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Innovative Applications of Cold Plasma Technology in Meat and Its

Products

Abstract

The growi hgsrusemamdabl e food production and t
fresh, heal t hy, haanvde dhbagfeen M @ otdh @ rmeed tfoor | nn
processing antinptéasesemelahg dhemand yhas | ed to
of new interventions ai menmesaandext e mwdpirfog uth
mai ntahguaygi ty and Goultdr iptliaosmcaa nlvdast uemer ged a
of drmd athmdet meatguiecodsspoemahanak the microbio
of meat andhitssrepvo@wctds scusses the | atest 1
of cold plasma in thecwmeai dprioocgssitnsg eif heuo:t
atttrasbuand its potential fodnmeat spmye gatruwddit ars
have rephyttasrdtiinmilcr obi al efficaclyeef, cpbdk pl k
and chicken, awndht hegti gprbbdececdedlmemiesali na ttthrei
Furttherappli cati am afeadolpd oglessmaag has ashowl
potential noveurmedani mpgloagearsts afnodri ng t he meche
and the interactions ibredgrwedine nctosd di sp |l carsumai aln o
the potenti al of this technology in the meat

saf e aqualhiitgh meat products using cold plasm

Keywords:co | d ploamsimana fcetoy,i c i dwarl died dd waatciyy e cur i n.
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Introduction

An increase i n-btoremenurmb emcecasd culodolio eak p at hoge
i ncl wdisngri a mdnoagyhtyd goecroecsc pat heosgcebneisci ¢ hi a ¢
Clostridiu@amery1 osibpapg. ¢/ gasnpdip abse c o me a psuibglniicf i ¢
heal t h ,c hraelslgel nsgueb @ tci@mm to ima Ic ndaannya gceo utnat r i es ( Yu

The gbobamption of meat pr &% ebyls20R3p apread) ¢ ot ¢

average of the92¥®s e rpeaerairad yofdr2®&2en by incom

( OECD/ FRO, ARM@@ng all commercial foodsitsemeat
shédliffe is influenced by multiple factors ir
oxi dation processes, package type, and the

sale -G€Cgamcet st ai2ZaWl)e f oodupiewdueasiomgadedn
for fresh, nut rhihad oluesed tamdofsatobheleppgloceastsi o

preservativeextnadamd etelhd | fod®d(tpr @aduet sal ., 202

Over t he ©past -tthwopmdobecceasdseisn g, intwend hurdaodragd lseisg e

processing, ultrasound, pul s-edt ed ictty i pulfse
gamma i raadol@ttassma have gained signi ffiocrant i
ensumii mrgaghicaallo saf ety (LarpopquleeetoattharROarve.
ionized gas generated by applying an healsect r i
emerged as ta&cphpnbtmobgiymagi ou,ss nap wldi d agetrlfimpoons

pasteuflieatetmnaMi.s,r a2 0gln7a Phed , cRO®HA &I nse oxygen

(ROS), reactive nitrogen species (RNS), wultr
partlLaltequé ¢t al ., 2022

The applicotliaesmaoft ecbhdl ogy in a wide vari
processed, has gained significant i mportanc:e
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| ow temperatur e( Minsd ahiegh Reefgfairoc®aOciy®y )-rf eoloadtse da n ¢
materi al s, cold plasma treat ment of fers nun
surface decontaminati on, surface property n

(Pankaj et Bhe ,appPlldbdarmah of asmaat egdriiféerle:

shown promising results. For instance, it ha
Prasad et al ., 2017; Shah et al ., 2019), fr
al ., 2017; Wu et al .Ql202bDayasnecmd dtBaalkr, e?
2020), seafood (Chen et al ., 2019; da Silva
(Kim et al ., 2015; Lee et al ., 2012a, 2012hb

2016b; SelOcBuk, etndalj.ui c2e0s R6¢ @niegaezdet, a&210.1,7;2 KX

2017) , demonstrating effective microbial i n.
|l osses, and i mproved nutritional, function
( Nawbor et al ., 2022, Starek et al ., 2019) .
successful surface sterilization of packagin
desired Seghalitzi es @l . 2015) .

Dif f erent pl as madIlsasmaejset , corona discharge,
barrier discharge, andarma cbheoiwagy et €mbteanrdjo Heida | atl

efficacy in mealtambpdchbhaskkeae bRap ® aiterg drie partoed u
t hat plasma treatments have a greater, poten

making them a valuabKemtoal Cohampbaismgpalr td a@an

of fers advant eddecbtuvehbhnmssenosdarosnanieinltiatl fri
mi ni mal generation of hazardousChBebsétanazles, d
Lee et al ., 2017haad sk sjhoenvtn dlo. i nZhke&)eealt he

occurring paomarctts vwei tclhomheal th Acdietfi dsal Beyrnyp
technology has been recognized for Its abil
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102

mi croorgani sms and i mpr o &d hfaovo da ngglRra@AnIn)a.p up a
Nevertthel eqns t i al i nstsplelcaffien egaspmeptoceqyu
highly traganddspetesgnameasures could be | i st
technol ogy ( Cheesnpiette atlh & ha c2p0a&vd eenviy g2 shae ncsol nvpe

analoytshe cur r emtrc oklndo wol | eadsgnea nidtesc hpnaopl pohgtyt at i ons
me at and meabcessidngt s-hddesmay asastewmminzatio

novienln o vcautriivneg. met hod

Plasma Technology

Pl ak%tmaf our t h st %is eartialy or fally tiohized gas composed of many

di fferent species including positive and ne
mol ecul es in thengudurnd,aparei €it teesd MR tgauteaenit @ r
as visible |i@kthtanmd eN\é af g te®@BPLh qr 26€)0.83!1 . |,

Pl asma can be created by applying energy ac.|
t her mala,lo ptl iecd Ir inf@Ugvn driagthgaytydi cr owave fiel ds.

may run on a mixture of noble gases, such as
|l i ke air or nitrogen (PamkajiHesdstO &d /L/INNO2018) .

Nof & Ar/ ©&nd/ Beh@ve also been used (iGuovarni ads

2015) .

Types of Plasma

Pl asma can be classified based the thermal e
the ther mal equi l i brium, pl atsemap etr(eiduverreehalg y
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equi l i bri Ut %K) taen:d ellndpwr at ure plasma. The |
subdivided into -¢eheirimiabr ipdrmsmiaagma;aslh ocal t

4000 to K2O0Oané@&@theomal p-¢ @ imaip(miomm/ col d pl asn

equilibrium0B6K)alLtéee: e3t0 Od éthg al2®tL 7al . |, 20.08; Pa
No-hher mal cplbthasmma) has confirmed its effect
foods including meatedantdo nheiagth ptreondpuecrtast ucroem pa
Akhtar et al ., MiOrR2g dteealet, a2016)2.017;

According to the pressure conditiopses plraes me
at mospheric PpPressuwure dhd.simaw01P8&)n.k aHo weetv erl, t
for a vacuum system for plasma generation a
opened new avenues for plasma gene;r aNleloma adt
al . ,) .200t8mo s pher ipl aprmadG)ndebe geoneratkd using several

el ectrical di scharges such as corona dischar

di scharge, pl asmaAkédaedlre eMamd apled@®;j,e91@1)

di scharggechgasesoxygen, nitrogenlLeehedti ual, . ar 2
Nehra et al ., 2008). However, DBD and pl as ma
cold plasmal)dewni ¢@eod( Fingustry includieng meat
uncomplicated designs and flexibiliAkhtarbe

et al PankR@pR2pgetSpelc.i,fizQ1t8)e.s for each cold pl
application are avapblbbblbshiedd qdet xiBle ail d et§ R £r¢
application in f ootde cihmduasstgryayp p hcioeldd ipnl as maur
manufacturing i ndustries including medi cal
el ectronics, an(dBerareAkghwiirnrge ,ma2t0e2rOi;a;lLs®t aguadet

et al)(T,ab®.el9
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Factors Affecting the Efficacy of Cold Plasma

The microbicidal efficacy of cold plasma, as
categories of factors: mi crobi al factor s, f
Therefore, a comprehensive cohsi dehativen eaoth .
antimicrobial efficacy in food systems. The

cold plasma treat men2, pdsayi lal ucsrturcaitaeld rionl eF i
concentration of reactrvetispse,ci gas dpsechat
efficiency of the cold pFas ma ntphtea oeefsfse c(tH avnekne
col d -mpd daisat ed iLn hinmbointoicdyrt omfedBrEdG phi mur i um i n |
(Kim et alL., md>@bbigns @annfdi cken breast (Lee et a
the typseadh ogakeéluiremodnd oxygen and a mi Xxtut
were more effective in reducing the microb
respecti velryt ubBukisrh degim a |l . (2011) and Larou
confirmedinkbatase i n ianmute agewermilfcpawbwlktagd ail n
(cl osed) plafsfmar st reecaManetndagd s elgpyept ecemt amg n a
Ssyst enpsr oavnadbintg nuous pasteuri zat i oenv eafftferct é

pl asma treat me nvto n(gY derich) aesto nepla.r,e d2 *1o4 ,an open p

The formation of thieohi bamaehhebtdodgcoatae of f
foodborne diseasesobutfbhmeaskhsesd| dmdgreaandidlwodt s .
processbesn haxwplderrinnggr eemst ead h readroagvievsd S onh @ |
antimicrobamiltichems cfadr st he decontamination
( Nwabor et al ., 2022demodcteat efdiod ds tpd chisersa
effecti wahg dnsadhteptbdtod mechs by various microor

Pseudomonas (deuvunignao®aCaali da 2@Hdéi ean=al . , 2



152 Aspergi I(lluoss fdta,Euls.€ b 6260 2e0t) al . | 2087; 2B1BGBDI n.
153 Bacill ubBasubbsagpg .kl (ulsos Let malin.o,ca &Sbtlgaggnheysl o c o c c
154 aur €dsuzi na ae.t radwev @rd,t bti linv eeddfsescd | d aplsads ma

155 ifnluenced dmaglt or s, such (assi gggasse gcacs m pma $xitt taliac dempe n
156 sur f(dbdeotic surface, abiotic surfaceypeoafghn
157 bi ofmdnwmpeci es-spe mpgaeodessi hgowamr,amedletrasge,

158 fl ow, raypes (odr-pboesd ttd rmiead &ti emma v i diuaarl s viamr i ad | |
159 pr opeargtei eosf,bbiod i il Imsma nshtiocrkangees wablot | ®in sathu, 2

160 et al).., 2020

161

162  Application of Cold Plasma in Meat Industry

163 Me at processplnay thea sl ead dviarygg r ol e of developirt
164 technol ogies imhotéeéerstimedai sdostayy manufact
165 technol ogies aimed at enhancing food safety
16 nutritiamal pernl ssikabl e nature, meat is suscep
167 poses risks to both quality and public healt't
168 can be effectively addressed -byeumdaleiupaoqtdc o

169 met hod for meat and meat product s.

170

171 Mi crdbcaht ami nati on

172 A broad range of microorganisms could be eff
173 whi ch generates reactive speeteall eth@Pl1)o €

174 i n the air forms the reactive oxygen specie
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mol ecules | eading to the formation of singl

hydrogen peroxi de, annderoaztiohnoened{u rail ng t2hel 6p | alse

2010; Park et al ., 2018) . Ozone has been sh
owing to its relatively long I|ifetime (Han e
al ., 2014 mx)o.l dMprl ecsvmear ,generation results in
oxi de, and nitrite (Burlica et al ., 200 6; L a
Gavahian et al. (2019) thoroughly reviewed t

by pl asma taendd thhagthil hnénc epd asmacti ve species

bacteri al cell wall me mbr ane. Free radical s
of microorganisms and diffused into the cell
acds (Fernandez and Thompson, 2012)}p.osDitsitvienc

and @regmtive bacteria have been suggested (|

mi crobici dal effects of-posil ti peé ab amd tye mdieuaet s
oxidative damage to intracellular components
negative bacteria, the irreversible destruct
|l eakage of intracellul araodmpopnds, suebubsti.l
inactivation (Han et al ., 2016) . Further de:
found in other references (Akhtar et al ., 20

Many studiesthseaygyeai fecafatedImpapgltasma mi ecbboh
decont ami metaitonand malkte p2odhows. the microbi
pl asma generated using differ emsg fpduursdnai ms ocuhri
por k, baered ,ptraeeoedds sperdodruct s andh jTaeklyeesand t shar
i ndi tladldd pl asma technol bgy cedonesheaeavmi sublk

For i1 ngetaucdli.ofd .0ffp g CFU/ g miomo ccyd wngtesn elsas b e
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222

223

-

epoirnt eidnocul at ed mdatl | @nvd nme ato | @B gd earstmeaat tale
2017; Choi et al ., 2016 ; Cui et al ., 2017;

2013¢e et lade , D 0&I1., Yonga)dettl 7@addi ti on, studi e:

mprove the safety foofuabted4 fod7 me@d Lep@iodi Uit

coBauer et al ., 2017; Choi et al ., P2eg6ptday
al ., S20h6akos and Granta,ar#éd 1@, 98&ohg 6t 3@l Lo
reductSiTgphi muri @mapbont et al ., 2 OKla9n;g Jeaty aasle.|
202RI;Mm et al ., 2011, Leeadetafaler, ca2@dlitpkYsnmna

treat ment oAbndhBowmsehdbdaeaasnmosphehowedgandpl 868n
1. 66g CFU/ g Liesuetilaenv anlme c p(@Nariiveegay, eRodl et 2
al . ,\))M0ed1eB3 409g4CB0/ g Sadueaammins iinn chicke
and beé&faujeer ket Kiarh . et 20I1Rgykafidrat et al ., 2 (
202a0nNd0.a7r8 Log2CHFUB/ g Cedpedwmths iigrk i ;b raenkds h

were@eported upon c®lidkpl ®@shaslid.ovwe 2d0dmenlt. ( 2018

Col d plasssema hurdllRavecémol ggd eas i nnovative
decontamination in the food industry. These
hur dluedh as mild heat, chemical antimicrobia
techni queggéntog,0nd mdhlanvaen orneacteerrtilayl sheen uti | i z

decontamina(lLobpao2@2Mhekcgejnetsyst eedy 8i nalest(gazge
t hsey nerbgacsttarci ci dal cedpfbeacsimaold e enfi sji enh Gaghldand s |
hurdle treatment combininfgO@%sradaacdibphas ab e
coand. monocsyuromenskisng the effecti venenss yof
when atmospheric DB opubpdsembaht dcplrabhmgygivdid e d
aceticcaosdy, ai 8edly@pthiigmuriimmm counts more ef

acid alone and i mproy&KanghetdhiecherRoR&at regaa
11
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245

246

col d pl asmaaaindd gpEplaicedd iTcwp h inmwntdivwrgptaeu | t ry st
greater | og rleadwpc@®/ mcomdp.ad etdo t. 3 ndi vi dual t
acid (OLo6g tF)UY (cBhapPROL9etoralov,er , cold pl asm
shown to increasle. tmenocnyatcapg evnaetsi lomi nofwhen ¢
l emong((@s800iLbcgonpFRaUdend) |l i eaati on of individual
CFU/ g) or I emongrlheg OFU/ ¢gr @Gt meatmpld.t 39201 0

that the efficacy of these hurdle treatment :

conditions (such as power, ti me, and gas cC¢
species.l yAddatthernaflact ors il lustrated in Fig
cold plasma in microbial Il nactivation.

Ef foefctCol d Pl asma on Physicochemical and Sen

Numer oushasteurdd st ed to elucidatecthmel efgfye otns
physicochemical attri bhutbag dfh emd acto datmda sim deato a
Tholwal uas not been changed in chicken breas
as in pork when t rCadtadedt, D20tk 3¢ ltd apgl.as i2ad 1(2 ;
2009) . However, the application of plasma t

value) of ready t oandaatp @irlaegpsiaootl agt beleds e oI &t

201R0od et )Akcprd0by to Soffels et al. (2008),
of meat on pH value is negligible. I n contra
in the pH of pork following the plasma treat

The findings of the very few sttudiadse dc amedauc

me at products have shown that cold plasma h

12



247

248

249

250

251

252

253

254

255

256

257

258

259

260

261
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264

265

266

267

268

269

270

271

parameters of me at . The applicati opaontf aoml d
sensory properties of meat such as appearanc
Howewédire, sensory analysis on cooked pork but

flexi Hlagger hiDBD pl asma r ev epalrekd amaod diefeff e rseannt

respect to apgeavamce geanelrad, aacfcfeptabil ity,
hardness, gummi ness, springiness, cohesivene
however, had a negat ipwee fiempeanccte so nf ocro nt shuemefrl sa \
(Jayasena et al ., 2015) .

Formation of radicals anddRiOSddaouei nige pl iapima
production of related by products such as m;
201Bhi.s might contribute to the variations i
upon plasmapartkegthinditts meat sourXaywassaurcahl .a s
2050 The cold plasma treat menxt slatmnome apodéthe,
and their products su€hbiasgstb@Gésabl2®&idetd bbke
Huang etJayaseR®1Stmadt ;Rbd, e2O0OWS8Bng &t01l2l;. ,
Yong et aal Neveds@ivVel a l ot her authors found t|
meat and meat products hadgnctbmXKact 2O @li.pi
Lee et al .Mo u2t0il1lg6 ,e t AGM&;r, di2n0g210y) s cl ear t hat 1
oxidation occurred in meat and meat product
treat memetatt iatmyep es tAkrhd aeg (e tRoal .e,t 2adr2 2 a d2d0i 1t 2 )o.n
scientists have prepothetpi sle w«a alladt $ golma sbiyane nt ,
such as e i amppbwengv®lIltage, usimg,shedtuerngr
unsatbbaantgdaci d concentr attioonbe nt rmeeaatte dorb ymey
addi ngdamtts o( GavahiTahnl eet3 aplr.o,vi2d0els8 )an over vi

examining the impact of <cold plasma on the
13
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293
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295

products.

|l nnovCatriPhgcess

Ni t%thetmeo scto mmonl y uae@edntc ureman ¢ h¥cdntrisutes tp the

devel opanemed odol oun mepdt { Pavdbhasarat hy and
Sebranek et Adld.i,tiitd Q@IRgd yws | rmhiirbgiltei d noxi dati o
contaminati on by pat hGlgest ci dmiuchnolb @ 5 u ki dnnculmal &
prodiukumg2@i17kl] . Sebr dghekeate ea i en,c r 2a0adsfisnigner s
negapdrveeept i oannt bawardst bed s adaédsnhiiifgheesd rh afvoec u s
natalakbr.natives

| tash now been wehlalt dcoocludmeprittaesdonfa It ir g@itidtsr ictae

(Ercan et al ., 2016 ; KojtariPl @¢amadli v,at 201 3v;a-
contmiitnrsantiet raimtlees d et ai liendv orlevaecdt iionnst he f or mat
nitrate-achi phbasrdea weaxtpelrai ned i n the review pu

Since cold plasma technology contaihhGWNRNS ar
N3O, aX®xl MNhich ooultdcfandt nitrous acids by r
and subsequently decompose into nitrate and
curing of processed meat (Juhg et albtewddibhy
niittre formed by pl asmaamerdsirstal (ke n d ekte sanld.i ,t &
201B9r exaaoppllads maated distilled water cont ai |
contain up to 782 mgbhIODThefr eddotrpeli,a £nod Jheans i lef ¢ ecadl
aspotemdvall cuframegt ageatducéas peiomiuder i¢haract
teynthmhietf{dtteg et al ., 2015b).

Comparabl e meat quality traits such as col or

14
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319

reported in emulsionwhaws ddheyr adegepdomag al ed n
water and sSmogorutnaime ltywe stied uado f niteheei p ecoudroeadt & n t
wi phagsmaated water was | ower than thobse cur e
Yong et aMor,eokedrgdbet allLed 28tl7dbBhhvahd@e@pB8pred
potenti al use of <col d plias mee ativri dodatt rheervte | tso r @
fred to 65F94s hnogvsk g¢ he col d plasma curing sy
by Jung etl naladd(i20bhh) cannedmgmeahdbhamepr &r
cold pkaskmampdaperti esoli or temrensi dd al nitrite
senadrny i butées tbmparedred as$isogdmiulmamirirtirtiet e
powder (Lee et al., 2018).

Yong et al. (2018) studied the mechanism of ¢
pl asma and pr omyysegeldo tihm,t whitahh sios a maj or cc
col or, can be produced in threurrtehdeeone Ki me &t
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an3 Typhimurium asubppbaestaltuonrge beattneamti.t, o2 0 1 7

Limitations and Future Directives

Many authors have studied the opti mal bal al
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|l ess researched TOhMi drigpiandxd d,ati 2n® InTe)ait g ratn db em
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The end reaction products from the reaction
agents such as essential(Loialos eaMad stV I0,200h €
i's a need t®toprecesti gnecdanhsms of chemical [
and their i mpact on quality attributes of me
saf e amquwalhiitgh meat products Pl sidmg actoeldd npelaa s ma.
products could become microbiol ogirceaatl me rutn.s
Therefore, correct pacikeagd ngo meé hagpl aead ma
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Conclusions

I n the goowewmcoesrtfnroodbor neepathobggnsafety an
me at and meat products to consumeat podest r
Recenotdl yerfmagpld ocessi nghaweve hatotl n@gicrresdaribews ® c u
of the food industry, incCoudi py amenat | samacd po
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Figure captions

Fig. . Schematic diagram of cold plasmbampmrioeres s

di scharge device and (b) plasma jet system

Fig.2.Factors influencing the Moidad rfa b&daulfr keefnfeitc aacl

2017; PankaunBanghr al;2 Qllarfo2q2ue) et al ., 2022

Fig.3.Schematic diagramcof macropopplgéasima ms

Fig.4.Sh e madtiiacgorfanat mospheoptapmae scsluamber system
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Table1.Appl i cati ontet hoiod idfgfyé aes mta

imachwd tarcit @3 i ng

Sector Application Reference
Medicine Sterilizati on Kl ampf | et al (2012)

Wound healing |l sbary et al (2013)

Di sease treat ment |l sbary et al (2011) ; Kei dar et al
AgricultuEnhance seed germinati De Groot et al 5)0t 8¢t hahdngaetetl
Food indulnactivation of foodboda Silva Campkdyaxrdnaldeé¢2i@0dl oO¥0hP

mi crobes al (Mou220)q; et al (2020)

Enzyme inactivation Chueti aally Ka2m®g etPaalk.aj( 2a1 %)l (20:

My cooxdegr adat i on Mi sra et Pal i geitg Gall&.) ;$@02et &M. e 2a

| mprovement of bi ol ogBaek et alet (2021020C8®i; Kiimm eett aal

material s

Meat curing Jung etaZad0l1l3QMm@M15
EnvironmeDegradati on of contamiPankaj etSalang®@®amia) (2016)
managemenand dyes

Decontamination and tr Kim et avvaNgu3@h8xt al (201\v&a)n; NRar
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al . (2020)
CatalysisSurface modification al br amidn(RiOdN@vabor et Wanh gald.2 0(2220)0;3) ;
materi al Sterilization (2011)
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Table 2. Effects of Cold Plasma Processing on Microbial Decontamination of Meat and Meat Products

Meat/Meat Plasma Source Processing Parameters Microorganism Microbial reduction Reference
Product (Log1o)
Beef At mosphericAiTr, 600 PRMacTotal viabl 1. 62 Liao e
pl asma jet activated wat Fungi and vy 1.76 (2020)
Beef slIPlasma acti 19. 2 kV, 80 s Sal momretl ¢ rai - 3.52 Qi an e
acid (PALA) (2019)
Beef DBD plasma 20 MHz, 6 kV, Eschecbthi a 1.82 Stratak
Grant (
Beef | «(DBD plasma 9 kHz, 29.9 WSt aphy laoucroec. > 2 Bauer e
Li stmom@acyt o > 2 (2017)
E. coli > 2
Beef | (FIl extihbilaegyer NJ & 100 W, L. monocyto 1.90 Jayasen
pl as ma 10 min E. col i 2.57 (2015)
Sal mohydHiami 2.58
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Meat/Meat Plasma Source Processing Parameters Microorganism Microbial reduction Reference
Product (Log10)
Beef Low pressur He, Ar, 20 kPPsychrotrop 1.48 (He)/Ul bin
Yeast and M 0.98 (He)/Figlewi
(2015hb)
ChickerEncapsul ateAir 2.2 kHz, STyphi muri u 0.98 (Br Kang e
breast atmospheric 1.19 (Dru(2022)
drumstiplasma trea
acetic acid
ChickerAt mosphericAr, 32 kHz, 1Saureus ~3 Sahebka
breast pl asma E. coli ~4 (treatmentwith €t al
essenti a
ChickerDBEACP I n piAir 100 kV, Mesophil es 1.5 Mo ut e tq
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Meat/Meat Plasma Source Processing Parameters Microorganism Microbial reduction Reference

Product (Log10)

breast mi n, 24 d stoPsychrophil 1. 4 (2020)
Enterobacte 0.5

ChickerDBD plasma 14.5 W 10 mi Sal monel | a 3.7 Aboubak

breast (2020)

ChickerPl asma acti 1.5 MHz, 6. 8 E. col i 1.12/ 0. ¢RoOyi nt a

and skiand ultraso40 Hz., 60 mi S. aureus 1.33/0.¢et (21020

ChickerDBBCAP Al r, 70 WKV,sthcPsychrophil 1.00 Zhuang

breast Campyl obact 0.93 (2019)
STyphi muri u 0. 65

ChickerAt mospheric0O0O to 30 kV, 3STyphi muriu 3 .-58. 3 Chapl ot

pl asma and (1@O®pnd i n (2019)

acid (PAA)
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Meat/Meat Plasma Source Processing Parameters Microorganism Microbial reduction Reference
Product (Log10)
ChickerAt mosphericAr or ai-8, kY, C. jejuni 0. #8. 55 Rossow
and breplasma jet 180 s, di stan (2018)
sample 5, 8,
ChickerFl extihbilaeyer Air, 100 W, 1 Total aerob 3.36 Lee et
breast<pl as ma L. monocyto 2.14 (2016)
E. col i 2. 73
STyphi muriu 2. 71
ChickerDBD plasma 5% N2+ 30% C(Mesophil es 1.0 Wa n g e
breast 80 kV, 180 s Psychrophil 0.5 (2016)
Pseudomonas 0.9
Skinle«<DBD plasma Air, 30 kYV, 0S. enterica 2.54 Dirks
chicker C. jejuni 2. 45 (2012)
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Meat/Meat Plasma Source Processing Parameters Microorganism Microbial reduction Reference

Product (Log1o)

ChickerCold atmospHe # @6 5kV5-382L. innocua 1 (8 min t Noriega
breast pl asma pPeem Kk Hz skin) (2011)
skin > 3 (4 min

breast)

Cooked At mosphericHe, N2, o2, cL. monocyto 1.37 73 Lee et
chickerplasma jet min (2011)
Lamb meDBD plasma 8&V, 50 Hz, 5Brochothrix 2.0 Pat ange

ther mosphac (2017)

Pork | (DBD plasma CQG+t 2N 0 85 kV,Total viabl 0.4 (20% CHuang
N2+40% O:(2019)
0.8 (20% C

N2+60% O.
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Meat/Meat Plasma Source Processing Parameters Microorganism Microbial reduction Reference
Product
Pork |1 Cold nitrog500 W, 120 s L. monocyto 2.8 Cui et
and | emongroil 5 mg/ mL, (2017)
Fresh Corona discb58 kHz 902® ISVE. col i 1.5 Choi et
frozen jet L. monocyto 1.0 (2016) .
Pork butFIl extihbilaegyer N & 100 W, L. monocyto 2.04 Jayasen
pl as ma 10 min E. col i 2.54 (2015)
STyphi muriu 2.68
Por k Pul sed plasHe, Ar, 28L0BOHMPsychrotrop .70 (He) /Ul bin
1.2 kVA, 10 mYeast and M .13 (He)/Figl ewi
(2015a)
Por k Low pressur He, Ar, 20 kPPsychrotrop .60 (He)/Ul Dbin
Yeast and M .90 (He)/Figlewi
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Meat/Meat Plasma Source Processing Parameters Microorganism Microbial reduction Reference

Product (Log10)

(20150Db)
Pork | (DBD plasma He/ He 3 BV, L. monocytoO.43 (He)d(Kim et
mi n, 3 mnbediwE. <col i 0.34 (He)dH((2013)

sample and DB
Beef je¢Clove oil aAir, 8.4 kV, E. ©ObbHT7: H7 >7.5 Yoo et
encapsulatemin, 0.05% CI (2021)

at mosphericconcentration

pl as ma
Beef je¢Plasma beanNor air, 20 kLinnocua 0. 85 l nguglii
(sodium nitri (2020)
Beef je¢Encapsul ateAir, 2.2 kHz,Eco0157: HY 0.80 Lee et
at mospheric(Beef jerky) (2023)
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Meat/Meat Plasma Source Processing Parameters Microorganism Microbial reduction Reference
Product (Log10)
pl asma and ham)
ppm)
Beef |je¢Fl exi HlaggetrhAir, 15 kHz, L. monocyto 2. 36 Yong et
pl as ma E. col 2.65 (2017a)
STyphi muri u 3.03
Aspergill us 3.18
Beef | e¢Radfiomequenc Ar, 20,000 scS. aureus 34 Kim et
at mospheric (2014b)
pl as ma
Pork je¢DBD plasma Air, 4 kHz, 3S. aureus ~7.00 Yong et
Bacillus <ce ~6.00 (2019)

Bacon At mosphericHe/ He; +12D5 W; L. monocyto 2.06 (He)d: Kim et
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Meat/Meat Plasma Source Processing Parameters Microorganism Microbial reduction Reference

Product (Log10)

pl as ma 90 s. E. col i 1.57 (He)H:(2011)

STyphi muriul.32 (He)3j:

ChickerAt mospheri cHe, N2, OkHzsL. monocyto 1.8452 Lee et
pl asma jet min (2011)
SIl'iced Encapsul ateAir, 2.2 kHz,E. ©Obb7: HY 1.96 Lee et
at mospheric(Beef jerky) (2023)

pl asma and ham)

ppm)
ChickerDBD plasma 65%+t030% C/Q0 Tot al pl at e 0.55 (pliGao et
patti ec:s rosemary, 180 0.80 (plasr(2019)
ReadgatCold atmosp70% Ar 4 3207% L. innocua 0.-8. 6 Rod et
me at ppressure pl 27 kYV, 15. 5, - (2012)
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Meat/Meat Plasma Source Processing Parameters Microorganism Microbial reduction Reference

Product (Log10)

(bresac 6 &
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Table 3. Effects of Cold Plasma Processing on Quality of Meat and Meat Products

Meat/Meat Plasma Source Processing Parameters Key Findings Reference
Product
Beef At mosphericAir, 600PIWVMs Comparable | ipid oxidati Liao et a
pl asma jet activated w plasma activated water ali
No detriment al effect ol
guality traits by tRPAW rta
t hawi ng. met hods
ChickePl asama i vat«2. 2 ,BH#Z k3 pH, TBARS, and b * value Kang et a
acid (PAAA)mMi,n a@d8% increasetdrient PAAAampl es
acetic acid
ChickeDBBEACP I n p AiR233 1W0 k MDA <cont emtmpwibeldlwaeenhr eat Moutiq et

breast Hz, 5 min

treated sampl es
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Meat/Meat Plasma Source Processing Parameters Key Findings Reference
Product
ChickeDBBCAP Air, 70 kM, Si miatanmd vial ubes contpd @als man Zhuang et
breast storage samphewgegver, pl as ma t r eza
val ue
ChickeFIl exi Hlaeyetrtr Ai r, 100 W, Li pid owiadatnioocn al fasmied Lee et al
breastpl asma mi n However, i tL* nkxirdcaalkde 2 &
t haet wval ue
Pork | DBD plasma CQ+ >N O 85 k Oxidation of | ipids and t Huang et
oxi dati onweorfe pirnoctree ansse d .
Pork | Colpd asamd N, 500 W, ,alnz TBARS values were increas¢ Cui et al
l emongrass | emongr ass
5 mg/ mL, 30
Fresh Corona discAir, 58 MH& Pl agmaeat ment i mproved th Choi et a
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Meat/Meat Plasma Source Processing Parameters

Product

Key Findings

Reference

frozenplasma jet 120 s

Pork DbFI exi bllaey etrf N 100 W, 1

and Bepl asma 10 min

l oi n

Por k Pul sed pl asN2, He, A28
100 kHz, 1.

Pork | DBD pl asma He/ He, +3 &
kHz, 10 mi
di stance be
and DBD act

por kHowteherl,i pid contwats

I nf |l ueBhARS wealrieesnot cphhact
treat ment

Lipid oxidation value we
significantly | owered. L

Comparcaodlpear amet ers samdep

pl asma treat ment

Pl as maat ment T BnAR S avsaeldu ets

The pH and L*valaiesabidad:

showed no changes
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Meat/Meat Plasma Source Processing Parameters Key Findings Reference

Product

Fresh Atmospheric2. 45 GHz , pH decreased, a* values I Frohlenhg
pl as ma process gas upon plasma treat ment (2012)

Por k Dielectric 0.30 2W/ncmam Increase.in L* value Moon et
di scharge fair, with a Decrease in .surface moi si

Beef Pl asma beanNor air, 2C Compantaeklterre andvhipepdsa I nguglia

brine (sod cured i-actpilastreesd dbppoxesd (2020)
solution curiSmgnificantly higher
pl asamai vated brine
Beef | Flexibtéaealiaylinear -bebhewc Pl asma Wdreat@mdm=retdvanhidnecr e Yong et
pl asma systaccel erator a* AEhdval ue
beam power

Pork | DBD plasma Air, 4 kHz, Jerky made with plakma $ Yong et

50



Meat/Meat Plasma Source Processing Parameters Key Findings Reference
Product

col or val ues, nitrosohen

t extur e apsr ooppeprpteiecksy t ma d e

nitrite (100 ppm).
Bacon At mosphericHe/ Hez +1D5 Pl a srnemaeth t I NcTBARSd viehele Kim et al

pl asma (APFMHz, 90 s.

ChickeDBD plasma 65%+030% C«IC

pattie k V, 1% rose

CannedDBD pl asma Air, 600 W,
mi n

ground

GroundAt mospheri cAir, 1.5 kV

afted at@rageal ue of t he
Il ncreased.

Pl asgmaeththcr e 3 eld oldbp dva MBD &
| evel decraddedi oponft hteh
product

Pl astmmaeat ment hagdgidoorf fla

Temperature and residual
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Meat/Meat Plasma Source Processing Parameters Key Findings Reference
Product
thermal pl emin cured by remote infusion
sodi umThetcbter and MDA ¢
did notetaviefemnerRAINP and s
storage
Ready DBD plasma 3500 Hz ,-ZB800 Pl asmaemiadasi gnnducMBhAtllyr Yadav et
ham but with inm Icthaagdsdmpaw
untreatsestiowawmpisa gni fi can
valwas detected.
Pork bDBD plasma Air, 550 W, Pl astmmaeat ment diidpindtoxindle Jung et a
batter batTlre . r ecdan@fescooked meat
Il ncreased.
Ready Col d atn70% AT , 34 Highpémasmawpoiweliremderent c Rod et al
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Meat/Meat Plasma Source Processing Parameters Key Findings Reference
Product

eat pressure plkHz, 27 kV, storaged nge gidnaee@ dTf BARS viad &

produc 62 V30 2s reduc trieodmsadisne

(bresa
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Mi crobicidal efficacy

Plasma factors Food factors Microbial factors

» Plasma source » Composition/ Nutrient * Nature of cell wall
* Electrode design content (GHIG)
* \oltage/Input power * Quantity/Volume « Strain
* Frequency  Structure/nature  Cell concentration
* Pressure  Surface topology » Growth phase
« Discharge gas type » Water activity  Physiological state
» Gas flow rate * pH (endospores/biofilms)
* Exposure time * Osmotic stress
« Sample positioning/ « Surface arealvolume

Distance ratio
* Distance between

electrodes

» Type (Closed/Open)

 Relative humidity

* Post treatment storage
time

» Headspace

Fig. 2.
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Cell wall
s Breaking of chemical bonds
¢ Erosion due to bombardment by radicals

Bacterial cell

Damage to DNA and RNA
Reduction in cell replication

Nucleic acids

suoy

Deformation of the cytoplasm
Shrinkage of cell
Leakage of cytoplasm

Cytoplasm

SUOIPIF

Cold Plasma device

Protein denaturation
Amino acid oxidation
Enzyme inactivation

s[edpeIddIy  SN¥  SOd

wonBpes AN

Proteins and enzymes

I Cell membrane
e FEtching
Cell leakage e Diffusion of reactive species and
consequently local damage
e Membrane lipid peroxidation

Fig. 3.
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