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Introduction

Rose water, as one of the distillation products prepared from the rose, is widely used in the food industry and
traditional medicine in Iran. Therefore, maintaining the microbial and chemical quality of this product is important.
Non-thermal processing technologies have attracted wide attention from the food industry. These alternative
technologies can increase shelf life and reduce the negative impact on nutrients and natural flavor of foods. Cold
plasma technology has been used as a replacement for new generation methods and as a non-thermal technology
in the food processing. This research was designed to investigate the effect of atmospheric pressure cold plasma
on the physicochemical properties and microbial load of rose water.

Materials and Methods
In this experimental research, a dielectric barrier discharge system was designed. This system was used by
producing plasma microbubbles to have an effect on rose water samples with an essential oil content of 28 mg/100
ml. Rose water samples were plasma-treated at 12 and 15 kV for 4, 6 and 8 minutes. Tthe essential oil amount,
acid value, iodine number, pH, density, oxidation number, ester number and the total bacterial count were then
performed on the samples.

Results and Discussion

Plasma showed no significant change in the density of rose water in all treatments. Changes in acidity, pH,
ester number and iodide number were observed with increasing time and plasma voltage. These changes were
significant between the treatment groups and the control group (P<0.05), but not significant within the treatment
groups (P>0.05). The greatest decrease in the amount of essential oil was 10.81 and 8.49 mg per 100 ml of rose
water, respectively, related to the treatment with voltage of 15 kV at 6 and 8 minutes. Generation/destruction
paths of the radicals and their reactions demonstrate the complicated interplay between the plasma induced species
(electrons, photons, radicals, etc.) and the dissolved compounds in the liquid species, which ultimately affect the
ion concentration (pH and o) and the oxidizer concentration (redox) in the liquid. However, a decrease in pH is
accompanied by an increase in Eh and o, with a parallel increase in ROS. In addition, plasma in 8 minutes at
voltages of 12 and 15 kV caused a decrease of about 3 log in the total number of mesophilic bacteria compared to
the control group. Plasma significantly reduced the total number of mesophilic bacteria in rose water. The
bactericidal activity of plasma might occur through several mechanisms. Impact on permeabilisation of the cell
membrane or wall, leading to leakage of cellular components, containing potassium, nucleic acid, and proteins. In
addition, it causes critical damage of intracellular proteins from oxidative or nitrosative species and direct chemical
DNA damage. Plasma-generated reactive species and specially H202 were found to be the causative agent of cell
death. H202 is a well-known antibacterial agent that damages iron—sulphur and mononuclear iron enzymes in
bacterial cells.
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Conclusion
The application of plasma at high voltage and longtime caused a sharp decrease in the amount of essential oil,
increased acidity and decreased pH of rose water. It is suggested that future studies be conducted on the type of
gas used to produce plasma, the size of the reactor used, and the identification of changes in essential oil
compounds using gas chromatography with mass spectrometry.

Funding Sources
This research did not receive any specific funding from funding organizations in the public, commercial or
non-profit sectors.

Acknowledgement
The present research is derived from the master's thesis in physics, and therefore the support of the research
deputy of Kashan University and Kashan University of Medical Sciences is acknowledged and thanked.

Keywords: Cold plasma, Essential oil, Rose water, Total count bacteria



olnl 213 gabeo g pole Sletrgsy 4 5
https://ifstrj.um.ac.ir

A

YOY-YS+ o N F L 5m0ls,5 1Y ojleds V) al>

W 59,50 9 abord 5053 olsF 69, g3 Sy 1 o)

O g il 1,0 Lo, =) el Lk =0 Gl
VEOY/ AN S35 s

AMAVARVER gJ:'}.'.'L.’- @)U

CRVCCS

cubS b plpls 5 olpl ) (ool Gpa e i b 513 Caio )3 (oo J5 5l osds ang (gl 03,91, 3l (S lgieds OMS
19550 Ot 9 leond 5558 olsS g2 (ks )8 3 ps slowsMly ST s Sk & gl ABlie e 029158 nl alerd 9 (29050
LSI)-? u.»lm»% L;Ltz’;.;l..os)f\,,o .\,)93@45&1& Oﬁl xb)f ‘_5_'>|)]o ;Q)‘;SJ\L;) S s dlobus G 1aw) (S gl Cﬁ‘ 5 .m)f u_'>|)]o o5
Sidody cdgolS VD 5 VY Wg 10 M sladiges a8 )5 )5 a4 (il o Voo p p)S oo YA Luslsl liie b WS sladiges 59y 3 (o23)]
9 Sy | 338 ¢ ygmm e ST s (B PH (o 30 (g | 3ae ¢ il | ol jse slo 0] G L50b Lo M 4B A 55 F clalo;
g ooy il b ols (Lis oM JBs g9y p sybline yuusi jloss plod )3 LoDy .8 )5 plomsl lndiges (sl oS )lg, S0 (JS 5 5les
I me jles o (Jg 1395 lolize JpiS 09,3 b Olposs cpl b sdaliie (60 g (i | ode PH s | e 15 Sl  adlows by W,
30 5o b by jlaws ) bgspe OMS i duo Voo 30 38 (Lo AIFR 9 Vo /AY Cas 5y uilsl liae 50 ialS i iy (P> /2 0) Wil o3
AL IS ol (o W ¥ dga (28l e ggliS V0 50T (slajly 55 adBS A )3 Lo My (piomen didgr adBd A 5 7 salej 5 dgslS
Loy jl ool dg3g (pl b s M5 50 Ldgi0 (slo oS (JS slawd (ialS Cows (g )bline jobods lawdly b S 09,8 4y Canss Judgio sl
5 IS PH s g el ol Bl e uilul (liee 53 2ad (28T ca 3b5 oloj 9 YU 5Ly

Jyae S klyd g (abrlr 0p0 (gaiatuy ol wads
@l Jyae (29,500 9 (2l Slymsi Sbl )5 (Sex (2l
Sldye g OMS ) cilisto (clapunils )l S 2939 15,35 o 5l
Jolse A8 (0 oo |y Y g ol (b Cunidg (L)l ¢ LS
S 3 39290 lapuslB)lg e g5 g G Wl oo (Al
ohgt lesd Cgllacl Sl g 09See 15 IS b
il 0 Bl Jelge plgisas O il lie 18l 5 (Sapd 5
ssbie dbgye okl L gl ple bl 5 cuis
.(Rahmani, 2023)
oy Gilppd Gl clagyglis @S a9
Foe g mdle glaanlp Jlis 4 &5 15e Canio (ggu 5l slod s

M (29,500 IS 55l oy Slawsdly ¢ puilil 1 g MS” 0314

-

doddo

o) GS,lS b Ol i ) a5 cal (dlodyglys WS
oy ey des 5l ol Guilel g M5 ] o Canday (cheme JS
5 0 SR VoaTS L;.’.S)b 9 L;w.:‘)] c)Ja.c ‘u.:‘.\.c éil.».ao A.Jsl .)‘9.0
9 u)’tf die Cin » .)9».1;0 ool ul).:‘ 2 uJ.b:.Lo dl.b:r‘,w‘).o
Ly gy W5 3 08 )3 g Jlane ol e ol il
Koksal et ) Lo o 03latw] Saubsh g (oo psds S oo gSunnes
(al., 2015

Lyl ostis ol 3 b ol (ol oole (29,50 5 (aliassh S

oj gl OM wile g)0l,8 Sl j3 g pls dlge g Jos (iilage

Al e lals LIS oSl oSy 38 008l «Kigish 5 5l 09,5 —)

Olpllals (Lals (S pole otk «Sglio slo g )lon jd GI5 5 candow Oliuiods 35,0 ¥

https://doi.org/10.22067/ifstrj.2024.90520.1381

(Email: sharafati.reza@gmail.com 2 e 0 ka5 —3)


mailto:sharafati.reza@gmail.com
https://doi.org/10.22067/ifstrj.2024.90520.1381
https://orcid.org/0000-0003-3311-092X
https://orcid.org/0000-0002-3612-9987
https://ifstrj.um.ac.ir/

VEoF ool 15 ¥ oyl YY) ol oyl (I3 qolio g pole sloddols a1 pis  YOF

ol Cond j3 pizmad WA odlaiol 3yl sdge 1) oSS Sl oo
25l g 01 o3 5 zo slp ol b ool S5l
39Sl dsgosro (ol jd wab elitw] Cuwl Hai 3)50 diged yr puiiue

g o3litul 3)90 515 Iga 5 jlox Cod Wiged lod (e

CIS (sla jlasi (s jlasoulol

So Sl o2y9tly e NSl o Loy 3l (o) 2 g
oo V& el J8las L VY Y olo 2l ys o LB o a8, asls
sla bl B} 0 43 S 3 a3 ke Voo 5
a3l g8 el callae AV O Lo 3 lilil b lewds
Soaeds Y bl 3l oalitwl b edlitwl 3 )90 il g ples b yloss
Sl (glon ahai ol b 1o yiulojl oo (clgn Cpimen 0D
S5 oM 3 LowsMy Jl s b duial 39S ylyglid LoDy S s
g b ) oad byl (3 93 pda (49)0 oAb dg OIS Iy
b cov LS .8 JLE S S5 oad Sgaens e8],
NP aais A o8 & slalej 1o gl VA 5 VY 5L 90 b Lewl
ol e iyl Pogmss (lbaind > laizes g 15,5
lod > hordsSid g sl )See IS Ghlad (905l
N5 51085 o

OUS (19550 9 (oabaascdi 953538 sLag g
dae (JBs PH (ons dxe (gl dxe uilul slayge;l
Gges SlapuslSlySun (S5 (B)led g (5 ytel 2ae (ygplips]
Pow ).‘QJ BVRCIIANARN o)Lo.JB u% ‘_;La .))‘JJLL»‘ dab qu Lglh

(ISIRI, 2022) 8,5 sl

$otel Jalas

)‘)§5 b dw b adllae Q-).‘ 0 @9)5*9 9 @L«w LSL“’Q%)'j roLQ_'{
Hhre Bl £ (ke ©jg0 4 odel Cunty @l 8,5 ploxl
o) lo oy (slmodls (Slie duslie e ()lel JJUT .50 5155
s 53 ANOVA (55051 L 5 VA a5 SPSS l3la 5 51 o3lisial L
Wb plol [0 (g)ly g

55 F lagle; gl V0 ¢ VY 55 b lawdl b ol
JBY Joir o Ll O olend s jed claygiss  adds A

5 3,Slas Wlgi o el el ysld ol Cusl 03,5 Ll
e Lanb e g (sdio dlgo o il g 02l Liul38l 1, (s 5L
Huang et al., 2017; Sharafati Chaleshtori, ) s> ials' |,
(2015

Sgisn & ol Gl st sy St (SaiSI b ol
D5 o 5ly8 odlitul 3y90 ogee I WSle @lo I3 dlge (slp
gl slp ohaga &5 cuwl J03 Sl pe gy S gl
o ol (33 S g By (gilepismdgel () Jlb Slge
9 WS (e okl Sl 398 SVl Sl (Slou 398 (6y9ld 29
il b iz 31 3,lS LS | i Jb e el il ol
5 ool dlauly 4y e Slgo (S5 (el 4 i le g LS
P 658 28 Jg 298 o 0litl lapundlSlg S0 (S o
(Jadhav et al., 2021) 5)ls ple i€ slge

b sy sl Gl pleea 2y slawdly (5l
8 Sle (5518 S8 ) (Sl 6yl S i 5 a2
adlas Sy, (Mir et al., 2020) cosl 4,5 )15 oolizal 5,50
2 G Sl Caniio 53 g (Slawsdly &5 00> (L5 (590
o Shy 3 shd Sl oMy b0 ol (b b
slowdl b o8 slaglej b dxplye o b Sandys (i g (A5
Ol 500 (saw 3l (Waghmare, 2021) cusl ouis slowl 5w
b s cunl baes cute p)5 oSl p 3w slowdl
ke (Eazhumalai et al., 2022) cusl Jsbo cuii o (Jobo
w3 Ll oslitl jein ()l it slabyy slacyje ok,
.(Jadhav et al., 2021) cusl osilo 3L 2Kl

Olie & (A8 G Shy 5l (S Sl 4 2y b nlpl
Cap gpmliysioly Ll oty edlatl o cul ol il
ool 2> (Rl o Nlg o0 iogSee a3y I oS5l
sl bgy I eslazwl (Baydar et al., 2013) 398 ol Jgace
9y 2 oS b (ol gl el by gl iyl
B W ey o0 )l 4 ()9 08 DY gazee g5 pl il il
0l 32 (Gl Lib 5 ps lawMly S1 )2 adlllas () plosl 5l
D9 G (2950 )L 9 (liondsSajud

b g, 9 dlge

S8l 3 yu (slacudly oKy Biladilio

83 20 (S8 4d55 5958, So 20 (Slowdly 2l jglaien;
S Ngp iz ) slebo 39,50 Sy 85 13,5 o K S
GV Cond ol oy ibe S sdles S 1y ol Sl
YL a0l 5 Gile gl 5 (639,5 s> & gl 51 g Sl



Yov

W (9,50 9 (o2 oo 950 58 (0193 (595 2 Oy Slowwdly ST oy 1 3]y 02 g Slo>

Y orboaned 51,3518 2 4B A 5 Slagylej 3 Cgoh 10 5 VY 5Wy b Lowsdly 15T - Joao
Table 1- The effect of plasma at voltages of 12 and 15 kV for durations of 4, 6, and 8 minutes on the chemical factors of rose
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Treatment 4 (Voltage 15 kV for 6 minutes), Treatment 5 (Voltage 12 kV for 8 minutes), Treatment 6 (Voltage 15 kV for 8 minutes).
The lowercase letters in each row indicate significant differences at the level of (p < 0.05) between the treatments.
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Fig. 1. The effect of plasma with voltages of 12 kV and 15 kV for durations of 4, 6, and 8 minutes on the total bacterial count
(LOG CFU/mL) in rose water
Treatment 1 (Voltage 12 kV for 4 minutes), Treatment 2 (Voltage 15 kV for 4 minutes), Treatment 3 (Voltage 12 kV for 6 minutes),

Treatment 4 (Voltage 15 kV for 6 minutes), Treatment 5 (Voltage 12 kV for 8 minutes), Treatment 6 (Voltage 15 kV for 8 minutes).
The lowercase letters indicate significant differences at the level of (p > 0.05) between the treatments.
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