Journal Pre-proofs

Journal Pre-proofs

&

Investigation of the effect factors of atmospheric cold plasma of dielectric barrier
discharge on Salmonella enterica serovar Enteritidis inactivation

Bahareh Abdoli !, Mohammad Hadi Khoshtaghaza **, Mohammad Amir Karimi
Torshizi?, Hamid Ghomi*, Saman Abdanan Mehdizadeh 4

DOI: https://doi.org/10.22104/ift.2024.6823.2170
To appear in: Innovative Food Technologies (IFT) T

Received Date: 15 April 2024
Revised Date: 18 May 2024
Accepted Date: 21 May 2024

Please cite this article as: Bahareh Abdoli !, Mohammad Hadi Khoshtaghaza **, Mohammad Amir Karimi Torshizi?,
Hamid Ghomi?, Saman Abdanan Mehdizadeh* , Investigation of the effect factors of atmospheric cold plasma of
dielectric barrier discharge on Salmonella enterica serovar Enteritidis inactivation, Innovative Food Technologies
(2024), doi: https://doi.org/10.22104/ift.2024.6823.2170

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition of a cover page
and metadata, and formatting for readability, but it is not yet the definitive version of record. This version will undergo
additional copyediting, typesetting and review before it is published in its final form, but we are providing this version
to give early visibility of the article. Please note that, during the production process, errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

© 2024 The Author(s). Published by irost.org.

khoshtag@modares.ac.ir : Jgtuws odim gt



mailto:khoshtag@modares.ac.ir

Journal Pre-proofs

sl 3 SOl (60 dw A 6y ] O pus Gloawdly y g0 Jolge (o) y
et et ] i g s UG i) Migallew (43,5 Jled
Toal3 (g T lolus 7 (b3 po (508 L yumo (5 ndd 35 (50055 pralitozme N LA g3 solbanazmo ! Juas o)l
Ol Ol oo S5 SRS gy Sl (qsiige 0,5
Il O e o oSl el ol 03,5 7
Ol QA8 csig e oLl dlawsdly 5 550 0aSCimgsy T

Olrl olinjon (samb mlie g (65,9LaS pole olSiils (pinpmgn Sl (cwiigs 09,5

RV

5 omolage Sl 15 o le Jelae (pl g 25gd oo dloul 15 (6 Lo slos sSL Jawgi 132 51 LU slbo s Lo duo 0 O 5l i
@bt sl 039k o Fels 5l (So CESE) ooty ooy puw 0,07 Mol dins (oo (lis ) (298 JB soladl
SR gy oSyl e Loy 99 (oo Gl jlom 53 S pe 5 b i Sl 6,500 6L 5l G &S S
Baa b addllas plows o las ], ol olge sl gl ladslae o5l mnl G5l oolainl Jwsly oS conl ouisS Seacas
,Lid ;0 (DBD ACP) G STl (6 v 450 (6 punad] 0 0 slowsdly oSiws G 53,k 51 SESE (o5 Jlad e Sl o) 0
Gg,b b walizes 0,20 byl pias cov wanld 55 lgie 4 lga SESE zals obj,l slp ol plol saio 5, il
o dewdy il Jld e oS Jolge ool ol jlicsl s ol ool VoY CRUMMI adgl clale g9l (55
log ;I jiw SESE clale zals 4y e DBD ACP oSiws jl ool .ol oolaiw! pdy STy sladiss 5 ranld glagiy
Eel 0 yruad] Glowsdly b jles aS ols lis ingy (S ,SIl oSy o ol ogdle .ol £+ 8 Lo 51 s V CFU/mI

09 g0 sl 4 stz g BB (S ]

Gols wlols

9y (F9 58 g8y S (i il (29,5005l 00 s (lawsdly

Khoshtag@modares.ac.ir : Jgius odiuu g5*



mailto:khoshtag@modares.ac.ir

Journal Pre-proofs

doddo .Y

bt wiile 158 5 aliiie (SlapuilS)lg Soe aiind 2l3e mlio ;o b SIS (0 3555 5l (S0 136 5 aliiie slapeils )l e
5 dgbioe 8l glE IVgams ;0 Vsere A Coile 5% ai) DlsleaS Un g Dligalle (LT Lty 151 fistsise
sl 5955 oyl lp g a1 B3 (e Slge (Sshend oyl 5l aigd GLadl )3 wad slags Lo Sl sl o0
b bey nl ol (S5 5 Seigdnsls (Sl bt Jpol olol n el )ls e Sotens S slahs) 09 o0
3 N0 SS9 slewdy 10 55 (6 5551 9 Gley 4 ot cnl plal sln g wlodiae Lol it 3890 Lo
S b 0,15 (5,50 15 SV gazmn (S35 5 oloond (S 2153 2 0 Slanidly slac 5 Sl IS Slga (55915 A

Le] el 5ot

Sl g Sn 20lS sl 4 13 Y game jlesd lp (G 5 29> (65518 S (ACPY (6 jhunasl 3 s (slowsdly
e zobans (59 2 1y LapacslS g S 2l o ACP o Jlab (ploonds sladisS ol CodeS 52 58l (pg0r 2l3é0lge 10 39290
5 (ROSYJlab (50051 5lodisS g (glowwdly 92T 8 50 g (Lol 4isS 50 [0] aiiS” Jlubjd 055 5 Ko o olss Lo .
iz RNS Lol glaaisS (NO) S i apST JIS30], 5 Ny asseSily slo JsSUge it (RNSY L 35,505 (sloaisS
Jad (loisS (OH) JouS's ym sla o0l 5 «(Ho02 b 052) 5S Ty « (05 )owaS Ty gm0 (O b O7) 3y oy50aST (O3) 51
) gilans] slaaiss (nl (09,500 wd Cuols S Ut 1) el )lg Soe Foe jobo 4 ailgs 0 aS wiies (5enS]

18] s s (290 slosles yo DNA 5 Loy (ygrmsbinsST e Jolo (sLid 10 sz (gl & (0

S 455 (il 3w Slowsdly sl ()l e Sl I a8 qlie (sl 51 (S (DBD)' S iUl (69 o 4l
o )0 lie SV sams lgl o sl 50k Jemily 5 w00 (i3 1) (b she w51 (DBD ACPY S, xSUl g0
&l 0958 oo s Lo DBD a5 Il 15 el g 2SIl s anlss s 1o (le) o250l g0 sole S, g5l> DBD ACP
a7 9,90 £80 4y il Glizmen Lol sie 0o a5 2 Jige Jelse wiland)S )5 eolinul 550 (13 Slge she wS aslllas
g3 ol 59 DBD ACP 09 Sa s 1 50 (Safslomg Saa Jalse g w12 53l (ol oo o [V-AL 058 )15 Julows
CaeS 2 8l a8 by (S g il il g 45 el 001S lgaal (5 )5ls S DBD ACP (slowsdly igh o (o2

'- Listeria monocytogenes

'- Escherichia coli

- Salmonella

- Vibrio

°- Campylobacter jejuni

*- Atmospheric pressure cold plasma

- Reactive Oxygen Species

*_ Reactive Nitrogen Speices

*- Dielectric barrier discharge

= Dielectric barrier discharge atmospheric pressure cold plasma



Journal Pre-proofs

)3 am g5 5590 celin Hob 4 Lowdl oo Loliie Lial 3l a0 bogs o Jilas a5 olim [V o | sty g aige Ll i 0 1aé

8,8 wlet lay olde mlio jo (5,500,008 5,55l DBD ACP (5,53 o .8

oBiws (pl Jge 0,5 4z i jolate 4y (2wl SESE (40,5 Jaé e (sl DBD ACP olSiws o Slas b)) asdllas oyl 51 o

g ) o e 0 3ol 3 Sl 575 RIS 3G s e ol 25Ty SIS S 55 il e

Lbu';'as) 9 .>|9.n Y
S 9 2L L sl 4 g )Y

$oolil b 35 6,5 (slocaisS i (6l 110 g ool b A+ °C o oo (slad 55 5 o il usS o] s> 51 lisabol
slos 3 TE N Sis a5 LT 15,5 asSol 5 dazmie (slocasS peeils L (TSB) (DifcoTM, MD, USA) St 5 bgeo &, Y+ ml
oS olSin 0 soliul (XLD) (DifcoTM, MD, USA) Y5 S0 a3 5bls ST 51 caisS jlate 4 b 4mg3 YV °C
by cslas oy 4 Lilate 5 ont iz ol (sl oilS it &l TV °C (slos yo YF h e 4 XLD 5T (g5, cslaoilS
YY h e 4 )+ e RPM ity U i o) o0ims 1S5 51 oolital b al,] dy CutS g i Jizio TSB V- - ml (g5l>

IV] oS aisy @ g9, bas iSL as Slej b o ools (IS5 YV °C sles jo caclos

DBD ACP Lowwsdl ol8ws .Y,Y

oS o o g oad jozme Vo KV 5 8 KHZ oYU slasldy b oYU slosg xSl 51 oS 5 L DBD ACP Lowdly olKiws
aS oy odds oSS (65190 99,580l 90 5 DBD (] 5 oogdle Laiogy B-HZ 5 YO KV Lo a5 piie lajldy b ol sloog 2SI
BIPEE ) (5,5 B,k 10 SESE (slo diges « S oSUl (60 mile S lgie 4y oolaiwl jalaie 4y .ol VO x YY CM plaS o ,lad
S 0.8 )5 18 55 168 5l eald 4l O MM Coolses 4 gladus awlS G o (polystyrene Petri dish 35 x 10 mm, sterile
P gler 078 U jao bl bdiged G ol Jlasl b digad 4y calizes Juolgd [0 YO KV 5ldg () JS5) Lowodly alaasxs

TNV s Lo jaaes! Lad

S S (68 a6 phanma] 8y Slowdly adss ooyl Slendass 51 SSleds pgai Y S5

Fig 1. A schematic illustration for the experimental setup of the DBD ACP

- Salmonella enterica serovar Enteritidis
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Fig 5. SEM images of Salmonella enterica serovar Enteritidis treated with plasma (right) and control (left) in 60 s
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Introduction: More than half of foodborne illnesses are attributed to pathogenic bacteria, posing considerable health
and economic dangers. Salmonella enterica serovar Enteritidis (SESE) is a prevalent bacterial pathogen responsible
for a higher number of hospitalizations and fatalities compared to other bacteria. Non-thermal plasma, an innovative
decontamination technique, exhibits the potential to serve as an intervention strategy for food safety. The dielectric
barrier discharge atmospheric pressure cold plasma (DBD ACP) is characterized by its surface disinfection capabilities
and holds significant potential for the treatment of various food items. Contained within the DBD ACP source is a
dielectric material (insulation) situated in the discharge path between the electrodes. Although DBDs have
traditionally been employed in the examination of food disinfection, a thorough analysis of the factors impacting their
disinfection efficacy is still required. This study specifically delves into the investigation of the process and
microbiological factors that influence the antimicrobial properties of DBD ACP. Under optimal conditions, DBD ACP
plasma emerges as a promising technology capable of enhancing food safety with minimal repercussions on food
quality. Upon effectively addressing the challenges associated with scaling up plasma sources, the widespread
adoption of DBD ACP technology within the food industry can be anticipated. The study aimed to explore the
possibility of deactivating SESE through a brief industrial treatment utilizing non-thermal DBD ACP device.

Materials and method: SESE was acquired from the poultry science department at Tarbiat Modares University. The
DBD ACP device is furnished with a set of upper electrodes carrying high voltages of 6 kHz and 10 kV, while the
lower electrodes are provided with adjustable voltages of around 25 kV and 50 Hz. Within a plasma chamber, a 25
kV voltage is administered to the samples at various time intervals. Subsequently, the samples are exposed to treatment
for 0 to 60 s in an air environment at standard atmospheric pressure. In order to conduct microbiological analysis,
suitable controls were incorporated into the experimental setup. These controls encompassed inoculated samples and
untreated samples, which were utilized to determine the initial bacterial population and assess alterations in microbial
growth following a 24 h storage period. To assess the reduction of SESE , air was used as the process gas under
different experimental circumstances, with Petri dishes containing an initial concentration of 107 CFU/ml. Optical
emission spectroscopy (OES), featuring a 0.5 nm resolution, was employed to pinpoint the excited states within the
plasma and ascertain the species associated with the ACP flame. The statistical analysis of the current research was
carried out using SAS software (version 0.9). A scanning electron microscope method (SEM) to observe and analyze
the physical damage of microorganisms.

Results and discussion: The application of the DBD ACP device resulted in a decrease in SESE concentration by
over 7 log CFU/mI following a 60 s treatment. The DBD ACP device produces electrically charged particles that
gather on the exterior membrane of cells. The electrical forces from these charges can compromise and break the cell
membranes. This phenomenon occurs when DBD ACP directly interacts with bacteria. In cases where the plasma
indirectly contacts bacteria (post-light plasma), the number of charged particles reduces as electrons and ions quickly
recondense. Thus, the role of charged particles in deactivating bacteria is considered secondary. Chemical compounds
generated in ACP systems were detected through OES. Moreover, SEM revealed that the DBD ACP treatment caused
significant physical damage to the cells.

Conclusion: This study showcases how industrial DBD ACP device can effectively prevent SESE. The plasma device
demonstrated high efficiency, with DBD ACP leading to the quickest reduction in bacteria. The adoption of air plasma
at atmospheric pressure is anticipated to supplant conventional sterilization methods because of its safe attributes and
uncomplicated design. Despite the anticipated limited impact of UV radiation, the industry still requires it for reliable
sterilization at a reasonable cost.
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