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Introduction

Grape is a major horticultural crop with a high nutritional value in the world. The optimal geographic and
climatic conditions in Iran have positioned it as one of the most important regions for grape cultivation in the
world. Black rot, caused by Aspergillus niger, is a highly destructive fungal disease that affects the grapes by
targeting wounded areas. It causes crushing of the grapes, the falling of berries, and reduces transportation and
storage properties (Ponsone et al., 2011). Various methods, such as fumigating bunches with sulfur dioxide and
storing them in a modified atmosphere, have been used to control fungal rot and prolong the shelf life of grapes.
However, each method has its limitations. Grape fumigation with sulfur gas is harmful to human health (Duarte-
Sierra et al., 2016) and the efficiency of modified atmospheric storage on rot control and maintaining the quality
of grapes depends on the type of variety, storage temperature, and especially gas concentration (Himelrick,
2003).

Given the lack of efficiency in traditional methods, it is imperative to introduce modern techniques that can
effectively disinfect microorganisms. These advanced methods offer several advantages, including the
preservation of crop quality, an increase in crop shelf life, the promotion of good health, and substantial
economic benefits. A technique of this type includes using non-thermal (cold) plasma (NTP) technology to
eliminate food microorganisms (Bourke et al., 2018). The effect of cold plasma at atmospheric pressure on the
reduction of bacterial populations in food products such as lettuce, tomato, strawberry, and cherry tomato has
been reported (Bermidez-Aguirre et al., 2013; Pasquali et al., 2016; Ziuzina et al., 2014). Research has shown
that cold plasma can effectively inactivate Aspergillus in various orchard and agricultural products (Butscher et
al., 2016; Ghorashi et al., 2020; Selcuk et al., 2008). The effect of cold plasma on the quality characteristics of
the product during the post-harvest period has also been investigated. Blueberries treated with cold plasma for
less than 15 minutes showed remarkable results: after 10 days, the fruit exhibited reduced lipid peroxidation and
darkening, with no impact on the total anthocyanin content, pH, or firmness of the product (Hu et al., 2021). In a
study by Rana et al. (2020), it was found that subjecting strawberries to 15 minutes of cold plasma with
packaging after 5 days of storage at 25°C had no significant impact on pH, TSS, and moisture content of the
fruit.

The review of the literature reveals the absence of research on fungal disease control and grape quality
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evaluation following the use of NTP. This study aims to investigate the efficiency of plasma treatment in
reducing the infection with Aspergillus fungi, along with examining the physical, chemical, and mechanical
properties of Fakhri grape.

Materials and Methods

This research was conducted as a completely randomized design in a factorial experiment at four plasma
levels (0, 10, 20, and 40 s) and five storage periods (1, 2, 3, 4, and 5 weeks) with three replications at 4°C. A
plasma generator was first designed and manufactured in this study. A specifically designed and fabricated
plasma application probe was also developed for grape berries. The individual grape berries were then sterilized
with 1% sodium hypochlorite under a laminar hood for 2 minutes. Afterward, they were rinsed three times with
sterile distilled water to remove any remaining disinfectant residue from their surfaces. Sterilized berries were
immersed in Aspergillus spore suspension with 105 spores.ml™ concentration. Finally, all samples were dried on
paper filters and prepared for different plasma treatment durations (0, 10, 20, and 40 s). The treated samples
were stored at 4°C, and the infection percentage and microbial load were measured on a weekly basis. To assess
the preservation quality, chemical parameters such as pH, TSS, and TA, physical parameters (color change and
weight loss), and mechanical properties were measured every week. Additionally, thermal imaging was
performed weekly.

Results and Discussion

Plasma application during storage significantly reduced the infection percentage and microbial load in
Aspergillus-inoculated samples. At the end of the storage period, the infection percentage and microbial load in
the 40-second plasma treatment were 5% and 2.5 CFU g™ respectively, while in the control group, the infection
percentage was 100% and the microbial load was 4 CFU g™. At the end of the storage period, the lowest pH
level in the plasma was observed for 40 s plasma. This could be attributed to effective contamination control, as
fungal contamination leads to alkalization of the environment. The highest amount of TSS was also observed in
control and 40 s plasma. But in the 10 and 20 s plasma treatment, the process of changes was gradual and not
significant. The higher TSS level of control and 40 s plasma can be due to the weight loss caused by the spread
of contamination and moisture leakage caused by damage to the tissue. This decrease in moisture leads to an
apparent increase in the TSS index. Research has shown that plasma primarily affects the surface characteristics
of products, and when applied with the appropriate voltage and duration, it does not alter the internal chemical
properties (Hu et al., 2021). Over time, weight loss increased in all treatments. This increasing trend during the
storage period is higher in control and 40 s plasma compared to 10 and 20 s plasma. Therefore, the weight loss in
the control can be due to the spread of contamination and aging of the product over time. However, the weight
loss in the 40-second plasma treatment can be due to the destruction of the fruit tissue caused by longer duration
of the plasma application.

In the current research, by increasing the duration of plasma application to 40 s, a significant decrease in L*,
a*, and b* indices and an overall change in the color of the product was observed. Research shows that in
blueberries, inappropriate duration of plasma treatment causes the loss of wax on the fruit surface and leads to
darkening of the product (Hu et al., 2021). The highest and lowest changes in temperature drop were observed in
the control treatment (5°C) and 10 and 20 s plasma (3 and 3.5°C, respectively). According to research, an
increase in fungal contamination leads to a decrease in humidity, increases weight loss, and subsequently a
decrease in product temperature. A decline in mechanical characteristics was noted for the control and plasma
treated samples during the storage period. The lowest value for indicators was observed in the 40 s plasma
treatment. However, no significant difference was observed in samples treated with plasma for less than 20
seconds compared to the control group up to the middle of the storage period. According to a report by Misra et
al. (2014), plasma application can reduce tissue softness. Therefore, optimizing its plasma duration and intensity
is very important (Pan et al., 2021).

Conclusion

Our experiments aimed to investigate the effect of NTP treatment on controlling Aspergillus infections while
preserving the quality properties of Fakhri grapes. The obtained results are important for two main reasons.
Firstly, an innovative probe was designed for plasma applications, specifically tailored to the shape and size of
individual grapes in order to thoroughly cover them with plasma. Secondly, application of plasma was carried
out for the first time and yielded valuable results, indicating that this technique can control fungal infections and
preserve the chemical, physical, and mechanical properties of grapes.

Keywords: Chemical properties, Cold plasma, Mechanical properties, Microbial load, Physical properties



B

I RISAe it

S309LeS s iolo 4 yid
https://jame.um.ac.ir

LAk

FIV-YOY o M EF L el Ot Al

S S5y bim 5 ol sk 750 @il b g 3w Gl S o
il g 51 e O3 (b 5K A4S

[ . . ¢ . o . Yoo, *Y \ .
“‘JJL.‘"‘-.’JJJ“”JWBW‘ J‘JJ:"’»C“’“ ‘_;-M}‘v.:.ﬂﬁhckaéﬁ

VY- BIY il fob
VEY/ANY ol o,

2SS

b9y 3 el Ltb 53 3 s (SlowoMly o 5555l el | ey (slais o (250005 S (S szl sl )8 5 ol ol S8

U oy §=85 ol plsl 1 B g nl 51 A8b oo Jgaste by 1 lyg> (b 5509liS Y gasme | (objog e jslatedr ng
P nLrolon (29800 )l g ol S8 Sy 255 2 (438 T+ 9 Ve ) o Gloj o L)yl )Lt )3 350 (slows Dy iliee olaws
LoDl ol L gl g9 31,5 b a3 )3 ¥ (slod p3 (o Il b ol sl sl £,8 L orizdls (Vitic vinifera) ;650 as (sls el )b
4l ¥ bdl 53 (abiog S Olise (VL D9 o0 0] i (b ol S (Spg 3053 9 (29,5 )b ol el 5350 5k
5 TSS PH) olowd slayasls ) 1) 136 ol (455 V2 9 V+) 4l ¥ 5l 208 (clowdly el j1 gy (5 sloyiel)ly sl 88 @90
sy gyl 0595 slel o il w Colps pd 5 (SlSe sl adlis ¢yje Cll (K ud o i SS) laadli ¢ Jaame (glod ‘(TA
pd oo 53 05940 €8l 4 ool > 2 45 Fe Loy 3 9 (6)lo)ll (et 5 59500 (S5 g (Sl obiond (lsS 5> Olpuis 5L
bas Lol (2B sla S ialS glp lojen (awlo )Kaly 0lgn lewdly aoolisS (sl ylass dusy oo las & S )3 .c8,5 &jauo oguo

A8l ()55 0y93 (b g 595 (S (sl el )l

SlSe Lol olond (olgd (S5 olsd oy Slowdl (29,50 )b IS (sD]1g

il bylys 5l glyyes  cde 4 55 ol ) (Pezzuto, 2008)
Oredeas Sl (G 950 g g CdS (6l cuslio (odl8l
25 e 9 49 Olie el s 3 Jpazme cpl QS
5 S VAMMY G sans ol ;YRR e 3 e S5l e
(Fao, 2021) cul 039y, VFFAYY
Bl (S5U gyl 595Ul (Sofen it cunle Jd> @
At obS ) Y gliE LS 5 5 ol adend Ol 5 235
Meng, Qin, & Tian, ) b o Loz, o594 ¢ b y5e5l dlos
Gl cladiss i o) cla S 45 <)k 4 (2010
OLes 5 adlay 3l o Uil Jalge o oten 51 sl el i
Kasfi, Taheri, Jafarpour, & Tarighi, ) cul ;551 ;5 (soladl

5- Aspergillus

.

LYRUVY

LBl (5551 L 5 SLEL e Jgame o (555050 )55
9 u])my; su.ml-ug oo )‘9.0 )l o )9§.:] Ju.a.il)‘-;c Lis o YL
D9 o0 CuiS Glisco Glanl b 5 > by ;5 g 039 u]wlwi

(85918 oIS g (alige 09,5 A5 (i) (gopmtils -

Al e s gy oKzl

b ooy olSiils ¢(659liS 015l pimmmage (oign 095 Sliwl =¥

Oyl lden

et i Jegs sl Sily o(65,5liS oaSiily ( (S 50LS 05,5 HLoliwl —Y

ol

Ol echhen dis Jegy o8l ¢(65y5lisS 0aSutily ( SLel 09,5 kil -F

Ol g il e g (ole lagiaghy olojle okl -0

(Email: eahmadi@basu.ac.ir 2 s 0k 5 — %)
9. https://doi.org/10.22067/jam.2023.84550.1191


mailto:eahmadi@basu.ac.ir
https://doi.org/10.22067/jam.2023.84550.1191
https://orcid.org/0000-0002-8859-0409
https://orcid.org/0000-0002-9439-1844
https://jame.um.ac.ir/

1PY 50l oF o yled IF al ((6559liS sl pwiilo 4y pis YY e

Bourke, Ziuzina, Boehm, ) 5,5 o,lil olie (clapunils)lg Suo
2SS ol 5 ookl (gaiedgw (Cullen, & Keener, 2018
Loogee 5l )l 13 5 Lop3sl)lsySe 5l (smems &) (2dis e
(Wiktor et al., col oad asuie LSS ¢ ogo] «low jow 4
Cuno o dlS p jau o3l Lid 1> 5 pw slewdl L6 .2020)
5 R80T (N Pa2S @als s SVga e ) (1 S
(Bermudez-Aguirre, cwl oa i 5,535 w5 4 >o5
Wemlinger, Pedrow, Barbosa-Céanovas, & Garcia-Perez,
Osen .2013; Pasquali et al., 2016; Ziuzina et al., 2014)

sl ] 3w Jd e 3 g oMy sl 03y Ui ol
(Selcuk, Oksuz, & . —<l);s £ Yy iamejl 50y
Basaran, 2008; Butscher, Zimmermann, Schuppler, &
Sy 5 yo o Lial S 5 Von Rohr, 2016)
R 1 B RPN RS g - i
(Dong & Yang, 2019; Rana, Mehta, <l 039 » 55 »
.Bansal, Shivhare, & Yadav, 2020)

o= 09> (b Jparme (A4S (la Shy » 2w slewdly 53U
Sy Slowdly S pgh > sl &85 )13 (o) 3)90 5 Culdy ]
9090 (55 el joy Vel e 9 B N0 Sl S lej ke 4,
Oslogtl laee 1 (680 Lol 008 dud T glinS g talS
»(Huetal, 2021) cowl 4y Jgamo iaw g PH 1S
B 5l oy gt b olpod 3 p (Slawdly 483 V0 5 (SO 50y
9 TSS PH 50 4o 3, 5 5l 4o )3 YO (slod o (5,106 59,
(Rana et al., 2020) cuwl awilis (5,50 ogue Cugloy (glois

Job ol (Stwg S8 0 opw lowdly 2 (98T
25 1953 (S sl Shg bis L olyen 2wl usl: frl )6
FSe ol (Stpg Sepl @ d2g b oConl 4855 )18 oy
oBBgR cnl edloe yo5Sl 53 (alaiBl (b g dld else (3 e
Ol oS 1 3y Lol il olaw 80 () Baa L
(S PlsS gt b olyer 2ol sk ] g )6 4 (So9l
)56 55y )9l )3 sy 5l g 0)93 (b (S g oliend
A5 plgl

L 95 9 319
Og—ilnn gus Ly (o8 giimno a8l g 4S5 jLwonle]
GBS Hoel

b alayw ) g cudldy Ghon Gliwl SEL I 5)58 08, 565
O B85 (65108 Ceelio YF o 4 015 5l 4o 0 S sled

2- Botrytis
3- Lipid peroxidation

. e 5 .7
o ol oy ladsss 1 (o el sl e/ (2018
Sh—we 4o oo g 03y S dl_ox 0gee (03 Sl il odg
Ponsone, Chiotta, Combina, ) 395 ] o 3 ol
oles 0 s)lew ysrb 3Me (Dalcero, & Chulze, 2011
Oy b oo Gl B (e (99 Vb e @ 05 (S,
godd Lads (hiny g Sa) ol () cuwd jl & i (g leny
Zahavi et al., ) aad o SialS 1y o)l g J&5 5 Jor ol
1S o Mg 50 S 9SG lo i opl calisee (sladssS (2000
(Arfaoui et al., 2019) cusl ow s sl (g &S
5 28 S S8 pshaie 4 il oty 5l (eSl
s Sy Lal ol 0 ool 5 Sl 6,5l a5l
3568 LSlies b )5§.2] sbddy 0 bl e olbcudgiow
sla Suws JuS el (s3g0 jobay b 4iSE B 5l eolaiwl o
el 0855 0wl 2,8 Lol g b o y5 551 jd (26
UTL;LJLQJBOMJMMLALMBMHK
(Duarte-Sierra aslo o (3L oguo 59y Suiw (sloaS & jgu0y

et al., 2016; Gabler & Smilanick, 2001; Lu, Yang, Li,
Sl el 56 b (iS7,B 5l polie oxlizwl .Shen, & Ma, 2013)

o3y il 1y (iS5 5l oslil ol)lS g osd ol 4 Ceoglie
Ol Sl Jds 4 ggome )3 . (Oliver & Hewitt, 2014) ¢l
sl sy il ealaiwl lusl Codl y (ke SISl g Jarocann
Sl 04 39800 )l (6593055 )5l 3)50 )3 03294 (2lions
{(De Simone et al., 2020)
13 Gy g Al i yiaad] Ly Ll ) oslizl gl S
g5 4yl CuS bis g (Spuogy JyiS 2 4l b shual]

(Himelrick, >)ls  Siws 38 clale 0594 5 (6,055 (slod )
2003; Sanchez-Ballesta, Alvarez, Escribano, Merodio,
Fee (2B sl Sy JuS »» CO;, 55 .& Romero, 2020)

p—sb CuaS i alS cel COp nop Ve (oYL clale Lol cul
(Crisosto, 2002; De >4 o 4> g 4595 b (sloged o
slael 8o 2> i Se sla b, .Simone et al., 2020)
5 ool 59 (gl s (Mo (el 5 (s tpatiy
Olivas & Barbosa-) sib o by oYU Ldg)is caols
.(Canovas, 2009
Loablie o a8 (g claghy) 4l cles
Sl oy (b Jgarme CuiS i 4y oxie bypundllg e
il 4wl 0 YU (golaidl 4dyo 5 009 sl (oM Ladls o
35S s Wby, ol e ) og: alsS oS ey
Sl e (0 bl ()l Slomdhy Sl eoli

6- Niger



YN il sl ] 738 Sl bl 32 0 a0 (lowsdly 5l gy 2 0o g

Lacadly Hlass
Lo g0 oKiun Cidles § ooyl

Sl (olaid] gy g LoDl go olSiws 3uoS (pl
b (V ) 48 asle g (b )5Sl 4 (59) Loawdly Jlosl
b 4y (S p8lesd) sladed salgial S Jold g (9398l
b ol (e 489 S b o) (Sgpm sl &S g e e Ve
Jmate (pej d ma S b 39 (G318 Gty G 8 pgd 39S
laded algl )3 )5Sl as (S jslaiea iy cnl 5l 03)S
i oolitl Lewsdly Jles!

I alaalds g g g5k 5 plo «S5) i Jl caleSy slaadgs
g 1] 51 bl ) Shsy 5 SlSo sl
9 )9l slads g il (5l Ol b didy S e 4 plle
3955 slads 505 s agee pd olyed 4 )] b 4 Ll 65 2
oo ) i G fSaud Ly 4By ¥ cds ay jlieY dea 5
s 5l 08 g 03Le a1Slo Bl s ylaiads 5 il
lmasges i plosl oyl ylate Ol b pgdil Jb dw laas
39 35 ol (Bl B2 ) oslitol b gl 51 ymg o i
Cbale Uy gl )8 yopul Ggmilimges 53 g S e
SIS 59y Ladiges colyg )3 wbiad j9abogé yd o 3 ppel V7
Hu et al., ) 55,8 15 lowdly jlo o0 5 Suts il oo

(2021

ooy JE! s =Y gl = (L (o g0 oK) g oButslojl 53 018 Sl g g LoDl Wgo qite I (Silesd pguas =) S5
<L..L‘>u Ls‘)" P9.) .)9)...<J| -5 cCLwJ‘ () o)b UL’“J O)L’fw l.: lMMJ -0 c)9§3| 4)30.& -¥ c(b) IS .)9)&] 9 (C 9 a) &)‘ﬁ]db JAL» 9 -y
b A (e 4 Jlal pp Y oSy
Fig.1. Schematic diagram of the cold plasma source and probe designed at the Institute of Biosystems lab (Bu-Ali Sina
University, Iran): 1- Power supply, 2- Wire transfer plasma, 3- Probe consisting of dielectric (a and ¢) and copper

electrode (b), 4- Grape sample, 5- Plasma showed by stars, 6- Second electrode for plasma discharge, 7- Earth wire, and
8- Stand

A bl

2559 AL (Sasisy 9 395530 b
A dw @ pdiges Jlalspe 1050 (05)Sie )b Al 4l
e Ol i oo Vo ggl )5S S 0 g bs e o 5l )5Sl
oo Jl g )See Ve v G D 0)3T—on il
— e b (5l (65 aw ) (el eddojifgen
YF-YY lod jo Ladiges ol JLod an i i )BT 59,08
Wl e L glS olaw dnloes g o (6)lg S5 015 5l -y

Lasadly s Lads gad lass
NY GilS 53 L g cdgsls Ve 5Ly L by e Jlos!
Pagb¥e g Ve e (owdl pas) yio waw g 3 FymskS
gl o Sl Jpus jolaiads 285 ploxl oyl Lo Ll yd
5 00liinl Ly iy g Wndiges ()55 Gy dowsSly Algo olSind
5ot 52 lemdly JLe] g 0ds g5 oo Vo oLt
lais ot 5l oSl yobainds )5 plocl o dgie s
i St o) S 3 50550 b st
S0 bds e 505 00l 1,8 Blas gyl 15 g bl sy
oy 8 i s TV (slas 3 5 4285 )15 Sne sl )
39 Y0 sl 9o S ate 8 Slao (2l SAS (o)l



1PY 50l oF o lod IF ol ((6559LaS sl pwilo 4 pii YYY

Bl Gl gy g

i Syl 03l b (65 09 (o )55 o (glod
FLIR ) (53> gn9> S j) Siite 508 gole glod (o)
Slluly J,8 g latody (izman 1 (5 Sojll (1S 0] T420
b blid 53 9 g 5l Gy cele pp S (olod e
2 (e Soblejl g cob asejiuty (s yg i) oSt
dy90 (yygd Shasuin ab 4 )5 5|5 ol s, YO/ led
D92 325 Ty 4 odlisl

Yo s o/o¥0 clod™> 1 )l Cumlus ¥ #38 td ol
WL Y : SelS alold 35, £+ i0y 8 05 ol )5 Sl 4y

&l Y10 8o led aius ¢yieg,Sin

(TA gpH TSS) obsasds ol ga

5 o5 il PAL-2 e o1 j2egiSTs) L Jolono dels slge
b ogaesl PH g 31,5 5l d > YO (slod )3 (uSo 4350 s po
5 b 5 Wl cilo PHS3-W3B e o pH ol 3l ozl
Dl iy U g S el ol 5 650 /)
Ve L ogol 5l y il o ¥ jglate ol (gl a5 (6 S0l
gl 4 Oty B o o) 5 L5 oS jhaie O 2 Lo
() adasly 31 o0lisial Uy ygmslyis ol sl 05 25 AV
(S ytew ) ogme LIt Joyd sy )] Hl0Ee g dwloxo
C=(N.V, E/V)) x0.1, (0)

il N i)+ 53 25 b o 5 o S 500l €
OVly 51 059 B (i) (Brae d9 o2 VD (B puae 39
(ko) ogwe ol digas > VI (PF) S yies sl

Sylel 3ulsl

Mol zyb arly 2 ygiSh Gialejl @ygods Lo ialejl alos
9 1951 9031 b laodly yuillg o s plogl )L,SG ¥ )3 Solas
5 4 b plosl (S (dlatels i g0l b (S0le Auylio
Pl s 3l eslil U Lo iglejl 51 ol cslaodls gyl Julos
28,5 &)ye0 SAS

2558 53 ol (Susa gy 9 (39530 b dalas

C}]a_w J_)LO.m )_’l A J9J~_> 2 DA_ATCA_M)QA_Q CJLJ u»lwl »
do)d g ‘_5.39)1:4::)[_3 ~ d)]))L‘.JI ul_o) Sl g Lo_wMA L

5 toas St sl oS slas coles p3 S Gygo sl

e (V) adaly olol 5 (29580 5l 9 U)led ctS Lame

(Huetal., 2021) x>,

Microbial load= Log (100*number of colonies/3) (")
@l JSoib azin o (1) (Saews Olie dmslone jolaioes

dlme slagi 5 53 (V) sl ol o ol liee 9 e Lo

(Huetal., 2020) x> 5

Infection percentage= (N2/N1)*100 (v)
0391 (slaas 3axi =N2 ¢ o)y 3590 (slaas JS sl =N1

255 &S b
(0520 G S, (59 WRALS) (3338 ol 55

5 olaleil JLEN 3 b slmog o g L ogeo (1jg LhalS
Soil il edlatwl Ly g cudo (2bj)l )93 p2 53 e (55 0jll
ool b (59 LidlS doyd Ly A e of+) CB b iz
(Ahmadi & Khodamoradi, 2020) 45,5 ausles (V) alal, |
Weight loss percentage= (W1-W2)/W1*100 ()

Jlre 53 050 (59 TW2 (3,5 )Ll I S8 ogse (159 =W
LY

T S5 ol l eslitwl U o Sl as (g0l XS,
Lab gy bl jr 5 (o )9S Lo NP-200 Juo Jlior>
Blad joba Lo o | B9e ¥olass polate (pdy a3 L))
b gad plio yuw .od w5 50 b colbl
(F) adaly 51 (S5y) OMI ) AE lsdie 9 o olSswd 5l odalcemday
(Ahmadi & Khodamoradi, 2020) 4,5,5 auolxe
AE =VAL? + Aa? + Ab? ()

Ab g 3w )8 Sy ly i Aa ( oldsy clyuss AL

SHilse yol s
oS 5 625y ygesl 51 sl (Sl Lolss o)l el
célo Bbtl-Fro.5th.D14  Ju. Zowick/roell  plic slge cans
I )_’0_9 4 C.‘a_w«o 9 )‘ )9.]0».0 e A odlaswl UL"’ﬂ )9~S
Couwd ol plosl (elyo aads 1y o Juo Yor oy b yio Juo
a8 L o)d VO) fpame Bos U gy &S Ojgo (pdy )5 oolitul
by alaaslamgy s ldgel 9 03)3 3905 ladiged (9)3 & (4505
93 Sy iV Jodo Lialosl ya 55 05,5 el olSuwd

W Lg):fo)’\xl 4.')1 ng)sl 9 399.»

1- Colony forming units (CFU)



VXY s U sl 556 55w lad pué 323 oo (Slowsdly (215 oy 32 ¢l o g el

Ol YL a D)L10 5 ¥ widn 3 5 b ol 3l Lewly
L Laloj oolos 3 Lol sy (¥ 2l0g SV aalis 55 95
(BY JS3) 390 4L 31 208 Loy b o ylass 59551 55 (09,5

5+ Lawdly 3 csparlog “FUITY o ¥/0 5l o) ain j3 g e
il Al e o Ve sl log YT as 4y g agl V-

Seog 32> (418 B BY) (51085 loj e g (4l Fe g Yo Ve o) LowDly Cilien ggbaw 31 puibly 3o ls =) Jga

20U sl ] )8 b oAbgeils 59531 )3 (29)Sa)l g (2B
Table 1- Variance analysis of the effect of plasma treatment (0, 10, 20, and 40 s) and storage time (1- 5 weeks) on
microbial load and fungal decay percentage of grape inoculated with Aspergillus Niger
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RS 0,93 3 LawsDly zglaws 12 8811 15 07"

Plasma*Storage
Error Lolejl oles! 40 0.6 48 0.03
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** Significant at 1% level
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Fig.2. Effective inhibition of fungal number and decay percentage of grapes inoculated with Aspergillus Niger by cold
plasma treatment (0, 10, 20, and 40 s) during storage at 4°C. (a) Fungal count and (b) Fugal decay (%) of treated grapes.

Values are the mean value of three replications. Columns labeled with different letters (a-h) indicate significant
differences among different cold plasma treatments during storage time (P < 0.05).
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Fig.3. Images of grape with cold plasma treatment (0, 10, 20, and 40 s) during storage (1 and 5 weeks) at 4'C
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Fig.4. (a) Weight loss and (b) color changes of grapes with cold plasma treatment (0, 10, 20, and 40 s) during storage at

4 C. Values are the mean value of three replications. Columns labeled with different letters (a-e) indicate significant
differences among different cold plasma treatments during storage time (P< 0.05).
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Table 2- Color parameters (L*- a* - b*) of grapes with cold plasma treatment (0, 10, 20, and 40 s) during storage at 4 C

&)W o o

PSSy gt Sl gloj e :
Color parameters  Treatment time (s) 15 torage tlgn € (Week%
L* 0 35.8% 3459 34,05
10 36.53% 35.11%°  34.34%%
20 36.42% 3476%  34.60°
40 35.83% 3514  34.23°
a* 0 -1.36° 215 -2.83°
10 -1.46°  -1.81%  -2.58¢
20 1477 -1.82% 257w
40 21400 -1.73®  -2.68¢
b* 0 155% 13539  13.02f
10 1577 1459°  13.19¢
20 15.83° 1459 13.48%
40 15.76°  14.50°  12.29°
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Data presented as mean = SD. Values in the same column followed by different letters (a—h) are significantly different (P < 0.05).
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Table 3- Chemical parameters (pH, TSS, and TA) of grapes after cold plasma treatment (0, 10, 20, and 40 s) during
storage at 4 C
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S (Week)

Chemical parameters Treatment time (s) 1 > 3
0 396  4.16°  4.30°
H 10 3.98°  42% 428"
P 20 3.98* 417" 4.23®
40 3.82¢  391° 398%™
0 20.97¢ 22.78° 23.45°
155 10 20.109 21.72%  23.20%
20 20.18 21.80% 23.28%
40 21.30% 22.06° 23.86°
0 0.76°  0.74%®  0.67"
TA 10 0.85°  0.78%  0.70°
20 0.85°  0.78¢  0.76%
40 0.93% 0.88® 0.81™
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Data presented as mean + SD. Values in the same column followed by different letters (a—g) are significantly different (P < 0.05).
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Fig.5. Thermal images of grapes after cold plasma treatment (0, 10, 20, and 40 s) during storage (1 to 4 weeks) at 4'C
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Table 4- Mechanical parameters (Emod, Fmax, and W) of grapes with cold plasma treatment (0, 10, 20, and 40 s)
during storage at 4 C
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S b pasli sl ploj e
. . Storage time (Week)
Mechanical parameters  Treatment time (s) 1 2 3
0 0.0177® 0.0155 0.0123f
Emod 10 0.0169*® 0.0156 0.0157“
20 0.018° 0.0156* 0.0154¢
40 0.0166™ 0.0142°  0.0125f
0 8.35°% 5.25% 5.144
Fmax 10 7.91% 5.36% 5.51%
20 6.64% 6.64% 5.88%¢
40 6.31° 5.44% 5.16¢
0 27.95%  2262°  1563f
W 10 27.7%® 2226°  17.81°
20 28218  2221°  17.42°
40 26.55°  19.72¢ 15.3f
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Data presented as mean + SD. Values in the same column followed by different letters (a—f) are significantly different (P < 0.05).
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