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Abstract: In order to explore the effects of ozone treatment on ascorbic acid-glutathione cycle and cell membrane lipid
peroxidation during postharvest storage of prunes, 'France' prunes were used as materials in this experiment, and ozone at
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96.3 mg/m’ was used to treat prunes every 15 days. The fruit was stored at near ice temperature (—1~—1.5 °C) and relative
humidity (80%~90%) for 120 days. Ascorbic acid-glutathione cycle and cell membrane lipid peroxidation related indicators
were measured. The results showed that 96.3 mg/m® ozone treatment could maintain the contents of ascorbic acid (AsA),
reduced glutathione (GSH) and oxidized glutathione (GSSG), and reduce the production of dehydroascorbic acid (DHA)
during storage. The key enzymes of ascorbic acid metabolism, including ascorbate peroxidase (APX) and monodehy-
droascorbate reductase (MDHAR), were regulated by ozone treatment. The activities of glutathione reductase (GR) and
dehydroascorbate reductase (DHAR) maintained the oxidative balance in cells, and activated the antioxidant metabolic
enzyme system, significantly elevating the activities of superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT)
(P<0.05). It reduced hydrogen peroxide (H,0O,) content and superoxide anion (O, -) production rate, inhibited lipoxygenase
(LOX) activity, reduced malondialdehyde (MDA) production. At the end of 120 days of storage, the LOX activity of the
96.3 mg/m’ ozone treatment group was 32.73% lower than that of the control group, and the MDA content was 14.18%
lower than that of the control group (P<0.05). Therefore, 96.3 mg/m’ ozone treatment could delay fruit senescence by
accelerating the ascorbic acid-glutathione cycle, increasing the activity of antioxidant metabolic enzymes, reducing the
damage caused by harmful substances to the cell membrane, so as to maintain the storage quality of prunes and prolong the
storage period of prunes.

Key words: ozone; prune; storage and preservation; ascorbic acid-glutathione cycle (AsA-GSH); membrane lipid
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peroxidation

VG #F ( Prunus domestica L.) J& 3% 15 FL 2= & fl
P, B R TR E S R AR X, AR
FALFEIR2EVE ., opp . SREBE S, IRV EN R
AFHh X AR A —, THEREEH, RUARUHR, I & &=k
BRI, IR D % . Vs TP ERAR
TULLSE, KA Je BRI, SRR 2 AT L, 7
XCR G REARIR 35%~45% 2, P 207 Rk 35,
I, 32 FH AT RS R A AR AR AR SR A PE AR S I AR
e [P ELAT BB Y SRR

HERBGER G sRGS R T, 7E M4 (reactive oxygen
species, ROS) 1% 1 2 FH 58 2 T A48 9 4 i 4 7 114
AZATIR . 85 BT MR AE T 0 2 A FIRR W TR, M
BEAPTE BRI IE PR, o | A A7, AR A R 4
PR SERE AT BE MR, ARAY AT LLAE A A (R 52 N A
AEMEARE S N R 1E B ROS .. PUIRIMNLAR -25 B H ARG 25
(ascorbic acid-glutathione, AsA-GSH) £ ROS & &
R PRERETEEWVVEH. AsA-GSH f§EH n] 18 i 3%
SIRPLIR ML AR S AL TitF (ascorbate peroxidase, APX) .
25 e H KA 5 (glutathione reductase, GR) . FAIIE
FC R 1ML R 48 L il ( monodehydroascorbate reductase,
MDHAR) . Bt & PTIR IR IA S5 (dehydroascorbate
reductase, DHAR) 2 [8] 1% 3 [F] 4046 /B FH i 3 b i
4 1k & (hydrogen peroxide, H,O,) ™, $T 3K 1ML fig
(ascorbic acid, AsA) 5 if 5 7 2 Bt H K (reduced
glutathione, GSH) A AT LIVE M B 5 B kS, [
B AT A S e A, BRI JEE BR ROS, 4k
FAEPA N A AT . ROS 1 BREF R Feib s
A AL & (catalase, CAT) . i EH AL W (peroxidase,
POD) . HBEALYE; L (superoxide dismutase, SOD)
R EIE TS BR ROS, Ml A %5 1 (lipoxygenase,
LOX) & P, i BE A i S A S 7 W) T8 1%
(malondialdehyde, MDA) 194 i, M 4Efp4m i isss
PRSP, IR IR S R

H AT PH AR UL R 5 AR R AR A SRR 5
AR AR FRIAL BRAE, LB R T IR AT
TEIATE v PR 5 M, ERLIEL, Sfa L 1AL
ERAERT AR EER R X P AR 5 U E A SR E .
T VK & (near-freezing temperature, NFT) I i 432 AR
SR ISR B A A BRI R SR, AEANE A 4 A
ZEREY LA IR R B MR SRR Qi S 2R
SLRE . RENEN RN LA sRERTER R
PRSI, AEAL ARGy T HA RV B . Ak, 52
BRI PRI B A5 A, A IS 22 B FO MR i B 4
RElE B BT E L R AR, e Pt s bik AR ™
Y6 R, IR BEATE B AR B S0, k45 S8 I8
Jot, JIZ N FAESR SR G W O T . RS ST
W] 45 mg/m’® SLAAANHIRT AR S Rk AsA-GSH
VEFNAH SR 75 M, PRISE AsA Tl GSH & 5L, 4EREL
= AR FOIR A, 18 TP kR JT . A EAESED
T # B 200 mg/m® (Y 5 & T DL = Ay SRS P AR
{L i (SOD. POD, CAT) 4% 4, ¥l 9 4 B 5 7
(superoxide anion, O, -) 977 4 # F F11 H,0, 1
Ho RES I A IR, 48.2 mg/m® R ARG
BERT 4] MDA 1R 2, R 4R 20 Mo 5 1Y) 58 B4, 4EF
BRAERIR ST o

H AT ARA RGP R A A TR PO AR S
7 AsA-GSH &M M AR R A o S AL 52 o AS BT
FELL B 2L VR VMg k), A Ta] st R AU AL PRV Mg
IS, R B AR AL PR SR S5 PO A AR S e [H] AsA-
GSH TE¥ A K AU RSAR 3 S Ak 1952 ), Sk VAR 568
PREEH AR SR UL AR FISZ e S
1 MRI5REE
1.1 MREEE

TEEVOPOME R ATE R, SEECAT i R
W (22.5%%0.5%), i (19+0.2) kg/em?, JEARIK
/NI, TEHLAAT « Todis 0 P AR T S 5 =4
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05 BRACE L 2R . IR 4 M e ] . JC K T 1R
SR el i NP S L& S g s o wri | & S 1 T/ B 2 R A i)
AMEH IR, oA SR R | ISR e H R £
oy dral, iR RN A IR F; GSSG &
i . DHAR Jf 7 . MDHAR i £ . O, 7= 42 3 % |
H,O, &railila MBS AR A H .
RC-4 #&Fic 5L VTR A H AT BRA 75
GXI16R EHARE UL IR TH I RS A PR
H]; FL-810SY & JJ B 4UKENL R I ek
R F] Te BAMMOGEETE  db et HrEs AT R
TAEAF]
1.2 EWHE
1.2.1  VOMGALFR AR 38 I PE AR SR A, K
PO A AR T VK IR (—1~—1.5 °C) . AAX 15 B (80%~
90% ) V& PRIV T3, A1 FH S AU AR WLEERR 15 d b F—
R, FERTI S (0, 64.2, 96.3, 128.4 mg/m?) 1Y)
FEl e 96.3 mg/m® (Y SRS B A TS5
1.2.2  FabRillE I
1.2.2.1 PHMEIRECEE VKA E S e 98 g 55
7%, TR T SR AR S AT A VU MR S Ly, &1
—35 °C W EMY, 510 s A3 SRR ERE,
B VUM SISE AR Gh, TR AR L 2R 1A, LAAf
FE PEARESR S A UK A TR
1.2.2.2 AsA.DHA &HEIME ZM Turcsanyi 01"
B 7 B IEAT 0 E . B 1 g PHAEAE S, DA 2 mL
100 mmol/L HCI, 4 °C F 12000xg &5.(> 25 min, Y&
EIEWA . AsA FEME: B 100 pL HIERS
2 mL 100 mmol/L pH6.0 BEERHZZ nhi Fl 0.5 mL 7%
TR/KIRS), T 265 nm P I WG RE, 38 b AR i
LA AR TEVUMERE S P AsA SR, BAAZ N mg/100 g
FW. DHA & #illxE: B IS 2 mL BEiR
MR X 0.5 mL 2 mmol/L DTT ¥, 28 °C T2
B 20 min J57E 265 nm K M E ST LR B
=, I 2ZEEh DHA &5, ¥°~ mg/100 g FW,
1.2.2.3 GSH. GSSG & H il = e g e ssty
BRI RE GSH & & BX 2 g PEMERES, IDA 2 mL
50 g/L =& 4 1% (¥ 5 mmol/L EDTA-2Na), 4 °C
12000xg B.L» 25 min. HL 2 mL FiEWS 0.1 mol/L
pH6.8 BEMRZE ph SFIAFRIR G5, 435I 4 mmol/L
DTNB = ) B R 2% vh R 45 1| mL, 7 28 °C JZ L]
25 min JG7E 412 nm PR IE ROGE 258, i@ id bR
I £ 315 A v VE M AR L T GSH S a L, R R
umol/g FW. GSSG % H ) & il i, Ak
nmol/g FW.
1.2.2.4 AsA-GSH TEPRBEIG M E  APX i 1EZ
A g R AR (Y I B 2 g PEAMERE S, INACE
0.1 mmol/L EDTA . 1 mmol/L Hi¥RIfiLEZF1 2% PVPP
B9 2 mL B B2 80 22 vl % (0.1 mol/L, pH7.5), 4 °C
12000xg B5.0> 30 min, HX 0.1 mL %5 2.6 mL

FZ % 22+ (&7 0.1 mmol/L EDTA ., 0.05 mmol/L $i
IR ), it A 0.4 mL 2 mmol/L H,0, Ji3 3 JZ ¥ o
£ 290 nm P AR ZE TSGR, B4R BEAL 0.01 &
SR —A G B (U/g FW) o

GR {EMES IE Al iy vkl B 2 g v
MERE S AT 2 mL 0.1 mol/L, pH7.5 B2 44 2% ik
(% 1 mmol/L EDTA), &.0H FiEW . B 200 pL I
WS 2.7 mL B ER AN ZE P . 0.1 mL 5 mmol/L
GSSG B IR 4], it A 40 uL 4 mmol/L NADPH J3
BRI o FE 340 nm PRI E RO GIE AR 3R
BRI, A Lo U/g FW o

DHAR ., MDHAR {5 PR FHRG & 2, 5845
& U/g FW
1.2.2.5 SOD. POD. CAT P kG E  SOD,
POD. CAT fitEIyZ ey g aEt Y (9 7 kil e, B
¥k U/g FWo

SOD {EPEMIE: B 2 g PEHFFRESLANIA 5 mL #§H2
NP (F5 5 mmol/L DTT H1 5% PVP)J5, 7E 4 °C
. 12000xg .0 20 min, B35, 76 560 nm P K
I ESEREASAR . LA SOD 3 A 3 PO ik 7E S
R AR R BRSO N

CAT V& PEMIZE : HL 2 g FESLIIA 5 mL T¥& 1Y
0.1 mol/L pH7.5 BEFRENLE P, 7£ 4 °C T . 12000%
g0 20 min Jig B _LIE W, 7F 240 nm P O
ARk, DA CAT i1k H,0, st 4 H,0, BT
AE R O B

POD & PEMI%E: BL 2 g PHARFAESH A 5 mL Tl
B TR- O TRENGE PR, 7E 4 °C . 10000xg BF.0>
30 min Jig B VS, 7E 470 nm P DI E W' EE AR
ko POD ¥ M: LLUAg: oA &h A 48P R 6 B2 39 im 0.01
A1 POD 75 PEEAA .
1.2.2.6 O, F=AMFEAM H,0, FRMIE O, 7~
A RN H,O, & EHSREFIENE, O, 7 AR
SR Py A nmol/g min FW, H,O, % & P07 A7 umol/
gFW,
1.2.2.7 LOX itk . MDA & &#illxE LOX iHtkE=
PR R FRAE U (Y T I R, B 2 g PHAMEAE S
2 mL BEBREE vhif, O ER L VEAEI, InA 2,75 mL
2B ZBRENGE R AN 200 pL B A2 50 pL 0.1 mol/L
B SIS PR AN R 35 °C S8 10 min, 7F 234 nm &b
SEWSCREEARE, LOX Wit AR vkt b A3 43 S ' 2
Wahn 0.01 & 1 1~ LOX 3%, F 2 U/g FW., MDA
TS R ARSI ERIE, B 1 g BES, A
5 mL =44 PR WS O B VE AR, B 2 mL I
TEWINA 2 mL 0.67%TBA ¥, 2.3 20 min J& 5
OB VB, 43 BIHE 450, 532, 600 nm AR E '
{8, 543"~ pmol/g FW,
1.3 #iEAIE

A5G AR 3 IR, g IR RN
{HPRUEIR2Z, % Excel 2019 ZbFRET#HE, SPSS 26.0
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XTRAE AT HHT, P<0.05 AR FIZFEPRATFAE i 5P 22
5, P<0.01 AR ZIBIRAAEM D EIEZS, [T H
Origin 2024 2xA,
2 ZEREHh
2.1 FEHERSDKSNE

il 1 PEMER SR I ZR I AT AN, B R RIS TR]
FEAS, PUAER ST LR T BRI A5 (=5.1 °C), [
JE TR TR PIT T, 302 T P MRS NS S /K 1 [
BIRFEAR , AHAS VIR, [0 T i TR R Sk VA
VKSR (=2.3 °C) o FESEE Ty ik 52 2V PRk 5l
ARSI E IR, T AT VK HR I R 15— 1~
-1.5 C.,

VKR 2.3 C

VR 51 C

0 1000 2000 3000 4000 5000
T (s)

BT PUMRARSE 2k

Fig.1 Freezing curve of prune

22 REAVBEHEICEEAE AsA. DHA. GSH.
GSSG & =/I% M

RERH 9 AsA Fl GSH 1ENBPUA LY BT H %
G RER AN B9 ROS, Rt 2 2 Cilhia e b
PR A T AT 3 IR TS ANl 2A BT s, FE IV R 1 18] P
HE AsA & BVARE FREHETE, (HIF i (45~75 d),
AsA eI sh H 96.3 mg/m® RAANIIZ AsA
B AR E R AR, ECGR B 120 d B, B
AL BRZH Eb XY IR AH i T 25.68%(P<0.05) o AN
& 2B N, VUM REYIA] DHA S5 e AR T
R rdasty, ZEN 8 30~45 d I}, 96.3 mg/m® BL4 AR
2 DHA & 83 5 T X IR 4H (P<0.05), 7625 45 d
IR FIEAE, U RIBTHAXT REZH & 19.17%, Wss 1 75~
120 d X%f i ZH DHA & & % & & T 2 A B4 (P<
0.05), 7£ 90 d iLFIIEAH, 2 5L A A FRLH MY 2.72 15 (P<
0.05). N 2C flrogs, PaMER U R] GSH & & 25
IR R RER AT, e 45 d I 4G T, P 60~
75 d i}, 96.3 mg/m® BLAANFILH H RIS REZH 5351
30.41%. 30.26%(P<0.05) . GSSG & &= 4n&l 2D By
7N, WO AT R, PHLLAE 75 d IR, SL4R
Kb FRZE LRI IR ZH B 27.64%, 90~120 d H 30 R 4
AT, LT RELE A5 41.81%. 40.48% . 38.97%(P<
0.05). SCZEHRFEH, 96.3 mg/m® B AKFH AT A5 %4
AEFRFPOM IR IR G G R T AsA T GSH. GSSG
M i, BRI DHA 94 p%, IR It AsA-GSH &
R LA, [ AsA S gERFre s KoF, Ltk

)
<)
>

= CK
——96.3 mg/m* L4
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ASAE L (mg/100 g FW)
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2 CK b
& 8 —— 963 mgm RE K

0 1‘5 3‘0 4‘5 60 7‘5 96 165 12‘0
P56 FH (d)
K2 BLARALBEIXT PUARIE-EEINIA] AsA(A), DHA(B) .,
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Fig.2 Effects of ozone treatment on AsA (A), DHA (B), GSH
(C), and GSSG (D) contents of prunes during storage

T N R — I s [) 2 [ 22 3 Pk 25 57 (P<0.05) , & 3~
s [

AR DY ) S AT

2.3 RELIEITFRHEICE LG AsA-GSH fEIFEEE T
=)

NE 3A N, BB A P APX 3R E -
FhIE T REkash, TE AT 15~30 d XFRE4H APX i
PEEE 96.3 mg/m® RAAALIRLE S B 12.06%. 21.43%
(P<0.05), 30 d iXFNIE(E, BE/S TG R, BT
WA HHERAE 75 d, 3G PERC HEZH R 27.20% H 4ERER
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Fig.3 Effects of ozone treatment on the activities of APX (A),
GR (B), MDHAR (C), and DHAR (D) of prunes
during storage

WA B, U AR R T . GR W PEANE 3B JiF
7N, PIZH GR V&R S BTHE T REER P 15~30 d
HAMIXT FRZH GR VEHE R ST 96.3 mg/m® B ALHE
ZH(P<0.05), RAEAFEZE GR HEPETE 45 d ik FIIEA(H,
FE IR HAXT REZH R 64.06%(P<0.05), TE 45 d Ja R84k
FHZH GR G PEIG L X RELH . VR3] [a] PO A SR 5L
MDHAR {45 APX. GR #iitE#a#—3 (& 30),
g 15~30 d #AMAE], XFHEZH kL 96.3 mg/m® R A AL B

ZH MDHAR 75 1ER 55.82%. 43.83%(P<0.05), R4
AL FHZHAE 60 d IR FNE(E S T 4R T B, BRI R
PR FF R AT TE . IWRE 15 d BP9 4H DHAR 75k
ol RS, W 30 d Z 5 RAELLPHZH DHAR 76
P B T X AR (K] 3D), 726 45, 60, 75 d i
P 43 B B X5F BRZH 7 64.06%. 55.82%. 43.83%( P<
0.05), PR A 120 d By PHZEIC BEM2ZE R

ZEIR R, BLAAAFRAERIHA (0~30 d) SR fkdm
il AsA-GSH FEEREHG M, 13052k 5L AL g i 25
5 RS AR B A AL I, S3 ROS BT E, A
AV IR AR A5 4931, T B o DT (] P4 2B, Ve ARE
RAYSEWHEN T R B AIEAEE, I AsA-GSH
TG R G m AR S B % M, X S 2R AR AU 1Y
WFFR4s B2, 6] 200 mg/m® RAEKN PR T AT 5 |7
AsA-GSH HEEREEY G P B SSHm il e L B
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Fig.4 Effects of ozone treatment on the activities of SOD (A),
POD (B), and CAT (C) of prunes during storage
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0o F=HiH T SOD. POD., CAT 2 [a] it [E] & 1k
YERISR GG ROS. HNE 4A ATz, I 5% 5 6] 7o A
5 96.3 mg/m® BLAEANFILH Y SOD Wik i 2 T XF
A 2H (P<0.05), M 45 d #2 SOD &2 s EFF, 78 75
d IR FN AR, A AL FEZH FLXT R ZH % 15.91%, Pk
120 d i B 42 A0 38 40 H 6 BB 2 i SOD i 4 7
20.44%(P<0.05) . POD {HPEUNE 4B Az, ik
[E] PG AR POD ViP5 TG T RS, X AR AR
A HE, PHLHIATE 60 d 3K FIE(E, SN PILH L
[A) 5 X5 BB 2H 755 48.29%( P<0.05), B ) Wi 4H POD i
PGB T R, CAT iWGPEAIE 4C fiR, £ 15 d
XTRBLH CAT 3PS T 96.3 mg/m® LA PR, BE)S
SLAE M PR TEMEFFEE T, £E 30~90 d 4R%& s T4 Af
ZH (P<0.05), I3 105~120 d PH4H CAT 7% M0
2R (P>0.05) . SLKRZE R, 96.3 mg/m® B
AL I AT DA PE MRS A S BT ELB i R S, $2
= SOD. POD. CAT B3, H458 SSAE I )
ESET =R =N S
25 RELEMAEEIEH H,0, 88, 0, FEIE
. LOX 7&M. MDA &ERIFN

ROS & —KH A MmEILRE S AT, 2%
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