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Understanding the mechanisms of action of atmospheric cold plasma
towards the mitigation of the stress induced in molds: the case of
Aspergillus chevalieri
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The application of cold atmospheric plasma (CAP) technology to avoid microbial growth in foods is considered a promising innovative technology for microbial inactivation on
food surfaces. Utilization of CAP technology, a nonthermal technique, is encouraged because of its efficiency in maintaining natural aroma and flavor and product shelf-life.

In this study the ability of non-thermal cold atmospheric plasma (CAP) at high power
density (NOXx) to affect biological process inducing the stress responses of Aspergillus
chevalieri, a xerophilic/xerotolerant fungi affecting dried food products, were analysed.

A. chevalieri PSJ144 strain used in these studies, has been
previously isolated from sundried tomatoes

P -
_— S=o
-
~o

120
C
= 100
A -;?j 60
3,5E+09 {ﬁ;;\‘ =40
.o cw d/ < 90
NOx5 1) ;“ - ' 0
NOxs (] ENOx301D 0 1 6 12 48 _
R hpt Confocal fluorescence image
o ¢ Nosou B Control WS'CAP-NOx H30'CAP-NOx
| = \ 5 1 Strong antifungal activity exhibited by CAP-NOx against 2 Dead surface mycelium layers exposed to the
) o " A. chevalieri mycelia inactivation was more pronounced after treatments, evidenced by propidium iodide (P1) dye,
4509 J treatment lasting 30 min as opposed to 5 min. (red fluorescence) and alive at the bottom (green
/ fluorescence, carboxyfluorescein diacetate -CFDA )
Hﬂﬂﬂy | ©C NOx30 4NOX5 |
- -1,5E+10 -SE-+00 F1 (67.5%) SE+(9 1,5E+10
B .
1 S — Treatments:
+ VOCs i N . 0.07
N A - v'5 min (5’CAP-NOXx) o
A, URE2_2 e i .
| \ / \ v'30 min (30’CAP- o 005
"/“,39 - 3 /’ DEDI  MON1 Lé .
{ - = NN ) /£ NRP \ 72
2 | P A\ [/ | B 0.02
g o0 = ‘ == 0.01
o | ‘.‘; ~__ 0
. ' — 1. Liquid cooling inlet |
" 2. HV electrode mControl W S'CAP-NOx ® 30'CAP-NOx
o7 3. Epoxy resin 3
_1 i 10 | 4. Ground mesh . The cellular response to stress
L e T T . 5. Ground mesh induced by CAP-NOXx was confirmed
0. Gene expression associated to VOC Times: by mycelial glutathione accumulation
profile. Mycelia modulated the metabolic and ‘ ~~~~~~~~~ 0,1, 6,12, and 48 h post treatments (hpt)
genetic responses on the basis of different — ) )
- N K.R.l. Chemical Group Compoun uster Pathway 0 1 6 12 148 0 % 6 12 148
CAP-NOXx treatment. After 48 hpt the mycelia- 7Aoo Efana S
. ) 2 8239 1-Butanol, 2,3-dimethyl- I E.P
response tends to merge independent of the 3 8% rodendal I FAO
CAP-NOx treatment (A). A clear variable o 1 i:§8222;§‘°'b | I E:2:§:
] ] . 7 1277 1-Octanol, 2-butyl- I FA.O.
separation into three main clusters was detected o 1015 iy S
(B)_ 12 1229148 Alkanes E;ijpeecr;erle, 3,7-dimethyl- II:II Eﬁg
g 1228 -l[;rcl)((jji((;:zr:lee, 2,7,10-trimethyl- ol Eﬁg
14 1200 Dodecane - FA.O.
rou 25 12 ;ggg g-gxi:i?rf4-diol-l,4-diphenyl : E:ﬁg:
17 2243 Heptadecane, 9-hexyl- Il FA..
STII 714 | 116 | 46 | -17 [ 125 | 208 | 731 | -13 16 | -70 | STHI 18 1500 Aldehydes 'll_'ie!it%ldecanal ) | EAO
PER] -50 1 -20 2.5 -41 27.7 25.8 2.16 14.6 1 PKR] §c1> 91225 Ei’;gifﬁ;yde | E_',F;'_O_
22 1795 Hexadecanal I FA.O.
TPS] 439 | 139 6.3 382 | -7 | -138 | 1892 [ 425 7.7 14 | IPSI ;2 1995039 s j%i;:g::decatfiena"5’9’13-tfimethy'- : Eﬁg:
URE2 2 g 434 | 115 | 14 | 18 1 714 | 405 | 22 | 13 1 | URE22 gg %2 _ éeg:iﬁ%%‘iﬂi”ée‘iﬂi 6.10-dimethyr-, €): :i: Egﬁgﬁ
s E | wa | 2| a2 | as [ | [ se |0 | m2 | | o s o
MONI 124 121 2.2 4.15 1 -5.26 48.8 -17 31 1 MONI B Etehrgtlaltrrl?)?csi_ig,e;,eﬂ?ttﬁmethyl-3-carboxyi30pr0|oyl, I G:y
31 1581 isobutyl ester Gly
NRP 333 | 465 16 3.5 1 546 | 1408 16 32 1 NRP 22 1283 Eﬂ%i‘;@?;ﬁj}‘;‘ti methyl estet ' 2:5
34 1814 Pentadecanoic acid, 14-methyl-, methyl ester | Gly
DED] 27 108 12.5 18 5 35 3718 161 10.0 13 DEDI 1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) I
35 1819 ester Gly
36 1926 Tetradecanoic acid, 1-methylethyl ester I Gly
0 1 6 12 481 0 1 6 12 48 0 1 6 12 A% 0 1 6 12 A8 37 2113 9-Octadecenoic acid (Z)-, methyl ester I Gly
38 2180 Hexadecanoic acid, 15-methyl-, methyl ester | Gly
bt hpt hpt b 0 2034 Hoxacosano cid, metiyt eser oy
41 1380 Acids Butanoic acid, 2-(a;ninooxy)-4-(methylthio)- | Gly
S'CAP-NOx 30'CAP-NOx 5" CAP-NOx 30°CAP-NOx 42 1670 Tridecanoic acid I Gly
43 1942 Hexadecanoic acid I Gly
44 1407 Dodecanoic acid Il Gly
Steroids I
5. CAP-NOx induced early downregulation of genes involved in fungal 461500 Phencis—Phonol 2.4 bis1 L sieyiet T na
stress reSPonse. 4 o ] S
DED1= DEAD-box ATP-dependent RNA helicase; NRP= Nonribosomal Peptide Synthetase; URE2_2 = Glutathione S- . The CAP-NOXx treatment provoked marked modifications of the volatile -
transferase, nitrogen catabolite repression regulator; PKR1 = SMK Kkiller toxin resistance protein; MON1 = Vacuolar . . \
. fusion protein; SI11 = Hsp90 cochaperone; CHS1 = Chitin synthase I; TPS1 = Trehalose-6-P synthase/phosphatase organic compounds (VOCs) profiles and increased fungal ketones and
. complex (TPSL), alkenes emitted suggesting change on lipid metabolism.
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