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Effects of Short-term Treatment with High Concentration CO, on
Post-harvest Storage Quality and Antioxidant Metabolism of Plums

LIU Zhixu, ZHU Xuan®’, ZHAO Yating, ZHANG Yu, SHI Huimin, LUAN Ruolin, LIU Jiabao

(College of Food Science and Pharmacy, Xinjiang Agricultural University, Urumqi 830052, China)

Abstract: 'Franch' plums were used as experimental material to elucidate the effects of short-term treatment with high
concentration of carbon dioxide (CO,) on post-harvest storage quality and antioxidant metabolism. The fruits were treated
with 45%, 60%, and 75% CO, for 3 hours, and then stored at 1.0+0.5 °C for 49 days. The firmness, color, soluble solids
content, titratable acid content, and indicators related to antioxidant metabolism of the plums were measured during cold
storage. The results showed that short-term treatment with high concentration CO, can effectively maintain the firmness,
color, soluble solids, and titratable acid content of plums, among which 60% CO, treatment showed the best effects in
maintaining fruit quality. At the end of storage, the activities of superoxide dismutase (SOD), catalase (CAT), peroxidase
(POD), glutathione reductase (GR), and ascorbate peroxidase (APX) in the 60% CO, treatment group were 5.71%, 59.95%,
27.40%, 29.18%, and 45.00% (P<0.05) higher than those in control group, respectively. The contents of ascorbic acid
(AsA) and glutathione (GSH) were 1.42 and 1.23 times higher than the control group, respectively. This increased the
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activity of antioxidant enzymes, maintained the content of AsA and GSH, reducing the production rate of superoxide anion

(0,™), and delaying the accumulation of hydrogen peroxide (H,0O,) content, malondialdehyde (MDA) content and the

increase in cell membrane permeability. These results indicate that short-term treatment with high concentration CO, can

enhance the antioxidant metabolism of plums during storage, thereby preserving fruit quality.

Key words: plum fruits; carbon dioxide (CO,); post-harvest preservation; antioxidant metabolism; storage quality
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1.2.1 FESLTALER e AT IS5 00 Sk Bk
45%. 60% Fl 75% CO, YERMALERHE . HEZSFENR
)5, LA 500 L/h SR T E0EE 45%. 60% Fl 75%
CO, 5rHIFE AN 70 L % 56+ (O, M BE 21%, itk
200 L/h, HAASMARS A N, , FRMIR RIS a2 v i
e m, AN EE 3 h, DIARIFI S R s A as S AL
VER X IR, - AL BRI B A = IR, IR E . S kg 2R
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0.5 °C, HAXHZE 90%~95% ) il i, 73 7 d #Ef7—IK
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1.2.2.1 ShBdgts AR 22N AE VI Mg SR 5L AR
TE BT = A5 A, AR LH BEAILIEER 15 P
RS, il L' o™i B RER FHIEL BAR N 3.5 mm
1) GY-4 IR EETHXT PO AR SC A T s Rl D
)& & (soluble solids content, SSC) 3% PAL-1 %Y
R AT VG ARy SR SIC R A 0 5 5 1T VR 22 T2 (titratable
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1.2.2.4 P bl g e A k4 15 AL (supero-
xide dismutase, SOD) Fl iEZ> B H AR AEN T (1 7k
TR . B 2 g VEMGIRSCRESN A 5 mL B2 4N
ZZ R (2 5 mmol/L DTT FI1 5% PVP)J&, ¥£ 4 °C
. 12000xg B.0> 30 min, U F 35N E . SOD 7%
F14KP5 SOD M A 3L TE UMk (NBT) 7E56 T AU 5
VEF A 2 fiE G R RN, B8 U/g FW,

1 AL & [iff (catalase, CAT) (4 52 = RE T i Bl
SR T IR RS AEAS O . IR 2 g PE MR SRR S A
5 mL ¥4 19 0.1 mol/L pH7.5 518 4 2% vh ik (&
5 mmol/L DTT #1 5% PVP), 7E 4 °C F. 12000xg &%
> 30 min, B FIERINAE . K$E CAT fEfk H,0, 43
fif A K NS4 B AR R HL,0, 1Y TS FE ol a2 i
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B E AL P (peroxidase, POD) P i 2 R ity 44
FREENT RS RS M. B 1 g PEMESR SR SN
5 mL W& 1Y LR - TR EN 2% vh i (% 1 mmol PEG.
4% PVPP Fll 1% TritonX-100), 7E 4 °C . 12000xg
B0 30 min, BCFIEWINAE . POD ¥ J1 10900 & LA A
o B L SRE S BRI OG EE RS i 0.01 2 1 > POD
WEPERAAT, PR U/g FW,

25 W H KA 5 ( glutathione reductase, GR) Y
] 2 B B A0 (Y PR RIS R . I 2 g P AfS
FESIIA 5 mL Bid 19 0.1 mol/L pH7.5 BEFReNSE vh
W (& 1 mmol/L EDTA), £ 4 °C T . 12000xg &[>
30 min, B EVEWINAE . GR G PE LIRS v S
FE S SV AR Z2HE 340 nm WG EE(EIE /> 0.01 —A>
BEHE P RASE, BN U/g FW o

P IR M. 72 1 42 1k P 1 (ascorbate peroxidase,
APX) 19 22 2 Bl et e 450 iy ik AR . B
1 g VUM SR SZRE SN 5 mL Fve B IR 30 22 vh ik
(% 0.1 mmol/L EDTA. 1 mmol/L TR IfiL ik Fll 2%
PVPP), 7E 4 °C . 12000xg &.0> 30 min, HL_F 15K
ME o APX 1% J7 LUBE va B 5 AR S AR R 76 I K
290 nm AW CIEE(EREAR 0.01 —EfySPE Az, 5
13720 U/g FW,
1.2.2.5 40 ifg B% 35 M . 9 . % ( malondialdehyde,
MDA) & AN e S5 E d lR A 1Y
T EAE NG MDA & 5 2 IR e i B 5 e 1 7
M RE o
1.3 B

K Excel 2010 #4FF11 SPSS 22.0 #R M- XF E 4G
BARHATALFRFN )T 225387, 2R JH Duncan XN Tukey
Ror B AT 22 5k FE ST AT, P<0.05 /oR2E B3
>k GraphPad Prism 8.0.2 Z{4ER]
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2.1 EKE CO, FaRHAbIE FHg R oI 5 S RS2
2.1.1 XHOFERIREN AR 1A Fras, 285
(0~14 O VEMFIRLM LMECGEE) BB LI
o BEE RS ] A RE G, PO SR N B O T AR IR,
FEEEEMEZ R, WaEE AT, 60% CO, AbHRZH Y
PEAE SRS L(E 4351 b 45% CO, AbFRA . 75% CO,
ALFRZE AT HEZH = 3.88%. 4.75%. 7.20%(P<0.05) .

WE 1B Fi7R, 4 HVEHESR N o fE A0 TR] 35
5 E TR FRUTPGMEIR R B R SR (B i i A S 4T
{r,, X PBLH SRS 14~28 d By a™{EiflE T, B3
(P<0.05) /= T HAh =2, HEENEE R, 55 49 d B,
60% CO, ALFRZH 1 VU MR 52 o H 53 01 LE 45% CO,
AEFRZH | 75% CO, ALPRZAFIXF HRZAAIK 4.27% . 9.65% .
10.37%(P<0.05) .
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Fig.1 Effects of short-term treatment with high concentration
of CO, on color of prune fruit
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Ko HEZH PG A R S (02 A e I ., 25 ALb FHLZH PO Mg 2R 5L
AR LR, HidR 45% 5 60% CO, AbFZ PhHAR
FAAPERIFRORAAT o WA AR, X RRZH SRS e,
BWIIITRERE A, 45% Fll 75% CO, AhFHELH PHARER
SCPERE AR, LI, 60% CO, AbFHLH PHEAR 5L
B R, SCIREERE . UEIH TR CO, Fn b
A A AR 375 7Y Mg L S [R] Y 2, Hoh 60%
CO, AbFRLHBIR AN
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AT R VUM SR TR A EE LR AR . AnEl 2A JIF
71N, BE ISR A (O SE G, 4 2H P Mg S S B i S R
[ ka3, (AN R ] CO,, Ab B ZH VY A SR 512 g i
FEEI R TR IR . RS 49 d ), 45%. 60%.
75% CO, Ak # 2H 68 B 43 5 J2 XF B 2H 19 1.20 1% .
1.37 fi%. 1.07 £i5(P<0.05) . 45RFHEIUE CO, &
Fs ALh P AT L S 2% P Mg R S 1 T R

A 14 |- X AR
T @ 45% CO,
12 + —=- 60% CO,
—e—75% CO,
210} a
A - S - 1
B8t -
......... 9 C
61 2d
4
0 7 14 21 28 35 42 49
e i) (d)
B 26
S
iy
&
Q
# e 45% CO, me g
E 18 —=- 60% CO,
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16 —
7 14 21 28 35 42 49
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Cc 1.0 - %R
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ég 0.7 :
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el | S N
E 06 g g *H
=
sy T et d
i """""""" id
0.4 . : : . ’ p y
0 7 14 21 28 35 42 49

I 5] (d)
K2 kI CO, S AL T VUM SR SRJFRERE (A) | AT
PEETEY) &5 (B) | AT E IR & B (C) BRI
Fig.2 Effects of short-term treatment with high concentration
of CO, on postharvest hardness (A), soluble solids content (B)
and titratable acid content (C) of prune fruit
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BT, STRBAHAESS 14 d i SSC FEIAFIHR K
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SR IE] SSC S,

&l 2C TN, FE A T ), P Mg 2R S

TA FE B N PRI (0~28 d)CO, AbF
ZH X B ZH TA & &5 T FEfadigcth . 25 28 d i,
45%. 60%. 75% CO, AbFHZH TA & &)X B4 Y
1.23f%., 1.12 fi5. 1.34 fi5. 1.14 ff5(P<0.05) . W
28~49 d I}, CO, AbFHL FIXT HEZH TA & i R
228 . WRCES 49 d i}, 60% CO, ZbFRZH TA S5
AL 45% CO,. 75% CO, AbFRL FIXT FRZH = 6.67% .
28.00%. 42.22%(P<0.05) . ZEHRFHHEHE CO, &
Asf Ab PR BB % Ay M A0 1) P AR S5 I BT 18] TA 25 5
AR

5 L JTR, S CO, Ja it b B RE 1E 2 ph g R
SIS S T A B, I HL 60% CO, AbFHLH SR A2 A,
PRIHEERE 60% CO, APIAVE Ay i A BHZH HH T e 2209
TG
22 SiRE CO, R IEXT P R K
)
2.2.1 X AsA. GSH &5 AsA. GSH & &
SRIPEALRETIEVIARG . anlEl 3A | El 3B IR,
VUSRS AsA B Fl GSH & BEAE IV i A2 v 4351
SRR E S DAIEEES 7 d PR, 60%
CO, AbFHL S %f L Z R AsA & H B 25 M2
5o IPHREERET, 60% CO, AT AsA & B2 XT E
ZHHY 1.42 4% (P<0.05) . WIS 21 d T 4R, 60%
CO, Ab3zH 55X 20 22 (6] GSH & 38 20 i 28 P 22
S, WS R AT, 60% CO, AbFHLH A PEHE RS2 GSH
EREEXT AR 1.23 1% (P<0.05) . Ui 60%
CO, AT A A F VU IR IR S5 W B T AsA
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Fig.3 Effects of short-term treatment with high CO,
concentration on AsA (A) and GSH (B) contents of prune fruit
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Fig.4 Effects of short-term treatment with high CO,
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content (B) of prune fruit
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E
o0 . a
2
el
#
=
a
o
=¥

7 14 21 28 35 42 49
WA (d)

I 49 d B, 60% CO, AbHRLZH O, - = i Lh Xt it
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AbFRZH H,O, & H i 3 (P<0.05)fIKT X RRZL . ik
25 B, 60% CO, AbFRZH H,0, & & b XT IR £ AIK
24.73%(P<0.05) . BLHH 60% CO, &b TT A %317 il
IR E] O, - A H,O, F e e,
223 XFEFWE MY SOD. CAT. POD. GR.
APX SR ARG PN 1o S AW B 5= G i) 2R
WE SA BTz, PEHERSC SOD 7% M7 24 Ik 1 [a]
SIS BRI LT, 5 0~14 d B, 60%
CO, Ab PR FIXT AR VO Mg RS2 10 SOD 1 P = 8] 1%
B EZEF(P>0.05); 45 21 d B}, 60% CO, ZLFHZH )
VUM IR SE SOD 1 JJJ2 X FRZH 19 1.03 %5 (P<0.05)
TE 35~49 d W], 60% CO, AbFHLH Fxt B8 41 o SR
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Feo 25 0~21 d B, VIR SE CAT 3P4 F1 POD
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b FHLZH ) PG AR SR S POD 3 P G REZH Y 1.27 1%
(P<0.05),
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Fig.5 Effects of short-term treatment with high CO, on the activity of SOD (A), CAT (B), POD (C), GR (D) and

APX (E) of prune fruits
B 7
CO, AbBHZH FIXF FEZH PUARG S S2 69 GR WG PEREAT W35 g”fco . 4
< - 60% )
225 (P>0.05) . 45 21~49 d i, 60% CO, b HHiZH Fl z 6 : FI
it B PH MG SRS 1 GR i M 22 5 135 (P<0.05) . i"
LS R, 60% CO, AbFHLH EbXf HEZH 7 29.17%(P< )
i
0.05). o
— S N <
AE SE FroR, PEHERSE APX 7l PR T8 g

R SE FTHS FREEE. 60% CO, AbFHZ 5] I
LA VAR IE APX IE PETENRCHTIA (0~14 d) Pik -
T, 265 21 d B, 60% CO, AbFRLZH PEARR S APX 1514
JEXTHRZH A 1.20 fi5(P<0.05) . %5 35~49 d B, 60%
CO, AbPRZH 5 %7 FEZH VMg RS2 APX T P28 18 T [,
fH 60% CO, 4 PRZH iy 25 T X MEZH . 2% 49 d B,
60% CO, b PRZH PO AR 58 APX I P 02 %F IR 21 19
1.45 1%(P<0.05) .

27 I 60% CO, AbHE AT I 2546 i R Jim U Mg SR 5
DA AEHEES P
23 =IKE CO, FER AL IEX MR MAEIEES
MDA & EHIFM

P ARt i R R AT S B A S A A5,
ZHPMIRSEAY SE A B IR, DA SR ST i 5T 45 748 Ke
TEL IR, AIMBGAENE S MDA & B i i R
FALWOTRREE B HFERRT T anlEl 6A L 5] 6B B
71N, TEHEA Ve S0 6] 7 A 2R S 21 it 5 5E5 74 A1 MDA
R TS 8 0~28 d B, X RELH PUHE 4 Y
B PEFT MDA & 5 P in, W35 T 60% CO,
AbFEZH (P<0.05) . WHEEES 49 d B, 60% CO, ZbFEZH
VA SR S 40 i R P . MDA 55 49 Sl S f BE ZH 19

>
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