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Abstract
Norovirus are the leading cause of viral gastroenteritis outbreaks

worldwide. Many norovirus outbreaks have been epidemiologically
associated with contamination of seafood or fresh produce. Norovirus
Inactivation to physical and chemical treatments by chlorine, hydrogen
peroxide, heating and UV irradiation, while those methods cause changes
in food tissues and lead to loss of nutrients. The purpose of this study is
to develop the application of non-thermal atmospheric plasma jet for
Inactivation of norovirus on the surface of salmon sashimi. The
influences of plasma treatment on the qualities of salmon sashimi were
also investigated (Lipid oxidation, pH, color, texture analysis).
Operating conditions of plasma include processing time (0, 3, 6, 9 and 12
min), electric voltage (180 V), electrode spacing (1 cm), working gases
(air, oxygen and nitrogen) and flow rate (15 L/min). The results of the
research showed that norovirus could be completely inactive from 2.7 x
10* virus particles/g when working gas is air and processing time is 9 min.
When working gas is oxygen and processing time is 12 min, norovirus is
completely inactivate while nitrogen has no effect. Either air or oxygen,
could make salmon sashimi, which is treated by plasma, a lower TBARS
value and pH value, a lower a value, a lower L value, and a higher b value
of color measurement. On the other hand, texture analysis found that the
hardness rise and the elasticity fall. Although there is significant
difference in statistics, it’s still within the range of our feelings.
According to the above results, the air has the best outcome of

inactivation of norovirus and the least effect on salmon sashimi. In



conclusion, we are hoping that, plasma with air as working gas can be

applied to inactivation of norovirus in food.

Key words : Non-thermal atmospheric plasma jet, Norovirus, Salmon

sashimi, Quality evaluation
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#R2m4  (Norovirus, NoV) A% 1962 & % R & B4 et
5. (Norwalk) 2 # eji 7 14% 5 L& B (Fd4efl3a =&8H F41% >

2010)° %1972 & 4% & % 7 < & fiese(Immuno-Electron Microscopy ;

6’3*

IEM)Biir» 5% 5 5 L % - 23R e [~ 5 27 nm m}l%ﬂ*%p
- (B8] 2-1) (Kapikian et. al., 1972) o

R4 B irtkopa 4 (Caliciviridae) - = foen B s H G
Group IV - H % % pE % p& (Linear positive-sense sing-stranded
(+)ssRNA)» & *t 3] & st = + 6 4 (Icosahedron)t: (Venkataram
Prasad et. al., 2016) > & *f A~ B IS 5 5 27~32 nm (fF2 461138 & &5
4§ 41% > 2010) -

P I BaEERES AT 2 GI G GIViz
ZRAFAUNEEAN 5 ARE 2D B FOAFLC ST pisz B
AFAlEp 5 p 2002 £12% > GI4 AFAch%fae o k¥ B
er1zk F13] (Center for Disease Control and Prevention (CDC), U.S.A.,

2013) -
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P A s Ropd Ry 2% - S R LA SRR £
BEFwER A F AR EARRRES 2405 kns L 13
hfs i A o d AR RS B2 e AT T A g
FRIpA AT LR O 10 A ST R R 4 s 4 AT (VPL) -
ERSFERRS &2 FREA F Bk 2 (Caliciviridae) <517
st 5+ (Feline Calicivirus ; FCV) ~ Porcine sapovirus 4= Tulane virus i
PROREFREATESE RIS E L BRI 2 F A FE a2
Rl A 4% R4 (Liet al, 2012 5 DiCaprio, 2017 ) -
213 #RBpFARBRILW 2

A lema Ao mmR i & 47 2 & (Wang et al, 2014 ;
DiCaprio, 2017) - ]+ » 87> 2 & ¢ “igiflm 4 RNA &3k o P
TR RRE L EE R AT

1. % pr B & pr 44 & & (Quantitative real time polymerase chain
reaction, RT-gPCR)

RT-QPCR § & £t Rzt Ren & (g Eonf R 5 2 2 o gL ipl 42
ALY S 0 3 2 F g plF B F 50 3110 2 100 3% Beops + g o
fI* 3 sl ok E A AR e | foA T2 2 135854 - RT-gPCR
o RRAoT R B A PR OGP R R T O MR

o Rk d o G50k PRERSERRBS -
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http://www.sciencedirect.com/science/article/pii/S0168160513005588

2. F #& &R & pr4a 4y & & (Reverse Transcription Polymerase chain
reaction, RT-PCR)

% fm B enA Fle DNA & RNA 57 chiF 2 A7V 0 &

Bl PR B F R B8 RT-PCR A4 i 7l o {1k R & hik
PRI SR RN

2473 I A T G Rop A o

3. B & % P 2 (Enzyme Immunoassays, EIA)

Peid B ORP T Aefs LR T Bl p?-?et}ﬁi-*#mﬁ'ﬁx ATAR R
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BLHC FRSEEFPLL ERLFRLE > s REDT
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3@‘,}?3-& }P\?’l}'l 7 BT A
R (<509%) -

(Center for Disease Control and Prevention (CDC), U.S.A., 2012 ;

Center for Disease Control and Prevention (CDC), U.S.A., 2013)
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1. # (Thermal)

i %GR A dE o Se#56°C 0 304 AT A E BRI S 4
AL R AR RopS G0 foe ik R FREEHE L
fore om B A M BT ORI A B A A g (h E
2016) © § % jpkdp MR ART2C LR £ 54 4 R A 2 2 4
o @R B100°C ) AJEPFE 24 6 jeil R ERopd 2 2% (Wang
et.al.,2014) > 2 iF > $17 it A WA FTESF A S > FL TP

EERISESTIR > PERF ST (Wuet. al, 2016) -



2. *x&t& (Irradiation)

A;&*;*&Vgﬁfai%"‘% AR AT S s ERE S ] Jem? AREER
FE R A AMRRAS Y K TR R R AR ps B

i (Wang et. al. » 2014) -

% B > FDA® S# a3 fg 5 e 57 F R 0 ySs AR fr XS * 5
8 & (General Accounting Office (GAQ), 2000) - ¥ ¢t » & 545 P& %_
LFASTRR TS F 707 BE FiEREE &t 2 (Ahn et. al, 2013 ) -
TR T XA SR R & DR S & D F XA g e

i€ R om 4 4 F 2ok %4 (Wu et al., 2016) -

AE T R H AR S oy AUE R 4 B R A B

e F1ERNA > é.é-i’z:)ﬁsi % 7% (Fenget. al., 2011) -

T3 R AIL1E 1% RT-PCR> 4 % 87 B 54" 253 & F12RNA
T RORT R AyHRLEERRRF PR 0 T pd PP

i+ Jp& 4% (Predmore et. al. (a), 2015) -
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fﬁr%ﬁw\v?%@% R D AP e g o pL BT R AT A4 SR
B ERILE G 0 i pE 275 (Jeanet. al, 2011) -

d SR s Al L ko T f EREER S S 2R
Fa2 et > HDNAGF H &< > - B BUR > F9 & =
il B g NG X B F AR H R e = SR 0 7 f BT
Al g AR et R iR SR e R AR PR
AFH RS e Gafama s ¢ 2R (1019925 = %

% » 2003 ; Kang et. al., 2016) -
3. & # k& (High hydrostatic pressure)

BHORRAILE BT AL G R R R FF R
g Eefadn ok it A& 2 ReiE Efe 45 8 & (Kingsley et. al.,
2005) o SRR I € B R B R R0 - BR ik
T RrR o FEAr A RJLNA iy & & F (Murchie et. al.
2005) © % # -k B AL RFE R mE A R EY & PR % fRRUR

(Lou et. al., 2011) -

4. #@i# (NaCl)
BRI Y e~ 10%ORERRFREBF PALTFLRS B
T A (999%) 0 LR RFISREET Mo 2P Fupd BT R
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P oS :}ﬁ:lfiai RNA14 ,E‘F»':f#'fr':[fﬁi f= &1 (Park et. al., 2014) -
B SR

B Y-SRI R SRR EN G IR T L
i\%;tégpfa-% XK A 0 i3 é»/:;;i iR E Y€ T :ﬁfai % % (Wang
et. al., 2014) -

1. ¢ g% (Ethanol)

70% ¢ Fi ¥4 8 Reoma 04 B 0 j&2.5 logig 1 0.05 log > &7 % =
TR 5 RA o ;'é’b:}];‘;i ;};&;};&gme » 3.32 logig > 2 2.37 log » AT 2
FER O FNA L RIERRS B RBLS 709 B ERR
4 ) 4 § T (Wang et. al., 2014) -

2. % (Chlorine)
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e
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%= (Wanget. al., 2014) -
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CEZ 7 FRATNIEME 3827 HIFFLAAd 53

(] » 2014 ; % > 2016) -
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3. 5% (Ozone)

L des - HE- BV CERLLF o d e
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Table. 2-1 Properties of equilibrium plasma and non-equilibrium plasma
(FHL kR 0 M &tk > 2013)

TR Gl
TE S SRR AR Sl ;|
AR 100 % 10" - 10" %

i ShRR 4 >1 4§ R <1+Fm®
T A (To) >10,000 K ~300 K (% &
T+ R & (Te) Te=Tg Te/Tg = 10-100

F A T TR ZEE Ttk R
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(plasma torch) (corona discharge)

27 53 P ——

NEFR R R of 5L

(dielectric barrier discharge, DBD)  (atmospheric pressure plasma jet,
APP))
B 2-2 #@EJ}%@%’E%‘.% %

Fig. 2-2 Schematic diagram of atmospheric pressure plasma

(B % % : 3 »>2009)
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Whittaker % 4 (2004)41 #* #43#g 3 jﬁﬁ? PREL S mp,}%*
o (Prionprotein)ie (F4 /5 » T (T 5 & # B # R & 5 4 AUl
BRSNS SRR P BT RILE R

A LT "if}—?”»f&f}]%i Fo > LR EHREF E P A o

Zimmermann & 4 (2011) 1 * /4 £ B = Tf: & ¥ ﬂ;jz T

—

(Adenoviruses)iz k& 74 F » 1 TF M E T F AT EEET ’F

"3

}]%—%;i{’, %/& 12 240%; - > 6 log PFU/ cell -

Bae ¥ % (2015)F]* # A vg #4347 IT%H}%# LAATH R A S 2
w8 ﬁ;i’a}?s-* (Murine norovirus) * A%] % - (Hepatitis A virus)f;

Wo 2 L HRET R gBRE R L )

=

rd]’*’”*‘[vﬁ—%

A A 4 iE2 vk o FEHE SRR PELE -

Wang % 4 (2016)41] * 241 7 ﬂ‘liri%%frb% &+ (Newcastle disease
virus, NDV) £ & /g :ff‘ai (Avian influenza virus, AlV)i& {7 g2 » #-
JJLES A 0 @ % 4R 4s % B sl (Scanning electron microscopy,

-

SEM) fri% &+ F + & st (Transmission electron microscopy, TEM) g
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TR RET R R ST RAIT 12045 5 535 log
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224 THAFRABA

T Jf’:‘ SBEPE FRLTFFRF I IAREEF R AL R
LY ’inw’ﬁi enpd LR R A ;‘é:}}%:& %4 (Wang et. al.,
2016)

pd ¥ A 53 2 8EE s (Reactive oxygen species » ROS) £
%1% (Reactive nitrogen species * RNS) » H #1&
FhALpY A atpd AAAFo4ea Fpd X (COH) ~EF

3 (HOp) 425 53 (0, )~ %% (0g)> H 5 it 3 (Singlet oxygen >

<,
L

10,) - 5§ fd % (NO') % »4-42-3 (Chabot et. al., 1998 ;

2006 ; ¥ % > 2008) -
B2 F (ROS) A4 thi§ » L4 B8 43715 Liv 4 ey 48
g3 CopA e B o @ g5 a P (DNARNA) K @ & v
(Predmore et. al. (b),2015) ; & ¥ p 4 A ("OH) BULR”4 PS>
@3 PR iR A BRI REPE A ARSI G ERpA
EEAEE > F 4 (R > 2006 ; EE > 2008 5 % & > 2008) -
1 F (RNS)#7 2 4 oNOL 2 NO® H s g d Aen 3 i8% 5 %
Prpa T 2 adf oo Ain i ENOF H 1T ehi % (Bartosz, 1996) » 4
WANOB A Y e+ F A2 EF AR (ONOO) » i&m i3

=~ 5 pa %74 (Beckman et. al., 1990) -
20



%2-3 F1% 4 (ROS) &%+ % % (RNS)
Table. 2-3 Reactive oxygen (ROS) and nitrogen species (RNS)

(F 4L %R : Chabot et. al., 1998)

Free radicals Nonradicals

Reactive O°,~ Superoxide H,0O, Hydrogen peroxide
oxygen °‘OH Hydroxyl HOC1 Hypochlorous acid
species RO, Peroxyl O,  Ozone

RO* Alkoxyl '0,  Singlet oxygen

HO’, Hydroperoxyl ROOH Hydroperoxide
Reactive NO® Nitric oxide ONOO" Peroxynitrite
nitrogen NO°, Nitrogen dioxide NO," Nitronium cation
species NO™ Nitrosyl cation

ROONO Alkyl peroxynitrite
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23 2 4%
2312 AP A SRR EEE

AR PR AR ER P AT RFIFL A T2 A4 -2
BAFES > 23 7 22 r H DR A Fpt G A2 4 Y
O RE(GE 0 1997) c TR LA A P2 A AES R A - fd s g
AN AEERFL VA A BA BTG B A A A
W SRR ARG A P b B A RS b
WEERE SR A TR (BB LR RAA AT ST g
PHBALE SHE R AV E SR SR AR SR
(T7%) ~ 78 4. (7T4%) ~ ‘= #4 4. (72%) % fi7 4. (71%) (% > 1997 ; 4k » 2002) -

d b 2 P S BTV ERZAR FI AR EHMELL AT ERG

B 2L P A AT E R T HE A AT
FLEBIPE 2 LAY D HE S FECFFE S b
& 4 e pE(BtE) & % Oncorhynchus mykiss (Walbaum 1792) (] 2-3) »
RA ST ER2Z A EFW2LR AL EHF X4 & L Salmo
salar Linnaeus 1758 (] 2-4) B i F 3 s G B 24 2 (Gr 5
1996) -
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23324 4 ¥4 B2
ARG oA EQr L R AR E > s (o

)RR AR BB LA 0 £ kA e~ 2L S

FE R A AR A Y B BRI BOKERT A P ESRE 2
LRy OREFRBED REREFI 1T - F RS IRE AR

Beniicd ¢ BB ER D e E AR ITEER R O
4o 2-5 7 5 (2) P e R E o et AR
T o T3 o RO 2 f:‘z ks~ FR B ko 28
BRI AT MR (BSTC) B F Ay p D 1 R i T RAE B(2 EF
R RS é‘fa%—i"ff)’ ld L EF 0 AR AR Bfsd ko
4- B 2-6 7o+ (4R F - 2009) -
234 pAd 2 f 3

;{;@a}ﬁsi (Norovirus) % # % -k 2 & &5 B (Martinez et. al.,
2005)°€%.?E:f}?3—%i% XFFAHP F RG] P E A H KR EH A
s FAEr I pAL L AT A AS 0 Y 2016 E & o
PAFARERS I EER G AR R AR TR T
Bps HRg 3 A e 69 6] 417 10 # k378 » WL ARTIIVA

TR AL P 4 A Y
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B 2-3 & # 49v% ke (Jodih)

Fig.2-3 Oncorhynchus mykiss (Walbaum 1792)
(B Xk @ 8% > 1996 )

Bl 2-4 <~ & Zh i

Fig.2-4 Salmo salar Linnaeus 1758
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Epr | - || = VKSR = |

GIRE | - 5

- G (EREBEER_AARRE) | -

EK

B

;

- | EK (1~2% > 3~5 7))

i

g

wm REREUK () Ak iy

w | —EEBETA RS (LR | = B2 (EEE) |
w51 | 12 | e < | 1 | i | 5%
B 2-5i0 4 2 4 %2 Wadinge
Fig.2-5 Operation procedures of tilapia sashimi
(FH %k k% - 2009)
A Qffn) | = || = | A6 BER A | = |2 |
w CORESE (BKIRET) | - [EOK] = KR (55C) g |
w HE GEfNETR) | = | TREHB(-55C)| = | EsEE |
- L = AERHEUT | e | EHHEEER] = |(glEmeR|e

= AR o= | HURA

B 2-6 &7 4. 2 A& 7 20 mJT AR

- |

Fig.2-6 Operation procedures of tuna sashimi

(FAL %R +h% > 2000)
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=% HEgERE
1R %HMPEERE
311 #Bpd

#R2om4 % - 3] (Norovirous GII) (X7~ FREFF &1 42
BEASFIPFTRT oF o o) HREEAIABCEF LA
Bk (CWW) 2 55304 4 Aag 2wy -k (RCW) 2 R A 50 £ 7 5 1
Y EFRBREER A ;};ﬁ‘ﬁ:}%i = 9% 2 IMDS g R *fq‘:},%i e
(Viradel)= ;% # & (+k » 2016) -
312 W H

#-7%" 4 (Escherichia coli DH5a competent cell) (X /& ~ £ %3
HEEIfR Y FRAF LTS RHE P 0 5 4) 12 5mL LB Broth -
A 37°C% % 16-18 | g > 1% & Gene-Spin™ Miniprep Plasmid
Purification Kit 44 B~ 548 DNA o & ;i 42~ 12 12000xg g 3 F £ B~
1.3mL Fig B 3o g g ro L asafs 0 3 “,f_l 7> 4e »~ 200ul Solution
| (50 mM glucose, 25mM Tris-HCL, 10 mM EDTA) £ iz 3 2 f R & >
#% 4 » 200pu! SolutionT (0.2 M NaOH, 1% SDS) » & s dg.~ ¥ 5
= fs > £ 4v » 200ul SolutionIl (3M sodiumacetate) » £ Jsde 5 =% >
w1442 f8 0 2 & TSpincolumn 4= T Collection tube | » -
FFieA 2 TSpin column gt ¥ g4 T Collection tube | ® Jgi% -
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http://www.envsci.thu.edu.tw/%3Cbr%20/%3E
http://www.envsci.thu.edu.tw/%3Cbr%20/%3E

4¢ ~ 700ul " Wash Solution ; ¥ &t~ » i ) T Collection tube | * /g% >
S BRSSO F L Z A 34404 R iR 4. Spin column
# » #5700 Collection tube ;> 60°C 32 & »10 4 4& > 4 » 100ul =" Elution
Solution | # % 2 ~ 4 s 4w » %% [ Collection tube ; » DNA jr
e o T 33x-20C ¢ o

i¢ * Nanodrop 4 % £ & ik = 260mm i & = =k @R £ o FrT
P~ A8 DNA - #:8 S FRE R (nglul) » £ e 5 H =14 2
copies #x (3% ° 2016) > 4o7F it

c(71) x 6.022 x 1073 (%)

ul mole

2950(bps) x 10° (%) — (m)

® C ;a~kkpR:hjkk 260mm #ripl @ FAEER

® 6.022x10% 5 IMEA T P4 copies #c o

® 2950 bps 5 “fi¢ * £ A& 2728 bps et #ri4E + IPCR A 4
bps + 2950bps -

® 10° % Fl=c4 ¥ > @ 660 (g/molexbps) s DNA & — i 4 ft inT

o

BLs +

Ik

et Gl MR R 93 107 (copies/ul) o -t Ok B AR
5x10° (copies/pl) » & 143 § 10 & #8 ® 5x10" » n=2-8 2 ik & ¥~ & 1
B F3-20T o
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313 RERK&FEUR

R LA B GOGO PR R g ik (2 &) (£ #9803
FLF s FF] 0 S E) o B AR S % 4 Bae £ 4 (2015) 0 ¥ Ak
e R ndm A B AR SR BT &Y & FT
Hhdh 7 $93 2 2] & 5.0x2.0x1.0cm’» £ § 4 1041 g o #4559 T &
i dx o B 100pL i+ RER BB ARS LR 0 R 1o @
FERERBICDIES LA LB L Feot R pd i ERS A0
Mg A h BE 0 Bk o AR 10 A& T2 e
B o

314 REHREE

1. Difco™ LB Broth, Miller (Luria-Bertani) (Difco laboratories, Detroit
MI, USA)

2. Gene-Spin™ Miniprep Plasmid Purification Kit (Protech Technology,
e o #) e

3. High Capacity cDNA Reverse Transcription Kits (Applied
Biosystems, CA, USA) -

4. ZR Viral RNAKit™ (ZYMO RESERCH, Irvine, CA, USA) -
5. ABI Prism ® Univer gPCR Kit, whit KAPA (Applied Biosystems,
MA, USA) -

6. & % it 4 (sodium hydroxide, pellet, NaOH) (MACRON, PA,
USA) -
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7.

10.

11.

12.

13.

14,

15.

16.

& -KERfe & = % (sodium phosphate dibasic anhydrous, Na,HPO,)
(Shimakyu's Pure Chemicals, Osaka, Japan) -

FErfi = Z 47 (potassium phosphate monobasic, KH,PO,4) (Shimakyu's
Pure Chemicals, Osaka, Japan) -

F. ¢ = p% 6000(polyethylene glycol, PEG#6000) (Shimakyu's Pure
Chemicals, Osaka, Japan) °

% 17 (chloroform, CHCl;) (5 2 s i 5 L& > St S#) o
= % (n-Butyl Alcohol, CH3(CH,),CH,OH) (Shimakyu's Pure
Chemicals, Osaka, Japan) °

# 1“4 (sodium chloride, NaCl) (J.T.Baker, PA, USA) -

# 7% (hydrochloric acid, HCI) (B 1 i 8y > 37+ 0 5 4) -
1.1.3.3-z z ¥ A *=2(1,1,3,3-Tetraethoxypropane) (= frF % % i»
FUND o ATA 0 L) o

TBA :##|(2-Thiobarbituric acid, minimum 98%) (Sigma-aldrich,
Saint Louis, MO, USA) -

F A 4 (silicone oil) (B 1“ Ry > #7750 L) -
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3.15 HKEX
w # " i"b

EAIE (ERPHOLGF L7 oa 0 o)

P RBKA

1. RT-PCR (Mycycler Thermal cycle PCR, Bio-rad, NV, USA) -

2. StepOne™ Real-Time PCR (Applied Biosystems, CA, USA) -

3. 8178 12 % 45 (KK04-498, SANYO, Tokyo, Japan) -

4. BB FM (TM-328, Tomin, 74 > 5#) o

5. 357 # (ULTRA-TURRAX T25, IKA® -Labortechnik, Germany) -

6. ¢ £k (ZE2000, LB RBRF L > F14° > S #F) o

7. F Rl TR (TAXT plus, AZH & B3> F FT08 0 3740 0 208)

8. »iER &% (AWE-H70111, DragonLab, #7# » [ /#) -

9 # & A § + x T (XS-6250C, Precise Industries, Ltd.,
Switzerland) -

10. #x& 4 i 3w # (CF-15R, Hitachi, Japan) -

11. 3% & v ¢ (Model P10 ~ P20 ~ P100 ~ P1000, Gilson Pipetman, CT,

30



USA) «
12. meug & B =%k (InfoLad pH Level 1, * ? REILGF LA 4
S L
13. 4~ sk sk B+ (Genesys 10-S, Thermo Fisher Scientific, MA, USA) -
14. § # sw¥g(nitrogen, Np) (R 5 #F A28 » 57 5 28) o
15. % # 4w ¥gair) (L 25 3222 v 5@ 5 S ) e

16. § 7 4w¥g(oxygen, Oy) (K& F 483 A2 » 59 » L) o
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%#ﬁﬁ@i

ARG F R 2R N T ,(non-thermal atmospheric plasma
jet) » A B AL ZAMAe L FASNMEFTRT R J‘ T 5 (%
Teach Pendant 3 ¢ 2 XYZ A4 #ih) 2. M8 § BT »vﬁ e
(z7h") 3. MWEFERT J\i[””rﬂﬁ(g RHRERE -ABRE~HFE

TR TE LRSS M) o Tk T R FlAe ) 31 4

FoL TS R KRR AR (FT C on Teach Pendant 3 ¥ £
®AXY A4 6 fh > 124635(55 mm x 55 mm)2 §5 FliE (T A5 B 0 2
2k % 7 fiho 2 g#@?iﬁpﬁpﬁiﬁ?&i’%Pﬁvﬁﬁfiéﬁﬁﬁlcm’
LIS 5 4 mm o #EE R 30 mmisec > (T SR o A5
- BF R BECF MAEN(EF ~F F 25 F) FuiEm e
B Pl F MR S 15 Lmin g s ER 4 O F i BT R (220V)

BT R F R R B Y TAREAIEAREN E T R80V)

PSR ER R AR ERRT I L BT ORI
Bapte® o~ R F AR 6 of AT F AL
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(6)

(3)
1. AR % RE i H B h. HEhg 25
2. IREBFRER-EEAE 6. #4858 45R
3. TRAXMEBEFTRERLEMETFS 1. RAENS
4. AR ZE 8. BEuKBE

Fig. 3-1 Design of non-thermal atmospheric plasma jet generating device
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TS RN R R O

B 3-2 ¥ B e 545 R R E R AL

Fig. 3-2 Picture of non-thermal atmospheric plasma jet equipment
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32 R
AFT Y AR R A E:y;tgﬁﬁﬁ:;};gﬁ;ﬁ_l TFH (25 %

FAEF) HEhpd 2 ks 2 TRAE LT HAEL S b 55

(R A LRSS L LR E RN LAY ERIEER SRR

% & h ﬁ\:ﬁi -
PR AL B AL
\ 4
BB F
3% %% % Gl
\ 4
TRRE
HEtE A Bl & R -
1. TRz . TR E
2. RIEEFR 2. RAEEMR
3. Fdh R

v \

ERKREHE R IRHBRTE ERREY T L

TRREXI T AT
TR REZpHER X
TRREZBAGN T
TREEZ T W

S R

)%] 3'3 ?‘%E%Eﬁ?‘

Fig. 3-3 Flowchart of the research
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33 R 2

B E o ABT R FREEL A FRARR TS 2
BT b RS 40 - 2T Y DRIBES FRAR
v

POt TR TR 180V THRAEEL 24 ~ F WiniE 15 L/min > 1
TFHMANEEF I F2FFE DR T@PFEFA45E 036>
91244 > FA2 P21 T M HEhkps A5k 2 PFIUE
o LR o e g LR Rz B 34T
34 #EHE 2 Rl

A

\\\?{r
'n\g.

A st oLy 0 JR32 4 F % 1031900867 o
% i & &2 Scherer % * (2010):& =3¢ % s fe k] o 1 % it 424§l 3-5
w2 o
341 443 45w EIE

4 AP 150 ka2 4% 0 BT 50ml g 0 4o~ 10ml BEpL B

if%'r/p/li’ ’ ;'z‘xi}ﬁl‘\*? R S Ui”?ﬁ}wﬂ.f—r 2 _ﬁ,\;\.ﬁﬁjjg ’ .q-_FL

30 4 5 fde~ 6ml & -7 ERid e 0 I 30 £ 0 £ 02 3ml Bipk

B E R R AR *g’f"i’:%"rﬁ F2_ 8 o jz.;:r B (5 2 e B3 4°C
R L3 1] pE s EiE 12000xg g 20 A 48 0 Bt R R (F2 AR

—b
—
\4

s SERH 41 2013) -
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3.4.2 )ﬁa* %"ﬁ,’,‘é
#3418 F K@ 4~ 10.5ml PEG6000-# 403 > e 28 3
L 4OCHE AR L3583 Wk o R &R 4°Ca2 12000%g 14 b 2
fhid e 4o 20 A48 0 %k iR 0 H T & ZR Viral RNA Kit™
P-4 RNA (2 451130 8 &84 8 §1§F 0 2013) -
343RNA f 4 BB F B
*F 7 % & ZR Viral RNA Kit™ (ZR Viral RNA Buffer + RNA
Wash Buffer ~ DNase/RNase-Free Water ~ Zymo-Spin™ 1C Columns -
Collection Tubes ~ DNase/RNase-Free Tubes ~ Instruction Manual » USA)
:*;B’w}gs-% RNA » 2 % =» £ # ZR Viral RNA Buffer 24c¢ »
B-mercaptoethanol #L3k FEaidd € % k& 5 0.5 %(vIv); ¥ ¢t & RNA
Wash Buffer 4 » ¢ fi} > & RNA @ >3k o = B 48~ 200 pul 2 5+ k&
g 22 600 Pl ZR Viral RNA Buffer 1.5 mL & % %= = 7 |C Column |
fe I Collection tube ; 2 g g > = 3 % fuddin £ 2 & Cohes BUE N
Freb g > 12 12000 xg 4w g4 T Collection tube | * Jgiz > 2 {54 »
"RNA Wash Buffer ; 300 pl> £ 17 12000 xg %t~ 54" Collection tube |
YRk o AR s =0 s £ KX T Collection tube 12 12000 xg
o — =150 40~ 15 ul T DNase/RNase Free Water ; 12000 xg &< »
A i e RNA R R > 2 {7 F 4k o
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344 F W4F B
RNA i ¥ 2 H e, X G 4> 3 B 4P 4+ e pv (RNase) A 12 -
] 4 4 4 5 #E %.4) i 0 DNA(CDNA) - & * High Capacity cDNA

Reverse Transcription Kits 3% 7 & #4% > 2 T 7|fe B R &

Virus RNA SOIULION. .....oiiieiiecieeciiiie e 10 pl
0D G I =1V 1 (=] (R 2 ul
10X RANAOM PrIMEN......cociiiieeitie e ane e 2 ul
REVEISe TraNSCIIPTASE. iiu i eveeitveissesseeeeesesrnees s venseeeneeessessnbaesseesneens 0.25 ul
25X ANTP MiX (200NM)...0ititrieiieiiieiineeineesnessnree e sassnne e 0.8 ul
DNase/RNase Free WALer........coceuueeveeriieesiaeiieiasrneeiaeeseesennnsens 4.95 ul
Tot@F volyme. YA/, ..., “TRANN N..... 20 pl

LRt add 2Rl EAFEEF B F B> B
P % CDNA 21 > & Trpepsa € 247 o
345 #Bpd R AN

¥ 44 & = /i 2t Forward ¥ Reverse 51 % 2 @ > @ & 3 & k£
ELdE 4L 6 B PCR 43 ¢ 0 — Acatfacd) koo o pE A 5 k0 Rk
A g g kB o AT 7 @ * StepOne™™ Real-Time PCR % si3

AR AT T AR R A

ABI Prism ® Univer gPCRKIt.... ..o, 5ul
10 MM FOrWard. .. .....ooeiiii e 0.5 ul
10 MM REVESE. ...t e 0.5 ul
PrObe. ., 0.3 ul
DNase/RNase Free Water...........coooviiiiiiiiiiiiiiiiiiiei e, 1.7 ul
CDN A . 2 ul
Total VOIUME. ..., 10 ul
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P RmA RS TR 0 TR FEE T dod 320 B R
ZH ik 54 % % ~ Real-Time PCR 5 & ® StepOne™ Real-Time
PCR s se{ 78 B34 » 4vd 3-3

BERE LAY 3222 345 &4pF 0 7 ik A iR 5.(cDNA)
% Real-time PCR » g £~ 455> ¢ 3] % Ik & cDNA & Ct E2 1%
Bl A 4B 3-6 #ror o 5 PCR F Bt AFpR 2 4 & 25| Tk

B @ Bl 2 Ap ¥R cycle number > T Z Ct & o
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Bl B RUHE SRR 0 B R AR R AR

\ 4

REERFH(EEMERER)

\ 4

kR R ETE R

\ 4

AT R RR R Y 4L

@&4%%@£ﬁﬁiﬁ%imﬁ@

Fig. 3-4 Operation procedures of test of plasma of salmon sashimi
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BR15g s &4 & BATATRE

A 4

PEG6000 E 45 5% 5

A 4

% # RNAZ B

A 4

R85 5% R R

& 3-5 ?\;%,?E;r)?ﬁi e B2 S AR B

Fig. 3-5 Operation procedures of test of norovirus
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o 8
Z 7
3 6 y =-0.3082x+ 13.957
= R? = 0.9981
2 5
-
S a
=
S 3
o 2
o
S 1
)
3 0
0 10 20 30 40 50

Ct value(cycle number)

W36 Rt GIIRE Sk R £ 5

Fig. 3-6 The calibration curve of norovirus G II

The error bars represent the standard deviation of repetitive
measurements (n=3).
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#3-1 F #4&

Table. 3-1 Reverse transcription




OH4

-103180VDDD1ID08DIVSISLI-DOIA d-n8 A-ON
2qoId
VOVOLIVOLIDIVOO3OV3DLL 113 A-ON
9S2AY
S6S dapy 926 8VS8 V33 [83VDLISIVID ¢J-13 A-ON
8YS8IV33183VDLISIVVID 713 A-ON
8y8 W83 [W8VILLIVVODS3 [J-13 A-ON
9107 « W premiog 18 A ON
(Do)damerddwd)  uordax (sdq) dzis
dUAIIY sureouny 19816, pIdadxy duanbog SIQWILLJ SIITA

Apnis 8y Ul siawilid I19 SNUIACION 2-€ "9|qel

oy BhalE Tk v AEE Y vy 702
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#.3-3 Real-Time PCR# #7/8 B #- &
Table. 3-3 Control the temperature gradient of Real-Time PCR

# # & (°C) P Y

1. &4 ¥l 50 2 min
2. B 95 15 sec
3. b= 59.5 30 sec
ey 72 15 sec

(%5 2-4 > £ie 7 45 B IERF )

5. B fsut B 72 15 sec
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5 LRAZHBAL A ETRT
351 " § i EpTR T
*F2 7 %% #8(2010) ~ Mara(2013) % 4 £ 1 (2013) » Bl 26 & ¢
Fr ot L (TBARS)Z iRl 20 # RIL G #q Jrenfhped = 4 & e = vt
-& f%( Thiobarbituric acid » @ # TBA)fE* » 4 & J ¢ % (TBARS) >
FH I F R F o ¢ ¢ F L[ - pE(Malonaldehyde 0 # #2 MDA)
fo TBA g & 4 » 4] 3-7 #77 « TBA § £ t5320m § = & > i
F g2 &0 532 nmp| RSk g o sk g5k 0 et & 5 (MDA)
FREF o T R ARAF 3-8 4T
1L foprzfeE QT
1,133-r ¢ 3 Ap'=&22mL-~4mL-6mL-8mL % Z4-k~
B R S0mML REHL I & A mA R I ARAR 93 0 WIFERE TR
B R RIS HE - k7 5 AEE Y o der TE TBA @A
L3mL R EEY > B A kg 30 4480 B BT R 5 R 532

nm7‘:)k7IDIE' ’\f}h"]’;g\z)k’lclﬁﬁz‘k'/k)i*ﬂ}/‘:,”?7 ﬁ ﬁy— g%ﬁ

|l

A oo
2. &P LT L LR R R

HALAEAR 4 4 5 10g 0 2 AR » FAEFLY 4o~ 0.1 N HCI 100 mL
ZgF e R R N A BT TR DR 35 mL s b 2 FAFRTF L
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50mL > Eitgik o B3 mL&i%e TBARRR 323 > B A-Kip
S 30 A 4BP~ 0B AT F R 0 BIS32Nnm 2k R o
35.2pH &

*FEF %% #R4c7 (2005) > Ferndnde % £ (2009) ~ % ¥ 4 (2011)
21 Chang % 4 (2012) » B~ 5g ik d. 4 f & e » 45 mL chig b k3o

B IRAEFARRC S B b iR Rl T pH BT o f H AR Ae B 3-9

L e S )gle(ﬁ »2014; Bae et. al., 2015; Kang et. al., 2016)
g E'E P £ B ¢ (International Commission on Ilumination -
CIE) z2z>lab ¢ 25 B » 2% 2 s B * and L4038 » 3§ % 30
- 7R d N RIRF kT o FBinAZ 4Bl 3-10 #7F o CIE Lab ¢ i
ZFREMLELAFPRAEN00-0)-aB@BiTEd pla i) b &
LA FS R R (NER) > 4o 311 #rF o 37 ZRBIE D kL
Era@e2biE f|* CIELAB?¢ 25 Fz2 4 L2343+ 84d 1 F (A

E)> ¢ Z 238 T &40 5%

AE = [ (Ly-Ly)? + (a-a1)? + (by-b1)?] 2
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354 ¥ o5

Zfpa s REE AR ARE PR T RATRPIZ By U E
B s R RET  BEFERITRAAT T LR AR RS SR
T B fcl Mendicdp don ko ol iy - KR SRS
A A ed A i it o

Flr B2 TR N Eh g R 1 Een 2
PR ZEFIARBALAR  n G AR Ra A g DT B BRI
REFR L EZROPIFEARLGHFEBE G T 2R @ - X
HRE ;%gr} A s oind SRR 7R & 85 Br A 47 (Texture profile
analysis, TPA) » 54 TPA &R RBl ¥ # &4 & (Hardness) ~ K & {1+
(Cohesiveness) ~ # %k 1+ (Adhesiveness) -~ %k 4+ (Gumminess) ~ & {4
(Springiness) ~ & & (Fracturability)z. %#c > 4B 3-12 #751 (Juliano,
1985 ; 5 - 2011 ; pt - 2016) -

*F 7 %4 5(2011) 2 Chang(2012) % < BlzF2 & 7 B A 4755
DRPIF R R RIS A S R TG 0 Flpt AT 0 N R R
AR TRIGF M EFES EREEE TS A 5 0 p T i
fr?‘f?@" LR Feodthe - > FEEREW T B §4 4 F D
BLR o % o P T RHAEL 24 A #3817 R g 2% (Compression test) -

fF 7 (Probe) i * P/36R > /25 24 2 HREHREL > TREA S5
48



mm/sec > TR %3, 50% » ik 3-4 fror oo d - U HR o PIEH AR
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Fig. 3-7 Condensate of Malonaldehyde and TBA
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Fig.3-8 The procedures of determining the acid value of sulfur barbital
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Fig.3-9 The procedures of test of pH
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Fig. 3-10 The procedures of color measurement
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% 3-4 FrR R SRk TE R AR

Table. 3-4 Test setting and probe of compression test

Compression test

Pre-test speed : 5 mm/sec
Test speed : 5 mm/sec
Post-test : 5 mm/sec
Strain : 50 %

Test setting

Model : P/36R

prot Diameter : 5cm

Picture
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First Bite Delay Second Bite

Cohesiveness = Area2/ areat
Adhesiveness = Arcal

Gumminess = Hardness X Cohesiveness
Springiness = Time2/ Time1 or

= Distance2 / Distance1 or
f = Distance2
Chewiness = Hardness X Cohesiveness
§ X Springiness
2 |
|
|
|
|
0 |
L '\f TIME —=
Time2

B 3-12 2 FiEA 44

Fig. 3-12 Texture profile analysis
(B # &R :Juliano, 1985)
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Fig. 3-13 The procedures of texture analysis
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Fl4-1 24 TRHFRHF L F b2 P F

Fig.4-1 Norovirus inactivation by air plasma

The error bars represent the standard deviation of repetitive
measurements (n=3).

*IMeans in the same column are significantly (p < 0.05) different by
Duncan's multiple range test.

ND = Not detected
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Fl4-2 5§ §F LREHRHS L FE 2T

Fig.4-2 Norovirus inactivation by oxygen plasma

The error bars represent the standard deviation of repetitive
measurements (n=3).

*Means in the same column are significantly (p < 0.05) different by
Duncan's multiple range test.

ND = Not detected
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Fig.4-3 Norovirus inactivation by nitrogen plasma

The error bars represent the standard deviation of repetitive
measurements (n=3).

#“Means in the same column are significantly (p < 0.05) different by
Duncan's multiple range test.
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Fig.4-4 Different concentrations of malondialdehyde
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Fig.4-5 The calibration curve of malondialdehyde

The error bars represent the standard deviation of repetitive
measurements (n=3).
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#4-17 1 i 5 WHAES 2 4P 2 T b L E R E (n=3)

Table. 4-1 2-Thiobarbituric acid-reactive substances (TBARS) value
measurement of salmon sashimi by different working gases (n=3)

Treatment time TBARS value ( mg MDA /kg sample)
(min) Air/APPJ Oxygen/APP]
0 0.016+0.000% 0.016+0.000°
3 0.07240.001" 0.080+0.002"
6 0.124+0.001° 0.157+0.008°
9 0.220+0.000" 0.213+0.006"
12 n.m. 0.253+0.001°

Values are mean + standard deviation.

*Means in the same column are significantly (p < 0.05) different by
Duncan's multiple range test.

n.m.=Not measured

TBARS expressed as mg MDA (Malonaldehyde)/kg sample.
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242 7 1T AL L & P pHEZ B F (n=3)

Table. 4-2 pH of salmon sashimi by different working gases (n=3)

Treatment time pH
(min) Air/APPJ Oxygen/APPJ

a a

0 6.35+0.01 6.32+0.01

3 6.37+0.01%° 6.35+0.02°

6 6.3040.01%° 6.1140.01"

9 6.2940.01 6.1640.02°C

12 n.m. 6.02+0.03°

Values are mean + standard deviation.

**Means in the same column are significantly (p < 0.05) different by
Duncan's multiple range test.

n.m.=Not measured
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#4-5 2 1 ity ML L & PHEZFE (n=3)

Table. 4-5 Hardness change of salmon sashimi by different working gases
(n=3)

Treatment time Hardness (N)
(min) Air/APPJ Oxygen/APPJ
a a
0 14.2+0.16 14.2+0.21
3 14.3+0.12° 14.140.20%
6 15.040.08" 15.040.21°C
b C
9 15.1+0.16 15.440.24
12 n.m. 15.240.21°

Values are mean + standard deviation.

**Means in the same column are significantly (p < 0.05) different by
Duncan's multiple range test.

n.m.=Not measured
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£4-6 7 1 1T F REFHAES 2 4 5B B (=3)

Table. 4-6 Springiness change of salmon sashimi by different working
gases (n=3)

Treatment time Springiness (%)
(min) Air/APPJ Oxygen/APPJ

a a

0 64.6+0.30 64.8+0.19

3 64.4+0.15% 64.3+0.20"

6 64.140.10°C 63.1+0.05"
C C

9 63.9+0.04 63.1+0.05

12 n.m. 62.9+0.16"

Values are mean + standard deviation.

**Means in the same column are significantly (p < 0.05) different by
Duncan's multiple range test.

n.m.=Not measured
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