment Treatment time: Xg,Co variable
Number Coded value Real value ]
Reduction
X Xo C1 C. (log spores/g)
1 -14 0 400 125 0.5+0.1
2 -1 1 474 18.6 0.6+0.0
3 -1 -1 474 6.4 0.6+0.1
4 0 0 650 12.5 0.7+0.0
5 0 0 650 12.5 0.7+0.1
6 0 0 650 125 0.7+0.0
7 0 0 650 12.5 0.7+0.0
8 0 0 650 12.5 0.7+0.0
9 0 14 650 20 0.7+0.1
10 0 -14 650 4 0.5+0.0
11 1 -1 828 6.4 1.1+0.2
12 1 1 328 18.6 1.4+0.1
13 14 0 900 12.5 1.5+0.1
B) 2 ¥ FEEHE A
RauF e 43 2

=
129 ¥ 255 AoH 2%=A(DT 44L, DIAS Infrared GmbH,
) 2 =

A
Dresden, Germany)=® = water activity meter (Pawkit water

()
activity meter, Decagon Devices Inc., WA, USA)E Al-&3to] =H &

(6) Scanning electron microscoph (SEM)

ob AE A EAY F- Hepbxvl Aed XA AEE S vlw #Estax sk
#28 Alm FH= Cheng® Huber (1996)¢] W o= Za ¥t} Polystylrene (PE)
dishell B. cereus XA HEY 1 mLo HTd & d=AA F= Fd=vr A= F-4
2 E¢7E2, 900 W, 20 )3k Th A7 ® $oll 0.1%(w/w) peptone water”} 3 7Fel Ht
#(19x16 cm, Nasco WHIRL-PAK®, WI, USA)el Ho] A5z wredu. szl
HAA TS polycarbonate membrane filter (25-mm  diameter, 0.2-um pore size)
(Nuclepore membranes 110606, Whatman, NJ, USA)ol o#A|A FxES Adrh
Membrane filterel]l 1+ XA}= 8% glutaraldehyde (16020, PA, USA), 10% formaldehyde
(15713), and 0.1 M sodium cacodylate buffer (pH 7.1 at 4 °C) (11652)= T4
Karnovsky's 3174 9 (Karnovsky, 1965)< ©o|&3ste] A=A 149 Alas 10 & 14
© 2 0.1 M sodium cacodylate buffer®= 33 A&¥ % 1% osmium tetroxide (19192)%}
0.05 M sodium cacodylate bufferg ©o]-&3}o] 4 °CollA 2 AZF &<t 23 =S} Al

1) Nitrogen was used as the plasma-forming gas

_74_



= THFTFE 238 Ax"E 3 10 & FF o2 30. 50, 70, 80, 28] 3L 100%9] o E2S o
HA AT wpAE 100%9] dgbEe] dfdd= 3 3] A5 oA AFHE A5 100
% hexamethyldisilazane (16700)2 ©]83lo] 24 A7 &<k AxXFHAJT Ax F W (Ph)
2 F"Y3}Y scanning electron microscopy (Field emission-SEM, FE-SEM, S-4700,
Hitachi, Tokyo, Japan)s AF-&3te] SEM ©|R| A& H 33

X £ o

(0]

o EFAYY WAYE dF A IF

(1) wlolAzgo|n-2= Eatzn} 54 A A A WG I

(7hH A}t Eo] AA
Teflon plate (25 cm x 25 cm)91ell F<Q1 AlE7F o= 91X} =olo S wf mlo]aZ g o]H -
ZE Fg=vt sAAE Y nAE Adadrt 7B =24 golR gt

D AlE +=H]
A& 5 cm® PE disholl B. cereus spores, Salmonella Typhimurium, 123l Listeria
monocytogenens JEH(F 6-8 log CFU/cm?»)S 100 uL® Hsle] 1124 23EdH

(spotting) 3} %A t}.

== Zgk=ut 28 (cold plasma treatment, CPT)
Teflon plate 9o A&7} Eol= Xd wWE nAE Asgds dotrnr] 93] Fig.
299 o] PE dish& Fokvh. L3, AW f AlR7F Fol= ¥°l& 0, 3, 9, 12, 15, 18, 21,
24, 1931 27 ecm® S7FA71A CPTste] mfolam 9 o] B-CPT &A1 2l (MW-CPT)ell
7H Ashek 9% @ EolE AASAH(Fig. 30). ©] W, CPTE Z "|A=E2] A7t 717
=A AT AFETEA A AY, 2elal He AIRRE ol &ske] 1 H AT At
Aas = ¢k AF 2He =% HstE Ao 2EAE SAHAT

I \
/ | W) | PR 1
| . \

. \
|I 1
II 8 ) II
| o (
X ol \ Y
f | \

Fig. 29. Sample positions in the cold plasma treatment chamber.
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€ Microwave generator
(magnetron)

26.5 cm
37.0 em

Plasma formation zone

I (Low-microwave density) l __________

Teflon plate Food sample

Holder
Fig. 30 Schematic diagram of the formation of plasma zones with different

microwave densities in the treatment chamber.

@ "AE 4

A8 A% PE dish® Wi®(Nasco WHIRL-PAK®)el W& Zo] 0.1%(w/v) peptone
waters 10 mL& F7bste] wto] 23td YA E=E AT AFAREE 345t 100
ulL # 3 &, MYP agarell 37 °Coll A 48 AJ7F &<t wjFstdar, XLD agarol A= 37 °Cell
A48 AIZE sk wiFekdh 1Al 70% o®ES ol&ate] Ao w wHE supplement
5 mLo] #7}¥ Listeria selective agar (CMO0856, Oxoid, Hampshire, UK)ell 35 °Coll 4]
48 A1Zb &t whFat ok

(U) vlo]Z 29 o)B X (microwave powder density) & &<l

Ag 6 cm?l 9o8 FAAVFAE AE Fol AP A W 0, 12, 15, 20, 21, 24, 27, 12
30 cm EololA CPT ssith. CPTH #HE7|=49] 87| #t< image j program (Image ],
National institue of health, Wayne rasband, USA)°. &2 =43 & 1 A ayr} et =
ojof 5| A wlo]aARgo]H o] Wk Zhs dohfRdTt

(2) € BF Ay vBE A Hd &

Zh € Ag HHe vAE A o &3

O B¢ uFet vEd 13 A5 FH]

2 13 Ao SujEa Qe BEuaF A B AFHAA Ao RRE F
ek W B uFE o]gdle] e BHuF BE F 2 7HA FRF9 MZo #H|EHIY
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B 353 Av 85 °CollA 2 AIRE &t dA 9 Ax(7-20 pm)¥ 155 FE3g 3o
i, B 153 B AEE #HH7E o]&ste] £23H05 cm x 0.5 cm)sk i tH(Fig. 31. (A)).
HE 2 153 121 °CeolA 15 & &<k "iAIZl 7k E o] &ste] 15 ecm x 1.5 cm =L7]

B 03 A ASole 7|Eo =A% vAES AFEAIT]Y] YE 121 °ColA] 15 #
ol Wit A7l & 5 g #Halol HEY 1 mL (2F 8 log spores/mL)& &% HEs &
o 13 %I—

1l g H
b arg Bob vl Ao Aeole mAdEe] AEEA ot HE Ao EdA A
%

05cm

1.5cm

Fig. 31. Dimensions of red pepper powder sample and non-powdered

red pepper sample.

@b -4 (water bath heating)
A Eo] HEHE BEiuF Alm b gs "W ¥ & Table 359 YeERd A2l 279
L B!
Table 35. The conditions of heat treatment using a water bath.
Temp.
o 70 80 90
(°C)
Time
) 10 | 30 | 60 10 30 60 10 30 | 60 | 120
(min)

O 119=7])%43t 7] (high pressure steam heating)
70, 80, 2] 90 °Cell 4] 10, 30, 28] 60 ¥ =< "AEo HETH AEE 7219250
mL, Duran Group. Mainz, Germany), 23 % (19x30 c¢cm, Nasco WHIRL-PAK®), A& 6

cm®l &FvE H, e dFvE T EA Asdh
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g F A 2] 7] (hot air heating)

nAdEe] FEE 21 F A¢ B v v IF AEE 8 °CollA 1 AIzE ¥ =& 2
AlZE Bt Agstdth Bd S A Afole HibE oA AAl AMEHI e YA
A AxAY AIZH2 AHE ol &t AEHJa, FEaF Bel HEE AFeE SR
o] 15% ol3at7}F H=d Hadk A1 A vhHE AAste] AHAnt. BdaFrt S
AYE wed o 9FS F 5 Uv AR HE HFE Fo 14 uid U A
At AR s 29 15 Be vEE 152 BEATHFig. 31 (A), (B).

T e W, 52U F We iE CPT £+ MW-CPTY Asads

Ml £ e rdogd (N
O = M 2ot 2o
us)

AAA gy ddd

@ CPT &=+ MW-CPT

CPT+ AlEE wgo=zZHE 0 cmol =33, MW-CPTAl9l+= 24 cm (microwave

density: 21.7 W/em )oll Fa st dvh. AbgH A2l A3 A A2 242 900 W

20 Holglen, AA 7FARFE: 5 torr, flow rate: 1,000 scem), F 7FA(REFE: 5
1

torr, flow rate: 1,000 sccm), @At A EF7FHA2T(H A @ 42 = 4 01, AF=: 10
torr, flow rate: 2,500 sccm), AA-AtA EA7FAT(H A @ 4F4A = 993 1 0.7, 3%
5 torr, flow rate: 1,000 sccm), 5 dHF-AA2 T/~ HF - 2FA = 998 ¢ 0.2, A

F AT

ol

&% 5 torr, flow rate: 1,000 sccm)ES ARE

= 4
A7 AFo BUaF A G g)E 01%(w/v) peptone waterz2 10 H] 3 Aste] 3 &3¢
blending3t % MYP agarel]l 37 °Coll A 24 Al7F &<F sttt A8 A5 Edu
IFE 0.1%(w/v) peptone water 10 mLo] H7}d it W] Y31 &0
Ay HPARZ THE F MYP agarol 37 °CollA] 24 A|ZF 5<F v k35S,

71E o A9 AE(7-20 um)= 85 °Cell
A2 ARE Eob WgHd o, Ay dxre deeet 2=7F 7z 5 kPast 85 °Cl A
F A3y

9tk A% ¥ w35 FRFFS 15%0]8 oAk,

i,
o
~
fru
M

2
oy
>
(@)]
(@)
=

X
o
(@)]
(@)
3
i)

T o
M
=)
kl
ald
>
b
N
i)
Y
£

(Fig. 31 (A), (B)).
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(3) MAE HF

FHlE A8 2 ZF(wax =)o) Y2 QX E =11 B cereus spores J%5Y 10 ul

(5-6 log spores/cm )< 23¥HY 33t}

(4) CPT =& MW-CPT
CPT+= AEE wHozZHE 0 cmel =33, MW-CPTAl+= 24 cm (microwave
density: 21.7 W/cm?®)el =1 213 0} 2T 283 900 WollA 20 ¥ B A 7AW F

%0 5 torr, flow rate: 1,000 scem), @F 7F=(FF %! 5 torr, flow rate: 1,000 scem), 24

A ERFAT(E A 0 abA = 4 01, FFE: 10 torr, flow rate: 2500 scem), A -
2 EFFAOA A& 2 AbA = 993 1 0.7, IF =5 torr, flow rate: 1,000 scem), B
= dE A EEUAE>E 0 AP = 998 ¢ 0.2, IFE: 5 torr, flow rate: 1,000

el A BEduFE Alge Y 13 AgE 22 0.1%(w/v) peptone water 10 mL

sog AP A AlgE WHEQT wHEo 7 AN B E 3
2&lo] MYP agarell 37 °CollA 24 A1 &b w3kl a, PDASF PCAol 242t 20 °Ce}
35 °CollA] 5 A 283 48 A7+ HoF wj kst

(6) SEM

Aol AFTHAY A e dHHd Ax = JF Axd 33+ 3HS dEstaAt
sttt WA Petri-dish ¥Fgo] 1 mLe 1% osmium tetroxide (19192, Electron
Microscopy Sciences, Hatfield, PA, USA)E 100 mL%® 124 EI3}=E ~3¥EH
(spotting)3t A th. Petri-dish®] F74of #+9% 155 gHEHZZ uAGAZ

tetroxide”} ¥ vte W HAL = A A8 28E F4e SATE vEHI A8
Apole] 7HAL 05 cm® GAFGAT AL A U7 BE T HT uE ARE u
carbon tape ol F&sta WMIF(Pr)ez FHEe] FE-SEM (Field emission-SEM,
S-4700, Hitachi, Tokyo, Japan)o. & ¥23}t).

Ay
l

o S HAE As WE 9%

AF AR £H
o

A3 AEFELS 8 °ColA 2 AlFF Fot FA9 UER(7-20 imE Ao, did TR
15 cm x 15 cm 37|12 &g Al52 &4 5 th(Fig. 31. (B)).

(2) a, =2

THE 15 AEES X3t 4 &R0 F 06 07, 08, 183 099 q,= 2HZ blA A
ol 2-3 & &t BAEUA 2} g 0 FEOR UHAES G



(3) B. cereus spores %

F W= g B cereus spores §EY 10 pLe 22X H3I F 1 A7 EoF AFAH

LY

(4) CPT == MW-CPT

CPT+= AEE wHozZHE 0 cmel =33, MW-CPTA+= 24 cm (microwave
density: 21.7 W/ecm?®)ol =31 Z&stA Tt A= 900 WollA 20 & &< F 7F=(HF
%0 5 torr, flow rate: 1,000 scem)S AR&3Fo] 73] =] .

(5) FIABE 24
el AFeo] BEuuF AMEZy uF AEZS 0.1%(w/v) peptone water 10 mLS ©] &35}

7} blendingd % MYP agarel|l 37 °CollA 24 A7+ ot wjokslsdcy.

v A% T CPT == MW-CPT TAA 7 2% 139 mAE 48 R F2 ¥

Fe 9%

S A g A4 AR F AFARIE AL
TEgEo] 15% o3tz @ wi7hA] &5 °ColA 6 AlZF 9 AXRAAY. IFHxE | 15
2 #AA72 BEL3H05 cm x 05 cm)dte] B 13 A8 E WHEJCY

(W) vABE HF
B. cereus :A9} A flavus A HEY 10 ufLs 2¥H3S 3 1 A7F &2 A
= s

5 =
S]] WE A aas dotry] A ARES vAdE 4F glo]l £ EATh

(t}) CPT &+ MW-CPT

CPT+= AEE wgo=zZHE 0 cmel =33, MW-CPTAl9l+= 24 cm (microwave
density: 21.7 W/cm®)°ol 3 J&stAdt. 183 A e JIF 1x" B8 35 HFH
B. cereus EAel dial 7HE Azt FdW dF AR
1,000 sccm)E AF&3Fe] 900 Well A 20 & &<t 13 = Ao,

ok

% 5 torr, flow rate:

(2) HAE &4

Az %0, 3, 7, 14, 21, 28 18] 60 & A olF-AEl A %2 Azt CPT X+
MW-CPTH Al&Z 0.1%(w/v) peptone water 10 mL7} H7le "t Wo] Wo] 3 &3
blending3t ¥, MYP agarell 37 °Coll A 24 A7+ ¢t wjokatdar, PDAS PCAel Z+2+ 20
°Ce} 35 °CollA] 5 I Z18]ar 48 A s ob wj kst
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HibsP o2 HE AFLe AF A5 x5 Y Adst & FEgddo] 15% o]shrt
HEE AFAx71E AFEste] & °CeF 5 kPaoﬂ/ﬂ 6 Al o AXAAY. AFAx &
13E AH(7E BEU3H05 cm x 05 cm)dte] @3 AMZ 2 FH| et

(W) BAtol4l &4 AlE A

Ay AFo zF B 113 AB(05 g)o 5 mL9 acetonitriles H7}3 3 80 °CE 4t
7 water bathell 4 A|7F SoF Ttk w A7kt A EE E5o FAHCollins 5,
1995). SyringeE Alg3le] FEES 3 H, syringe filter (DISMIC®-25CP, cellulose
acetate, pore size: 045 uym, ADVANTEC MFS, Inc.,CA, USA)Z of3}slo] &4 H7bA]
-80 °CollA H A3 o] Ao 2= 73% methanol (73:27, v/v)E AL&3 o™ 06
mL/% 9] 5% (LC-10ATvp, liquid chromatograph, Shimadzu Co., Kyoto, Japan)o. & &2
A stgrr. AT AFEE columne Symmetry® C18 (5 uym, 46 mm x 250 mm LD,
Waters Co., MA, USA)e.& A ZFo& 2342 °Co &x 2 FAAAHColumn oven,
Shinkwang Scientific Co., Taipei Hsien, Taiwan). #4 A& 20 uLE FY3stx,
SPC-10Avp (UV-Vis detector, Shimadzu Co., Kyoto, Japan) detectorE ©o]-&3}lo 284
nm® #}Fo = PAtolilE HESHATH

(h) HIERl C HE8 A8 AAT
HERR C &8 A8 EHE Kim 5 (20009 WS vtgow dte] g sk ﬂa

A5 7k B 15 AlE(05 g)oll 6 mLe] 4%(w/v) metaphophoric acids H7Fs 5 4
°CollAl 10 i HASE AmE EE5oFH 1 AXF &8 FE35H3th Syringes A}%o}oi

=Z29 s H, syringe filter (DISMIC®-25CP, cellulose acetate, pore size: 0.45 pm,
ADVANTEC MFS, Inc.,CA, USA)=Z o]3}sto] 4 H7bA] -80 °CollA B sttt o
FA0 2= 5 mM tetrabutylammonium phosphate:acetonitril (3:1, v/v)<S AR&3F) o
0.6 mL/%2] % (LC-10ATvp, liquid chromatograph, Shimadzu Co., Kyoto, Japan)® &
s2A &3k AAteldl = SA A ARSI V7)o 2k 2 sl 4
Alg 20 pLE FYste SPC-10Avp (UV-Vis detector, Shimadzu Co., Kyoto, Japan)
detector= 254 nme| gl A HEIY CE HE3I3 T}

(2}) FAbsks

A AFe] ZF B 13 A 504 g)oll 5 mLe 80%(w/v) methanolS
59t sonicationd} it} SonicationS ¥ H, 15,000 rpmol A 15 ¥ w9 IAE
sHE FH ¥, Holde HAE Al 5 mLY SOA(W/V) methanol& 3 7}gto},
5<t sonicationd ¥, 15000 rpmelA 15 & F<b AAEF sl AF5HE FHIo
(Arslan 5, 2011). HFEH oz FHalA oF 10 mL —i.—% S B A7LA] -20 °Coll A H#
s} AT

-{E o_?; O
o

_8‘|_



D 2,2’ -azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) radicals &A%

10 mM¢] potassium persulfate (Sigma-Aldrich Co., St. Louis, MO, USA)¢} 10 mM2]
ABTS (Sigma-Aldrich Co)& 26:74 W &2 EF3IaL 24 A7 5<F 37 °Co oA
Hk-2& A1 7t} Potassium buffer seline (PBS, pH 7.4) (Sigma-Aldrich Co.)& ©] &3] ¢
22 WS A7 ABTS &5 108 3]45kivh 34" ABTS €< 50 uLet &441% 150
lLE &3ste] 183 w3 5, 732 nmollA 33 %=(Spectra Max 250, Molecular
Device, Sunnyvale, CA, USA)E =43t}

@ 2,2’ -diphenyl-1-picrylhydrazyl (DPPH) radical 4 # &

0.15 mM<] DPPH (Sigma-Aldrich Co.)E& 99.9% W &% (Sigma-Aldrich Co.)oll &3l A]#A
DPPH &5 w5tk 44 % 50 pLek DPPH &< 150 L& &§3ka, 301t 4
oA WrEAlZ| 1t % 517 nmoll A &3 = (Spectra Max 250)2 =43} t}.

(7h) M=

A== CIELabe} ASTA #S doluki=d], CIELab® 7 -$°l+= colorimeter (Minolta
Chroma Meter CR-400)& A}&3}o] Lx, a*, and b* 3= A3 3L, ASTA #HS =
13 A5(0.1 g)el 100 mLe acetones FH7Fsto] FAelA 16 AlZF & Bad & A
SNS FHA3Y  spectrophotometer (UV/VIS spectrophotometer, Mecasys Co., Ltd,,
Daejeon, Korea) 2 460 nme] 3o ASTA #S =A3sIth ASTA #2 =49 &3
T Fs ofge] A(Eq. 17l tHdste] Ao ATHASTA, 1968).

absorbanceof extract X< 16.4 X

ASTA unit = (17)

eight (g) of red pepper powder

(u}) #5387t
CPT Ex= MW-CPTel wh& w59 52 S, WA Aeol& s sinh

(1) A& &)

A% Axd 135 AH7|E o] &3}

ale] 900 Well A 2 b

(2) ¥ H7}

AMEgolxtigta Ao w o]Fojzl #d 27 S EF S} 2 =
v Bzl A R wokon sidES 7 Alge] A yAE B * A

o wel 98 H AW (ranking rate) S AR&3te]l BrisAth(14: BIAS-94: HA3). &

7Fe] Ayt SPSS A4 Z2a(IBM Co., Ver. 20.0.0, Armonk, NY, USA)E o] &

] vl X] 2 4FE 2 W (One-way ANOVA test) % 21t}

S
e
offt
r (%]

o off ol rr
od,
p

£
1154
r{o
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e A8l HAAstE Fu=9] AFE W9E A2 chambers= 5-10 torr
7F HEE AF WIS ALL31Y 3L, microwave frequencys 2,450 MHz, powers: 50-900
W= Aot 18)a, A8 A7 05-20 o5 HIA 7)1, 2tAh Ah 5SS 'S5
= =

C 2POR EE 01-10 L/AEOE WSAA Jhe ERnF Aol A Fepzes
g4 At

Table 36. Formation of plasma at various levels of power and pressure with

- Stable plasma formation

Unstable plasma formation

- No plasma formation

Pressure (kPa)

different gases.

Power
Gas W) | o027

900
800
700 Unstabl
Nitrogen 600 e
500 plasma
400
300
900
800
Nitrogen- 700 Unstabl
oxygen 600 e
(99.3:0.7) 500 plasma
400
300
900

Nitrogen— 800
oxygen 700 Unstable plasma

(4:1) 600
500
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400
300
900
300

700 Unstabl
Helium 600 e

500 plasma
400
300
900
800
Helium-o 700 Unstabl
Xygen 600 e
(99.8:0.2) 500 plasma
400
300
. CPT & mAE A7F27 A5

ARS Z1AL, AEl AE, A AIZE AR e so 2dd mE vAE A g ds)
Table 37 YEFSITE

Table 37. Effects of the food sample, microorganism, and treatment conditions
(gas, power, time, pressure, and flow rate) on the inhibition of microorganisms
by the cold plasma treatments.

A Ay =4 NAE 5%
-5 | tAE (A4 A, A9 29, (log CFU/g)
o A Az, A ¢4F, flow rate) 5 REE
A BEAAMAL @ A2 = 993
0.7), 900 W, 10 %, 5 torr, 1,000 scem 6.6+0.1 6.5+0.1
dF-Atar 237t~ (dF 0 A = 998
0.2), 900 W, 10 %, 5 torr,1,000 sccm 6.60.1 6.420.2
B |Aa-%i ERASIELE AL = 4
cereus | 1) 6.4+0.1 6.1+0.2
(2} 900 W, 10 ¥, 10 torr, 2,500 sccm
2~ 900 W, 10 #, 10 torr, 1,000 sccm 6.4+0.1 6.2+0.1
e A2 900 W, 10 %, 10 torr, 1,000 sccm 5.7+0.1 5.7+0.1
7
An-Ath EFAAI (A2 Ak = 993
+ +
2 0.7), 900 W, 10 ¥, 5 torr, 1,000 sccm 5.9+0.1 5.9+0.1
Az EIAN (A2 0 A2 =993 | 5901 5.9+0.2
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N
T sy

2 0.7), 900 W, 20 &, 5 torr, 1,000 sccm
A4 8720 (B4 b = 993
£ 0.7), 900 W, 20 ¥, 5 torr, 1,000 scem o80.1 D8:0.1
gE, 900 W, 20 +, 5 torr, 1,000 sccm 5.8+0.2 5.6+0.1
A2 E72T1(E4 0 Ak = 4
1 4.2+0.2 4.4+0.3
900 W, 10 &, 10 torr, 2,500 sccm
A2t ER/AAT(EA 0 2a = 40| 14207
1) (Hear'shock | 5920.1
B. 900 W, 20 ¥, 10 torr, 2,500 sccm 6.950.2)
il RN C e T
A ) 1) 4.2+0.2 3.9+05
- 900 W, 20 +, 10 torr, 2,500 sccm

Ah-AtAh ETFN2T(FHAE D Ae = 40
1) 5.8£0.2 5.8+0.2
900 W, 20 &, 10 torr, 2,500 sccm
A4 EF7FAT(HA 0 A = 4
1) 7.4£0.7 6.1+0.1
900 W, 30 +, 10 torr, 2,500 sccm
g5, 900 W, 10 #, 5 torr, 1,000 sccm 5.9+0.1 5.9+0.3
dE 900 W, 20 ¥, 5 torr, 1,000 sccm 5.9+0.1 5.9+0.3
24 900 W, 10 #, 5 torr, 1,000 sccm 6.4+0.1 6.5+0.1
2,900 W, 10 £, 10 torr, 1,000 sccm 6.5+0.2 6.4+0.1
A4 900 W, 20 &, 5 torr, 1,000 sccm 59+0.1 4.9+0.1
dE, 900 W, 20 &, 5 torr, 1,000 sccm 5.9+0.1 49+0.1
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A=A 0 E7FA0 (B4 Ak = 993

K
A

2 0.7), 900 W, 20 #,5 torr, 1,000 ccm 59:0.1 4.9:0.1
AEFE-A @72 (DFE 2 AFA = 998
0.2). 900 W,.20 . 5 torr, 1,000 sccm 5.9+0.1 0.840.3
Aa-Ata BGAAT (A 2Aa =
1) 6.31£0.1 6.2+0.1
900 W, 10 &, 5 torr, 2,500 sccm
Ax-ba ERAT (Ah 0 A =
1) 6.310.1 6.5+0.1
900 W, 10 &, 5 torr, 2,500 sccm
An-ate BT (Ad 1 A -
1) 6.4%0.1 6.7+0.1
900 W, 10 &, 10 torr, 2,500 sccm
Anabe ERAAT (A Ak -
1) 5.810.1 5.9+0.1
900 W, 10 &, 10 torr, 2,500 sccm
Ar-AE BRAT (kB =

+ +
1), 900 W, 10 %, 5 torr, 1,000 sccm 6.3+0.1 6.5+0.1
A2k E7FAT (B4 Ads = Coliform
1) 5 ND
900 W, 10 &, 5 torr, 1,000 sccm 2.8104
AnAh ERAAT (Ah 1 A -

+ +
1), 900 W, 10 % 10 torr, 1,500 scem 6.420.1 6.720.1
Aa-a ERAAD (R A2 =
1), 900 W, 10 %, 10 torr, 1,500 sccm 5.840.1 0.840.1
An-Ahs EFRAT (Ah A -

+ +
1), 900 W, 10 &, 5 torr, 2,500 sccm 0.8+0.1 0.8+0.1
An-az ERAD (Ah M -
1), 900 W, 10 +#, 10 torr, 2,500 sccm 6.4+0.1 6.2+0.1
R N R N C ENEI PN

A7k 1 5.9+0.1 5.3+0.3

1), 900 W, 20 &, 10 torr, 2,500 sccm
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M
A

AA-20 37T (B4 AkAe = 40 64201 6.940.1
1), 900 W, 20 +, 10 torr, 2,500 sccm B B
AA-20 E37=T1 (B4 Aka = 40
1), 900 W, 20 %, 5 torr, 1,000 sccm 6.5+0.1 6.4x0.1
A2t E87~1 (A4 0 24 = 4 : | Heat shock | Heat shock
1), 900 W, 20 #, 5 torr, 1,000 sccm 5 52401 | 5 52+0.1
AAh-20 EF7FAT (Ba 0 3k = 4 0| JEAE: A A
1), 900 W, 10 #, 5 torr, 2,500 sccm 6.4+0.1 6.210.1
<714
M e 2 A} BB . . ST 7L SI 7L
o A TRMAE 1= 1:17]'/—:1 (;é]-/l\— . }i].’-jl\— =4 3,J-_X]—. 31]'-2]'-
1), 900 W, 10 &, 5 torr, 2,500 sccm 6.1£0.1 5.8%£0.1
AA-20 EF7FAT (Ba 0 2k = 4 0| FEAE: & A A
1), 900 W, 20 &, 10 torr, 2,500 sccm 6.4+0.1 6.2+0.1
A4 T~ (A 0 34 = 4 E A A}
1), 900 W, 20 +, 10 torr, 2,500 sccm 6.1£0.1 5.2+0.1
G F A 2 & A A
Aok EFAT (A 0 2a =40 64202 6.3+0.2
1), 900 W, 30 +#, 10 torr, 2,500 sccm 32} %2}
6.1£0.1 5.7+0.1
225 900 W,20 +, 5 tar, 1,000 scem 57+0.1 3.210.3
AA-20 E37T (B4 Aka = 40
1), 900 W, 20 %, 10 torr, 2500 scem 701 02201
AA-2 4 EF7t20 (A4 0 2k = 993
+ +
2 0.7), 900 W, 20 %, 5 tor, 1,000 scam 5701 52401
A dE, 900 W, 20 +#, 5 tar, 1,000 scem 57+0.1 3.7+0.3
flavus
AE-A @7t~ (DF 2 AFA = 998
+ +
0.2), 900 W, 20 +#, 5 tar, 1,000 sccm 57201 04201
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245900 W, 10 ¥, 5 tor, 1,000 scem 7.120.1 45101

%]%7 900 Wy 10 '5].‘, 5TOIT, 1,000 Sccm 71+0.1 4.8+0.1
33| 3714
T MAE g s mas AT (A A2 - 993
== v = H — S A . A = X
2 0.7), 900 W, 10 <, 5 tar, 1,000 scam 59+0.1 3.9+0.2
F-in FH7hs (AF 0 AbL = 008
0.2), 900 W, 10 *#, 5 tar, 1,000 sccm 5.940.1 6.0+0.2

*Detection limit: 10 CFU/g

(1) 8Y9A v AE(Bacillus cereus, Clostridium. perfringens)o| W3 A

(7}) B. cereus

D FFAE

10
—
(=10
!
=
8 -
o
(=10]
(=]
=
g 6+ = -
=
[
B
~—
=
3
= 47
(=
[
-
<
=
S 2
S _
(2]
&
0 ; .
0 20 30

Treatment time (min)

Fig. 32. Effects of treatment time of the cold plasma treatment on the inhibition of
B. cereus vegetative cells on hot pepper. Treatment gas: nitrogen : oxXygen mixture
(nitrogen : oxygen = 4 : 1), power: 900 W, pressure: 10 torr, and flow rate: 2,500 sccm.

CPT3F A3}, AAa-AAh E7AT (DA A4 =4 DE ARt 20 270 A8 4%
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1.2£0.1 log CFU/ge] Asl a7} yeErstth B35k A2 & 30 & & oE
log CFU/g9 Aslaxs= &2 5 A (Figs. 32). 2@ Al7te] 20 & o4 =& 29 A 3|
T EoAAIR AP ow ALt Heo AAH IS e

1

A A2 Azl AZE T,

[ZZA Nitrogen-oxygen
[ Helium

6 7_; 7_1—_ %_T_

Microbial concentration (log CFU/g)

0 T T T
0 10 20

Treatment time (min)

Fig. 33. Effects of treatment time of the cold plasma treatment on the inhibition of B.

cereus vegetative cells on hot pepper. Treatment gas: nitrogen : oxygen mixture

(nitrogen : oxygen = 99.3 : 0.7) and helium, power: 900 W, pressure: 5 torr, flow rate:
1,000 sccm.

o] 9Jo AAi-AtA E3H7F2~ (99.3:0.7)9F AE 7FAE AFESle] 10 ¥ == 20 # 59 CPT
st Afde A Ay o nAE FEoA FoHd Aozt YEMYA] 2T (P>0.05)
(Table 37, Figs. 32-33).
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10

[ Nitrogen
[ Nitrogen:oxygen (4:1)

Microbial concentration (log spores/g)

0 T T
0 10

Treatment time (min)

Fig. 34. Effects of gas of the cold plasma treatment on the inhibition of B.
cereus spores on hot pepper. Treatment time: 10 min, power: 900 W, pressure: 5
torr or 10 torr and flow rate: 1,000 sccm (nitrogen) or 2,500 sccm (nitrogen :

oxygen = 4 : 1).

10
o0 [ Helium+oxygen (99.8:0.2)
P [ Nitrogen+oxygen (99.3:0.7)
2
= 8 A
=
7
=1)]
é . 2 = =2, e
= 6
(=]
=
I3
=
=
S 41
=
(=]
>
it
<
£
e 27
=
(2]
=
=
0 T T
0 20

Treatment time (min)

Fig. 35. Effects of gas for a cold plasma treatment on the inhibition of B. cereus spore
on red pepper powder. Treatment time: 20 min, power: 900 W, pressure: 5 torr, flow
rate: 1,000 sccm.
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DuFo] JEH B cereus TAE AA 7hs e A44SR
10 & &< CPT3F A3} opf A2l A &2 Alge] w

2
5 AE sEsh frol Kol 2oz}
EfupA] -t (P>0.05) (Fig. 34).

_

AYAIZHE 20 w2 FVIAIA F-AAE EFTFA (998 1 02) e AAaAMAE S~
(99.3 : 0.7)2 CPT3F H%-ol%= B. cereus = A EA LA P>0.05) (Fig. 34). EA}
= GEAE HlEl Febznt el AR goZ, AA, FA; Soll e AdAd o] ol A S
7F A e Ao® AFREHJAT A 12} A o= B cereus A dg AEYE W
T 2 A o2 CPT AgE st ¥aAg7E 288 Aow Ady 3l

A}

ol

(W4) Clostridium perfringens

Az AW ehe AIFAEG-10 torn) 2 HE T kA E 903
A~

(2) XA u|BE(Z 7\, Aspergillus flavus)d] W Ao
hH ENRTE

. i}
O EZax

Microbial contentration (log CFU/g)

N,— 0, He
(99.3:0.7) @4:1)

No treatment

Treatment gas

Fig. 36. Effects of the cold plasma treatments on the total aerobic plate counts of red

pepper powder.
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Bouze 37147 $EE 59201 log CFU/golglth mAE Asls A4, Aa-A4 &
AT (FHa t AR =40 ]), a2k EF7FAT(E A 0 AFs = 993 0 07), 183 d&
TFAE ALEEIS 7—} 1.0£0.1 log CFU/g, 0.6+0.3 log CFU/g, 1.1+0.0 log CFU/g =1
2] 1.1+0.1 log CFU, UrE]r‘/‘C‘r(P<OO5) (Table 37, Fig. 36.). Aol AFgH ¢z
Z 90 °CelAd 30 ¥ % AA e & § B. cereus **E“HIW %l MYP agarell wjFgh 23
3.6 log CFU/g°| # &% v‘i“m"’—zroﬂ A8t SV oF 60 %7t Bacillus & XA}
o]

ds & F MME} webA Bacillus &5 ZAE 53 "AEZ Aste] CPTY F714<¢

| MEE Yol 7] F5 &
Ag AAS dHE S8 243, A= 4
A= 64402 log CFU/ZLF9 0. 712~ 3
37, Fig. 371 Yed

Qe BAE AAGA e Adejsh %
> 8 log CFU/aLF7} A& HAow, Fx9]
o 2= BelxobE Ao @ ABE Table

PN o

3.0

2.5

1.5

Log reduction (log CFU/red pepper)

L0 i
NN
0.5 N
\‘\k N\
NN
0 N
) N, — 0, He He — 0,

(99.3:0.7) (99.8:0.2)
Treatment gas
Fig. 37. Effects of the cold plasma treatment on the total aerobic plate counts of red
pepper.

Ao 75 27401 log CFU/red pepper’t Asl=lom AF2 2.3+0.1 log CFU/red peppers
ABJAATE T AA-AA ERTFAI(EA A = 993 1 0.7 E 2.0+0.2 log CFU/red
peppere] A=A, AF-AEE TRTFA(AE ¢ AR = 9.8 1 0.2)oA4+= 0.9+0.2 log CFU/red
pepper’F A& ATHP<0.05). AAh-AH EF7F~T (A4 A4 = 4 01, JF%: 10 torr,
flow rate: 2,500 sccm)+= &aLF7F BAA A 4 A (Fig. 37). a5 EAs= 7]
Ao AAEE Bdaud Hj8)] = FEo2 UeltEd, ol Alg7ke a o B AE 9

zpololl A 7191¥ = Az AFREATE St 2T a2 72 oF 099 05 FEow &
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Rom SuFE CPTE A5 1% el A-rrEo] A o A8k o Zeh=nt
o] AlEH L 4F3lA|7]= 2 1A} reactive oxygen species (ROS)9] v=7F 5715

duFo] 1 el wE A&l tigh xfole= i AP A A
A=, model film¥} flakeS =H]3] B. cereus EAF] W
Z¥z}F 2.1+0.1 log spores/cm?$} 0.1+0.2 log spores/cm?® #] & =
model flake®} ¥Z13ol M B. cereus A2 AN A =7} 2+
FAVSHA B =] Alge] W AEed wEl CPTe] Aslaxrt g=24 vepd = o2 &

AAT.

30 £ oox
Mo 2 i
=
o

o
2
=2
>
o2
)
an
r o
41 o
il
of
i)
o
=

4 N 3o e

(WY}) A. flavus

Microbial concentration (log spores/g)

No treatment He — O, No— 0, N, — 0, N, He
(99.8:02) (993:07) (4:1)

Treatment gas

Fig. 38. Effects of the cold plasma treatment on the microbial count of A flavuis spores

A flavusi= B2k n TR T (HA 0 b = 40 D9} A2k E7haI(E A 0 Ak
=993 1 079 4% 47 05+0.1 log spores/g, 0.4+0.1 log spores/g®| A3 &¥}7F YeEFSEaL,
AE- 2tk EFVIA(AEF ¢ A = 998 1 02)9] AFolE 0.3+0.1 log spores/ge] 2421
A &7t JERTHP<0.05) (Fig. 38). 18], AA4et dFS W50 Algsle] Add 4
Qo= Z+7F 25+0.3 log spores/g, 2.0£0.3 log spores/g?] =& AsjaxE A= = At
(P<0.05) (Fig. 38). A&st dF @5 7hxoA =& Asjaxnyt vetdsd], o= 24 7ta=
AR Z2r=np Y A 2oz ROS, 18] 3l reactive nitrogen species (RNS)2] w%7F A
favus EA] AXES 2beA7l=d 27 HE AA oo =Edd ez AlgIdnt
(Gander, 1974, Lu &, 2008). A. flavus XA}l A3lol] gt A st Ad2 71 =2 A3
TE AW A& 7EAE ARESte] g
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(3) U ABE A3 model +5F ¥ model parameters Z A

A. flavus Aol 3 model 29 HFAS R° oz dolrsity Az Aol o
1st-order model (Eq. 12), *12] A]7tel]l t 3t 1st-order model (Eq. 13), Fermi‘s model (Eq.
14), 183 Weibull model (Eq. 15)9 thsF R* < 21z 0.69, 0.61, 0.88, 18] i1, 0.91¢]
t}. A&l A3 Weibull model (&= 63.96, s=0.24)e 7} fittingo] 2 H Al & Aol A
B2 A favus A= A2 A= olyt Ag] Agtel whe}l non-linearstAl Aa &= As A&
& 4 SIh(Fig. 39-40). webA WS (A e d83t A favas Ael], A2l A3} A Aavas
Aaf])e] @A 7} lineardt v A P& = 1st-order model (Eq. 12, 13)E.t} non-lineardt A1 =
UEFY = Fermi's model®} Weibull modele] B & gHet Ao = vERyiT

—@— 6.4 min
—O— 12.5 min
3.5 —w— 18.6 min

A. flavus concentration (log spores/g)

3.0

0] 460 4;4 6éO 8;8 960

Treatment power (W)
Fig. 39. Effect of the treatment power and time on the concentration of A. flavus
with cold plasma treatments using nitrogen.

el Aol 700 W wwkd Ao °F 1 log spores/g® Asl&x7F veEFEAEE 800 W
o] Fo A= 1 log spores/gol’de] Aslazrt el Ayl d¥o] &5 Asadrt
7 g A4S 4 5 AR Fig. 39).
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—@— 474 W
—O— 650 W
—w— 828 W

3.5 A

A. flavus concentration (log spores/g)

3.0 T T T

6.4 12.5
Treatment time (min)

Fig. 40. Effect of the treatment power and time on the

spores with cold plasma treatments using nitrogen.

18.6 20

concentration of A. flavus

Al A= FEH BAQe] A ATte]l &5 A7 Bol UEhve A3dE B
Ael o]l 800 WeoldolwAl A Ajzre] 20 ¢ W 7 =2 A&(1.4£0.1 log
spores/g)7} A AT g A=Hol 800 W o]Ad Ao A Aavus spores A 37}t
biphasic curve FE|Z YEUE AL #ET 4 QY o= CPTHE vAES] survival
curveol tiall &3t Philip 5 (2002)2] A2} F-3+3FS T
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(4) Lab scale oA 9 v AE AF

Pearson’s correlation coefficient= =

b

Az g9

H e A8 Ay Ahek 5 v (A
fAavus A&f)7rell 22l A#A (power: 0.840 (P<0.0001); time: 0.744 (P<0.001))7}
Ao UERHFIL 2do] A A€ A Agbe] &5 A favus A7F AA EAH
T UveE s UTH AFS S I HABE Adl dHeolHES RHEEWEA S
A. flavus Aol e HA (A A3 A ekl A A, A Az 2
Y3 A Aavus A (S #FA7}F polynomial model, ¥ = (3.875160) + (-0.010226)X; +
(-0.113244)X> + (0.000162)X.X> + (0.000007879).X/+(0.001207) X7 = ZAAEYI, o=
Fig. 419 YEeErSlth o] & F3l A7 A=(X)H A7 ATHX)F2 A Aavus AsNoll
gH o gaFe FAHR=0.89,P <0.001). A Aavus®) A AHS 7HAGFE Ag A
I OAIZEE 900 WeF 20 o2 oS5 (Table. 37), o wl o5¥ A3 w2 25 log
spores/g@]Ath o] AA 900 WolA 20 ¥ FoF AFS Ha] AU AHsl H=(25+0.3

= A
logs spors/g)et frAFsle] BdlA o] oFo] F&3

ne Rl
4> %

o

Ao AR5

g

3.0

[
5]

g CFU/g)

s
(ay]

Log reduction (1o

14
12 10

Time (min) 5 400

Fig. 41. Response surface plots generated with power, time, log reduction of the cold
plasma.
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30 4

28 H

26 1

24 +

Surface temperature (C)

22 4 —@— 650 W

—O— 900 W

20 T T T
0 4 6.4 12.5 18.6 20

Treatment time (min)

Fig. 42. Effects of treatment time of the cold plasma treatment on the surface

temperature of red pepper powder.

A AE 650 Well Hlal 900 Well A CPT3h= 4% A dFo A% W 2%7F =9
iL(Fig. 42), A Algte] AoAASFE F7tE s 23S & F AU 2% F7H7F 30 °Cold
A gFo} CPT7F H4d 4+t 7|€dS S99 + AAH(Fig. 42)
W) a,
0.6
T —@— 650 W
C —O— 828 W
0.5
g 1
=2
% 0.4
<
=
=
0.3 A
0.2 T T T T 1
0 4 6.4 12.5 18.6 20

Treatment time (min)

Fig. 43. Effects of treatment time of the cold plasma treatments of 650 W and 828

W on the water activity of red pepper powder.
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F= (R 3% 5 torr, flow rate: 1,000

7

e

]

=

s

&

R

A2 A= 650 W, 828 WellA 5 &, 20

scem) o2 A g

e

W
3

X

,ﬂl
T
!

0

AJr
il

w
i
-

-

1224 CPTel €]

ol 8 ¢

3

A

|

7b ZA JeErdth(Fig. 43). FE A=

A
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o EFAY WE nYE AT AE IF
(1) vtolazdolB-2= Ed=vl FAXZY vAE Ao e |F
b Ay =24 44
Table 38. Effects of sample position on the graound level of the treatment

chamber on the inhibition of S. Typhimurium on a polystyrene plate.
(&9 log CFU/cm?)

Microbial concentration Reduction rate
Untreated sample 7.3£0.0 0.0£0.0
1 5.8+0.0 1.4+0.0
2 6.2+0.1 1.0+0.1
3 5.7+0.1 15+0.1
Samples at 4 6.1+0.1 1.2+0.1
different location 5 5.6+0.2 1.6+0.2
(Fig. 26) 6 5.8+0.1 14201
7 6.3£0.0 0.9£0.0
8 6.2+0.1 1.1+0.1
9 6.0+0.0 1.2+0.0

A= 7} Teflon plate®] AF4(GH)d X3S = S Typhimurium A3 &27F 714 =
A deld+= 3S & 5 AATHP<0.05) (Table 38).
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Microbial concentration (log CFU/cmZ)

1 T T T T
0 5 10 15 20 25

Height (cm)
Fig. 44. Effects of the level of the treatment chamber from the ground on the

inhibition of S. Typhimurium on a polystyrene plate by the cold plasma
treatment using nitrogen at 400 W for 10 min.

Microbial concentration (log spores/cmz)

1 T T T T
0 5 10 15 20 25

Height (cm)
Fig. 45. Effects of the level of the treatment chamber from the ground on the

inhibition of B. cereus spores on a polystyrene plate by the cold plasma
treatment using helium-oxygen mixture gas at 900 W for 20 min.
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Microbial concentration (log CFU/cmZ)

1 T T T T T

0 5 10 15 20 25 30
Height (cm)
Fig. 46. Effects of the level of the treatment chamber from the ground on the
inhibition of L. monocytogenes on a polystyrene plate by the cold plasma
treatment using helium-oxygen mixture gas at 400 W for 10 min.

A& 7F £ % Teflon plate’} vFH o 2 5E 24 cm =°]o] $1X3S w S Typhimurium
¢ B. cereus FAA WE Ayt b =4 dEds AS & ¢ AAHH(Fig.
44-45). L. monocytogenes®] 7d5-ol+= wlHOo=ZHE 10-27 cm EololA 4-5 log
CFU/cm?*e] AFeE Al &3 7F YeERWthHFig. 46). ol A AW oA =o|7b ez
TE 9o dATE microwave generator QT HFEI 7Y A microwave powder
density (W/cm®)7} obal7] wiZolth, webd  MW-CPTEel o] A 5E AHest7]d
A ghet x| 9} =o]E 77} Teflon plate?] 4%} 24 cm® A4 3o

(Y) vlo]zzgolH ¥ % F (microwave power density) &<l
77129 Y7o wE microwave powder densityE olE Axk gl B o

microwave generator Q7 Fi9o WE S 238 WemPolQa, mAE A7t 7HE =
A @A 24 cmoll A= 21.7 W/emP= S 5 At}
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(2) € B Ay vB= A HE I

(7}) 3L Z(water bath heating)

1.6

1.4 4

1.2 1

1.0

0.8 H

0.6

0.4 +

Log reduction (log spore/g)

0.2 A

0.0 _4

T T
CPT HT HT-CPT

Fig. 47. Effects of the combined treatment of water bath heating (90 °C, 30 min) and
cold plasma (nitrogen-oxygen mixture gas (99.3 : 0.7), 900 W, 20 min) on the
inhibition of B. cereus spores on red pepper powder.

B. cereus EA7F JEFE B2 15 AE CPTsIAS W Asizt H4 &kar, & Fx0
A dAg g Foli= 1.4+0.1 log spores/g A EATE DA 2 Fof 2 I
(99.3 1 0.7)E o] &3] CPT3 ZA3(1.4+0.1 log spores/g)E= B8] 59 As|H=e}
o] Ql Apol 7} UERUFA] ol B. cereus EAFS] Asfol] tigh F7FAR1 A E It U E]
A e P>0.05) (Fig. 47). € &5 Agzw =& A7t betwte=d, ols 22olA <
GHER WolEHA APH] o] RO ALFFE T

1.8

i

1.4 4

1.2 A

1.0 H

0.8

0.6

0.4 4

Log reduction (log spore/g)

0.2 1

0.0 _4

T T
CPT HT HT-CPT
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Fig. 48. Effects of the combined treatment of water bath heating (90 °C, 30 min)
and cold plasma (nitrogen-oxygen mixture gas (4 : 1), 900 W, 20 min) on the

inhibition of B. cereus spores on red pepper powder.

i) —ir Adll HFH B. cereus XA CPT ol A A sk, g FxoA EH
sk %o 1.4+0.2 log spores/g®] A7} T AT A8 *9 nAE

-CP W&dAge vAE A8 E(1.2+0.1 log spores/g)ol A

oH(P>0.05) B. cereus®] Aol thgk F7F4<20 A= e Aoz dahEAok(Fig. 48)

EHE

2

2.0 A ‘l’

1.0 4

Log reduction (log spore/g)

0.5 A

0.0 —— T T
CPT HT HT-CPT

Fig. 49. Effects of the combined treatment of water bath heating (90 °C, 30 min) and
cold plasma (nitrogen gas, 900 W, 20 min) on the inhibition of B. cereus spores on

red pepper powder.

e FxA dAE B cereus’t HEH LT AE A4 VAR CPTe A3
A A e Aoz yElka, 4 5 2 2](1.4+0.2 log spores/g)et E-CP W &+ g
(1.9£0.2 log spores/g)e] A s a ol 2 & 2l Aol7F YElY B. cereus? Xi??ﬁoﬂ o
g Asart AFEHJAHFig. 49). MEA gl do] A4 3t 4 DE AF
&5t s ArEt dA 7tAE AFESEE W AsEATE 0 =Y A2 \—F)rz“}
W A== ’t}

T E2 Ao S FALS Ao E AR FHS 2, Pintassilgo
1-3%9] 4tAE 7h2d H7betd S o 2ol digh 7 =2 A5
%olAtt webA . AP e HA 7FAE AFESEA
%JEH?J AW oA e WA AAE HIbsHA] 2ol

(@)
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Fig. 50. Effects of the combined treatment of water bath heating (90 °C, 30 min)
and cold plasma (helium gas, 900 W, 20 min) on the inhibition of B. cereus spores

on red pepper powder.

Bau3 Aol HZEH B, cereuss CPTol 93] Asjux &kska, Iz 3 Fo

2 log spores/g AslE ATt E-CP WA o] o)A 2.23+0.44 log spores/g ]
< As7F AL, o= dA T Fo HAE A FLo HE FHOE =7
W) ol B. cereus®] Asfol Wit F5aart vEd AL 4 £ IJATHP<0.05) (Fig.
50). A 7ha9p AL-AEA 37~ E ARE S 4-CP WA el o] A adel] Hls] =&
A7 HAE AL AF sbzol &) AAE Zekzvid EAetE BuZE(He', He'

o) R A R s =] Moz ALRE AT

)
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Fig. 51. Effects of the combined treatment of water bath heating (90 °C, 30 min) and
cold plasma (helium-oxygen mixture gas (99.8 : 0.2), 900 W, 20 min) on the

inhibition of B. cereus spores on red pepper powder.

AF-Aa 7F=E ol &8st A3 CP MdA 3 A3 B cereus A2 Aol e +
3|
A

7FA el A ayrt #EEAHFig. 51). CPTol osid= AsiE A & & o A
o} Oé—C Ao Asjadts Z+7zF 1.4+0.2 log spores/g9b 3.4+0.7 log spores/g o &

3t
fre]A oz Zpol7t YGERY B. cereus XA Adel gk Fsadvt HAE AoE HA
tH(P<0.0 ). AF-AtA E§7t2olA dF 72E AFES AR =& A7 DA
B, $& vxo Axvt Hrkgesn O, 0., O, 28 O 5 I e FguzEol
U5 wol] AgEo] xae] MEw S FAATAY AsAIZl Ao 2 ALs H A tH(Hong 5,
2009). -CP WA gl 23 B cereus JEAFXe Expo] AEXHS #z3d 23 (Fig.
52), Alxzd el gty 2 & YRELe &&5o] X7t AHEE RS & 5 AU

o mb oy

P2
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SEMMY. 2000KV WO 6.07¢ mm
SEMMAG: 2000k Det: SE 2pm £
View fieid 94804 Dategrwialy) 122212 mommn

SEMHV- 000KV WD 6257 mm
SEMMAG: 3000k Del SE

PN‘ 20.00 Y >
Tpm
View flold, 6320 jmm  Dateimishyy: OLANY. Petsimancs i nascpaca B

SEM MAG! 30,00 K¢
Vi feld: £.320 jom

Dateimishy: 0114113 Pectormance ..mwﬂ

Fig. 52. Scanning electron micrographs of B. cereus. Left, untreated B. cereus
vegetative cells and spores; right, B. cereus vegetative cell and spores imposed to
the integrated treatments of heat (90 °C, 30 min) and cold plasma (helium-oxygen
mixture gas (99.8 : 0.2), 900 W, 20 min).
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Table 39. Effects of heat treatments, cold plasma treatments (CPTs), and combined treatments on the color properties of red

pepper powder.

Treatments
Color No treatment Heat treatment® CPT IP CPT II° (h(ezginlcorigaeéimgrfti%n;’rll‘%)
L 38.27+0.34" 37.19+0.50" 38.47+0.49° 38.54+0.53" 37.49+0.28"
ax 11.99+0.53" 9.49+0.50" 12.10+0.50% 12.38+0.49° 9.32+0.41"
b 9.89+0.66 8.45+0.38" 10.32+0.38" 10.84+0.65 8.23+0.58"
ASTA 46.62+1.91% 43.24+0.82" 48.65£0.09° 50.73+0.47* 47.37+3.95™
a, b ¢ d

Different letters within the same column differ significantly (P < 0.05)
? Temperature: 90 °C, time: 30 min
> Gas: nitrogen, power: 900 W, time: 20 min

¢ Gas: helium-oxygen mixture, power: 900 W, time: 20 min
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(Y) 1¢%7]4 7] (high pressure steam heating)
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0 10 30 60
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Fig. 53. Effects of treatment time of the high pressure steam heating on the

inhibition of B. cereus spores on red pepper powder.

B. cereus IAE JETAIZ 21 F AE FEH 124 ZE=sE 3 & adS7)A
8

Eis
7o gl 7 2 A Azt mE A adE B HFig. 53). +%X7F 80 °CY
ul 2] AlZF 60 < uw 0.7£0.0 log spores/g A= AL, 90 °CY Wl Az A7+ 30 &
I 60 FollA Z+ZE 0.7+0.1 log spores/g®t 0.8+0.0 log spores/go. = A3 a7} Fo4 0

2 A2 A THP<0.05).

3.5
HE Glass bottle T

30 4 [0 Aluminium foil T
p—
20
S
- 2.5 41
=
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wn
20 20
=
=
2 154
B .
=
=
5]
= 1.0
=10
)
S|

0.5

0.0 | : — , (=1

CPT HT HT-CPT

Fig. 54. Effects of type of container holding red pepper powder inoculated sith B.
cereus spores on the inhibition of the spores by the high pressure steam heating at
90 °C for 30 min.
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B. cereus A7} %‘j?fﬂ wHIF AE CPToll 9siA ;ﬂéﬁﬂ 05 log PIvFo 2 fo]% 9l
A8l & 27t Jﬂrﬂﬂx] RIL(P>0.05), o1& FElHd wHol 4 ﬂﬂé} ¢ I o
HA gFton, d-CP ¥ o= A7t Ty A %?9}‘3} £°]°ﬂ 27 #z A
qe= 4 @& ﬂﬂoﬂ oJej A °F 3 log spores/g®] ¥ A3/ HAAEHSI L, A-CP WA
g Fole FoHor FIHHQ A&7t BAHA ot B. cereus EAS] Aol thgh A
SaNE 7IHE = A (P>0.05) (Fig. 54).
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Fig. 55. Effects of the heating temperature and time on the inhibition of B. cereus
spores on red pepper powder by the treatments of cold plasma (helium-oxygen
mixture gas (99.8 : 0.2), 900 W, 20 min), high pressure steam heating (90 °C, 30 min)
and their combination.

B. cereus EAE HFAZ B4 5 A (7 log spores/g)E &FulH & FHo] 1=
ZEEE g & agSTIAT I dol dA8 2A(2E, Alzhe mE Asjads #F
9 tH(Fig. 55). AAZ7AH7]E AFg5e] A-CP W Ae 3 Ao Hs exgt A7t
of #AIGlel B. cereus EAS] Adfol g F7FA1 AsEA7F YdERA &
x5 o] & 43 CP ¥FAH ] A EA(F 3 log spores/g) o= kel A
i S717F Aol A ko] Hol CPTek+=
Pz

H 71 =
AEd XA Yg Bow 95 3307] o ® ARHA
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(th) ¥€¥7AZ7](hot-air heating)

12

1.0 A _|,

0.8
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0.4 -

Log reduction (log spores/g)

0.2 1

CPT HT HT-CPT

Fig. 56. Effects of the combined treatment of hot-air heating (90 °C, 30 min) and cold
plasma (helium-oxygen mixture gas (99.8 : 0.2), 900 W, 20 min on the inhibition of

B. cereus spores on red pepper powder.

B. cereus A7 HEH 91 F AE EF3UXRVIE ol&sto &

3 A3E Fig. 560 YeERH A CPToll 93k A= DA =R 2ok
) & 70.4+0.1 log spores/cm?)Ett &-CP H3AE 9 A& 2 7(0.9+0.1 log spores/cm?)
7 =A vERg Tt 27149 Al adE 1 log ool HA @ded, ol B2 Al
B vhde A7 2SR fdArEe]l Hgol #oldo] Aol AbgE EHep=nbrt

AT Rahol Bepzvie §ge W Bge Aow ARHA
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EE Wholc red pepper

16 [ Powdered red pepper

i

0.6 1

0.4 4

0.0 T
CPT

Fig. 57. Effects of the dimensions of red pepper on the inhibition of B. cereus spores

on red pepper by the treatments of cold plasma (helium gas, 900 W, 20 min), hot—air

Log reduction (log spores/cmz)

HT HT-CPT

heating (90 °C, 30 min) and their combination.

0>’
Hn:

Paage] AE, F uEwgy B2 gzt 43 CP @AYl Tt 9% Fig. 579
dehgih o A3, A g #Agel 4 % Ao Asdasuct 43 CP W
Agle] AN TN % wA BHRHATHP005).

J

HER Wholc red pepper
1.4 + [ Powdered red pepper

0.8

0.6 4

0.4
0.2 4 I
0.0

MW- CPT HT-MW-CPT

Log reduction (log spores/cmz)

Fig. 58. Effects of the dimensions of red pepper on the inhibition of B. cereus spores
on red pepper by the treatments of microwave-cold plasma (helium gas, 900 W, 20

min), hot-air heating (90 °C, 30 min) and their combination.

i

OjJJr MW-CPTZ H3tslo] Aajays @23t 23 (Fig. 58)0 4= H]
= MW-CPTel ¢98iA 0.5+0.1 log spores/cm? A 3j% UL, o= B 5152,‘94 A&l & 2
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(0.3+0.1 log spores/cm? reduction)el]l B} ¢ #H o g =& Aoz eI P<0.05). &
daFet viEd a5 HEEH B cereus Wt MW-CPTE ALt EA2](0.4+0.0
log spores/cm? reduction)®] A AHAEE T3 A Hld] 3} MW-CP HgAH e Fo o
L AsjgImEE 13 1.2+0.2 log spores/cm?, % 113 1.0£0.2 log spores/cm?)7}
= A H(P<0.05).

ul
=

us)
A
kI

] Fo AS 2 A el HFH B. cereus A2 A a7t 2b2E 2.8 log
spores/cm?¢} 1.4 log spores/cm?Cl. & YEow HAWLE wax ZO 2 oAk o
W2 waxsol §la =3 FFo] ol xArt Fepzety JIFS AT ¢ e T

A0] Asjart vlud $HA HAEH Ao AR FHSITh

=

UM AFANE vt o R dto] ¥ CP ¥EAHY7 7 A2 221 F AxTHLS
1) 1535 2235e o 483 F UV 2AF Al CPTelE Aol (Fig. 59), 2) A
H a5FE 9494 1dx Al €% dx7IE dxste UV 24 Al MW-CPTékaL &
23l &= Zleolth (Fig. 60)

22 D 4d |5 Az | U D] res ) B D) 22

A CPT p
L (90°C, 30 %) g (00 ¥, 20 %) W EZF

Fig. 59. Red pepper powder manufacturing flow chart suggesting conduct a

Co a4 = A

combined treatment of cold plasma (helium gas, 900 W, 20 min) and water bath
heating (90 °C, 30 min) after powder formation.
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Coax = e

Fig. 60. Red pepper powder manufacturing flow chart suggesting replace far infrared
drying with hot—air drying.
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Fig. 61. Effects of drying time of vacuum drying (5 kPa, 85 °C) on the moisture

content of red pepper.
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Log reduction (log spores/cmz)
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N, N,— 0, N,— 0, He He — 0,
(993 :0.7) “:1) (99.8 1 0.2)
Treatment gas

Fig. 62. Effects of plasma forming gas on the inhibition of B. cereus spores on red
pepper dried by vacuum drying (5 kPa, 85 °C).
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g Axd 125 HEAZ B. cereus EAHSF 4 log spores/cm )& HAF7MAE AFE-514]
900 Weoll A4 20 & =<t CPT3S S ufl, 7F4 @o] A& %o (Fig. 62), ©]& CPT Z2do = A
7 3} S o

() M= A3

B Farinfrared drying B Far infrared Flrying

~ 30 - [ Vacuum drying _ [ Vacuum drying
NE NE

% . % L5

L 251 )

= =

2 °
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= = 10

g 151 £
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E 1.0 g

= = 054
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0.0 T T 0.0 T T
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Fig. 63. Effects of drying method on the effectiveness of microbial inhibition of B.
cereus spores on non-powdered red pepper powder (left) and powdered red pepper
(right) by the cold plasma treatments (helium gas, 900 W, 20 min) with and without

microwave.

AF7FEE ARESEe] 900 Well A 20 & &<t CPTels o, Alm dHjol] #Aglel CPT
of Hlal MW-CPTH = Wl Asias7F 4 aA Hebsth(P>0.05) (Fig. 63). HE%
159 Aol dxdyd daglel MW-CPTHAS Wl 71 & A E&sdE HeE

SQTHP>0.05). BduFe] A= [y Axd BEduzd HEAZ B cereus EAH(QF
4 log spores/cm?)7F LA elM Axd EHuFd HIH EAp Hl&] ®ol AsH ATt

(P<0.05). 18]a EEaz
At AL AR E
ol zlolo] fIQlS Yolr izl mAEO] HFHA FAY HITHE AR ¥US AT

(Fig. 64).
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SEMHV: 10.00KY  WD: 45.50 mm MIRAW TESCANSEM HV: 10.00 kV WD: 9.566 mm f * MIRAW TESCAN
SEM MAG: 100 x Det: SE 500 ym “SEMMAG: 10.00 kx  Det: SE 5 pm s
View field: 1.90 mm Date(m/d#y): 12/12/13 Performance in nanospace §l \iew field: 18.96 ym  Date(m/d/y): 12/12/13 Performance in nanospacen

SEM HV: 10.00 kV D: 47.58 mm | ] IRA\\ TESCANSM HV: 10.00 kV \ 508 mm MIRAW TESCAN
SEM MAG: 100 x Det: SE 500 pm 7 SEM MAG: 10.00 ko S i
View field: 1.90 mm Date(m/dfy): 12/12/13 Performance in nanospace il View field: 18.96 ym  Date(m/dAy): 12/12113

Perfermance in nanospacen

Fig. 64. Scanning electron micrographs of red pepper. Left, uninoculated Far infared
dried red pepper and vacuum dried red pepper; right, Far infared dried red pepper and
vacuum dried red pepper inoculated with B. cereus spores.

Az A ol dHQH Axy 15 FHL I¥ dxd 1F 1Wd v g &35

AL, 5ol AANE AS #AFS F AT A E HE F A dxd nFole v

AESo] xHd EAsts vhd, 4494 AxE aFd s nAEEe] § Alold EA 5}

I AR (Fig. 64). A0 H&S T dAdHd dxd aFo HEFH B. cereus XA

& g dxE a5 ZF5d ¥2A7F CPTY 9FS A4 9e 5 Ao o] A=
[e]
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SEMHV: 1000 KV WD: 34.54 mm MIRAN TESCAN
SEM MAG: 500 x Det: SE 4

View fleld: 3792 um  Date(m/dAy): 12/17/13

SEMHV: 10.00kV  WD:33.97 mm MIRAY TESCAN
SEM MAG: 500 X ot: SE .
View field: 379.0 um

SEMHV: 10.00kV  WD: 34.05 mm MIRAN TESCAN
SEM MAG: 500 x t: SE .

View field: 379.2 um

100 ym

Performance in nanospacen

Performance in nanospace U

Performance in nanospace U Date(midy): 12117113

Date(mid): 12/17/13

Fig. 65. Scanning electron micrographs of red pepper surface. A, untreated vacuum
dried pepper; B, vacuum dried red pepper treated by cold plasma (helium gas, 900 W,
20 min); C, vacuum dried red pepper treated by a simultaneous treatment with cold
plasma (helium gas, 900 W, 20 min) and microwave (21.7 W/cm?).

T 7 AxE AEFS CPT =5 MW-CPT# &, 7 A2 WS vl #zssct
(Fig. 65). ot A A @& 13 83 CPT € 15 FHoA= FoHe 2ol
EhA] @okAvt, MW-CPT ® 15 #Wleds &4d s 322 5 ik CPT
A= mlelamselne] S WA G AAM ATt AHr] dEe] nF xH
of o} o] e AAT, MW-CPT Afole EE wolazgeln W=(217
Wem*)2 <l E&t=vt W Ads= Fo duisd] deo] @dste] uF Wk
FEFE = Ao AEHEIT

W ATEARE T D) AA 2EuF AxTAd A AxE A Ax2 g skl
AFE FAF AxAZ Fo CPT £ MW-CPTsH 2sts stAY, 2) 9494 Ax
Fol MW-CPTdte] £¢sts dowl mAE dde =d + e A= 22uF A
= w40l Ak 5 gle AolH(Fig. 66-67).

2 |5 A3 || a2 || VRS 2w o A D] =

A3A= CPT or MV-CPT
Conm | ™ ooy, 0w W wus (mp 22

= ad mp AL il

Fig. 66. Red pepper powder manufacturing flow chart suggesting replace far

infrared drying with vacuum drying.
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Fig. 67. Red pepper powder manufacturing flow chart suggesting conduct a
simultaneous treatment of cold plasma (helium gas, 900 W, 20 min) and

microwave prior to powder formation.

ok 13 q,9 WAE A dF IF

Table 40. Effects of a, of red pepper on the inhibition of B. cereus spores on red
pepper by cold plasma (helium gas, 900 W, 20 min) and the simultaneous treatment
of cold plasma (helium gas, 900 W, 20 min) and microwave.

(&9: log spores/cm?)

CPT MW-CPT
0.6 0.7+0.1 0.9£0.1
0.7 0.8+0.0 1.7£0.1
0.8 0.910.0 2.1+0.3
0.9 0.80.1 1.3+0.1

AA9N Axd AE g 7F 06904 082 F7hghol wa} CPT T MW-CPTel <3

EApoll ik AsjErt ZA YEtsth(Table 40). b4 A4S 71 2HE 7S o] &R S 4
2 FEFH@, 09 ohew < CPTe A&7t @A SA=HAA=, CPT
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Fig. 68. Red pepper powder manufacturing flow chart suggesting replace far
infrared drying with vacuum drying.

w. A% % CPT £ MW-CPT SAA@7 2% 139 n4gs 44 2 3 W
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Fig. 69. Effects of the treatments of cold plasma (helium gas, 900 W, 20 min) with
and without microwave (21.7 W/cm?®) on the concentration of B. cereus on red
pepper powder during storage at 25 °C for 60 days.

A 717y ot B, cereus EAE olF AP shA] &L B FoA T e FFO
2 i, CPTeF MW-CPTH 213 #AZ WA #AE5A9(Fig. 69). A% 7]
I Eot ol AHY HX e A BoAME B cereus EA7F 9F 4 log CFU/m?2.E A
HAa, CPTH AlRoA %= °F 3.0-35 log CFU/cm?*Z A& At MW-CPTH A] 5.0l A
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= B. cereusd FE7F 60 dAAAE ¢ 05 log CFU/em? 271 AS & 4 dde=d),
o]x= MW-CPTA] v A & £4S Wl B cereus EA7F A Fol woldto] o oA

& J
AgE S 7hedel AT wEkAd E2as AlsFel digk CPT %=+ MW-CPTE
3l

= =
Ui B. cereus® °l&] WHAE 4 Q= AV AaE

e

(W4) A. flavus
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Fig. 70. Effects of the treatments of cold plasma (helium gas, 900 W, 20 min) with
and without microwave (21.7 W/cm?®) on the concentration of A. flavus on red pepper
powder during storage at 25 °C for 60 days.

o}l A7 dlA Lo ¥A= 9F 4 log CFU/cm?o.2 HE Y]
Aom A 71zF b FbeRA ok, CPT ®iE MW-CPTHE 2% aie] HEd A
fAavus EA= 30 Aol A 2F 2-3 log spores/cm?® F+o 2 FAEHAAT 60 Lo A+=
Hawoe] AAAER Wotd A favus EATE FEIALFE] W o FEFS WRE AL
2 AR EAT o] E E& CPT T+t MW-CPT7F E%aFo Aag 2 Aoz g
g 5 Q= 7S B FYtHFig. 70).
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Table 41. Effects of the treatments of cold plasma (helium gas, 900 W, 20 min)

with and without microwave on the concentration of capsaicin during storage at
25 °C for 60 days.

(29 mg/100g)

Storage time

Untreated sample CP MW-CPT
(day)

0 120.7£2.3 106.9+12.2¢ 88.5+5.9b

3 110.9£9.4¢a 96.3+9.20 55.8£2.1¢

7 92.0+11.7¢@ 78.7+8.44 A7.7+2.10

14 69.7+2.84 58.4+10.0@ 43.6+1.6°

21 56.6+2.9¢ 43.9+10.0@ 38.1+3.0@

28 44.2+6.2¢ 42.8+11.6¢ 37.1+£2.2¢

60 42.0£11.7¢ 40.2+4.3a 33.08.7¢4
ol A A ZAY CPT9F MW-CPTH E@iFo Alolal vk zZ+zh oF 121
mg/100g, 107 mg/100g 223 89 mg/100ge] A tH(Table 41). 0¥ A} 3 U o] FH-E o}
T Ag kA EAY CPTE Als Frell #2979l 5<}°]7} A AP >0.05).
MW-CPH Al5°] ZFole 0-14 Ao T & AsEs FPAlolAl &zt fojd o= A
o] 7} YEFFEA THP<0.05), 21 dAFE 60 d7A] AFH "]Eoﬂ 1 9421 Aol 7}
EFLEA] 2k tH(P>0.05). ﬂ”7VPE“‘ﬂﬂ@TﬂJH%N]%%1$QZEWM]%%

2 ZaF obf Ae HX
77} 65.2%, 62.4%, ~1E 1L

ZAY CPT 2832 MW-CPT
61.6%° HaesS B

UJ—EE

- 120 -



(1) HEHH C

Table 42. Effects of the treatments of cold plasma (helium gas, 900 W, 20 min)
with and without microwave (21.7 W/cm?®) on the concentration of ascorbic acid

during storage at 25 °C for 60 days.
(%% mg/100g)

Storage time

(day) Untreated sample CP MW-CPT
0 141.7+6.0 125.1+1.4° 106.9+7.1¢
3 132.0+3.3" 103.0+8.9" 92.8+5.3°
7 127.3+3.1° 99.5%6.0" 88.1+4.6°
14 95.2+5.2° 85.3+3.4° 85.0+3.5"
21 94.0+3.6" 81.5+2.6" 80.0+3.6"
28 82.3+4.3" 79.76.3° 76.7+7.8°
60 66.1+8.0" 59.6+7.0% 56.1+7.7"

o] Mk C FEe oF 142 mg/100gol e, CPT<}
MW-CPT® #Zu3o Hedl C g3 Z+z 125 mg/100g3 107 mg/100g°] 2tk
(Table 42). ol&= A% 717k &<F Agolfel dAGlol aEAL, CPT == MW-CPT
H BEdao) vlgvl Ce obf AgdA &S EHauFo] g v v vRE HE
HJh 14 4 A FEE CPT =5 MW-CPTHE A& roll foxel Aot Bz &
UAARHP>0.05), o A A &2 A5 role FoH0 Aol 7F vERSTHP<0.05). A
60 dAlE obF AHE A @2 AlFEe CPT gl MW-CPTH Al5< Hlgw C
gheFo] 7zt 53.3%, 52.3%, LE]al 47.5% 7% St

o A BA ge v

ot

1r
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Table 43. Effects of the treatments of cold plasma (helium gas, 900 W, 20 min)
with and without microwave (21.7 W/cm®) on the scavenging ABTS radicals

during storage at 25 °C for 60 days.

(E$: %)
Storage time
NT CP MW-CPT
(day)
0 94.0+1.81 95.5£1.0 96.3£0.02
3 96.4+0.2 95.4£1.4 96.1+0.5
7 94.3£1.2 94.8+1.0 93.4+1.5
14 95.5+0.5 95.5+0.6 95.3+0.3
21 95.4+0.4 95.4+0.6 94.2+0.3
28 95.5%0.2 95.810.5 95.2+0.4
60 95.4+0.1 95.1+0.2 94.8+1.3

F=" AEE 50% Akl ABTS &276(%)S A2 A3NTable 43), A2 o F-2F
A 713kl Adagle] 94% olde] dtdle s HolF ol

Table 44. Effects of the treatments of cold plasma (helium gas, 900 W, 20 min)
with and without microwave (21.7 W/cm?®) on the scavenging DPPH radicals

during storage at 25 °C for 60 days.

(&9 %)
Storage time
NT Cp MW-CPT
(day)
0 86.0£2.6 86.8+0.4 86.3+1.2
3 86.5+0.6 86.4+1.2 86.3+0.7
7 84.6+0.5 86.6%0.3 85.7+0.4
14 85.3+0.5 85.9+0.8 84.7+0.7
21 84.8+0.6 86.1£3.9 85.7+0.5
28 83.6+0.5 83.6+0.6 84.0+£0.6
60 86.7+0.2 86.5+0.4 86.2+0.2

S AHE A (Table 44), g o9} A
geo dikshs s BT, wElA, CPT =& MW-CPT+

rjg

O

= E
"U

=

o T
S}i

)
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(2})) M=(CIELab, ASTA)
@ CIELab
Table 45. Effects of the treatments of cold plasma (helium gas, 900 W, 20 min)

with and without microwave (21.7 W/cm?) on the color (CIELab) during storage
at 25 °C for 60 days.

Storage times(days) NT CPT MW-CPT

0 36.6+1.7 37.2+1.3¢ 36.4+1.4¢a

3 36.3+1.3¢ 37.241.9¢ 36.8+1.4a

7 36.2+1.62 36.9+1.7¢ 36.9+1.82

L # 14 37.8+2.4a 37.841.9¢ 38.0+0.9¢
21 38.1+1.0a 38.4+1.4a 38.2+0.9a

28 37.3+0.74 37.4+1.2a 37.6+0.84

60 37.1+1.0a 36.8+1.62 36.8+1.2a

8.2+2.3% 87+1.9% 7.2+1.9%

6.5+1.1¢ 6.8+1.1¢ 5.9+0.8"

59+1.0¢ 6.1+1.2¢ 5.3+15%

a # 14 6.9+0.7° 65+2.1° 5.6+09°
21 6.1+1.4" 6.8+1.1° 6.3+0.6"

28 6.9+05" 6.7+1.0" 6.2+0.3"

60 6.5+0.6" 6.6+1.9° 5.7+0.3°

0 3.2+1.0a 3.8+0.54 3.2+1.0a

3 2.8+0.5¢ 3.0+0.7¢ 2.6+0.50

7 25+0.60 2.8+0.70 25+0.60

b 7t 14 3.0+0.4¢a 2.9+1.4a 2.3£0.6¢
21 3.1+0.9¢ 3.1+0.7¢ 2.7+0.40

28 3.6+0.9¢ 3.2+1.0a 3.0+0.70

60 3.6+0.4¢ 3.6+0.9¢ 3.1+0.3¢

Ho
{0
)
rO
)
o
N
N
s
i
i
N
§2

Al o Fol A dgo] mE ERuF FHol Ao ik
R THP<0.05)(Table 45). wekA, CPT %+ MW-CPT7F 21139

= ol o I~
FA Fevdes AS &+ AT

=3
)
Lo
&
2
of
o%
o
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Table 46. Effects of the treatments of cold plasma (helium gas, 900 W, 20 min)
with and without microwave (21.7 W/cm?®) on the ASTA values during storage
at 25 °C for 60 days.

NT CP MW-CPT
0 52.5+13.8 42.9+4.1¢@ 42 5+7 50
3 41.7+£9.44 39.2+5.3¢ 37.6+0.62
7 39.2+10.8¢ 36.1+6.9¢ 31.3+7.74
14 35.6+11.2¢ 32.0£15.4¢4 21.7£6.00
21 31.5+11.7¢ 29.7+£9.8¢ 26.4£7.44
28 28.7+7.3¢ 217.5£7.5¢ 26.0x12.5¢
60 20.2+1.3¢ 19.9+£2.6¢ 19.5+2.4¢

Ae] offol wE ASTA #e] Abol7F wofA o= et e hth(P<0.05)(Table 46).
A 717re] e#j=Ha s ASTA #e] #Aa7 vetwew, 60 o A o A2 =X 57
U CPT Z8]al MW-CPTHE A& AZ9 ASTA &2 0 4 A kol w3 zZ+z 61.6%,
53.6%, L8] il 54.1% A%k

@ #5H7}
10
BN NT
/= CPT
g | N MW-CPT a a 4
: T I
a
()7 I
4_
2_
0 T T

e A
Fig. 71. Effects of the treatments of cold plasma (helium gas, 900 W, 20 min) with
and without microwave (21.7 W/cm?) on the sensory properties of color and flavor.

CPT & MW-CPTHE A1Z2 o A A g2 AZH vustels o, Az WAy
A o)Al zFolzt vERUA gktH(P<0.05). wetA CPT =3 MW-CPT7F 213

B 54 dFe A v A & AT
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