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ABSTRACT: Objective To explore the antibacterial effect and mechanism of cold plasma (CP) treatment modes
on Pseudomonas fluorescens, which is common in refrigerated Penaeus vannamei. Methods In this experiment,

Pseudomonas fluorescens was treated by CP direct treatment and cyclic treatment. The effects of dynamic changes of
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ozone content in 2 treatment modes on the growth curve, cell viability, biofilm formation, cell wall, cell membrane
integrity of Pseudomonas fluorescens, the total viable count and Pseudomonas count of Penaeus vannamei were studied.
Results The results showed that the ozone content in the packaging reached the highest value of (850+10) mg/m’ and
(874420) mg/m3 after 3 min or 3 cycles of CP treatment, respectively. The CP cyclic treatment mode allowed the
ozone content to increase with the number of treatment cycles, thus obtaining a longer ozone lifetime and thus having
a greater antibacterial ability. The growth curve of Pseudomonas fluorescens showed that CP treatment prolonged the
lag phase and delayed the logarithmic growth phase. In addition, the cell viability of Pseudomonas fluorescens after
CP treatment was significantly (P<0.05) decreased, and the cell viability of CP-1 min, CP-3 min and CP-3 cycles
groups was 33.03%, 5.90% and 4.82%, respectively. Meanwhile, compared with CP-3 min group, the OD value of
Pseudomonas fluorescens biofilm in CP-3 cycles group decreased by 27.61%. The results of alkaline phosphatase
(AKP) activity, nucleic acid and protein leakage showed that the damage of cell wall and membrane integrity might
be the direct cause of Pseudomonas fluorescens inactivation. The results of shrimp preservation test confirmed that on
the 6 th day of storage, the CP-3 cycles group reduced the total viable count in the shrimp by 58.02% and the
Pseudomonas count by 79.54% compared with the CP-3 min group. Conclusion The CP cyclic treatment mode, by
prolonging the exposure time to ozone and shrimp, enhanced the inactivation effect on Pseudomonas fluorescens

while exhibiting superior freshness preservation capabilities. This study provides a theoretical reference for the
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development of new preservation technology based on CP technology.
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RFEIET CP HAB B R REH AR S,
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eI R AR WD BE ), LB, e, O, oK
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[l 25 SR AL AR BR A wD); R12(0.01 mol/L, I 1
BRI FD; R PR K Z3S (tryptose soya agar,
TSA). J#E A 5K 5 A % (trypticase soy broth, TSB)., -4
+4BiIE (plate count agar, PCA) ., {RHLMEIEE CFC E#eM: 5
FHCH D HAYREA RN, B % s w
(phosphate buffer solution, PBS) (0.01 mol/L, pH=7.2~7.4,
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WIEARE R T, it RRE (alkaline phosphatase, AKP)
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12 UFES5EE
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fEFIr); Multifuge X1R @& & 041 (3E E Thermo Fisher
Scientific 2\ r]); GZX-03 54 & A (11 i BORS 2 AL A
FRA D)o
1.3 ZWITE
13.1 WERGH &

¥4—80°C T 34 P. fluorescens (4 i 5 7E 40°C/K IR
FRRZR 2 min, 21 2 G 7E 8 4 A TR P fluorescens 45T
fE TSB 1, JFAE 25°C T E 18 h. Hid K551 TSB i
1t 6000 r/min #.0> 10 min, ISR HEIADTIIE. FIJCH PBS
WUER R, EEE.O S MM R, BERIKEET PBS
W B R ODygog o 1H, WU JEE )5 1A 8 log CFU/mL
P TRTER R o
132 IKEF & TR

BN RN T L e o g M s LI i)
Pio B, KA BRI £ 1R (10 mL)UETER
5124 200 mm*300 mm 1R NIE A ALREAS I L . SR,
R S B AE P A B AR (8] I R R A [l B XA 7 A 2,
WFEE A PRI E(R 4 3 IRIGIAALBIAE &, B3R
CP #bFE 1 min, [A]F& 4 min). 7EPIFIALBEA T, A0 2257
F 35 kV B9HLE R CP AHE 1 min 5 3 min, 4b35E M5 78
FWR TR | ho BES LURACFRZL R X BRZH, BHEALEE T 1Y
FEALFE CP ALFE 1 min F1 3 min B> 5654 A CP-1 min FlI
CP-3 min, AL T AHE ST 44 4 CP-3 cycle, FIrfahe i
S RPHEAT S0 A 45 6 45 o
133 RALSEME

TV B T A 48 TP A BRSOV B el B AR A Y
SERL. EAEALFELIAE CP ALY 3 min J5, A 10 min JE—
IR AR BE AR AL BREE A 52 B — A CP AR PR (R CP
AbHE 1 min))F, B 10 min MG — WS AWRE . 253 LART[E]
SHERARRR, SRR AL bR T I A - SR AR 4
134 ARKWELH

S RS S I HE A8 0. K CP ARFRR Y

P. fluorescens TE =%, F PBS FiBt EHEZ) M 6 log CFU/mL.,
A4 3 LA ALY 10 L B 4303 A 90 Lt TSB
1 96 LAk H, FFAE 25°CHYIREE T 592 36 ho 4 2 hil it
BEFRALAL I ODg30 o 1H, 255 AR E] At 2 4%, OD {H M2
A PR AR R
135 wmpeiEhm i

SR EAE I T CCK-8 XA &l & CP 4b
T P. fluorescens AN ILTG ST AURENR . RIKG K28 CP AbH
AR CP ALHEF 100 uL P. fluorescens B s N
#] 96 fifLtiH, Jal%EA 100 uL P. fluorescens T &7k (1Y
96 i fLAR & A 10 uL CCK-8 ik, JF7E 37°CF #3:
2 h, (HEREEARAE 450 nm P& PR BOLE . 4R %0
IH— AL, FRREAETE AN 43 5 A A A0 B 1 E 43
T HER .
13.6 A4 alz

3 LR B EAG P, fluorescens 1A B AT v U6
1 90 uL Bt K5 SR E WM A 96 FL . SRF, FEFLIR
For BIERR 10 pL A9 CP Ak B Bl o Ab BE A T 2 3 (2 1
% 7log CFU/mL), FF7EMINIIREE T 557 36 he fJa, T
REFFALI E ODg30 nm 1
13.7 AKP i&#m &z

3 3 0 R P AN AU B AKCP TP SR A 41
BERYSERPENT FE R IR A CP ARFR, A BRRTE 4°C
FLL 6500 r/min B0 10 min, RJ5FE LW, f PBS &
R, TEVKOKVE PO R IR A, IS O RRINRE &,
JE ARG AKP 350 £ B A T E
1.3.8 BREAHEZTMNT

s HU S50 05 5k, 5 CP AbFRRG S 09 20 L
8000 r/min 0> 10 min, YA I 75 I 5 1 0 BR S FL A
(0.22 um PTFE):IME , 466 T 5% 260 nm 1 280 nm
S P W Y 1 DA I 5 A2 T R B 11 O i
1.3.9  IFARAR SR X

(DFE A 2

27 HU S 05 PRI RVEIE 26 i K o 95 A 6 I
T BHI 75% 205, FEAEEHMT T BT 30 min LA K FE Ml
W F TR S B R TR AR (8 log CFU/ML)YH,
A ETHE L h, DRI AR JF S, X HRAE 35 kV
HL R A PF R R T AR RN CP AR B L f5Jm SR AE 4°C R I
W, JELE 0. 1, 2. 4 Fl 6 d AT SIINE

Q)E I E

% 10 g PRI &4 90 mL JC A= P 7K (0.85%) 1
TR, HEAE 7000~9000 r/min R4 30 s, SRJG T
10 R ERR T o W25 B0 B 0 TR R TS 45 B0 A ALV Fr) 35 5%
b EHSEROT BRI E M, JRTE 30°C R RESR
48~72 h. MR CFC #eB LR FR LA CFC #h 5T
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Ty PR B R TR AL, JFAE 25°CTF 55 5% 48 he
14 HIENLIE

AT SRS 3R, LRE BRI 22 R a5 5. Oy
Z43Hr{H B IBM SPSS 26 #41E47 . 18 H Duncan #564F
AR Z [A] ()22 52, P<0.05 FnER B e,

2 HER55H

21 RESETUSF

FAAER CP Al 3 B ALK 9 76 P 4 (reactive oxygen
species, ROS), #iIA A& TR A e EE D S — A
Ry B TEAE R AL G PR, — R0 i P e v 4 B Fn 2
EIriDERIAVYEF Nk = i AR A 2 €l iR A s
— R AE YR Z B, SEAM N INE, B
Mgt i 1 TR, R A R CP AL HEA A Y
4N BN (P<0.05), CP-3 min ZH 1 CP-3 cycles 41
RAS RS HEZERE/N, PIE R AN T RS
AL SR, DB A P A5 A 5 A6 AL 3B B (0~10 min)s
FBAEFWRERNRES, Wz 68 A A L
B A, b, LA PFRIESE, CP X} Shewanella
Putrefaciens F4% ML #5 S 5 0% 40 i 235 44 (410 i BE A
2 RSB FIB P B XUBE DNA AO45, S5 Shewanella
Putrefaciens f9ZET=, [KIlL CP X} P. fluorescens (4% & HL 1
ARES ERF s AL

500 — XA
a a —— CP-1 min
A —+— CP-3min
400 - / \\ —~— CP-3 cycles
§D 300 |
g
il
41 200 |
¥
®
100 - c
C c b
ok ¢ d d d d T
r C
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b s 6] /min
e AR A/ING FAEF R [ — I 18] Py 20 18] 777 S 3 vk 22 5
(P<0.05), B 2. 7,
Bl 1 AR CPALBEX R v LA B A

Fig.l1 Effects of CP treatment on the ozone concentration in
packaging under different modes

2.2 {RBEZEETFMAT P. fluorescens 4 42k 9220

KA 96 fLiki e T AR CP 5 P. fluorescens
AT A KRk . i 2 B, BEREFE A EER:, g
2H WA B B R B N (P<0.05), 18 h JG#E AR E M, Mk

S s UK 7ERR CP AR T, 1 min i CP ZLBEXT
P. fluorescens (145 K # RN HIVE FIA .38 (P>0.05), 1} 3 min
) CP 4bFE 5 3 min JEFRALBENT P. fluorescens fif A4 1 3K
R .3 (P<0.05), IERIGER % 6 h, Hr, 5 CP
B HANIRAR L, CPEFMLIEXS P. fluorescens AT/ FH 2
i o X AT BESE A CP AL BET] LU RO I+ B4R 46 ROS
B EA BT ], MEER T ROS SEmMEayifihafa], LS
AT 22 20 . PREE R CP AEER A AR R E K
B SRR A R ER ], AT DUA R s R A RE AR T
SRS ) o 25 IR, CP AbHEX) P. fluorescens Az 1 1 2k 114
M 32 R AR AR AR R B K R, R
PATREZE R CP T4 ROS MR T 4 1 2 1f1 25 44 Fl
DNA 25| F 5455, e 3 i A Kz 2 el
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K2 AFEEET CP bR GRS TS
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Fig.2 Effects of CP treatment on the growth curve of
P. fluorescens under different modes

2.3 RIRZHEFAXT P fluorescens ZABESE SIS0

CCK-8 il & WST-8 &2 —Fh LT MTT b
Yy, 76 TR AR50 A7 A T DA — 2 5 S A D A A
¥ o € 1 FR IELOY, IR A3 14 P. fluorescens ZH ik,
PR, B, W 3 fiR, B CP Ab B
8] Ay ZE K, P. fluorescens HIAH TG 71 i 2 T F&(P<0.05),
[ 7 B Ak S 5T 14 200 A 35 7 Al 8 I T T A A
. (P<0.05), H:A CP-1 min. CP-3 min A CP-3 cycles 4
B ARG 15508 33.03% .5.90%F11 4.82% 45 K W, CP
A B Aub B SX ELA S0 PG S 4 R TR RE o SR CP AR BRI
P. fluorescens 75 HL AT — & (9 40 M3 1, X AT REJE 45 5
T T AR AR A S B B 8 e T, (HE DL
S 1H A T — R R BEBA B (037 BAER AP, [H AN IR =
BRI P, fluorescens 4 K - 7RI BRI HEA T
XU R
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120 WFSTIE R B RA, T T 7 AN 1 AKP
IEMESHIWTAERE P. fluorescens M4 IUBESEEL | Bl AKP 7 P48k
100 - /I, ACP XHHIBER B RER™ 8, 4N 5 B, CPAMHS
w0l P. fluorescens f) AKP 112 B R, X FANMRELS F4) ™ 5
_°§ ZA. MIF CP-3 min 41H Y AKP 3% 2 [(1.658+0.047)
B g0 b Kings/100 mL], #EFREFETAY CP-3 cycles 2 AKP 15 PEFE
% R (1.405+0.067) Kings/100 mL, FEIRZ) 15.26%., 45530,
40 - b R CP IR RIS, AN BRER A ] e 2
P. fluorescens 2 iG M BRI . EAh, CP fERAEIRCAY1E
20 FASCRAL T B A PR
c d
0 [ | . 207
& & & 18 @
& & & 16
CPAbHAR ~ 14 | b
VRN S R AL AT B 392 5 (P<0.05), 4. 5 [, <27 c
3 ORISR CP b B 52 B o o 4 é’g 10 [ d
LA N 08}
Fig.3 Effects of CP treatment on the cell viability of & 06 F
P. fluorescens under different modes ’
0.4 F
2.4 {RBZFET AT P. fluorescens 4 H AR AI RN oo L
HEYIBRR AN A AR A AR TR W BRI R . o - .
TReh, AN E S B 0 R O R R AL G 4 & & »& o
WM o, JETEMT L AR A B M B ¢ & %
T A X RN AP A R 250, S 2dn B 0 R CPAbHIAE

Sey5 Ye P2 A B i R A B R R, A M BRI
bl R TR A B HLA SR A s, R R
LA ORI g PG S P R TS AN CP A B A
X} P. fluorescens WL LA SE N, T EFEE AR, #
T i P TR GBS A0 TR AR R R AR, X2l T AS g
FIRAEIE(E . 7F 600 nm 2247 . 25 RBH(E 4), CP b3 w]
VLR 2 046 P. fluorescens A 9 BT . (P<0.05). £ CP B
BALFE 1 min., 3 min APEFFALLFE 3 min J5, P. fluorescens )
AW OD 405 R T 24.23% . 38.69%F1 55.64%. X
gL LA, P, fluorescens (14 ¥IIRTE X CP Ak B S 1Y
TR U, FEH CP X0 A0 AR I BT A
. WM TISEIAN CP AT I R A R 3 1 571,
RN AHLs Fl AL-2 S5 -5 20 F B AR PR B8 DT 410 ) s JC v
HIAE PR 24, R CP Zb PR LAFESE P. fluorescens 45
TR AE 7K™ AR R R A BB R 02
2.5 RIBEE T3S P fluorescens AKP 5& IHISN
AKP SZ— T2 537 T 44 17 20 R A g () P
M RANIIEEZA, AKP 2 itEg FIFRsEh, PImifsh AKP
TR VR AN AR SERLE I TR B8 bR, SRMIBFSE 2, CP 4t
AR R A 2 . AT B A T RE S U Y
SER (N IR MEE AL T B TP, R, A

B4 REBT CPARFRT 75 2 p B
L7l
Fig.4 Effects of CP treatment on the biofilm of P. fluorescens
under different modes
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Fig.5 Effects of CP treatment on the AKP activities of P.
fluorescens under different modes
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2.6 KBEZHSFHX P fluorescens #Es F15E M &ttt
EENEMN

CP Ab3i7 S 2 T 2l ROS FI RNS, H AN B i B
FEA AR FHALIIPOL, SR, fews Wi i 2 TS AL
T 3] 240 e RS0 5 1 188 o 60 490 B RS A1 45 27280 i A 1
JO A Sy A0 6 3 A% R AR 1 A6 2 i T Y AR, A
PG T ECT X LA A ST e, SEAAE T e
260 nm F1 280 nm AR CEE, ERTEAL CP AL S Z IR M
EARAIRTE B, 4500 6 Fin b CP AL BT A FE
K, P. fluorescens (142 B2 Il 1 5. 2548 I (P<0.05), & A
M8 G AAE AR B AR X b 3 i T Al 207 (P<0.05) . 4
JECAE A 40 A A 377 5 B, CP A B T R 400 i A2 28] 7 B 431
A5, 3 SN 00 R R O S 2 S A, ML P G R i
YE T ANEET: . ALKAWAREEK ZEPO%8F58iA 8 ROS
A A BRI P AR BT, DA B 5 OB 43 Bk 1 i
TRYIREEE OD {HAY Tt SRIRA 5T & B K i ) 4R
A b BRI S ST [70) VT B of 45 25, 1 o kO 25 30 e (0 v S P
F, HESH OD fHM NI, IR, B R
it E AL A 55 ROS 1 2T HE A, R4 FRA AT LA
A HARTHZ BT ROR
27 REFSFAXNEEBNITPMEDNNZN

e 7 Fs, 48T T RN R CP b PR =X 4%
A P. fluorescens 4 =g 3% F X IR ) B 74 S B5ORTIB B BT 4R
S, fE 7 AT EEE 0 d B, AH T BEZH, CP Ab
FULRT LA I8 2 i A ) A o TR 5 R AR B M A 3
(P<0.05) BT[] Y A4, 45 2L A TRV B B8ORS S
FEE R L 2B, FENK 6 d B, i B AR ARV
BBUN(7.101£0.045) log CFU/g meat, #85 E bR S H)

PRtz S U B B 1 BRAE(T log CFU/)RY), HHZ,

CP-1 min., CP-3 min Fl CP-3 cycles ZH i [ 7% S 504 51K

(6.904+0.054) . (6.718+0.07)F1(6.341%0.102) log CFU/g meat,

A
L TV
—+— CP-1 min
CP-3 min
CP-3 cycles

(=)} [ee]
T T

P75 B8/ (log CFU/g meat)
N
T

T [a/d

A R H Y b R A, 5 A v B B i o 45 SR A
o, RE CP Ab¥R AT L3 ik 400 ) i B8] 62 A 0 ) A KO S
PRI, X eegh TR, CP AL FRBEA BAM HIF R KIS
W, BABAIREETE ). (EAS I E M2, P. fluorescens
R R A BB B i b ) T — By, AE T 95 FI IR AR K i 1
I R AR T S B CEE Y, T REAR A PN FRBE pH
JERUEMER . G50 F S EMINRIGR S AR T
P. fluorescens AYAE K . B o B[] 340, P. fluorescens %%
o R VR B FU AR T N 7ESE 8 d B, AHEL CP-3 min
#H, CP-3 cycles ZHH P. fluorescens X F K& T 0.22 log CFU/g
meat, KL CP A IR A0 RS 3 2o A8 1 5L 405 0 IR 1) 2
BRI, S5 T iRl K TR R i ELA T A AR £
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?@Eﬁﬂ - Oszonm
= 005+
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o 004 b .
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£ o002t
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F o001t
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3 22 57 (P<0.05),
Pl 6 RERF CP AT I 3 R A
115 T = 1)

Fig.6 Effects of CP treatment on the nucleic acid and protein
leakage of P. fluorescens under different modes
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Fig.7 Effects of CP treatment on the total viable count and Pseudomonas count of Penaeus vannamei under different modes
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3 4 i

ABFELA P. fluorescens Ry SEgm 4, IR &t i 5h
B HIERS, PEAET CP A0 HA CP AG A b B 1Y)
ARUATREE R . 25 53R B P AP A BS54 B i s
TREER, KW CP EANEKRLERLT RAY P
fluorescens (1) 22 & i [a] DA T ELA B A A R D 1 BE . AH EL CP
EAEALFE, CP EIFCELE ZE NI T P fluorescens B4,
AT AL s 1) A R i . CP AR, AKP W& R
flofiz g . it A3 MR P. fluorescens ZH Al 7= 14
LERTTE A2 ANIRE RN R CP i S RIE M A
PeBGH R A, AR 25 P, fluorescens 2% 1 1Y B 45 5t
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