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Effect of Combined Plasma-activated Water and Dielectric Barrier
Discharge Treatment on the Sterilization and Quality
of Fresh-cut Lettuce

LI Xia', QIAN Jing’, ZHANG Jianhao"", YAN Wenjing"’

(1.College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095, China;
2.School of Public Health, Southeast University, Nanjing 210003, China)

Abstract: To develop a new method for the sterilization of fresh-cut lettuce, plasma-activated water (PAW) combined with
dielectric barrier discharge (DBD) plasma technology was applied in this study. Response surface methodological approach
was performed to determine the optimal sterilization process parameters. Meanwhile, the microbial count, color, browning
degree, firmness and weight loss rate were evaluated to investigate the effects of combined cold plasma treatments on the
qualities of fresh-cut lettuce during the storage. Results showed that the total viable bacteria count on the surface of fresh-
cut lettuce was (0.48+0.07) lg CFU/g under the optimal treatment conditions when PAW preparation time was 130 s, PAW
soaking time was 5 min, and DBD plasma treatment time was 135 s. Moreover, during 7 days of storage, the combined cold
plasma treatments could effectively inhibit the growth of microorganisms, maintain the color and firmness of fresh-cut
lettuce, delay the increase of weight loss rate, and inhibit the occurrence of browning, which would effectively prolong the
shelf life of fresh-cut lettuce.

Key words: fresh-cut lettuce; cold plasma; sterilization; quality; shelf life
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B (Lactuca sativa L) B3RV S E R, & &4k
AR EEAYER . gAY NERSEEIFEYE, BAt
FAb . PURAE . PUMIE . BEETHAAR S TIRL, K2
JTRIE SRR e SEM ARG BURIE R, ZENER
W Gy e Al B RIS 25 52, AR E IS A Y1 n T,
B ES YIS, )2 ARG, 35S,
ARFA GBI GE 4P, B A G sy SR B A e UK,
Rl TR — PP BRI A R K e ) B B DR 2R IR
HR G BT A R R BRIl I S i AT 5T
i

HATOC T #0065 B i R AR 8 2L D EY)
B Ab2A A AR Ty T, A AR A AR R
SRR 55, AR HLAA 224 | ARSI A3, {H AT
BESSX B E BT S SR (B A0S BRI 520 AR
EEANAT B PR IR AR PR EE SR S, AR PRAE TR o
TG HAE R, (B2 i A2 o3 B L ) A AR s it
JSB; A R ARAEAE SR BRI, MELL RS
R S, RIS B TR E S — PP B E RS R RO,
FHARWERCR R | BIHK . AbBERTa) % . Josk B A5
AP, AR AR ST LB 1 2R B AR AR STUA R 21 Tz
FHUOM, . Kumar 261" & BIGHR 25 2 F&FE 100 kV
Fo R T ANFEEEDIEAE N 5 min, A5 H 3 TR B AN
B RBOF 24 2 1g CFU/gs B IN AT R FA B2 BH Y
JiL 8, (Dielectric barrier discharge, DBD ) %% & - {A4b
BREFYINIR, 76 32.6 W Z5F AL 120 s, ED)3PR
22 1] Y BB 2R T R TR ORI R S A A S S BRAIR T
2.43 F 2.68 1g CFU/g; Schnabel Z50'4 5% 4585 1A
4k 7K (Plasma-activated water, PAW) ¥ e &8¢ Y] A=
5, G IRERW S B SR/KIE VA L, LR TH B 7% S B0,
/> 51g CFU/g. W58 &L, il DBD 5% PAW Ab3f
YT EE, PREERCI A FRN, Joikih R U R gkt
SER BRI TG SR, BRI PAW BX 45 DBD ¥l 42
R EERCR AT G R . I PAW X EEDI R G 3547
IEVEA L, TR DBD 47T A EE, AR T
AT, T H AT DL R BR A AT S T R B
23y, FEfE U1 REE Oy T EAT ) R A A

AWFFERT PAW Be45 DBD 19 J7 2% i D1 65
EEUE T A PR AL, 58 A ) 8 RIS DA S B A, I
5T PAW BK45 DBD X i 1) 55 125 I 1] (6] 4 A= 4
T b BTS20, LIH A SE G ) 55 T Jo 25 AR SR AL
AR S
1 MREREE
L1 ARSI

Bl 11 S5 E mR IR, PO
Wil JOReE | B B AR — BT B, 1
SEJa S BlE BISLEG 2, T 4 °C Wil SEA T Eong
Wt | BORLTAN IR IR AL 9T R AR ROR
HRRATF] @il Srdrel, E2542 bl R
2N

PG-1000ZD flRIESFE FHARBiE FER N2

FRHZAFRLS A DBD 458 RS Ml kR
P E DM TE B SR A BRA Tl CR-400 4 1
S 0 2240 e Tk SRR IR A F; UV-
2600 B AN 53560 I H AR HE A F] s TA-XT
2i BUFAIY  FL[E Stable Micro System 2y F]; Allegra
64R BRI &R EOHL 22 E Beckman 2NH] o

1.2 SLWHE

1.2.1 PRS- SAE  RRE & Bl S i 2t
YRR, BT, FHIEEE RSN ] V)R B 249k
S mm P RIR, G5

PAW AbF: SR AR 55 25 7 S i e U il &%
PAW, IZZ& '8 LI 25 SO TAESUAR, iiid sl 22.5 L/min,
TAEHRBCA 0.024 mA . LA 19 kV, 455%k 20 kHz.
5 300 mL B F/KE T 1 L BEM, /it fae
Ja, W B I 2 A T T 2 B TR M N T
15 mm, AbFR—ZBJ[A] 5, 37 RV T3 A A, 184
. BRI A EEDT B S WORH L E T
PAW gl — g B a] .

DBD 45 25 TR HR: K PAW 12 UL 1 &£ D55
EEWI Ky, IR G IR AT 2 0K 57,
SRIGTHCE T RN A (140 mmx=85 mmx52 mm)
s . AR RES LA DBD 2 R
AR HTRIEA TS AR RN, RSP BT =R
ASPRIE PORE S BCE A ST 2 h s, TR E IR
1.2.2 FARRESE B A0 PAW HIS BT
[E] 120 s. = HUATE] 7 min, WL 6 mL/g. DBD 45
B TATAERTE 50 kV A1 DBD 258 T4 4b P st [E]
120 s, 737 91 % 22 AN [/ PAW il 5 05 18] (0. 60. 90,
120. 150 #1 180 s) . PAW & Yy B Al (0. 3. 5. 7.
9 F1 11 min) . ¥ #FEL (0. 4. 6. 8. 10 A1 12 mL/g) .
DBD 458 PR TAERJE(0, 30, 40, 50, 60 F1 70 kV)
LI Kz DBD %5 85 R 4b st E] (0. 60, 90, 120, 150
1 180 s) X -] 5 155 BTV R BB A TR AN BB S B0
S, 45 G Y] SRR R BT E S R E KPS
1.2.3 Plackett-Burman i 56 7F 5 R 28 52 56 3 4y
k., % FH Plackett-Burman i 3& '8! X} PAW il &5 B5f
[a]. PAW J2ubsta] | ok EL . DBD 455 1R TAER
JEFI DBD 45 85 TAARLL B fa] $E4 i B T 9T, LA 7%
SR AL, G isE HE T HR ) S S Y PR 2R e
R 5B 1.

Z% 1 Plackett-Burman {36 K & 5K F

Table 1 Factors and levels of Plackett-Burman test
7K
H#E

-1 1
A: PAWHill 5 B[] (s) 90 150

B: PAWIZ{LfF &) (min) 3 7
C: Rk (mL/g) 6 10
D: DBDA 5 P& TAEHLE (kV) 40 60
E: DBD% 55 (A4 B A 1] (5) 90 150
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1.2.4 mh STt ARYE Plackett-Burman 305
45, Y PR PAW il & Bt E] . PAW 2 U Bt [E] Fil DBD
S B T ARAL IR R] A A AR b, DA T RBOCh AR
Bei e v b\ | TV ATETL I STV S = W 54 v = S i
SR 2,

2 i P T R R

Table 2  Factors and levels of response surface design

K-
HE
-1 0 1
A: PAWHl £ HEE] (5) 90 120 150
B: PAW{Z L] (min) 3 5 7
C: DBDA & T kb B [A] (s) 90 120 150

1.2.5 #AENE S8 GB 4789.2-2022 & /&
S [EFEhRE B ERTS B TR SN R YT
H IR BRI ET), Z R GB 4789.15-2016 & fh %
4= [ERARE BT RGS RE BE AR RO 1
A TR PR AN R 0 sz 20
1.2.6 WV EH A Rt o
1.2.6.1 FRAHANEE AR Ym0 R g6 A5 3 B A AR B
SR AGFES SR 4 4, 43 5ie s CK. PAW ., DBD
1 PAW+DBD., H: CK #H.: f# FH 5 F /K3 BE
KL 8 mL/g 32 %1 5 min J&, W1 T 7K 43 )5 55 B 4025
PAW ZH: 5B FIRMEALKHI & BITR] 130 s, #20e) Lk
8 mL/g iZ¥d 5 min &, Wi T /K505 % &34 DBD
2H. BT ORIRWCRH L 8 mL/g iU 5 min &, W T7K
Sy )m s B el s, A 50 kV AREH 135 s; PAW+DBD
2H OB S ILE R A5 1T PAW RO 8 mL/g
21 5 min J5, Wi T /K E %32, B 50 kV &b
H 135 s. 7 4 °C. AHIXHEE 85%~90% 25144 T Ik
7 d, 53T 0. 1. 3, 5. 7 d BT ESI RN RS bR
BT AE o
1.2.6.2 @FENE SRAFFRFOELGHEITNE, 41
FESBEMLIE BRI N L 6 DA SEUEFT LT, o™ F
b I RE , FEBCTEHE .
1.2.6.3 AR E SR AHIECE P M o B
0.5 g FE&L T 5 mL TR ZEMB/K P, KBS T 5]
I, FE 4 °C. 10000 r/min £5F F B 10 min, BB
HWT 25 °C 215 5 min Ji5, £ 410 nm A0 52 e 5
JE, MASFE L OD,, <10 FoR, B PREEE 3 K.
1.2.6.4 R IAEEEM G R H AR AR 15
M, ARG A AR F %

W(%) ="M 100

m,

0
. W RIRRH R, %; m, FoRIEHEET &, g;
m, FRIIES A, g
58 8 SR FH BTG S A 0 72 21, e PP ICAT TR
3k P/20, BEEEAS IR 40%, KrE)E A 60 mm/min,
AR AE J7°8 0.7 N, I D) 5 B v 3557 19 A8 A,

FRZHFEBLI 10 RS, &R N R,
1.3 HIEAIE

FITAR SEBG iy HEAZ = UK, SR DUV E R v
25 RN, JH SPSS 26 AT HLIK 2R U7 22 43 BT, BEHE
Duncan 2 5 [WEGHAT PRI, P<0.05 2557
. HH Origin 2021 £:1&], } Design-Expert v 8.06 #f
47 Plackett-Burman L) Az 57 fiiatae 51T
2 RS9
2.1 BRERSWER
2.1.1 PAW il Xt Ul s B A= sz an
B 1 7, 5 CK 40AE L, B PAW HIEBIRIA 0 s
WONNZE 120 s, 1) 5150 SR 00 PR V& BSOS 2 o AT
RERE 2 BIN(P<0.05), BV BN 2.63 1g CFU/g
B2 0.83 1g CFU/g, F2 R FMEEE BB 2.47 1g CFU/g
B2 0.59 1g CFU/g, &I PAW % B 25 il 25 ) 4%
A 18] A4 RER R IBTHE 5, 5 Zhang 4524 BAF I 45 SR AH
— 5, X AT BE SRR A B R B B, AR T AU
SEE TR OSSR, T3 PAW i (Reactive
oxygen species, ROS) ¥ s & #i 1 i, ROS FLE
5 SRR A, R R S S R i P S
ZEFO T S BN AE T . {H 258 25 i A S 1 &
180 s B, B o -5 55 PRl AN R B35 T Il 38 e 2=
5(P>0.05), A RESE LT PAW {4 2 R g3 M ok
FHIFRES, HJE—2 MK i 25 B A AN B AR Se 2 =
R . 25 I, PAW il £ B (] (358 G [ 2 90~
150 s,

WM BCR: (Ig CFU/g)

Z|

CK 0 60 90 120 150 180
PAW il £ 15 [1] (s)
K1 PAW il s I TRD0] ) 55 155 3 T B v S B S T
PR R SR
Fig.1 Effects of PAW preparation time on the total bacterial
count, mold and yeast on the surface of fresh-cut lettuce

FE: BITPARRDING TR R 2 22 53 W28 (P<0.05), ] 2~
E] 5 IEJO

2.1.2 PAW 2B aIXF iU S5 et My nsenm - A
&l 2 Al B PAW I U] A SE K, fE] 5515 %
T R B B R 5 R ka 3 . IR U s ] DA
0 min ¥ N % 5 min B, BRIV RLENO S B B RN B VBN
Sy WIREAR T 1.36 Fll 1.54 1g CFU/g, 1] fE &k 25 1216
A ME] A RE S, PAW H (354 T 55 1A 40022 e 1]
I, 5 SRR R A S AL B, IR T 40P DNA
NS VDI YAEL /9N e B = A iU § A I L G L 7 e N A
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K, R R AR RS, MR R A e 5
7 min B, BRSO B B AT R S B AR T
2%, 5T RS fF st a5 R —3 . PR UER B Y [A]
A, SR sa iR ERs A A B ysk A i [e i e X fef ) s 1es
SRS PR AE S 2], R PAW IR I AT [E] e BGE
R~ 3~7 min,

w
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AMIMMMMMNY

g
o

—_
(=)

L

10

3 5 7 9 11
PAWEII] 7] (min)

P2 PAW FREIERT (X D) 55 1550 1 1 7 B KOS A T A
PR A SR

Fig.2 Effects of PAW soaking time on the total bacterial count,

mold and yeast on the surface of fresh-cut lettuce

AR (1g CFU/g)

ALy
{

4
W

DNk

C

~
o

2.1.3 WEHEXTEAY) S E AR R aniE 3 BT
7N, BEAE VRO LG PR3N, i D) 5 1 2 TR ) TR 7 808
B P AN B B USRS i TP 22 e, W
BEEE A 0 mL/g 39 h1MZE 8 mL/g, 5 CK ZHAH L, ##4/4:
Wy K B T AR (P<0.05) , B 7K BB 2.79 1g
CFU/g [% & 0.96 lg CFU/g, 25 B i ¥ £ 280 M
2.80 lg CFU/g [% % 0.98 1g CFU/g. 4k} 1L i#E i
8 mL/g B, T 80 TR W 3 4R (P>0.05) , AT HE
J& PAW SEEU) B E Rl i AE FR, IS A
BHE, RERCRAZ WA RIBcE Ry H
JLFEICN 6~10 mL/g.

s0f
3 25
S
o 20
i 1.5
®
] 1.0
Sl
£ 05
0
WOELEL (mL/g)
13 WO ) 5 B SR T B VS A A TR
P B A 2R

Fig.3 Effects of liquid-solid ratio on the total bacterial count,
mold and yeast on the surface of fresh-cut lettuce

2.1.4 DBD “5E TR TAER X EED] 55 il A i
2 I 4 AT, BEE DBD SFES TR T AR R
N0 HEIE 50 kV i, DT 5y IR Y B R B A
b S 2 R R (P<0.05), 3X AT BV E T-RAE T AE
FE R A T, T PSRRI PR RS ) S e N, AR
SOCRAT PTG sm o= 2 i 60 kV OB, RV

B FE TR AN B A AN 2 35 (P>0.05), Ho Al
TSRS R T AR R L 60 kV B, BED 5
23 R A R AR, n] A& DA A i R ek i, X R D) 5
TE %) 2 L 3 A DR, el 2 i P V4 1 IS B
TERERIVER R AR, NILSE &% 8, DBD 455
TR TAER R EEGE RN 40~60 kV .

=

&3

O

1

&

]

g

CK 0 30 40 50 60 70
DBDZE IR TAEH R (kV)
€l 4 DBD %55 T T/F i HoX fef 1) 5 159 i b V% i B S

TR AR B )

Fig.4 Effects of DBD plasma working voltage on the total
bacterial count, mold and yeast on the surface of fresh-cut lettuce

2.1.5 DBD 55 AL A [a) % U] 55 B i A B )
sZm P E S AT, BEE A FRET R A 0 s SE K
120 s, fE) 58150 SR TH 14 BA 7% SV BN 25 TR AN B B8R
I SRR (P<0.05) . HACEREHEE LT 120 s J5, 42k
BTV RR, 3K S AR BH A0 N AR 45 S 1
AR FfeE 2] A9 BRI ST 45 R —EK, NI RE LA &
PN P T R 23 Ak L B A, e A AL BT TR ] ) 2
K, SN S R, SEE Y T T,
TCIRAREL 7 AR TEPEY P . 27 1, DBD 4555+
{ARAbPRASTE] L BGE FI 2 90~150 s,

ad | JESHASENA
T AR R L

NS
W
W

N

R (g CFU/g)
ALY

—_
(=3

4
o3

~

C

0 60 90 120 150 180
DBD& & TR BRI TH] (s)

15 DBD %5 B4 3 ] Xof i H1) 5% 155 2% 1A A1 v B
B DRFTTRE B SV B 52 T
Fig.5 Effects of DBD plasma treatment time on the total
bacterial count, mold and yeast on the surface of fresh-cut lettuce

2.2 Plackett-Burman i3& & TR

T BN R I 45 SR ILRH b, L PAW il £ A fa] |
PAW 29It [a] . Ok . DBD 45 58 R TAEH &
Il DBD 4558 AL ERAS 0] Ay [ 28 &, BAVE BRI
NAH, #4738 P R e G . S Ui T A g5 1
*3,
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3 Plackett-Burman iRE6 5 K 45 7
Table 3 Design and result of Plackett-Burman test

WIS A PAWHIHTE]  B: PAWIRHIRSE]  C: ikl

D: DBDA 4 TR TAEHLE

E: DBDA & AL R ] Ve 8 (1g CFU/g)

,_.
—_
|
—_
—_

N-T-CREN e RV I N VS I )
|
—_
|
—_
|
—_

,_._a,_.
N - o
=
—_ —_
[ —
—

L
_ -

0.53+0.07
0.85+0.09
0.87+0.12
0.68+0.11
1.01+0.12
1.25+0.06
0.79+0.07
0.65+0.05
0.58+0.15
0.92+0.14
0.61+0.05
1.26+0.09

t 2 4 J7 25 0 Br 45 SR nT 0 S B B AL I p<
0.01, aHAFE ST AR AR H 18 55 19 R°=0.9542, 1581
P AN AL A B R Ay, B 450 A s T 512 565 ) S B 4%
HRES, Horh PAW il #5053 . PAW 294l [E]F1 DBD
S5 BT TR A BB R o BT 9 R 10 R e 2 AR 2 Y
(P<0.01), WEHEFN DBD 45 5 A TAE R A5
SEABEM(P>0.05) . Hik, YEE PAW il &8 8]
PAW 2 A1 DBD 45 2 AL FRAS [a] — A~ P 2R
AT TS o

# 4  Plackett-Burman i3 7 2231

Table 4 Variance analysis of Plackett-Burman test

T EFRIE ErR AdmEE H FE PE
sl 0.6305 5 0.1261 24.98 0.0006™
A: PAW il £ 1] 0.3159 1 03159 62.59 0.0002"
B: PAW{RZ L[] 0.2090 1 0.2090 41.41 0.0007"
C: Wk 0.0087 1 0.0087 1.72 0.2374
D: DBDHE A TAELIE  0.0061 1 0.0061 122 03122
1
6

E: DBD% 5 FARAL ] 0.0007 0.0907 17.97 0.0054™

B2 0.0303 0.0050
S 0.6608 11
R*=0.9542 R ,4=0.9160

RN W (P<0.05), **Fom 22 50 B 3% (P<0.01), Fk6lH.

23 M mEIRIEEER

2.3.1 RIS A Plackett-Burman 205645
SeIEah B, B PAW il £5 B (8] . PAW 12 30 B 8] A1
DBD %55 TARAC BT [A] S F AR i, LTRSS
W AE, FEA7 e N LA IR S, 3K 5 15 T A & SR
=5,

232 [EIHIFFE LT 245781 4 Design-Expert v
8.0.6 A HIEARB| — ik Wi [\ )52 Y=0.4753—
0.1363A—0.0772B—0.0509C+0.1270AB+0.0174AC+
0.0876BC+0.1591A%+0.2603B>+0.0500C>, 3 6 J7
257K RT N, [ENSAR AR, (5 55 (P<0.01), RAUITAS g
E(P>0.05), ULHHIZAR B B G248 X, A B
Ut BIRIPUE B R7=0.9889, ILIEREL R, ,=0.9746,
T HAARL R AH S M4 4y, BB U Wi B AH 5 PAW il
FHFE] . PAW 2 IR [E] A1 DBD 45 5 1A Ab B AT [H]

5 WA AR BT SR AR

Table 5 Design scheme and result of response surface test

e A: PAW ‘B:‘ PAW C: DBD%%%VIS R 35848
HilesEtE] R AHLATA] b B ] (Ig CFU/g)

1 0 0 0 0.45+0.07
2 0 1 1 0.77+0.03
3 1 0 1 0.49+0.10
4 -1 -1 0 1.240.05
5 0 -1 -1 0.97+0.05
6 -1 1 0 0.83+0.08
7 -1 0 1 0.71£0.04
8 -1 0 -1 0.90£0.04
9 0 0 0 0.44+0.07
10 1 -1 0 0.70+0.07
11 0 0 0 0.47+0.09
12 1 0 -1 0.61%0.06
13 0 0 0 0.50+0.08
14 0 1 -1 0.64+0.08
15 0 -1 1 0.75+0.06
16 1 1 0 0.800.11
17 0 0 0 0.49:£0.04

6 WAN AR T 25

Table 6 Variance analysis of response surface test

T 2R TR AMRE ¥ FE PlE
TR 0.7476 9 0.0831 69.19 <0.0001"
A: PAW il £ 1t 1] 0.1486 1  0.1486 123.77 <0.0001"
B: PAWIZ A [H] 0.0476 1 0.0476 39.69 0.0004”
C: DBDAF B AL BN H] 00207 1 0.0207 17.26  0.0043”
AB 0.0645 1 00645 53.73 0.0002"
AC 0.0012 1 00012 101  0.3486
BC 0.0307 1 0.0307 2556 0.0015"
A’ 0.1066 1  0.1066 88.81 <0.0001"
B’ 02854 1  0.2854 237.72 <0.0001"
c 0.0105 1 00105 877 00211
2% 0.0084 7  0.0012
RAUT 0.0060 3 0.0020 3.37  0.1356
alifR 2 0.0024 4 0.0006
Mk ZE 0.7560 16

R=0.9889 R*,;=0.9746

MRFR, —IKIA A, B, C. ZZHI AB. BC Fll Ik
I A2, B? X o (B82S h 4 35 1 (P<0.01), IR
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A Ak BHL S TR] P8 45 iy 2 PRI AR B8 TR, 45 v SR AT (LU
5], aAH 35 Z (8138 BAEF .35, S0 oy 255087
LZERAAV) A o

2.3.4 [EERARSE SR SRS AT B 5 1 e
FERFESE: PAW Hl &85 H] 133.06 s, PAW iZ i}
[E] 4.89 min, DBD 455 T{AA4bHHEATE] 136.91 s, 7ELL
SR B PK AR 0.45 1g CFU/g, % &% 45 SR
SO ERAENE, B AR SRR AR Sy PAW il £ B[R]
130 s, PAW {2V ] 5 min, DBD 25 85 {4 &b B sk
] 135 s, — ¥k 5 42 6 UE 52 56 15 1) B 7 B B

(0.48+0.07) 1g CFU/g, SEPRE S5 HRIS(E IAAHTT, &
IHZASE AL B A v, il o T A iR 2 SR mT 4
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Fig.7 Changes of total number of colonies (A), total number of
mold and yeast (B) on the surface of fresh-cut lettuce
during storage
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Fig.6 Response surface interaction analysis
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Fig.8 Changes of appearance of fresh-cut lettuce during
storage under different treatments
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Fig.9 Effects of different treatments on the browning degree of
fresh-cut lettuce during storage
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Table 7 Effects of different treatments on the color of fresh-cut lettuce during storage

I 8] (d)

g st 251

0 1 3 5 7
CK 53.08+6.26 51.21+7.01° 48.92+4.63" 46.78+1.93" 41.70+1.53°
= PAW 53.08+6.26 52.11+4.60° 50.17+3.74 49.86+2.86° 44.19+3 85
DBD 53.08+6.26 51.75+5.52° 49.07+5.05° 47.72+3.05% 42.87+3.61°
PAW-+DBD 53.08+6.26 52.44+4.95 51.64+4.89° 50.24+2.61° 46.72+1.47°
CK —11.08+6.26" —9.76+0.53" —8.90+0.34° -3.71£1.75° —2.74+0.72°
. PAW —11.08+6.26" -10.16£0.31® —9.67+0.48" —8.38+0.50° —7.59+0.47°
¢ DBD —11.08+6.26" —10.12+0.51% -9.32+0.26° —7.29+0.71° —5.62+0.95°
PAW+DBD —11.08+6.26" —10.18+0.36° —9.71+0.45° —9.49+0.65¢ —8.07+0.45°
CK 19.40+0.61° 17.71£0.80" 16.7240.79" 15.72+0.54° 13.48+0.66°
b PAW 19.40+0.61° 18.11£0.65" 17.45+1.24° 16.68+1.05" 15.37+1.13%
DBD 19.40+0.61° 17.97+1.09* 17.25+1.38" 15.97+0.89% 14.60+1.22°
PAW+DBD 19.40+0.61° 18.23+0.80" 17.69+0.87° 16.93+1.00° 16.010.48°

TE: AF/ NG FRER R AR FFE AR, 17— 580 ] AR (R 4551 =2 0] 22 5 8. 35 (P<0.05 )
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Fig.10 Effects of different treatments on the weight loss rate
(A) and firmness (B) of fresh-cut lettuce during storage
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