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Effects of ozone treatment combined with low voltage electrostatic field on
the quality of Citrus unshiuxsinensis during cold storage
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ABSTRACT: Objective To explore the fresh-keeping effect of ozone treatment combined with low voltage
electrostatic field (LVEF) on Citrus unshiuxsinensis during cold storage. Methods Citrus unshiuxsinensis with the
same size were randomly divided into ozone group (4.0 mg/m’, 30 min), low-voltage electrostatic field group (2400 V,
5 mA), ozone+LVEF group and control check (CK) group, refrigerated at 4°C. Changes in moisture content, titratable

acid (TA), soluble sugar, soluble solids content (SSC), vitamin C (VC) content, hardness and moisture migration
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during storage were determined. Results During the cold storage, the TA, soluble sugar content, VC content,
hardness and moisture content of Citrus unshiuxsinensis in each group showed a downward trend, when the soluble
sugar content and SSC increased first and then decreased, when the rotting rate showed an upward trend, and the
maintenance effect of ozone+LVEF group of Citrus unshiuxsinensis on storage quality was significantly better than
CK group, ozone group and LVEF group (P<0.05). In addition, the maintenance effect of ozone group and LVEF
group of Citrus unshiuxsinensis on storage quality was significantly better than that of CK group, while the effect of
LVEF group on maintaining quality of Citrus unshiuxsinensis storage was significantly lower than that of ozone
group (P<0.05). The inversion spectrum of transverse relaxation time T, showed that compared with the fresh
samples, the bound water of Citrus unshiuxsinensis preserved for 40 d had no significant change, the content of free
water did not increase, but the content of free water decreased significantly. Ozone treatment+LVEF could
significantly inhibit the reduction of free water content in Citrus unshiuxsinensis (P<0.05). Conclusion During the

storage period, ozone treatment, LVEF storage and ozone treatment combined with LVEF can inhibit the quality

deterioration of Citrus unshiuxsinensis, and the effect of ozone treatment+LVEF is the best.
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Fig.1 Schematic diagram of Citrus unshiuxsinensis samples
treated by low voltage electrostatic field

1.3 /5 %
1.3.1 #duiE

PRI AR/ N ST | T E . O 3 1 DR A,
(8+2)°CY FEH VS 24 h J5 AR KIETRIG I T I T 1 & W,
% 100 A~ A—4H, BEHLAHA 4 A DIIGTmA A W
M S} %F BE2H (control check, CK), 4 mg/m® B4 4L 30 min
[T WA o B4R, 2400 V., 5 mA HLIZ5 A R 75 L
7% & LVEF 44, 4 mg/m’ 5L440FE 30 min J5 i B 2400 V
5 mA WG T R WG b R A +LVEF 4, &4
SR BIAE 4°CH ERIR, 45 5 d e AR AR
1.3.2  FALIEATEG M T

TA &R ES% GB/T 12456—2008 (£ 524 H
FARE B PERRAME ) o TR R S5 6
FLT AP RIS I Oy 2K, ol R AEAGR R R, DA R
WONFE AR, A SRS AR AR S R R
SSC & B R A FHEIHR™, ve SREES%
GB 5009.86—2016 { &5t EFARE &t -PHUR iR
FE ) o BRI AE v S s S P I s vk, R R
AL, A 2 mm B985k, IHXEERE 10 mm/s, R 10 mm,
RS R, RSO Y 4 A S TIE . K5
GHEIES% GB 5009.3—2016 (£ b EEhrdE ik
KA BIAE ) o BERSRAESHE AR

JE 2 2R %= T R B B R < 100% (1)

1.3.3 ARG ARAETEIT ) T, ROE 3% B 47

T8 3% 3 4% 0 3L PR 3 R (nuclear magnetic resonance,
NMR ) E 7 SERE i B2 75 40 d ) 4 ASSZIRLHAE S, T 0T
R 1) 5t P ) T 2 0 o S B A% L IR A0 T S
CPMG 34, JiF LR % {8k 23.314 MHz; 90°Fl 180°
SR B 23 1A 20 7136 ps; FFURRAEI ) 25080 ps,
15 EUORBE 2L 1200020, A SRAEZRETE] 10000 yms, 5%
P45 10, FIMUEL 16 1k, 1A% 15000,

1.4 BIEGIT S
PR $8FRIEAT 3 YCHAT 558 . SE8 R Excel 2019 i

TTEHR ST, Origin 2019 B2 ETE, {44 SPSS 22.0
e it or M i AT S E S0, P<0.05 FORFEA ] BA B
HES,

2 HR55H

2.1 REAIEHES LVEF 315 IAHAE TA HOS200

TA i AR fh 23 % 7 T AATR I 705 1] 9 XU ™ A 52
W, M 2 BTLUE H, ENGE AR, B IR (] %) 4k
K, BU1T WAMEG TA St 2 R e 5 40 d 1,
CK #H TA & T T 36.62%, BEmE T HAELH(26.03%).
LVEF £H(29.12%) 1 &5 +LVEF 2H(17.35%) (P<0.05). 4554
#W], RAALHL . LVEF, RAE+LVEF 2bFRYREA 2 il
TA E i AR . W ZS i, B4 +LVEF AbFR4] TA & i
BEETRAHM LVEF 41(P<0.05), R RALBIEAS
LVEF Xf T3 WA TA & 4RO X 484 . b,
B TA &4 BE S T LVEF 41(P<0.05), £ AL
X WATE TA & B R4 RRURA 4T . AR R,
M R AR R I AT BRI R A e R 2 S5 i
15 B TR AR T, S M AR T R A T B IS, T SR 40RT LVEF
T LA AR AR 0 P4 R I TR ARG Y TA S

7.0 & a —— R
651 ——LVEF4
: —— R4A+LVEF4]
6.0 | a
a
S 55 ¢
i 50t b
Kt C
< 45+
40 d
35
3.0 |
25 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40

T3 1] /d
T ANIRING A R i) — B 1R AR [R) 4151 22 7] 22 573 553 (P<0.05),
T,
2 I ) R AL BER A LVEF X5 WAHAE TA & sy
R (n=3)

Fig.2 Effects of ozone treatment combined with LVEF on TA
content in Citrus unshiuxsinensis during storage (n=3)

22 RENIEBHEA LVEF BB AMES
=4:05-A10)

T FECHAR], 25 27 DARHAR AT A b i AR Ak &l 3 BT
TR WORHTH, #5407 DM TV T o 0 B AR Ak,
T 2R 55 15 d e 4520 7 AR ARG PV M 2 b1 2 TR g,
X ] B S SZ AR SRS A B AR i T S I FE 5 40 d B,
CK # . R4 | LVEF 4} R4 +LVEF 0 sl & &
IR IEZE 65.31,73.63 ., 72.14 1 76.35 mg/g. KA +LVEF



%519 4]

RIEAR, S S AR T[] 7 s 7 R 37 Xk 8 DA A ARG T 38 o J5 ) 2 6419

TIPS O B A m T A 3 41(P<0.05), FEH R A 4
HREK A LVEF X 7 WA (14 7T s b o i 2 5 O AR
I, ATREZ I RA M LVEF AbBE AT LUE AL S RTE A
YERI= A1 AR, ARME i B SR ah, R|dA
H1 LVEF 20 P AL A AT i M o i RCR W LA k22 5,
HRE® T CK 41(P<0.05), KUK ALLHLH LVEF b3
o REA ] 75 D0 RAR P T 2 i R AL

90 ——CK%4H
85+ ——LVEFZ{
5 —— R4 +LVEF4
Dot
W]TH'H Ta
<~j 75 ¢ Lb
g
oot ¢
i
® 65t ;
"d
60 1 1 1 1 L 1 1 J
0 5 10 15 20 25 30 35 40

g Al /d

&3 e ] S A BRG LVEF X UL AT A T v Mo & i 1Y
I (n=3)
Fig.3 Effects of LVEF combined with ozone treatment on sosuble
sugar content of Citrus unshiuxsinensis (n=3)
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Fig.4 Effects of LVEF combined with ozone treatment on SSC
matter of Citrus unshiuxsinensis (n=3)
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Fig.5 Effects of ozone treatment combined with LVEF on VC
content of Citrus unshiuxsinensis during storage (n=3)
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Fig.6 Effects of ozone treatment combined with LVEF on the
firmness of Citrus unshiuxsinensis during storage (n=>5)
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Fig.7 Effects of ozone treatment combined with LVEF on the
decay rate of Citrus unshiuxsinensis during storage (n=3)
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Fig.8 Effects of ozone treatment combined with LVEF on the
moisture content of Citrus unshiuxsinensis during storage (n=3)

2.8 RiptxHE AR IREE T, ROEEE S

9 Sy TR A7 A 56 A RN Y R ZE 55 40 d B 454
FESH Y Ty RS A& 9 BER, RG], 75 WA AR
HEIRH 3 AN, WA A RIRERE A K. AGsh
AKARTA BKPY H T, JEE BN Ty (6.30~24.95 ms).
T2 (56.07~283.31 ms)Fl Tps (361.23~1825.18 ms), 3 Fhsk 43
st 752 Hsf ) ok o 3 P /N, R UGB e ),
5P R A b, AT WA Ty IR0 T B AR
1k, Ty TR | M B 35 (P<0.05), £ RIIA], &4%
ARG 25 G K & AR B2, R 3 shK 25 1 T
T2 DR Sy 300 ) AR T Mk S 30 S R S A L,
I HEES 40 d PALALT WG Tos sthigudssy i E AL,
Ul BI04 AL MRS B9 B K S R . A, R
SA+LVEF 4119 Ty st BRI 25 KF CK 41 . RALLF LVEF
dHFW], RIS LVEF Al A4 WM T iy A
HK B i RAASR UL, TP R IR) 452 75 D0 RH ARG 19 285 B K G
B, NSRS R BT, B lKE Y
BE TR, Rim5HA 3 AM LR AL A LVEF &%



%519 4]

ARMEAE, S AR B[] A0 i Fi 37 00 5 DA R I K ot Jot

R

6421

T WA B K R (P<0.05), IX -5 I
DU SRR o BRI DUAR TS o

~500

3400 y
£ 300 - -
B0k

gz 100F

0 L L
0.001 0.01 0.1 1 10 100 100010000
it 74 A ] /ms

B9 P 40 d I WG IR R LR SR I IR] T, f 3
TR 43
Fig.9 T, inversion spectra of the horizontal relaxation time of
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