FALYY Olxduo e (Y o loli— 8 0590) 2138 2aluo 0 (68 39,15 (5580 gm9 ySomo dolilad

9 M S 9l 1 2108 SO lowdl b oud Jlkd 0T (539L8 Sl v

o T (sloiyg

Yoslj S kb ! T 17 dosmo I ol silge s e

O‘J:’.‘ ‘e cdn}\.«v‘ :UT o&ils e Al g 455}3}:{3& 09 &
Ol lgnl laal Ol e Agd o8t ¢ (Kb juals 0aSKiils ¢ e 310 bl 09 S

VE Y YIYE i gy G VEVN\Y/YE 1Bl 9o G sl

[ Downloaded from amfi.ir on 2025-07-29 ]

o>

ol 33 gME el i b5 sla Pl g Sl (1 (218 3lse 6051 B 5 M e b3 ST s

WLl 353550 Sdha 5 sl Y kST M Y e ) OIS 5 e (slaatal g 0387 03,57 1 5 Olgr
35 Sl Pili b G b L LB 5L oSS K (Plasma-activated water) Lwdy b osaids T
4 (S e s sooslS (e Elee ) 53 1) ol a5 Loy Lo Jlb OT Ll 18 Y sz
el b bl 53 LoDy boad Jlb OT lacd 5 (SC58 ol (ol sb 4 dlie ol il 035 Ll 555
Ly odd adas T 55 28Ty 05520 «bd O3St gbaw & Chile 5 2alS 5 O pnldnST iy ¢ UL,
ol AN s opl 03 g5 08,5 Sshedd 6l Lewd Lo Jlab ST (glas )8 copl ol S o adeine
o Calibes ladin) 55 1y Lewdly o b T (55515 (63 )5 s gn Ol s (6050 i ol ¢ IS ) bay .l
ST eim 53 tash (s S ol 51AS o Cao g 1y (o8 Slse (65515 Caio 53 0158 ol b
YOV sladle b oods i Sldlas $ay 5 owsp ool el U3 el b s (sdelar ) sba Lewdly b os Jld
by 5315 0T sla ety 5 S 4Dt 1) LDy Lo Jlad O Sl 51 Jgul a5 53 b S o 505 Yo YYL
DB Cou 39 0T Slidiss (1, e a5 Sl ol ater e imen LS S 63,8 la

Ny

7S s 05 ¢ ol S bl Cled ¢ S1de 055k ¢ s 2STs O3S ey b sdiidles ST 1 guls” OB 519

23

" mkargar@yjia.ac.ir

Applied Microbiology In Food Industries

Yy


mailto:mkargar@jia.ac.ir
http://amfi.ir/article-1-52-fa.html

[ Downloaded from amfi.ir on 2025-07-29 ]

Slp Gl g oM Sl (g9 S (ST

w Jolmpled 5o L5 e 5 035 Sler (o 50e oDl
Slp WS ol s S gMe Sl W5
S A FRE Ol @ ol 5 SehS L 1 Y s
bl bl asl 3 0B s e (S g
Sl 0T (S T 5 1ie gyslp cmlial Ll a0 s
Gl 4Bl 2alST ldE slpe b 5 6K (oaiS (ol
05 aBlane s Gla)siS 53 slge l WIS pse &
SVl 05 L 53 A 5 Vsss e s arws Jl-
st ol 3ol 53 pled GbbediS Jsieds
S Jols oS Sgieds ol 3 sh o oslil 03 28
LS 5 ple 5 oS i ¢ oUW 350 cbadenl (a S
GBSy 5l S olend glaediS e ds (4)dzus
Ssieds pl Lyls Sdeol S 1 Ll cdimen (g3lal
PS5 e b 53 3 e (1l b TS e LaouS
S S bl |y 6 5L s Gl g g A Ol
3 Oladils L(V)ABL e Ol O (gl Ll a
sl gl Cats b Gl mle Sla eSS
g WS Iab) sl Wl b Sadeds
€ o2 L T S6 T gl 5t
Lol y S 4 e 1 o 5o fizte ‘5%“;\?,\,;:‘
bl > Slady oldol Gl Ess on ege S| S
el HLad 5 Lod Cowd 0w Slawdl 3 Shas s 4
ol dpame 2 Lo LS pland S ptals
OT 51 eslizal ool ol S o 5 1 6,803 sllast
b 6ol pl el G Lames liiegs 5 ol o3l
S e ‘Apﬂé\f)‘}ﬁ-f e ot s 1 s
SVl 038 Ty (ol Cannl olde DY s
5 e F gesle I o ST 5 eyl L L0
o 8 4 IS e ety il SE L mle el
ladr s (05 Sl g3l 5 3 05 o)Ll 055 SalS L o5

S bl Ly sl ST lad ;S0 5 oSl

®High Pressure Processing
7 Pulsed Light
8 Ultra Sound
° Cold Plasma

OlSen g 5,18

3

o0
M 315m 1 4 S 23 50 23S Jlo i o
LY 9 Dleds s 5 s 55 2Dl 5ol (559 0
ol Slaordly s 5 OB S O pmn Sl 55 ok
03,5 ¥ 55 glE e o5l Sasisld (oS sl s
Jlo 5o M2 sl sl 5 0 CokS ekl Ll
e ()l ok fds Slgds 8 oS 4 LSl gl
23S dma Gl gladul 3 (05 S JSateds 5 035
e slse gl 5 Obbl 6l p o1d8 sle 5515 5 Jsb

Clr (Kb 5 bt Gl p ) i ¢l

515 S SLal 51 (6,8 sl 5 1B 3lsn S she s
03 o Il asse edlitel ae 5 igoler sl
Spe el Slp pate 2 F60s 0 sl S
e o s (535 $3L5 Lgumgtfjtbﬁf RGOV IR S
CLheS G S 0SS ) edes Lls
AT 5 bl G i s ol
sl B ()kms ©pijstsise bjtad
9 Woge i 5 &S ol 10e ) alize m;t?,b;,,
gt s @ Sl bt 5 sh 0 SSL Sl
oA K gshvmé\f)‘bgr‘ R (K e s
e 5SS e Sl sk galle L(B) SldE el s
Ford 5 Sl Olgam sl o 53 1S 5 0 sl Sl sy
MWl 45 03T o13 3lge 5 pme 1 3 Ygame OT
Slgn gl 3T Loy 0dd jimte 18 alul Sl
Golew s YOl s Sbsedle byl (lde
AYFAF (6 olas cpl ol 0390 Ol & Sl g 51 JUis!
0> ks IS e se8 e 08 5 eds ol Ll 3y

(8)3 5 o Joli 1y L gl 45bus]

' compylobacter

2 Clostridium perfringens
7 Salmonella

4 Escherichia coli

J Listeria monocytogenes

YA 1o @luo 15 (69 9,35 (59l gug S aolidliad


http://amfi.ir/article-1-52-fa.html

[ Downloaded from amfi.ir on 2025-07-29 ]

syl (glody30

L35 Ogd 3 sn Gl glags S et bl L

(Y )syls plde os 8 55 a5 Glodijlu 56 aay ol

boad Jb OF sbowd 9 T3d G 39

bows3ly
et b T 39

e 05eST el Ll olLS; Uk
0331 5 el oy 2SI eSSty (Slads sy oS gun
eSS dendly 5 OT Bl bLyl 0l 5o il e
NI e S alg 53 5 5T Ly ol sl ST
ok oledle s ke Wy OT ld S
W5 2515 $ba S GiluaS 5 slols Gy i)
ol 355 n eslizal Lewdly b Hled o Slagle 53 ek
S 553 7Sl (03 2 ublial )y ilssy LB
(TVDLgs o Jols ol (620595 5 iy |)ole andl
G5 3 S8 6 55 Y pame s 8l K3 S5
b G B el sl K e
LS Gl 5 o miecab e 053k
g g o3lizul 55 YUT

Syl dewdly b ootd b OT ag pKea
Sl iSTy 5 mbe 4 &€ sba & Jisl wole il
oY 55 sl SudsSpe 5 68 Gbs S e gbet
e Gl.e 03 ek Wy slaadss (YY)das o S L,
o F30 0T 53 e 5 Sl 3 5 s LIS 5L
Sl b 8 (SC S laolbe Lo 5 2y oS sl
Loy OT Dles Lsd e Sola 55 sl b ol
w53 5ok OT GladSpe oSS & e Lol
23 Jsloe a0 Sl 5 (OH) JouS 5 pken IS,
eSSy 0T Jis 4 .(YNLS o 6lyda 1) OT
W4 e oS 5,8 0 Oypo S 55 53 00l 0
508) 031 02) koS g A3le 6 500G LS 5
GBI, ssie (H02)  05,dadnsT,
S 5 Sa obS pee b 2S5 (slad S LS s s
@Il Db RLST sl S dzes 4 ST
YY)l

o E S o )5 1 13E sbTeil 2 Lwodly Lot Jlad Of (5L b picy
]

Lt 3T (SladISosly coe b it slal g a0y S
R OW T ITIF RIS RGN PRI F
SO  glie DY uamms (Lol Sl o 3155 5
S o ol b uM;L?JU,if Syl Goled g Oley
ool 3 e Slaw b jlas pl s 5o LT Caglan ol sl
S ol oy oo G Ly et (V8 5 VO)LL s
Calises gla_plin 55 olsd sla STy 5 (5l4s porms
035 355 Gk 3l e U OT Sl b ol )
oy 3 0 a5 D3 T pmla 556 VL s Lty
A1y 1) e T G d S L b )15
oDy Lok Il ST a5 o 53 20550 (obrondise
(‘\"“'fu'fT Slule 5o Lewdly 56 55 392 50 (65515 Sl)y3
ST @u—j\? 56 STy g S5 aslsl s g esll
5 adsl sl KaxSly ol 6151 03 o 4 7 35500
4 b STy e S ol b e gl 0o 450
«(RNS) s 2815 055 55 5 (ROS) Jlad O3S co3s 9
Sleo gaz 53 5 LBl o ) 5 bt DI s
G3b 1y (ol 8 LBy b odks Jlb OT 05 Sas
5 ol o83 16 o glan by LoDl folas 2555 S e
il 68 VO 3 g3dme gl Gl ST
Olge 4 Ly b oods Js OT Sl eslizal (W)l
s 3 gn I s g 5505 (ks Ul oS sl
sbwl dass G 6l SIS T Sl Y guaes oS
books e T .l 8 5l ol bl Lo L AS
S kel b g Sondd pie Ol et Y smna Ly
W Sl a el LS Gl 5 555 e eslinl
Pl s Sk RSl e Sl (gl
S Sl e LDl b ods Jb DT (g5 Sads
638 S Ly b oads Jlb OT iles Sl
Sl Sy 5 65o5lS (olie laate) 53 1) s
e S sl e 3558 3 5550 cpl 004 5IA) das s
gl ol WS Lty SVLil 5 b oS
@oar g b A8 s o Bl ails glde OV s
Ol (b o 5 Wegee 555 2 Dbl iy 8505
Sysn jsn gle Glaes 8 plu 5 oSSG pl Sl eslinal

Applied Microbiology In Food Industries Y4


http://amfi.ir/article-1-52-fa.html

O; + HO, ——» HO, + Os
HO; «—p H™ + Oy
O3 + Oy—p O, + O3
05 + H' ____,HO;

HO3——» O, + OH

oy o )f)b'[

Che (gl be 53 il ST, T
52 @5 50 STy g O55T Lol o 055 5bp ST
YD 515 LoDy b 0 Jas O 0 gl ST ol 5
2 ol

ST o3 eks S a0y 5 STy glaS
GRIFPH Ous il 4 e Ll Lot Jlb
Lsh or O peldanST| 2l feily 5 SO SI S
e Lo 53 7 il a0l ST 2l fily
At Sl Sl (G113 Lpd or 5 b6 L
& sl Jsbe 55 059k Glad g (lesliT 4 5361 5
(YY) 0Ly suiblSE Sldlas s (YV)ail
23 T Ol Gl ool Jule aST Sl ods jadeie
5 4l NO3' & NOZ s clewdly b 0T Sl Olej
boodd Jlb (6 3L Jsloes PH pslle (28l pimen
VS (YNl sts 18 Sldlas 3 55 Ll
Ol 1) pdy 28Ty S5 Ller Chle I (gols s

..«\Abu.a

JS3sm sl sls sy JTslpe mloys 51

ST cdKsly 5 das o 281 JT slse L OH (sla
) OpalienS 1y 5550 53 Wi Ol oty S (o M 5
JeS LK)y slowl Esb b L OH 28T
4 035l 5 2 e O3S (V)00 0 o ST 5
2 Jsbome 053l dien ob4S oo b olaw S JS 50
el PH & ehs 4 0T Gl 5 Cud Il A mle
4.3; S O5aohndaST, S J= s 50 Gi:..u
Iesl & g or mle Jamn 4y iy 5 ol lsly B
Jolo &S5 05t 58 fds JouS 5o gl
6‘4‘;}"1) Mo 4 0T Coeal & Cl S5 050 Jld
ot OOl S o 5 05 Sk e
N Sansy,
Sl 15 0T Caanl 5 557 y ) OJsoatnsT],
38T b5 B Lok Jb T (5 Sl Slab
Jols 0358y (6, S o3 sl o sla s
Ol 5SS fesy Opml 5 Bl oo tonie
e oS e g5 SSl) 5l SIS (S

eyl

272

pH=386+0.03

Aqueous H,0, / NO; / NO,
Concentration (mmol/L)

pH=2.5620.02
0.18

PH=2.63:0.01 | 0.15

0.13

+0.10

0.08

~0.05

Aqueous O, Concentration
(mmol/L)

0.03

+0.00

45 60

Plasma Treatment Time (min)

AN 1Y o e e )

29590 Sl S8 pf (S puilo

[ Downloaded from amfi.ir on 2025-07-29 ]

18 @luo 15 (69 9,35 (559l gug S aolidliad



http://amfi.ir/article-1-52-fa.html

[ Downloaded from amfi.ir on 2025-07-29 ]

syl (glody30

s S5 ) bus S g 5 Wi s Sl g JIs
54, Cailes o ge il G 0 5 2 B Ll
Slal 5 6L bty (Mo sd Jole 2S5
alas $5 55 wses Olge e O guldenST g
5 8 ALl s Jin S Slaes B o s
Ol 5 A e Lo Jled T b Hlas 51 s
A odalin ol odenSTT (gla S g Hldae 53 g g5 B
@3 S sy S Ols e S Cal ods IS
oz Sl s sladnl B ol &b 51 e S
Sl 5 055t 5 b el sl s O gl
slie J._..:S O}:‘*"“L:*;‘f, Bl J¢l> CJY}M &b
Sl (F0)s S W ek ST glaps 4 ok
2 8 e iy s > Ly s e 0 Shes
I R e S P R
Oble o 5 Lie S LSS (gl e ls Olgen lis
U SIS e al 358 e e3lizul (6 STL glad sk
LA Gdsle 6oy lewdly bads b T
o a Yl 5358 e ke (sLid O gl 5,3 o
Lt 5 oo pie ko &5 10 OT Jlis @ 5 J gl (L2
oj Sy e p S Sl ST (o e sl
Ko ladlan s ol gllaal b ¢S5 53 Okl
CASL 4 dd esie (Y10) Iles Lug
D8 Ly okt dlad OT 5 e 53 i ML
R 5 AT 2 6 S b (6 i3 58 Ol e 0,8
s Slp Sy S slaosls (P
a5 G ASN ©Sas S 4 015 0 L (S LS
o el FTEM) ()5 53, Sy Ko 5 "(SEM)
S Shild SL B Slaslie b S
boodd Jub OT L jles Cow Calibes glales 53 wsdysf
e T gl e 5 31 0, 5 Lt
b el Y Sk s S e (S x
Flosm alie tolesT 55 55 (ATt 3/ (V4)das oo 05
hasdlae 55 315 Olis 35 (slad mlaw 55 3daie S

3 Scanning Electron Microscope
4 Transmission Electron Microscope

o E S o )5 1 13E sbTeil 2 Lwodly Lot Jlad Of (5L b picy
]

Jokw SLE 9051933 10 gailiaams( g !
ISty 03nST o31 Wile Jlab 0587 slaws S
ok 53 Ll oo OFsoeddenS |y 5 JouS 5 5den sl
4 ol andllae &5 5 (YOS sl 551dnSTT o 2l
Ao sl eSSk gL S slad e
5 ool Gblwrss oLl L sl el
j\ﬂS:\:QLﬁ@\:}.mw)ﬁéjfl{claﬂ&w
5 ORI 058 (Sl s LoDl Lo Jlb ST L s
OB 4 e el ol s Gl @l AT o ST O e
BERNT AL o AV PR SV 7 NN SR S o IICI
Sl p Osle ek G b Sl edd s ey
Ol bt Gy o ety boeds Jle T
Sled ol M W S s Sl S
S 53 e (M)Al e Jsbe 5> 51T el
Jlb 05uS| S S Sl (Fp & AE aida e
238 031 5 O5sohadenS Ty ¢ fenS g oken JISSs1, Asle
o AL dhe o)l DS iz (ot gy (2l
Ol denS |y Esly U sSU50 ol commman (M)
O sl ohg a4 (plis gladd Wk e L
(b 058 g S 4 3L ol 13 4 ok gL
OseloeeS | g 575 (81 g e LS 5 0 5y e
o Sladed TH (316 b 058 sla 8
b e 503 S ol T elbls ol i sl
o) s g I pamms Ol o LT 000 I ST
Aol STy s Sl eslimel L Wlg s e
candlan ol delsl 55 (FY)s 48 (o S oIl S5 5205l 50
shw 4 a &S Wisls Ol (Y410) 01, 5 1415055
3 oMae 3,8 15 Ledly Los Jlad OT (0500 53 i
40min ;3\ M ) Laswe s LT 65 Ol clale
Ol dlue ool b oo 21330 (FO MIN 55 FONM 5 50>
(mmad (M)l o OsmldadST S5l odias
9 ot U e 53 55 LSWTies Ol
LolsS 5 gaas 2STyDNA L Llg o ool opl .l

/' Staphylococcus aureus
2 Polyunsaturated Fatty Acids (PUFA)

Applied Microbiology In Food Industries )


http://amfi.ir/article-1-52-fa.html

oy o )f)b'[

ol bl Lasws S (glge 0T o & ke J=ls ol
Syl ATy e e b O3S slas S 5 O e
e OT L Hles dd oylal S oS shilen . Lss Jsle
355 lases OUE (Gl Col WIg oo LDl L ol
ol L ol 655,55 p3Y PH S e310 ol
4 o) ;wé@)‘bg:‘ ladshe 53 S pke sl
&S PHI) Jsho 0555 PH o 53 cdtn aely pH
ool Slalllae b ol Jshor Oile 055 51 en 2elsb
S Gy 2 (VW) 55 (119) &Kil5 by odd
N oF 5 4 S A et i syl S S sl
ey b o Jlb OT L Sles SV 5 ¥ min c2d8
035 a3 VIO 5 /Y 6 ;SL Jsbe Jshe 05,3 pH Ol 50
S 03 T i Ol 355 1 S 3550
YOl 0T O3 4 OS5, 8L 0L > 5 sk i
Al n odkd a5 b O3S (Slaws S ¢ pimman PV

.M\.L:C«.?JQTJ:'-\:)Aj.UﬁJjLﬂ:)\}

& ity ol A el (119) Kl g oS Ko
5 Jobe oilms —eedhs We o maly OGS
(\‘~).,\.5o.,\.aL:M Lwﬂ)kildbv\.;l Jw

Joe Gl p bwdl b oud JLé T w6
o
03 Flosm b dile |5 e oy ol gLt
5 e s Lama o Slse (8L OL 2 (J ke
o S Tl Olen 53 kS oo LOBGI 1y 3l bl Lo
S5 swd S 0T Jbis & 5 s dali | KT gl
lp b o 0L Ogm 4 55 RNA S DNA s
S e b ) S Ol e IRl e
M (S5 Do o) 5l ey S5 oy 10 (o)
4 .58 oslial g slse S5 qwyp sl YAY 4 Y
sasia (Y18) 0L Ses 5 K15 andllae 53 4 5ei Ol 2o
ChlE Ll bads Jlé ST L O Min Hles s a5 s

st 1 e (6P 5 YOSl BIBL YYA L el

(b) 78532/ b s () AL p3 ol o § 4 b 35 (Sladigs 31 SEM yolas ¥ <&
STLOl)d cod Ghaiss jlac g J a8 Sdiss i ()-(@) o) palsg! s s shdlics!
el Sk gl (59 T 0083 DL 308 (SIS 457 Lowsdly b ol Jlab

[ Downloaded from amfi.ir on 2025-07-29 ]

vy 1o @luo 15 (69 9,35 (59l gug S aolidliad



http://amfi.ir/article-1-52-fa.html

[ Downloaded from amfi.ir on 2025-07-29 ]

syl (glody30

lapios Lpbp wrlse Jb 0581 Glas S
S sS SbuSan dapsT der Sl o5 bl
Wl od Sge 5 S 53,658 5 oS53, 55 e
5 Ju 0581 Gas £ 058 s sl 1 0ss6
Sl cpl p alizel (FF)Lles S sloul Obile 0 4 ¢SS
0305 OLid dl ol b .l dms LDy ol 53 Conglin oS
e L b S Olays 5 mb slajes &5 Sl ol
o Lisiran) lisespe SBdske 5 (S sk 4
Ayl s Glewdly 4 Cawd VL e ST 5 4d
2 e bde ol &8 As esls OLAS (pomen

(PO ls 2alS 5 O gl eS| Jlad 1SS, Y oy L5

Joke 590 2 (K38 9 (o I
Jsbe 655 2 Loy Lok dlb OT (S5 58 13!
axdl (O gl dnS| 2l ity PH ols bies s
88 IS ol (S b el 5 i sl yske
23 kel PH slwl & e Jlb 05525 5 O30S Sl
Slao g ides 55 4 odd Ly Lot Jlod T
4 e b PH 5 db oy mbs glend S5
YU Jlde 5uh e by Jske 055 PH 8l
LBy Lok Jlb T 3 0 gemllnST| 20T Jonily
Omomen JhL elysle andlals 213308 45 ege JHE
b 0l Saasy S b SO o5 Sr (iladleb 2 4
T ol a4 Sai slsle assl 56 31 WS O
3550 15 (O e 15 55 Lewdly o Jlab ST alins)
il gl 5l s BB U 5 Lsls L5 ow ga o
Yo S gysba Ls S gLl (6 SL g5l Jl S sl
wndl 50 Cod LTLE 8 oS Oas e s Sl
oo sylse ol 5l s i (PR 55T ran ol sk
bt b oos Js O Lawg glsuS 55 &8 o Koo
S b (SN S 5E il (al oS $SGS
Slod 5 ol p 3500 s 55 p 0o sl Zob
e T sl b e Lgur,.g&ﬁ YU s edd alyl

55 ki o el 5 015 ooy LDy Lol

! Pseudomonas aeruginosa
2 Phenazine

o E S o )5 1 13E sbTeil 2 Lwodly Lot Jlad Of (5L b picy
]

Lol b Jobo J51s I 05 G S Ol
S s Sn 5 ey o IS (63 Dl 3V Y oy
Sl b wses Olgea 55 6, Seslul il
irias) oS S il S Sh Ss g oedd pla]
LoDy o Jlad ST L (6 5857 Slad Sl oy Ao adeie
ol e b o Rl Jshe D955 il g Sl
Sule s &S ol ails Hls ij\;’v.:l:,w«lzg\) Ly
YA o 6 S 5k Jlb b 5 03 o Sl sl S0
L 03 T ol Wl (S50 s (M
s 5 pdy 2S5 slaa 8 ot (sl ol 5 358 J ke
Sl 873 6 andl .l OT i T 5 Jshor 515 4
Obr ol sl dsbe slis (Sl s T S
S L8 oy ol Keasy Sl 58 s $a30
e Sl 55 It sl Oy 0304 deST
() 558 jaze Jole glis b 5l ablyT Lis o
5 JUEl Ce a0 bdes Jolo 4 LIS, Lal m;&
d;;ﬁw;)}apw&jg.>)|>$§:~g¢ﬁ)&:§l
S5y s Sl Gl g 5 65 e O3S gl
Oda L 5 2y e p 8 slas Sy 3,0
Sy 3 S Iy el b 35S s S Sl
ol Colal S Js (gll (te p 8 glags STl
Sy Sose ol 3 S s Jb 058 slag S
Gl s el el Js 0381 glaa S sl
FY 5 PG5 e Jole s slowl Opds gl 51
A e A5 e ok 0903 2S5 a5
ST U sl o sS $S shdle] Jlas 51 s 4555 DNA
S b atie 5 5555 2S00 bl Ly Lok Jlab
S o J5 oml S 4 L) (6 8L I DNA (glal g
oy Om ) 5 O anSs edias Ol 3 g5 ol &S iles S
Sl 039 5 SUDNA U550 55 Sliad— 5 laki s
i JSse ol J (S sS Slabs A5 4 e
e 55 0l Ol (il (FF 5 FOC
DONA ahe 51 Jsho sl Sl ok & Jleb 055
Sl el Lo, s e gl RNA
L ilon S5 oK b 5oba s S o LT

Applied Microbiology In Food Industries Y


http://amfi.ir/article-1-52-fa.html

Pon Loy Lok b ST o8 ol S5 0 05Y

o bl 2335 b ST slad sl JalS 8 o e
Ll o) Sl &S5 A5 4 e 5 03] aodo T @ Ll 5
Sl ods )8 sh ol 25 5 ST LB
ol 3le (i slysle andl alo I Jaes gl i3
AL Wl g o Sl (dae g0 549 immed 5 com
23 (F)S syl5 oS BB bl ok Sl 4 1y b
AL LN 4 &SKnp oS Sl s XU adlas ¢
sa St S1 L R0 s sl s sS shle
ST o 53 B A Y min Sl ey ST 3
oo S B Lol ey Sl sls Loty L otd Jleb
05 S 25 dase O s opl sk
Ll o) Sl e 08 (slags STL 4 o e

Nl G o 5 fialy 228 LG 5

3505 6§ e S 51 ol ¢l Ll 3 o
bl otis (SSgdpss o b (Su S pd e Sl
ok S Sl eds 55 Wb e ciS L6
- syl Luls ol Cow Sl Gl ST
Jb,e bl oy Gl Wsd 0 i8S LB e bl o
e S S s er st 0 8 St s pa S
G5l 5 CiST b Lol o) Sl gl e 3L
el 0l 3551 (6 ;SL bow g 4 Sl L

ROS
RNS

peroxidation fragments;%w

oy o )f)b'[

2> 45t 5 adgl 058 b lass S (g S -
PH 2l 55 a8 Wgd o g Ly Lol Jld OT
SO Colts 5 Ol ST iy Sl
S35 Soi el o Jalge ) S o ) 2B
s 29 Sen Sl sl

e OT 53 0355 5 0581 Jlb slaw $ Y
64 548 plhnS| el Col Wl e Ll b o
o S sk )lgs 53 1) OIS sz sl s
02 Ssp 5 e OseldnS Ty pah Sl SbaS
b Jghe Lk (S lSs e 53 L e dsbe slid
Sl ol O gl ;oM OT JUis 4 5 bl oo st
By pladl 5 J ke

Ol bl Lame 53 05525 5 O3S 1 Jlb (slas S ¥
@ ey e D bow 4 dile b Sl LIS e
s Jshe 053 05355 5 05T Jlab SLa S mezs
boodks Jls OF 53 sgmge O ol men 53
o 3 g odd 5l Jsbe J215 4 Ailg 0 55 LDy
Al o Sl Jske J1spH

o Sk 033 03375 5 O3S b slass S -F
sy ONA deo 3 Joko 515 lml Wil
S ol w53 S ST LSt S 5 e
4 Lgh s odkd LSl (gl sy s DNA DUl &S
ST s a4 e gy ol S5 bl 3 b 51 Wil
Al OL o Ladly b ok Jlnd

W@é/\-

Normal ﬁ
protein Q‘

(Mizanur R et al.,2022)Ledly b o Jlad T (05 Sndd (glapuslSan ¥ S5

[ Downloaded from amfi.ir on 2025-07-29 ]

vf 1o @luo 15 (69 9,35 (59l gug S aolidliad



http://amfi.ir/article-1-52-fa.html

[ Downloaded from amfi.ir on 2025-07-29 ]

syl (glody30

Loty b ok Jlad T (6,165 (slos 457 ol 4 55 L
453 Ol Lol e OT (gl S bk > Shas 1 3
b oodd b T das o Ol 45 3505 525 S8
il Jls e Obdily Llg rp’u sl L Lwdly
Sel W (slos 15 etas il 1y bl S
ssba ) dade L (OV-0F) 558 e 6T 4 OLley CunT

b by bods b OT S 5 Jse Jelse asdls

519 50 S S 9

4 Lol et b T sble 5 ol 51 (S
b oamglie 53 W oS e b (5 sld &S Olge
b 055 Jw b Ul S el ) g osls L
WLeSla ag S ahe b o515 ,850 51 ons
S 30 3 303 ) s ps s 5 e ades eSS
Sl STy Y geme LT (S5SNI s i,y sl
Ll s o OLaS LDy b o Jled OT 4y S 5 gliza
S SL 4 S e 8 slag ST oS S L
Loodd Jb o & o 65V Sl 2o p 8
05 S b Sim aglin b 45 sad (51 1 Ledly
Loods Jus T L olas &0 min b s ey Ce
Glp e 08 G Sl S oS e s
3 om s L)ls glal £ min ;i zio 4 0 log ials
Ad 5 Y/AY log Las £+ min

o E S o )5 1 13E sbTeil 2 Lwodly Lot Jlad Of (5L b picy
]

doz Sl ate) iz 53 g sladely 35,
S ke 5 M lpe 6old () lame Oyl
Lles S ui)\/'f 3z Olalllas 3505 s gl (6 les
Wlg e 3 pm Sloedy oz ¢ S5d g0k &S
LS syl ciS b, bl oy Sl s 1 bags ST
Lil”“:' (0 jf*) &L gl L&L;j‘;fb ALY g_A:,wT L e
LBy b ok Jlb ST (09 Soncds (glaeuslSs 51 JS°
sl o 305 QLS ¥ S s
b ool Jd of LY » Jeo Syl
10y S el

Gl b bug Wiy o lewdl boods b ST
gliding arc discharge «corona discharge c.sle ke
A plasma jet s microwave discharge (DBD «
4 LLles Lbu;\.b}}.; BE) d)l.&’;ﬁ Jzﬁ) 33 g D d}.@,w
dta Sl 5 oslatul 550 s YRy & LSk Jiia
duw s r\?u'ljuﬁ,,;;‘@:suéujug RSN
cj\;’.b '\SQSG )‘j.i.’ J\:—Mﬁ{ ‘) g_,a.hbr.ﬁ Sildlas O V.::L‘.'..M
OT il Jb e S35 55 age 56 WS 5 5 0l
U’i\ 4§ g:..w‘ okl MA ‘ﬁ) 53)‘3 Lu.»)&g_ L ol Jl&‘)

odeay S o e |y Ly (05559 550 W alyly

Loy b ok JUS 0T 25" 1 g olgs ) Jour

Lowsdly o A5 sl el sl Slul Shogas | (SIS Wiy
DBD 5ty ) ol
Plasma jet Ol ) Les
Gliding arc gt -
Corona Ol pH

Discharge ol

microwave

discharge

Applied Microbiology In Food Industries Yo


http://amfi.ir/article-1-52-fa.html

[ Downloaded from amfi.ir on 2025-07-29 ]

e b Ol apkd sy 53 ag ST Caslie 2l
Jb OT 4 o bagdid s gl SRl 5l 55 Jule o 5
0305 L J s )b oS35l (STl 4 oDy L ok
g&}xﬁwg},ixdﬁ:gﬂfb}:&‘@uu
dasge wll pd STy e S e gl e
ST SEF el Gy e O K s il
P Gl B 51 K (08 5 Pl oLy
2 LS (Spke S el dagld gy Cueglis
S ol 51l dre slge Jials s 4 Lol 5
Gl s Sl 4 S bas sloles ST Jas
S pke Sl pde wls (S adsb 55 S ples
bkl 53 0 pe G ST & 550 sl
5SS s VLAl ol oy (6 S LA slaisleys
Lyl 25 Ly (b g Ao S leb 5 oS Jleb slass

(OA) s Jad 059 25 sladi 8 5 O3S Jld slats S

5 i O5aST LIl e s ol w3

@S By J 48 55 LS s LIS,
53 09k OH sty . ls )y s o i &S A5
S 3 s SIs ¢ Jos 0L 5 obsS joe aog o8 8
5 ki 3 2 ge Sl Sl p 5 YL LS

Sl Sy WlF e LLST 0555 sla 45

JSCs s 4 pH 2887 J st 5 358 mazr ol 5 oS5
sk 3 e 5 0ls kol o) el HNO2 5 HNO3
5 oan Sl Josed Jde Zob wY golul
Lf,;trg;x,uu);uw\f,l,;,‘wﬂ@u
Js s S 51 K OSatadnSl, (55,18
Cood 53 ol Ly Lo Jlad OT 3 o S5
@ wly sy 4 DNA ol Cob o8 Wi 0l s
oo s Laoes 53055 4 DNA ol o pd e 2l
Sy oY Jol o (Jshe ol DNA 155 ol
L S DNA T coplply ol (Joho ol Lblows

o Fo LD Lok Jled ST O5adens, alaul

1 Extracellular Polymeric Substances (EPS)

OlSen g 5,18

VO MIN & e 05 68k sl Oliee (0l 4 Gy 5
Cws 0 10g Coda Hldas a4 Sods ol 53 5 Ll oo EalS
o Jb DT 5 ma 53 3 8 )13 0lej 4 a5 L il
el > a4 g SO log el sl LDy b
Yomin i aS e 5 e 08 Sl LS
palie 5 ote p 8 (Sl gl S I 3 g 5 3550
RART RSP IS NS P
i Y St p 5 Gla S A s s ul 4 L,
LS Lacwd ALYy m) Jslo oylgs 5l g5
Bl el s ol oS Ll (10 Y nm) e p 8
be & 53 5 ashe dbe lid Cuglie 5 (e
31058, 5 05eST Jled slaw S Lasl gl el
Ok 5 2 o 3pdp ety s S
wbls sy 5V (05 S b S on isls i
Sl K L o2 4 bl el S il
N e o s e S ) oY ke b
el LT 51 Jaes 40 Jlad 0501 (sla5 8 3545 (51
AL wlg e S 21y (eSS (Sle ol n o
AYU g5 S ke ys a2y 0s S b
I 5 b ST oS Sl 5 5gdn DS L o el
Jlb DT 4 s 55503 5 33T Sl 4 s (s
oo pldse S5 OF) s Feslie Lawdl L odd
sl gl oty &G gole Ll 5 5o (gIdE slse o sl
A N g S 510V A S Sl aks 31 E
dize G0 5L 5 6ob) polae dies oL g (g5l 05U
;\,“,;QQVT@,:LACLML;,)j;MIQQUmJ
4015 Ol St o7 s S5 (b5 5 i 12
A i Sl S e g s b
(ol ol Oleys 3 S sl bl
33 50 eliST Saheds 5 Old S (O grldinS)
b ks s 55 55250 Glag STl Sl oS 5Ll
83 ad S (gr 153 (G5SN Glas STL 4 Lo
b a5 baekdsn 53 2 s Sl SL oS 250
4 Sl (i gl pl Voo 0 eSO la ST

Sy e Sl ndlSa OO g5 Sads ol s

vF 1o @luo 15 (69 9,35 (59l gug S aolidliad


http://amfi.ir/article-1-52-fa.html

[ Downloaded from amfi.ir on 2025-07-29 ]

syl (glody30

SIS JSpe & men bl b oks Jlab
LST S Cl odd osls Ol Sl g (SC5s e
25 Glable 55 osy S, slul Eol o 2
STy 6l 0T 35Sl oo 580 SV 505 S
Cdled i35 sl GMP-(s oy pi b ki
LS S Gl a5 o ol Lo e Sl 2l (63 520
LSS5 (5T b il sl 0 Ol st 0 oo L S 5
SN ple p ol il 5l 48 8 15 eslinal 5 50
ST Sl 5 A8 e (b g 5 ey Jske ol 4
Sl STL ecpl Sl sl FFP)AS o 1y beS s
G S 4wty KIS oS b
oo S a5l 30 L SIS b (e o)
LS sl 6ol bl Gl sdomy (PLI) pre
St 5 (kb s Gl oS 4 Ol S 30
Slai Ao o w5 58 05l 16 sle
4 e (I e Lol Wb J RS 6l (2 B
b ol 05 0k S b o bapkd sy (S5
Sy S Gl gy 4 S |y (hdgn 5 ST e Joe
Oleys oS Wlosls 0L anllles i (FV)AS o Jdates
3 e a0 L5 o LDl b ok Jlad ST L ok s
Je aw@.,\sr_z;bgu.\,ﬁ»dw;w
Sl gl S Wsls olas (Y) 8L 5
53> SPrE 5 gelE «ylA CylR1 (Ol d> Ko b a5 e
L esls 55 T IS e sSTSTs00 Glil 03 5
oo el S LBl b o Jlb T 0leys el ol
53 5 lapkd g s Ol do Ko s Ml sl (s

(FO)ASY (ks g Do 5 N fogd s

Sl (2T Lo
s 8 el e bl 5 T e
SV P I RPN P N VOV, PR N CSL gy | PEJPS
Gladlos & odas 5 sba 05 1) Slule (K555 58
STt Goddl oty 55 gty azb JT 5 JT 8
Al S 5 (NaCl /. +/AD) S oo Jold o oslinul

2 Enterococcus faecalis

o E S o )5 1 13E sbTeil 2 Lwodly Lot Jlad Of (5L b picy
]

ybe ki ldge 5 e el S & as
BV o 56 55 ohdgn Sl le S
358 4 sl ol 0L 5 sbls Lawg Sl anlllas
laphkdsy o Ladly old udy OjgdadST,
lisososw 5 (MRSA)  usiysl o sSsS slslel
¢S54 S B be ke e @ pslie Listrs s/
Ly Ol slapkd g )15 (Sou (ohise fsb) Jsba
Jist VY CFUMI s sl 5 A D Ste w05 S
S J= ps cdsls JialS el U1y O)gydadST
4 cazsls VoV CRUMI L5 o8 el YF (slagki
G5 s OiasdadnSly sl G LS b
b St Slapkip 4 Cos o b i BV S
Gy J sas S sl e ple e e
s 4o Sl iy gl b S5 Sl (San 5
S Gl 2y saa S (ol 5 wddS sl 55,2
shye b o & Lls 349 LoDy bod Jlab OT o
SeaS b b mes 5 ohdsn 03 s JT
OLHer 5 Oylgal s e Ol BSTy pd 5SS
awslie 53 (PH=VY) LB oy IS oo oS 515 OLES (Y00 Y)
FAS Hlaw caline Cble L (PH =0/0) Sleld gy IS L
ipesy HoedS 5 Lisirsp) olisess s Slapkd s 4
oS 35 4 Lo S ) 4 O i 5 S 0 S5
phise JTolse b 2o IS g 5V 60 2S5 s
osbias LU 4 Sbld gy IS Jlsl & J= s ol
55 i S b el (b g Eoms 3 BF)
b 35S s S 51 S sh a8 S s Wl
S Sse leodly b ookt Jlb O 55 edd adg
IS 5 Sk Sl ot cage KIS
2 o T ol ey 5108 oo 3T sty ol s
o Lk LSl bodd Jlb OT 36 3 8
s Shee bai & ol 48 Conl ol osls Ol .ol
ek s JSK85 0l 53 onsa g SL > ey
T s de sa £ 51 S eSS i ST (1)l

"Klebsiella pneumoniae

Applied Microbiology In Food Industries vV


http://amfi.ir/article-1-52-fa.html

[ Downloaded from amfi.ir on 2025-07-29 ]

55050 Sl S by Koy el
SSL da,s Sals BUI Gl Hs gl 6,5 F
e 8 10T 0505 4 sl s S shslend
GBS B o 53 Dle e 4 (6 ST 08 b b
S ey Lol b DT 4 s K3 oy
jiia o3l srosw Sy p umeen >J§ij) ool L(BA)s s
&)a%.ﬁ&b&‘}gdgjwcg;)@ﬁﬁ
03 &S odd 55 ol Glacaw S Us jasis adlls
A ey bodks dlab T b jlas Cod 5 F%C e
Ll e oSl gl Lby Jmals bas < 8
OLE 1) b jede 5 eSS bagkd gn (300 lacs STt
o) @B Ll Bl edias OliS s ol & das
P LY 5V 5 FNEL e Lls ol 3 e
ST L ks 4 °C les s ol ol 0l s (glandllae
GRIF L oIS 25 S (sl W or LoDl b o Sl
J5 15 b g A 5 15 o LoDl ok Jlad OT ks
VLS Jobes O |25 5
Ao Saslie Sl s 4 6 SL sl
() Sdshe bawlie 5o e s glajlis
R LI R EE PRI TR
5300 °C gleos 53) Ll Lok Jlad ST b Hlas candllas
A Eel o Kk ysba B L O mMin Ol
M YL sl sl ST Sl sl
ol GG ey b o b OT (S8 S phe s
Sl Sy Bl o 15 6l os oslizal OT Koo
2l & sl S Ul 3 b 5l flize ST
SISk bl e lnl ply Bl gME Glad s
53 de gl Sl Sla) 5 (6305 el I st OT
crlisassse s TSl by 5551 68 55 adlllan &
235 L3S il sals” GBS, sy g ) Tl b
OLas gl . Lsls i3 e Cowi | LT Calbes sla0sle

)'\J:quwbyj.afﬂd;;)\ﬂ\‘min P 034 sl

Bacillus cereus
2 Listeria innocua
7 Pseudomonas fluorescens

OlSen g 5,18

2k o3lizl S g 5 b S Hlie bl o Sl
oo sl lwd ol15348 s Slee s ol ol
YV)as

2545 =y SelaT OT (lad gui glasdllae s
Ol 5 Gl G candl Bl der I Calies
o Jlb T (g5 S Jondly 5 OT Lie 56 1
ST Glaaiges (88 15 sy 30 Ladl b
s ddd Obl gle Jbb gl pbands 5 0LudS
Jus O sls olis adgl oS 5 5s 1y sl o b
wo Jolo ¢S5 0kl ST Sl eds sboul Lewdly b o
bods b OT o8 Jlo 55 il g sl (05 S
Do (g3 S b Sl el T S ook sl LSy
35w LS S das o UL s pl 3l O aS
2550 2T e ads) oS 5 4 o Loy Lo b T
G lsT O o bl ol Sl o3lind
Sl Sl g slite sl = shan Calin Ui GO
(F9)dms o O ) s Son A
28 bwdl b ood Jb T ogill lad pls”
Ll mbeo

Mo 1P Cel ol SL ST e
25 Ui 3 (V)ssh e Olgm sl 4o e sl
@l 53 Ledly b os Jlab T oilly (slas 18
a3 odes ysb 4 ) T 015 0 S 308 0 Cm
&3 Wl (@M Bl (e Saieds S gdadd
ROE P SUIY F FYCENPPE SN PPRNS
1 Slgo Zobw Jgacuo

S Ol 4 Ol Lty b els s ST
e OV pems (gl oy 5 5l g0 dSle oS sl
@bos Gblle 5 CaE (Ol 5 bege alax
5Bl Bl o1de 5l 6B dile a3 .3 S eslizal
g5 s bl o el GlE sl Oluls Ay
Ssieds Gl s Se sba S 5 oM sl s
o sz Caliiee Slallas o 5 iy opl S8
6y LD ot Jlad OT Sl oslizul 318 o dsl il

YA 1o @luo 15 (69 9,35 (59l gug S aolidliad


http://amfi.ir/article-1-52-fa.html

[ Downloaded from amfi.ir on 2025-07-29 ]

syl (glody30

53 0B iS (slaa g clawdl Lol Jled OT 15U
Loots Jl OF Llas o Yo 5 V0 MIN (gla b
w55, LNY/E ENVF 5L VA ENY CS 5w Lt
NS 5 P BA £ FANE R VA JPRARY-YJE - i G N
S oes Ol I3 E5n 55 3 Jebos 5 42 0 S
Ciomen 3 eS| el S el 5
AL oSl a4 5o pa &S sls O 1) A 5550l G sy
ol Sl Wy 155 (VRS e oSS 5l S T
Sl s s [orissss 56 jaia Lawg
o3l 5 dezen lal /‘u;fﬁ b o Ol dS|
boss Jlb T 55 55| ol 3525 o & 56
ST Glayles aan bl bl ol 5518 55 ety
2 s FRE AS Sl 4 mte Ledly b os Jle
03 Gl g Sl = Mie ol ol glde sMse
S s J8 f e S Gl oS0 s o Sl
ol odis sl Lewdl b ool Js O L Sl
68 51 5L el odas idw & As 55 (Cpioman
b el Lo Jld OT s s 45 050871 Jlab sl
Ol & BU ool 5 Sl 03 s SL b o)l
(Pl 033 f o S35 7S
oy (Sly bwdly b ooad Jkd OT oyl
S (JRens 9 905

L Ol cpl ey Lok Jé T 53 NO2 o 5
b8 s p Sl e e Olsea b AS e ol
56K, bl ol sl umen o3l ol 58 ealinad
Ca S ladlae (b owiges lp oshe S5 b
Gl Slewd b odd Jd O L3 ¥ Min Se 4 58
oyt e 9 A 03ls Hl 3 4les s NO2™ 1 ¥2 ppm
°C S35 e i p 1S 5 S8 H b J S S
laslae b OLL 53 i azey ST 53 ¥ mMin Sl 4 A
e S S S s it e CkS 5 K e
b SRS St S 5 8L Do e Sl el

l{a.p:Jbéng{)LﬁJE@\aMW¢W

2 Phaffia rhodozyma

o E S o )5 1 13E sbTeil 2 Lwodly Lot Jlad Of (5L b picy
]

4 L 65 Sl Sl dn OMIN Js 5ty jaseis J
las SL sl Hldia ¢ puimman .25l 2alS Y/F 10g O e
41 MIN e &SI 6 oks 28 Oloj s dS L OT s
S el Sladlas adl (V) ) jadeid Ol 5 2eS
sge 5 Ca S S Gl el Lot b OT
ol plail a8 Sl o g Wosen 43 Lo 0l )y0 oE
ST 5l eslizal 457 s adein andllas S5 5 Mo LSl
256 5 SIS 1y S Ll h 55 Ledly s Jlad
ok o Ll h s T ot 4 o a8 2l S
o sl 0l andlae Cpl ol i LoDy b ok Jlab ST
Loy i ssba Lty boeds b O eles
bl e Sk 2alS Ly 5 lge 1 L“p—wélfﬂbg:‘
Slsdael gy &K adias Olis o5 pl 4SS o dS
N g ple 5 b Ke UL Sl gl ediS
bos Js OT 56 Kos lanllas 55 (W)l oL s
5 dhde 53 s eSS slill S Leadly
OF sl 53555 ol B & b pwyp 0 Sy
Sl sy 4T s 518 (opmen ol 5151,
o Ll boeds Jlb OT 358 ¢ e alae 5o Jidis
aalsl 5 Conl 035 g 3 1y 3L Sau5 slaCand
3P el 55 58 a5 o3 Ca S sy L
ok dlb OT bl S50 o5 S a5l s L(VF
Wl Olgea 25d S5 4L 55 e CdS p Leadl b
b Sl ey C by 5 U semsd oS s ool
Gl omoen 5 LBl Lok Jlb ST 3 2,6 (605
bood Jlb OT (gl Sl s 036 0t 3 5 (sla SE
23T S U s> A8y g ol 0k 518 LSy
2 g8 s ol b gl 53 SIS ST Ao
T RGI I SV PYS PR P -1 oy g
Jlb slawi & i s glos gl S U5 K C

(VO o &35S

Sl alde Gl.'..p 33 u}:«f osba ‘&_.:.S‘J;f\:.»'l—

jg\-\:ﬁfl oS J.»J.s @ ..s}iu.e XY v &\;T} S5

I Astaxanthin

Applied Microbiology In Food Industries ¥4


http://amfi.ir/article-1-52-fa.html

oy o )f)b'[

lowsdly b ound Jd OT (Sad )l eilad hales .0 JKb
Sl Lalisee o 50
SIlex> Sl wdly b ol Jkd Sl 28
obs™ Wby g s
bodd Jls ST 53 ekt ad5 iy ST slaw S
NOs™ (NO2") )l oS sl Ol e L5155 oo LoDy
oS iy 5 ,d Siale L1y o oS S Jas (Ho02 ¢
ST L olys ool gba (AY) (F JSK) uS™ o i |
B T PN PR W PRRC VR PO A PR [P
JB Sdae adh o pE poeen 5wl s Ly G
Sl ol slazel .l 2553 6 900 OV guaes 3 eslina]
St e Lok Jb OT bwg & il oS
oS il s (Sidnss gl b ses S
o Shes g JSKE5 L Lol Jlb OT Lol
olS (P 50 i (KD ks 5 (N) &5 055 5
Ol 25 B amdnl 5 (AA) S, Sl sl (Ca)

Q) @l 550 (TA)

ols™ Wy 9 Jidilea £ ISH

s b SLoslas s NO2 chle 0l ool ol Ldly
Sllas cpl 558 0 CES 45 s g0 GOSHL ple
¢S Olsea Ll g o lowdly Lo Jab ST &7 5l Olis
Sy Sl e gl Slse b b wlysT 5w K
35 40 e L5 o Olajon 5 055 8 8 i ps s 8
Jbs T i€ 015 oo eoplpls (W) 508 g Koo e
SV pams (4S5 G Sy WS Ledy Lo
2l s o5 (il pH (e a5 A Sl o258
Va5 55 6550 sb & 1 LOT ol
&P R Ly Seieal

e oS S8 ke slag ST 51 (S Sipalls
ol el pde b b e ol l5 Sn ol e
Ll ($5sliS Slp e 0T OT b OB Sl eslin
¢r§.‘~ 353 ¢ 56 78| POV PPN A P j:jﬁqﬁ..:.a
i palles ol 515 Sn 31 (36 Mo 0 b 5 5 el
V4 5 VA Lzea

gy b ks e ke r—w:*'lf)‘bgs‘ S poll
o8 Sl ooy (la 1SS Lol 4T el £ aes
Sy Dsh o Ol ul w3 (g3l IS
(35 oled &5 S aseie Ao pll ) Lo 5 &S asllas
2 Siol ST L odd g Loy L oad Jld ST L f s
ol OT osy 4 Cand WY B ¥ S e g 70 W
Mol 55 Chle 5 Sty gl sl
ST 86 5 Glaeds ¥ Jader 53 (A | i ot
5 iS5 bl S L Loedd Jl
sl ¥ S Ll ek e3sT e sl 8 b
gle 53 Ledl b as Jlub T slas 8 51 eSles

’ Salmonella Enteritidis

[ Downloaded from amfi.ir on 2025-07-29 ]

£ 1o @luo 15 (69 9,35 (59l gug S aolidliad



http://amfi.ir/article-1-52-fa.html

] 9 b 5o )5 1 2108 slagy el p Lol b ouds Jlad O (5,9Ld sbocd piay

syl (glody30
108 g0 (SNl 9 CudsS” 9 il 519 ;o g Lowsdly b ol J1ed ST W6 Jous
e o . . . . e S0
&0 | Ceds S 39 Cure bl Oloyd ol yd Gl odkl tulyds | il 519 50
GoslieS SN guames
23 sk 5 JB e -
~ <l 3 ol
L;“,:N 3 &iﬁ) A Mbjjlf[u _
A _ +/¥A log min e & glewdly o Lty 5Nl
5 ol T . Y
LS edalie
log NS IPEISTY AMIN Sode & Lo gas
J5 sl /po-am ey T s
ool 5 kS . sl S s
B s len LS\ALSJ:;L: e (S )yda}:— _
AY 4 SenSTl 5T LoDy 5,SCe sbese il | O eSS
!\ /+F=+/A¥ log Sde 4 F°C los s
Ao bis _ b oSS
/¥ 10g 5 b jeses SIS 5, VY
eSS gl /WY RV
Sy e
e SsS 33oA Do 4 a5
Sy g b L wledy CTYML L
) ) S S slsle)
AY | ST ,se S | 1/8log CFUY e 9 K (6 el o Ly 5 S0 55 eSS
!
Sy b se s F°C b 4
sdalie 5V L 5,14
L
2620 &
cﬁ/ ML PAL | bas g5
(e e (K,
Lsa Voo mL Y PSS s e
A¥ iy Cabes | 6B b SL S S _ e T
] wl‘_gj:fb;,.;f 'Ajjjf"/JL( a.LfaJ)>'
PRSI
NERES
Syl ey
Ll 0 log | amin Sue a ba ge
260 _
log «siler  Glo b ol s s S Jf
| eSS G | e s i pdb s eSS (gl
Ve | sl GlansT BT LoDy 5 e WIS
AN log | ot 4 ¥°C gles o (‘;A:ijuja.‘;hﬂ
Ol (slo g3 5l 9 _
_ log 5 e SIS e, VY s
e 2l sl /AP JUENE)
es OY o
e L pH min & 4 baa sel P.
Ad | O fom 1/05log CFU/g CT oY 548 o ey deceptionensis § o dm
L cplonnd cM2
ol o lewdly

[ Downloaded from amfi.ir on 2025-07-29 ]

Applied Microbiology In Food Industries

A



http://amfi.ir/article-1-52-fa.html

oy o )f)b'[

e T
6 oo &
HE e 5 27N Sde 4 g gl
¢ 4& S > o
AP it YF sl FoC gles M gallev gy
g O gl 1/05log CFU/g _ o Ly
ok s Ty 55, ek 5 o3
T N EE RN _
S5 A e L
KPR }
log Gvo  log
_ ST e
(e Wy | AL T ) e 107 K12 5l i/
°C b 5 gl
Glgoe 5 oS5 | —/A 0 log ) ¢ mls
LY ¥ E) Yo «F [ L«.-ﬂ)\i
S8 e Sl /fY ) oSS el S gy
Ze FO X MIN Sl
s Lo S sS hslen] o esins!
R
!
s S3b esls S e 4 s gas
S ol s ) of 53 1Y 4 5 S gadls
. > ¥log CFU/g S Loty g3
\;.‘::L:..m}cla,nj O3 Loy Lok Jleb ek
Lo (3L os) 3 u}f
Ye¥e GY1A Jlo SIPAL 9 PAW &3k Jbd pé 31 2K LT Oldlze ¥ o
. 3,59,
. elgoob) | JWob) _ ) ) )
Caxo bl - ) olwd Jw J sk EY L
el o s 5 519 30 Sl ) R s 319 a0
5519 50 Lowdly il ol Jabw
&b
log CFU/MI(PAW); .7
V/AY N 5 ks O
S 4l _ _
RS \ *min omin 92 ¢ Com Ll 5L B s AT Sy
&/ \|og uT Cl:.« - g 3 e
CFU/MI(Plasma : &P
activated buffer) o
8/A 5 8/YLog
ic); s . s T 5 g . .
o CFU/Ml(planktonic); . . ©> G5y i e o SN y siesisn b i)
*min *min
log c¢<ij:.§ﬂ T dxe S Sl
¥/YCFU/MI(biofilm) <l gk < iz e 5 Mgl
T Oskis b
0581
Sao s _ . )
¥ 2log CFU/mL Y+min 4. I8¢ Com i VT &}Sﬁ*ﬁ P. deceptionensis
T o cMm2
b
log CFU/MI(E.coli);
o Sy 4l _ 5O157:H7
qf #min #+S 98¢ oo B e O S5
log CFU/MI(S. ol plaw o sSsS sl
Y/Y aureus)
ez

[ Downloaded from amfi.ir on 2025-07-29 ]

Y

1o @luo 15 (69 9,35 (59l gug S aolidliad



http://amfi.ir/article-1-52-fa.html

] 9 b 5o )5 1 2108 slagy el p Lol b ouds Jlad O (5,9Ld sbocd piay

syl (glody30
5‘51(%}.5/
TSzl b o)
Yfh N -
S s s _ sl sS oS shilea
g #/10 log CFU/mL< omin 38 ¢ o -
° T 00
¥ °Cc gbes s . d"‘ Eaes s eten eliges 5T
tormio g ol i g
il o Sl
S 4k ey lisesdsm
a0 # log CFU/mL omin ¥+ +min Is8 ¢ o B s
< plaw o553 ey b
s A A
o) Ads _
AY4 Sl odis Culey \h ¥ min 32 ¢ oo ol PN (ke gk ]
o
<o Ly
S adss ey S S plsled
av f/V¥ log CFU/mL Y min #+min 38 ¢ o B oo s
<! g R sl
oS it
. Saf
oS Rt R
95y o . S s 5555
020 ] TS
A V log CFU/unit~ Y+min omin B s O _ Lidla ¢ poclsr g 270
| T K as _
o e 7
A3t s
sk Lo gL
YRS
Lu)j:ﬁl
Ol ks (e 1S3 Al sl
&l gl (¢ _
a4 Y-¥ log CFU/mL \ min D odd Jle T os SN | Lz s O157:HT
Ok ! i )
_ Ly b oo g 510
€
S8 9 K&
G.. 5 " - T (E ae . . . - - . (& . .
@63&9‘ b&u‘.} wjﬁg_ﬁlﬁ-\.ajrj@q- J>|j$W\ "‘J‘ a&...u\:)\b 39> G\JJJS)JL;W%,J‘JA AJLO.AQKM};
,.,\3)‘}
Slo ol
ilas SS edlel [y mblin o 5la5 48 n O iy 5

1- Gavahian. M aKAM. Cold plasma as a tool for the elimination of food contaminants: Recent advances and
future trends. Critical Reviews in Food Science and Nutrition. 2020;60:1581-92.
2- Zhu CL, H. Cui, L. Lin. Feasibility of cold plasma for the control of biofilms in food industry. Trends in Food

Science and Technology. 2020;5:142-51.

3- Liao X et al. Application of a dielectric barrier discharge atmospheric cold plasma (Dbd-Acp) for Eshcerichia
Coli inactivation in apple juice. Journal of Food Science. 2018;83 (2):401-8.

[ Downloaded from amfi.ir on 2025-07-29 ]

Applied Microbiology In Food Industries

Y



http://amfi.ir/article-1-52-fa.html

[ Downloaded from amfi.ir on 2025-07-29 ]

17- Gorbanev Y BA. Chemical Detection of Short-
Lived Species Induced in Aqueous Media by
Atmospheric  Pressure  Plasma.  Atmospheric
Pressure Plasma—from Diagnostics to
Applications. 2019;58:79-84.

18- Kim J E OY ,Won M, Lee K,Min S. Microbial
decontamination of onion  powder using
microwave-powered cold plasma treatments Food
Microbiology. 2017;62:112-23.

19- Shen J TY, Li Y, Ma R, Zhang Q, Zhang J, et
al. Bactericidal effects against S. aureus and
physicochemical properties of plasma activated
water stored at different temperatures. Scientific
reports. 2016;6(1):1-10.

20- Shanker M KAC, Pandiselvam R, Joshi T,
Rustagi S, Bharti S, Kumar M, Kothakota A.
Implications of cold plasma and plasma activated
water on food texture- a review. Food Control.

2023;10:93-7.
21- Zhao YM PA, Sun DW, Tiwari B.
Plasma-activated water: Physicochemical

properties, microbial inactivation mechanisms,
factors influencing antimicrobial effectiveness, and
applications in the food industry. Comprehensive
Reviews in Food Science and Food Safety.
2020b;19(6):3951-79.

22- Bruggeman PJ KM, Locke BR, Gardeniers
JGE, Graham WG, Graves DB, et al. Plasma-liquid
interactions: a review and roadmap. Plasma Sources
Science and Technology. 2016;25(5):053002.

23- Foster J.E SM, J. Groele, 1.M. Blankson et al.
Towards high throughput plasma based water
purifiers: design considerations and the pathway
towards practical application. Journal of Physics D:
Applied Physics of Fluids. 2018;51 (29):293001.
24- Ayala A MM, Arglelles S. Lipid peroxidation:
production, metabolism, and signaling mechanisms
of malondialdehyde and 4-hydroxy-2-nonenal.
Oxidative medicine and cellular longevity.
2014;2014:360-438.

25- Juldk J HA, Scholtz V, Khun J, Holada K.
Contribution to the chemistry of plasma-activated
water. Plasma Physics Reports. 2018;44(1):125-36.
26- Shainsky N, Dohrynin, D., Ercan, U ,.Joshi, S.,
Fridman, G., et al. Effect of Liquid modified by
non-equilibrium atmospheric pressure plasmas on
bacteria inactivation rates. Plasma science.
2010;5:1-5.

27- Anderson CE CN, Lindsay AD, Clark DS,
Graves DB. The role of interfacial reactions in
determining plasma-liquid chemistry. Plasma
Chemistry and Plasma Processing.
2016;36(6):1393-415.

28- Takamatsu T KA, Uehara K, Oshita T,
Miyahara H, Dobrynin D, et al. Bacterial
inactivation in liquids using multi-gas plasmas.
Plasma medicine. 2012;2(4):57-61.

29- Vlad | MC, Toth A, Papp J, Anghel S. Bacterial
inhibition effect of plasma activated water.
Romanian Reports in Physics. 2019;71:602.

OlSen g 5,18

4- Xiang QS, C. D. Kang, D. B. Zhao, L. Y. Niu, X.
Liu, and Y. H. Bai. Influence of organic matters on
the inactivation efficacy of plasma-activated water
against E. coli O157:H7 and S. aureus. Food
Control 2019;99:28-33.

5- Ukuku D. O MS, Juneja V, and Rajkowski K.
Handbook of Natural Antimicrobials for Food
Safety and  Quality  Evaluating  Natural
Antimicrobials for Use in Food Products. Elsevier
Ltd. 2015;8:223-31.

6- Wang JH, R.; Liao, X.; Ding, T. Application of
plasma-activated water (PAW) for mitigating
methicillin-resistant Staphylococcus aureus
(MRSA) on cooked chicken surface. LWT — Food
Science and Technology. 2021;137:110465.

7- Bradford KJ DP, Van Asbrouck J, Kunusoth K,
Bello P, Thompson J, et al. The dry chain:
Reducing postharvest losses and improving food
safety in humid climates. Trends in Food Science &
Technology. 2018;71:84-93.

8- Balan GG RI, Ursu E-L, Doroftei F, Bostanaru
A-C, Hnatiuc E, et al. Plasma-activated water: a
new and effective alternative for duodenoscope
reprocessing. Infection and drug resistance.
2018;11:727.

9- Filipi A Al, Primc G, Mozetic M, Dobniik D.
Cold Plasma, a New Hope in the Field of Virus
Inactivation. trends in biotechnology.
2020;38(11):1278-91.

10- Moisan et al. Sterilization/disinfection of
medical devices using plasma: The flowing
afterglow of the reduced-pressure N2-O2 discharge
as the inactivating medium. EPJ Applied Physics.
2013;63(1):46-52.

11- Chen Z. G. Garcia VA, R.E. Wirz et al. Cold
plasma for SARS-CoV-2 inactivation. Physics of
Fluids. 2020;32:111702.

12- Mir S A et al. Promising applications of cold
plasma for microbial safety, chemical
decontamination and quality enhancement in fruits.
Journal of Applied Microbiology. 2020;129
(3):474-85.

13- Park et al. Sterilization of microorganisms in
silk fabrics by microwave-induced argon plasma
treatment at atmospheric pressure. Surface and
Coatings Technology. 2008;202 (22—-23):5773-8.
14- Rossow M LM, Braun P.G. Effect of cold
atmospheric  pressure plasma treatment on
inactivation of campylobacter Jejuni on chicken
skin and breast fillet. LWT — Food Science and
Technology. 2018;91:265-70.

15- Hoffmann C BJZea. Cold Atmospheric Plasma:
methods of production and application in dentistry
and oncology. Medical Gas Research. 2013;3 (1):1-
15.

16- Zhang Q LY, Feng H, Ma R, Tian Y, Zhang J,
et al. A study of oxidative stress induced by non-
thermal plasma-activated water for bacterial
damage. Applied physics letters.
2013;102(20):203701.

ff 1o @luo 15 (69 9,35 (59l gug S aolidliad


http://amfi.ir/article-1-52-fa.html

[ Downloaded from amfi.ir on 2025-07-29 ]

syl (glody30

Oxidative Injury of Salmonella typhimurium.
Molecules. 2022;27:640.

42- Zhen X SH, Lin R, Choi H, Lee D. Non-
thermal  Plasma-activated  Medium  Induces
Apoptosis of Aspcl Cells Through the ROS-
dependent  Autophagy Pathway. In  vivo.
2020;34:143-53.

43- Han L PS, Boehm D, Milosavljevi¢ V, Cullen
P, Bourke P. Mechanisms of inactivation by high-
voltage atmospheric cold plasma differ for
Escherichia coli and Staphylococcus aureus.
Applied and  environmental  microbiology.
2016;82(2):450-8.

44- Cabiscol E, Tamarit, J. & Ros, J. Oxidative
stress in bacteria and protein damage by reactive
oxygen species. INTERNATL MICROBIOL.
2000;3:3-8.

45- Mai-Prochnow A, Bradbury, M., Ostrikov, K.
& Murphy, A. B. Pseudomonas aeruginosa biofilm
response and resistance to cold atmospheric
pressure plasma is linked to the redox-active
molecule phenazine. PLoS ONE 2015;10:130373.
46- Lukes P CM, Babicky V, Sunka P. Ultraviolet
radiation from the pulsed corona discharge in
water. Plasma sources science and technology.
2008;17(2):024012.

47- Sonnenschein EC GA, Seebah S, Torres-
Monroy I, Grossart H-P, Ullrich MS. Development
of a genetic system for Marinobacter adhaerens
HP15 involved in marine aggregate formation by
interacting with  diatom cells. Journal of
microbiological methods. 2011;87(2):176-83.

48- Xu Z CC, Shen J, Lan Y, Hu S, Han W, et al. In
vitro antimicrobial effects and mechanisms of
direct current air-liquid discharge plasma on
planktonic Staphylococcus aureus and Escherichia
coli in liquids. Bioelectrochemistry. 2018;121:125-
34.

49- Schottrof F RA, Zunabovic-Pichler M,
Krottenthaler A, Schliter O, Jager H Sublethal
Injury and Viable but Non-culturable (VBNC) State
in Microorganisms During Preservation of Food
and Biological Materials by Non-thermal
Processes. Front Microbiol. 2018;9:27-73.

50- Ramamurthy T GA, Pazhani G.P, Shinoda S.
Current perspectives on viable but non-culturable
(VBNC) pathogenic bacteria. Front Public Health
2014;2:103.

51- Bai Y MAI, Hu Y, Koseki S, Liao X, Chen S.
Inactivation kinetics of Bacillus cereus spores by
plasma activated water (PAW). Food Research
International. 2020;131:190041.

52- Choi EJPHW, KimS B, Ryu S, Lim J, Hong E
J, Chun H H. Sequential application of plasma-
activated water and mild heating improves
microbiological quality of readyto-use shredded
salted kimchi cabbage (Brassica pekinensis L.).
Food Control. 2019;98:501-9.

53- Liao X BY, Muhammad A I, Liu D, Hu Y, &
Ding T. The application of plasma-activated water

o E S o )5 1 13E sbTeil 2 Lwodly Lot Jlad Of (5L b picy

30- Zhang Q MR, Tian Y, Su B, Wang K, Yu S, et
al.  Sterilization efficiency of a novel
electrochemical disinfectant against Staphylococcus
aureus. Environmental Science & Technology.
2016.3Y-Y)A¥ (7)o,

31- Yusupov M BA, Huygh S, Snoeckx R, Van
Duin AC, Neyts EC. Plasma-induced destruction of
bacterial cell wall components: a reactive molecular
dynamics simulation. The Journal of Physical
Chemistry. 2013;117(11):5993-8.

32- Joshi SG CM, Yost A, Paff M, Ercan UK,
Fridman G, et al. Nonthermal dielectric-barrier
discharge plasma-induced inactivation involves
oxidative DNA damage and membrane lipid
peroxidation in Escherichia coli. Antimicrobial
agents and chemotherapy. 2011;55(3):1053-62.

33- Dolezalova E LP. Membrane damage and
active but nonculturable state in liquid cultures of
Escherichia coli treated with an atmospheric
pressure  plasma jet.  Bioelectrochemistry.
2015;103:7-14.

34- Del Rio D SA, Pellegrini N. A review of recent
studies on malondialdehyde as toxic molecule and
biological marker of oxidative stress. Nutrition,
metabolism and cardiovascular diseases.
2005;15(4):3.YA-\ 7,

35- Weber D DM, Grune T. Determination of
protein carbonyls in plasma, cell extracts, tissue
homogenates, isolated proteins: focus on sample
preparation and derivatization conditions. Redox
biology. 2015;5:367-80.

36- Traylor MJ PM, Karim S, Hait P, Sakiyama Y,
Clark DS, et al. Long-term antibacterial efficacy of
air plasma-activated water. Journal of Physics D:
Applied Physics. 2011;44(47):472001.

37-Wu S ZQ, Ma R, Yu S, Wang K, Zhang J, et al.
Reactive radical-driven bacterial inactivation by
hydrogen-peroxide-enhanced plasma-activated-
water. The European Physical Journal Special
Topics. 2017;226(13):2887-99.

38- Adachi T TH, Nonomura S, Hara H, Kondo S-i,
Hori M. Plasma-activated medium induces A549
cell injury via a spiral apoptotic cascade involving
the mitochondrial-nuclear network. Free Radical
Biology and Medicine. 2015;79:28-44.

39- Tian Y MR, Zhang Q, Feng H, Liang Y, Zhang
J, et al. Assessment of the physicochemical
properties and biological effects of water activated
by non-thermal plasma above and beneath the water
surface. Plasma processes and  polymers.
2015;12(5):439-42.

40- Boehm D CJ, Cullen PJ, Bourke P. Hydrogen
peroxide and beyond-the potential of high-voltage
plasma-activated liquids against cancerous cells.
Anti-Cancer Agents in Medicinal Chemistry
(Formerly Current Medicinal Chemistry-Anti-
Cancer Agents). 2018;18(6):815-23.

41- Xiaoye L V CJ. Evaluation of the Effects of
Cold Plasma on Cell Membrane Lipids and

Applied Microbiology In Food Industries A\


http://amfi.ir/article-1-52-fa.html

[ Downloaded from amfi.ir on 2025-07-29 ]

Plasma Chemistry and Plasma Processing.
2019;39(1):35-49.

66- Simon S SB, Hasan M I, Sivertsvik M, James
L. Influence of Potable Water Origin on the
Physicochemical and Antimicrobial Properties of
Plasma Activated Water. Synthesis collection of
technology. 2021;42:377-93.

67- Fridrn T.R F. A Framework for Public Health
Action: The Health Impact Pyramid. American
Journal of Public Health. 2010;100 (4):590-5.

68- Misra N TB, Raghavarao K, Cullen P.
Nonthermal plasma inactivation of food-borne
pathogens. Food Engineering Reviews.
2011;3(4):159-70.

69- Gupta TT AH. Application of non-thermal
plasma on biofilm: a review. Applied Sciences.
2019;9(17):35-48.

70- Liu CC, C.; Jiang, A.; Sun, X.; Guan, Q.; Hu,
W. Effects of plasma-activated water on microbial
growth and storage quality of fresh-cut apple. Food
Sci Technology. 2020;59:102256.

71- Xiang Q FL, Li Y, Dong S, Li K, Bai Y. A
review on recent advances in plasma-activated
water for food safety: current applications and
future trends. Critical Reviews in Food Science and
Nutrition. 2020;9:1-20.

72- Patange A LP, Boehm D, Cullen P, Bourke P.
Efficacy of cold plasma functionalised water for
improving microbiological safety of fresh produce
and wash water recycling. Food microbiology.
2019;84:103226.

73- Choi EJ PH, Kim SB, Ryu S, Lim J, Hong EJ,
et al. Sequential application of plasma-activated
water and mild heating improves microbiological
quality of ready-to-use shredded salted kimchi
cabbage (Brassica pekinensis L.). Food Control.
2019;98:501-9.

74- Royintarat TC, E.H.; Boonyawan, D.;
Seesuriyachan, P.; Wattanutchariya, W. Chemical-
free and synergistic interaction of ultrasound
combined with plasma-activated water (PAW) to
enhance microbial inactivation in chicken meat and
skin. Sci Rep. 2020;10:1559.

75- Mizanur Rahman MSH, Raihanul Islam,
Rahmatuzzaman Rana, ASM Sayem, Md et al.
Review Plasma-Activated Water for Food Safety
and Quality: A Review of Recent Developments.
Int J Environ Res Public Health. 2022;19(11):6630.
76- Li Wenshao FC, Anangi R, Zhou R, Jessen M ,
Zhang T, Speight R. Oxidative stress induced by
plasma-activated water stimulates astaxanthin
production in Phaffia rhodozyma. Bioresource
Technology. 2023;369:128-37.

77-Jung S KH, Park S, Yong HI, Choe JH, Jeon H-
J, et al. Color developing capacity of plasma-treated
water as a source of nitrite for meat curing. Korean
journal for food science of animal resources.
2015;35(5):703-17.

OlSen g 5,18

combined with mild heat for the decontamination of
Bacillus cereus spores in rice (Oryza sativa L. ssp.
japonica). Journal of Physics D: Applied Physics.
2019;53(6):064003.

54- Zhao YM, S. Ojha, C. M. Burgess, D. W .Sun,
and B. K. Tiwari. Inactivation efficacy and
mechanisms of plasma activated water on bacteria
in  planktonic state. Journal of  Applied
Microbiology. 2020a;129 (5):1248-60.

55- Phillips CA. Bacterial biofilms in food
processing environments: a review of recent
developments in chemical and biological control.
International Journal of Food Science &
Technology. 2016;51(8):1731-43.

56- Cherny KE, & Sauer, K. Untethering and

degradation of the polysaccharide matrix are
essential steps in the dispersion response of
Pseudomonas aeruginosa biofilms. Journal of
bacteriology. 2020;202:519-55.

57- Yan J, & Bassler, B. L. Surviving as a
community: Antibiotic tolerance and persistence in
bacterial biofilms. Cell Host & Microbe. 2019;26
(10):15-21.

58- Scholtz V, Pazlarova, J., Souskova, H., Khun,
J., & Julak, J. Nonthermal plasma — A tool for
decontamination and disinfection. Biotechnology
Advances. 2015;33(6):1108-19.

59- Mandal R, Singh, A., & Pratap Singh, A.
Recent  developments in  cold  plasma
decontamination technology in the food industry.
Trends in Food Science & Technology.
2018;80:93-103.

60- Hertwig C, Kai, R., Ehlbeck, J., Knorr, D., &
Schliter, O. Decontamination of whole black
pepper using different cold atmospheric pressure
plasma applications. Food Control. 2015;55:221-9.

61- Prochnow A ZR, Zhang T, Ostrikov K,
Mugunthan S, A.Rice S, Cullen P. Interactions of
plasma-activated water with biofilms: inactivation,
dispersal effects and mechanisms of action. npj
Biofilms and Microbiomes. 2022;7:42-58.

62- Hathaway HJ, Patenall B, Thet N, Williams G,
Jenkins A, Short R. Delivery and quantification of
hydrogen peroxide generated via cold atmospheric
pressure plasma through biological material. J Phys
D. 2019;52:505203.

63- Stewart PS, Rayner, J., Roe, F. & Rees, W. M.
Biofilm penetration and disinfection efficacy of
alkaline hypochlorite and chlorosulfamates. J Appl
Microbiol. 2001;91:525-32.

64- Howlin R P et al. Low-dose nitric oxide as
targeted anti-biofilm adjunctive therapy to treat
chronic Pseudomonas aeruginosa infection in
cystic fibrosis. Mol Ther. 2017;25:2104-16.

65- Li Y, Pan, J.,, Wu, D., Tian, Y., Zhang, J., &
Fang, J. Regulation of Enterococcus faecalis
biofilm formation and quorum sensing related
virulence factors with ultra-low dose reactive
species produced by plasma activated water.

\itd 1o @luo 15 (69 9,35 (59l gug S aolidliad


http://amfi.ir/article-1-52-fa.html

[ Downloaded from amfi.ir on 2025-07-29 ]

syl (glody30

90- Kuzin A SA, Khort D, Lukina N and
Konchekov E. Effects of Plasma-Activated Water
on Leaf and Fruit Biochemical Composition and
Scion Growth in Apple. Plants. 2023;12(2):365.

91- Joshi I, D. Salvi, D. W .Schaffner, and M. V.
Karwe. Characterization of microbial inactivation
using plasma-activated water and plasma-activated
acidified buffer. Journal of Food Protection.
2018;81 (9):1472-80.

92- Smet C, M. Govaert, A. Kyrylenko, M.
Easdani, J. L. Walsh, and J. F. Van Impe.
Inactivation of single strains of Listeria
Monocytogenes and Salmonella  Typhimurium
planktonic cells biofilms with plasma activated
liquids. Frontiers in Microbiology. 2019;10:1539.
93- Xiang QS, C. D .Kang, L. Y. Niu, D. B. Zhao,
K. Li, and Y. H. Bai. Antibacterial activity and a
membrane damage mechanism of plasma-activated
water against Pseudomonas deceptionensis CM2.
Science Direct. 2018;96:395-401.

94- Xiang QS, C. D. Kang, D. B. Zhao, L. Y. Niu ,
X. Liu, and Y. H. Bai. Influence of organic matters
on the inactivation efficacy of plasma-activated
water against E. coli O157:H7 and S. aureus. Food
Control 2019;99:28-33.

95- Handorf O ,V. |. Pauker, U. Schnabel, T.
Weihe, E. Freund, S. Bekeschus, K. Riedel, and J.
Ehlbeck. Characterization of antimicrobial effects
of plasma-treated water (PTW) produced by
microwave-induced plasma  (MidiPLexc) on
Pseudomonas  fluorescens biofilms.  Applied
Sciences. 2020;10 (9):3118.

96- Hozak P ,V. Scholtz, J. Khun, D. Mertova, E.
Vankov a, and J. Julak. Further contribution to the
chemistry of plasma-activated water: Influence on
bacteria in planktonic and biofilm forms. Plasma
Physics Reports 2018;44 (9):799-804.

97- Xu Z ZX, Yang W, Zhang Y, Ye Z, Hu S, Ye
C,LiY, LanY, ShenJ, Ye X, Yang F, Cheng C. In
vitro antimicrobial effects and mechanism of air
plasma-activated water on Staphylococcus aureus
biofilm.  Plasma  Processes and Polymers.
2020;22:103001.

98- Los A, D. Ziuzina, D. Boehm, P. J. Cullen, and
P. Bourke. Inactivation efficacies and mechanisms
of gas plasma and plasma activated water against
Aspergillus  flavus spores and biofilms: A
comparative study. Applied and Environmental
Microbiology. 2020;86 (9):2619-25.

99- Baek K YH, Yoo J, Kim J, Byeon Y, Lim J,
Yoon S, RYN S, Jo C. Antimicrobial effects and
mechanism of plasma activated fine droplets
produced from arc discharge plasma on planktonic
Listeria monocytogenes and Escherichia coli
0157:H7. Journal of Physics D: Applied Physics.
2020;53:124002.

o E S o )5 1 13E sbTeil 2 Lwodly Lot Jlad Of (5L b picy

78- Gordon M.A G. Salmonella Infections in
Immunocompromised Adults. Journal of Infection.
2008;56 (6):413-22.

79- Kunwar R SH, Mangla V, Hiremath R.
Outbreak investigation: Salmonella food poisoning
Medical. Journal Armed Forces India. 2013;69
(4):381-91.

80- Lin A GY, Backer J, Boxem W, Dewilde S,
Bogaerts A. Non-Thermal Plasma as a Unique
Delivery System of Short-Lived Reactive Oxygen
and Nitrogen Species for Immunogenic Cell Death
in  Melanoma  Cells. Advanced  Science.
2019;6:127-32.

81- Guo JH, K.; Wang, X.; Lyu, C.; Yang, N.; Li,
Y.; Wang, J. Inactivation of yeast on grapes by
plasma-activated water and its effects on quality
attributes. Food Prot. 2017;80:225-30.

82- Chen CL, C.; Jiang, A.; Guan, Q.; Sun, X.; Liu,
S.; Hao, K.; Hu, W. The effects of cold plasma-
activated water treatment on the microbial growth
and antioxidant properties of fresh-cut pears. J
Food Technology. 2019;12:1842-51.

83- Zhao YC, R.; Liu, D.; Wang, W.; Niu, J.; Xia,
Y.; Qi, Z.; Zhao, Z.; Song, Y. Effect of nonthermal
plasma-activated water on quality and antioxidant
activity of fresh-cut kiwifruit. Plasma science.
2019;47:4811-7.

84- Seo H HJ, Woo J, Na Y H, Choi W L, Sung D,
Moon E. Potential of non-thermal N2 plasma-
treated buffer (NPB) for inhibiting plant pathogenic
bacteria and enhancing food storage. Modern
Agricultural Science and Technology.
2020;1(1):23-39.

85- Kang C D XQ, Zhao D, Wang W, Niu L, Bai
Y. Inactivation of pseudomonas deceptionensis
CM2 on chicken breasts using plasma-activated
water. Journal of food science and technology.
2019;56(11):4.¥8-aYA

86- Zhao YC, R.; Tian, E.; Liu, D.; Niu, J.; Wang,
W.; Qi, Z.; Xia, Y.; Song, Y.; Zhao, Z. Plasma-
activated water treatment of fresh beef: Bacterial
inactivation and effects on quality attributes. Trans.
Plasma science. 2018;4:113-20.

87- Qian J ZH, Nasiru M, Zhang J, Yan w. Action
of plasma-activated lactic acid on the inactivation
of inoculated Salmonella Enteritidis and quality of
beef. Innovative food science emerging technology.
2019;57:102-96.

88- Lin C-M CY-C, Hsiao C-P, Wu J-S, Hsieh C-
W, Hou C-Y. The optimization of plasma-activated
water treatments to inactivate  Salmonella
Enteritidis (ATCC 13076) on shell eggs. Foods.
2019;8(10):520-35.

89- Kucerova K HM, Slovakova L, Hensel K.
Effects of plasma activated water on wheat:
Germination, growth parameters, photosynthetic
pigments, soluble protein content, and antioxidant
enzymes activity. Plasma processes and polymers.
2019;16:1800131.

Applied Microbiology In Food Industries \a%


http://amfi.ir/article-1-52-fa.html

[ Downloaded from amfi.ir on 2025-07-29 ]

OlSen g 5,18

Advances in plasma-activated water technology on foodborne pathogens:
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Abstract

Innovation in food production and processing is needed to respond to emerging challenges, ensure
food security worldwide, and meet consumer demands for high-quality, safe, and nutritious food
products. Plasma-activated water is an environmentally friendly technique with minimal changes in food
products. Plasma-activated water has been receiving increasing attention for applications in food,
agriculture and biomedical fields. In particular, this article specifies the physical and chemical properties
of plasma-activated water in relation to acidity, conductivity, oxidation - reduction potential, and
concentration of reactive oxygen species and reactive nitrogen in purified water. Therefore, the
application methods of plasma-activated water for microbial disinfection are also have been summarized
in this review. Overall, this review article describes the success achieved by plasma-activated water
technology in various application methods; meanwhile, demonstrates its importance in the food
processing industry. As the research output on plasma-activated water is expanding exponentially, this
review focuses on literature published between the years 2017 to 2022 to summarize a current perception
on the principles of plasma-activated water effects and reflect its potentials in various methods of
application. Furthermore, prominent drawbacks of this technology was discussed, while important areas
for future research were highlighted.

Keywords: Plasma activated water, Reactive oxygen, Food pathogen, Antibacterial activity, Reactive
nitrogen
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