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Effect of Ultrasonic Osmosis Plasma Activated Water on Fresh-cut Quality of
Banana Slices
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ABSTRACT: The work aims to treat banana slices with plasma activated water for different time to achieve color protection
and investigate the pattern of change in properties during storage. Plasma activated water (PAW) was generated by treating deio-
nized water with cold plasma (CP), and the changes in microstructure, storage properties, flavor substances, key enzymat-
ic browning enzymes and reactive oxygen species levels of banana slices were measured after ultrasound-assisted PAW treat-
ment. Compared with the control, PAW treatment enhanced the activities of polyphenol oxidase (PPO) and peroxidase (POD)
during storage and improved storage properties such as hardness, moisture content, and color value of slices. According to the
fluorescence results of confocal laser scanning microscope, PAW treatment promoted the level of reactive oxygen specie (ROS)
in the cells of the slices. In addition, gas chromatography-mass spectrometry results showed that PAW treatment increased the

percentage of esters in banana slices, while no alcohols were detected after the treatment. Scanning electron microscopy charac-
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terized that PAW treatment affected the surface microstructure of banana slices, causing the surface of banana slices to become

rough, accompanied by the appearance of damage. Banana slices treated with PAW-30 s show strong antioxidant activity, better

storage quality and less effect on flavor substances and microstructure. Therefore, PAW has a positive effect on the fresh-cut

quality of fruits and vegetables, and the use of PAW-30 s for processing and storage of fresh-cut fruits and vegetables has

a broad prospect and more environmentally friendly economic benefits.
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Fig.1 Dielectric barrier discharge
plasma instrument
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Fig.2 CLSM fluorescence images of
ROS in banana slices before and
after PAW treatment
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Fig.3 Changes of POD and PPO activities in banana slices within 6 h of
storage before and after PAW treatment
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Fig.4 Changes of hardness in banana s
lices within 5 h of storage before and
after PAW treatment
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Fig.5 Changes of moisture content in
banana slices before and after
PAW treatment
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1.84%, Kk, PAW b3S T HAEY] F B AR
BAr, ELX AR A KR A B )



- 70 - {0 %% T f2 2023 4E 3 A
82 6.0
a —— XA a
81L . —— PAW-30s i
b —+— PAW-60s 5.5
80 | —~— PAW-90s
" 50+
@9l s
~
78 | 45t —— MR
a —«— PAW-30s
77 —— PAW-60 s
b 40 d —— PAW-90's
76 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 0 2 4 6 8
st 1) /b T3S 18] /h
a b
a a
18 |- 6
b a Sl
16 |-
4 L
"ol 3 3!
~
— =« Y%IHE4 2t
12} X ST
—vs 1l —« PAW-30s
—+— PAW-60's e PAW—60s
10 —~  PAW-90s 0} —~— PAW-90s
0 2 4 6 8 0 2 4 6 8
T g s} ) /h Tt g st ) /h
c d

K6 PAW LhBHFTS I 8 h N AR U1 (L Y 281k
Fig.6 Changes of colour in banana slices within 8 h of storage before and after PAW treatment
T VR AE MOMERT, XA R B E A S X S ARG FREFRRAE P<0.05 KT RA REES

1 MNRAFEVREZERSHNSH
Tab.1 Parameters of volatile components in banana slices of the control group
T R SY 7 B4 B 6] /min Dég T AR 3 F X %

1 2B BETR R 4.585 966 153 0.65
2 2OV 4.784 9 234 887 6.2
3 3-FE-1-TFE L MR BR 5.208 4 889 667 3.28
4 2-H PR T MR R 7.261 2381 691 1.6
5 TR T 8.478 4267 266 2.87
6 - T IR T R 9.345 9 840 494 6.61
7 2- R TR TR 9.865 10 643 646 7.15
8 -HETm T 10.437 44 834 918 30.11
9 - 3-HAETERT® 11.896 6126 187 4.11
10 3-HIE-3-HETHE TR 12.119 4 493 696 3.02
11 1-H L 8B T PR R 12.465 895 987 0.6
12 O R 2-H FE N e 13.648 542 940 0.36
13 3-HUEE T R MR e 13.741 1 483 255 1
14 T, CHE 15.069 4113 587 2.76
15 4-CIHIET R 15.377 970 958 0.65
16 Wb, LHd- 15.244 1160 180 0.78
17 2, 4 HBEIR AT 15.761 34 498 594 23.17
18 1R T 12 2R — — —
19 2- TP L BB T 16.5 697 022 0.47
20 2-HETmRC 16.557 824 052 0.55
21 -HETmRC 16.776 781216 0.52
22 L i 5% I e 17.054 5266 197 3.54
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Tab.2 Parameters of volatile components in banana slices of PAW-30 s treated group
T ¥R RS £ B4 B} 8] /min g T AR 20 R XT B %
1 2B BEIR TR 4.58 1 460 329 0.96
2 2OV M 4.784 5640 185 3.72
3 3-F 1T R 5.209 3607 312 2.38
4 2-HI LN T BRBR 7.271 2 603 564 1.72
5 TR T 8.489 4579 202 3.02
6 1-H TR T Wi 9.354 11592 083 7.65
7 2B 2,1 ik 9.871 9715011 6.41
8 3-FETR T 10.443 49 253 571 32.52
9 2-H R 3-H Tl TR 11.903 6739 056 4.45
10 3-HI R 3-FETHE TR 12.124 4 945 602 3.27
11 1-H 3L T PR IR 12.466 990 313 0.65
12 O R 2-H S TN TR 13.655 473 786 0.31
13 3-FEE T R R B 13.746 1 448 747 0.96
14 TR . g 15.072 4 062 060 2.68
15 A CHET R 15.379 834 234 0.55
16 Wkt LHmE- 15.246 754 058 0.5
17 2, 4T WIIEFRI A 15.764 35022 811 23.12
18 -3 TR LB — — —
19 2T £ ER iR 16.506 795 550 0.53
20 2-H AL TR C g 16.561 804 677 0.53
21 3-HET RS 16.776 880 907 0.58
22 O R 5 I3 e 17.058 5254 546 3.47
x®3 PAW-60s HBAFEVFELZERSHSH
Tab.3 Parameters of volatile components in banana slices of PAW-60 s treated group
P P2 R My £ 88 Bif [i2] /min 6 17 FR 2H A3 AN B 1/ %
1 2B | FETR e 4.58 666 896 0.46
2 2-CU AT — — —
3 3-F 1T PR — — —
4 2-F B 3 T R TR — — —
5 TR T 8.485 3330 643 2.32
6 1-FF 3L TR T R 9.351 11770 281 8.19
7 2B £ R TR 9.872 7911 564 5.51
8 3-HETER TR 10.446 48 912 913 34.04
9 2-H I 3-HIE T HR T IR 11.905 7171 190 4.99
10 3-HEE3-HETER TR 12.126 5054 302 3.52
11 1 3 35 T B B 12.472 746 232 0.52
12 LR 2—H S N IR 13.645 616 826 0.43
13 3-HURE T B MR e 13.747 1464 415 1.02
14 T, OB 15.074 4024 573 2.8
15 4T R 15.383 548 331 0.38
16 WO ke, Lok — — —
17 2, 4T IR — — —
18 133 TR 418 15.769 40 878 933 28.45
19 2-T- P 2.1 ik 16.508 1 120 006 0.78
20 2-HIETmRC IR 16.569 856 183 0.6
21 -HETROE 16.784 968 494 0.67
22 S &I 17.06 7 630 225 5.31
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Tab.4 Parameters of volatile components in banana slices of PAW-90 s treated group

JF5 FE RS 4 B4 15F [A] /min U T AR Y5> ARG B/ %

1 2-EE . BERRER 4.585 513 955 0.36
2 2-C I 4.801 3193118 2.23
3 3-HIJE-1-T W L R g 5215 947 559 0.66
4 2-HIEE N & T MRl 7.279 1 488 085 1.04
5 TR T M 8.496 3348 896 2.34
6 1-FHEE TR T e 9.351 10 376 544 7.25
7 2-PEEE LR R 9.874 6 427975 4.49
8 3-HET R T HR 10.444 42317 255 29.55
9 2-HIFE-3-HEETE T iR 11.907 6 663 173 4.65
10 3-HIE-3-PETHE TR 12.13 4 824 649 3.37
11 1-H 5 T W s 12.476 1479 681 1.03
12 LR 2—-H B N g 13.66 554 939 0.39
13 3—HH 3 TR G R 13.75 1469 094 1.03
14 TR . OB 15.077 4867 671 3.4

15 -CIHETR 15.382 580 029 0.41
16 ok, Ok — — —

17 2, 4A-Z IR — — —

18 1= T R B 15.771 43 070 679 30.08
19 2-T-FE TR TR 16.507 1079 493 0.75
20 2-HETRC M 16.568 1102 727 0.77
21 3-HE TR C R 16.782 1177 501 0.82
22 CL R 5 G B 17.063 7704 528 5.38

2.7 PAW SEXEEIH REHU LA
A

PAW A PRGSO A AT F E s R 7
iR CRCRATECH 400 ), 7R T 40 B A6 2 T s W 2%
¥k . SRR (P 7a) HA LI HBUH %
T, SR, PAW AbF S Y % i AR 75 5 A HLRE H A 8
%, IEA TR ZRMEE B, 7E PAW Ab3H
M, FEPGTRE S CP ALBAY I [H] IEAHE ., Chen
DL T CP AR PR R K Ok 25 SRS LR h A 4t
FURELL . Sarangapani 2524 % Bl CP 7= Ak A 36 4 R 11
T KRR C—C 1 C—H #, S5 7 288 i
Pt A, L, PAW Ht ROS 836 M bl CP ik

S T % | 05 T 7 2L 00 2 T MOSS 4, 7E  cPAWS0sH d PAW-90 s
PAW-90 s 41 ([#1 7d) g B 1 7™ H i A mT 3 4ot B )
Wesfi, ST CLSM WA ROS B GH A 125 s VT

. N _ 4 0
% B m PAW 30s ﬂ%tf%,ﬂ;ﬁflﬁ'%%%ﬂ]ﬁ‘iﬁ Fig.7 Changes of surface microstructure of
OSSR/, B EA T REA LRI F banana slices before and after PAW treatment
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BEMERN-FVERFE . WRIAERNKR, 2
TH S P R AR A 6, (AR s b 2 R AR
LA | Ak ARSI R, i 7 A 2 S0 B A
JER RS . PAW AbERAE Sy —TUH AR B R, AE
MR B MG . P PR ST A BURVE R . A
WEFEME ] CP 4 (30, 60, 90s) HYJ PAW I3 75 £
VIR G, & T A B L, 55 ROS /K
L BETEE . RERE . SoKE . AR KR AYIEE
T OULES #E) , WLZEE PAW AP )5 25 N ) ROS 5%
BEZH A L 53 BT (P<0.05), Bt CP &b B if K 3
T 2, X £ PAW H1i) ROS 2R AbBEE A 2 F
B NS . [FEE, POD F1 PPO FUTE I 7E PAW
VLSRN ISR S DE =R A G RS SR Er S
1) PAW AbBR$R = T FH A R BT A L TE . 1A,
PAW AbHZH B F AV A H X BE 4 BN IR A, A K
AL A PAW AR EETT BT, BRI PAW AR HGR S
it I B A B S R . PAW A B A A5 U
IR ) % T e A R e, (] CP AR B2 S
7K 30 s PR AL ) PAW ROBCR 4. BFAEY AR ER
JTE PAW AbPHJE SR 0, mER >, HE
FA) P 28 8 43 % B R UK B E T o B CP A LAY S
]I, FAERMIE PAW AbJ )5 BORRE , i8N
U, L5 1, R PAW=30 s (4 Ab B AR 545 7 A e 1)
d ST, IR R P TR BRI T, R —
PR A EL i s AE TR A B 7 o X AR A RS E
fi FH LA S B AR P T AT MR AR AR it — 20 5T
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