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Mechanisms of Oxalic Acid Alleviating Chilling Injury in Harvested Mango
Fruit Under Low Temperature Stress

XUE Xi-jia, LI Pei-yan, SONG Xia-qin, SHEN Mei, and ZHENG Xiao-lin"
(College of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou 310035, China)

Abstract: Harvested mango fruit (Mangifera indica L. ‘Zill’ ) were dipped in oxalic acid solution of
5 mmol - L™ for 10 min and then stored under low temperature stress (at 10 ‘C+ 0.5 ‘C) for 27 days and
thereafter at room temperature (about 25 “C) for 4 days. The results showed that, as compared to control
fruit, lower chilling injury index and relative membrane permeability were observed in treated fruit during
storage. In addition, oxalic acid treatment not only decreased respiration rate and ethylene release,
inhibited activities of peroxidase (POD) and polyphenoloxidase (PPO), and maintained higher flesh L"
value during period of later storage, but also maintained higher contents of SSC, free proline and citric acid
in fruit during storage. It was suggested that the effects of oxalic acid in enhancing membrane integrity,
inhibiting activity of enzymatic browning, and maintaining higher level of osmotic substances including
SSC, free proline and citric acid, could contribute to improve cold resistance, and thus alleviate chilling
injury in mango fruit during cold storage.

Key words: mango; fruit; oxalic acid; low temperature stress; chilling injury
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SOAERT, TR SN ™ B S (Nair & Singh, 2009). WF5TRE, /KRR NO 5 4b FAE
PR R G RS PuA e, iR R SAF k4 (Dingetal.,, 2007; Zaharah & Singh, 2011),

B — BN V2 A AW S R T A LR . WFSUR I, ANJE R BB AL 4% SR SR
Joi AL 2R, PR G RS AR R A (/AR 20105 Wuetal., 20115 A5/MbR 25, 2011;
Zheng et al., 2012), 1] H BEGE SEMFAT FAARR S50 BOR S5 (1) 74 55 (Ding et al., 2007; Sayyari
etal., 20100, HFIHFFTLE KR AR & TGRS TR G Rz ipiiase i o T — D3 /s g
P m A B L SR G PUAE . SRR AL S F R AR AR FINLE], BT SR AR B AT AT AR
(10 'C £0.5 C) il Rk FHEa50. BETE . PRIRGHCR A LG R GE R . ZWyE ALl (PPO)
A AL IEG (POD) &M A HLER S S R &t 580, o T B R O A R S 36 1R 200 S 3L
A LR

QY VR SRS DARES

1.1 R R AR

IR Ay e BV BT B (Mangifera indica L) #&&F SR zill’, X4 ‘4865, T
VY1148 BERAE AN DX e D ANV AT SR €0 A o JE b

2011 4 8 F BAERARZ) J\ G K/ANFIAE (O A — B0 o RS, R4 K 2% Ding 45 (2007)
(K175 5 mmol - L™ SRR IR HL 10 min, AR ZK A6 I o SRS KT Ji o R P R /i 4 F S A 4648
55 2 Rzl .

Do RS AN K AR, BUEH LA I FE AR B 4% 120 NS, JLBFEE 30 NS TR IR E
fEAME [ 0.05 mm FIREES, AN, REBA (10+0.5) C (FAREAKIN Zill" FESLE7jK
252 B R AR EIRE FERAEEA (Sanyo, MIR-554) Fr7k 27 d, HE R IR (25 CA
£ FIE#4d. XREAGELS 60 AN RS H TG W I 174 S840, I 400 BN AL B p
[ 2 8 /> SR S s PR SRR R R TROH R o ) — 3 0 e BRI AR B R 45 60 AN, BB 7 d BEALA
A3 A 8 AN, Ji R 5 FHEAE 10 mm (14T FLAR IR SEREAR i KAR AL, — 380 S ) sl Ao
X REENE AT, A A A T A R AR I o AR IR AR R 3 IR
12 MEFRZ*

MRS A SRR R R G P2 AR FHEE, AR DL R SEANRE IE H se VA, RS
FRBG VT e SR U S BTN R 5 e 0 P RN 1 B RIGTIAR TR
SRR 10%; 2 G RN B BRI 10% ~ 20%; 3 Z: RIFIHF A R s8R H A
(1) 20% ~ 30%; 4 Z¢: RIRFIBIR TR AR 30%. BHRE (%) =Y URgRE < %%
REHUED / BB RE < mmBREHED * 100.

PR (DDSJ-308A, [RGB RF2#AXAAT R A F] D I 5 4 2R 40 Mo oS e it s .

IEWOR/DN S R O — BRI R 8 A4S, AL 5 L 520 R 1 Tgdst, %4,
IFAE (10 £ 0.5) CHAFTBCE, W 28 d 5 (AR SEWIAE 25 °C A =5 R e . AAEHE 40 4h 4 CO,
M e (GXH-3010E, JbatmiiE = A w7t A 10 min J5 T8 CO, M BRIt
SRSV G A P 4 h, WGP AR T Ak, HAAREREC (FULL9790, WiV LAR 44T
AT B2 7] ) I 5 TS 2 R G R, (a0l 451 FID A8, /N4 BN ek, FEHR o 80 °C,
HEFEIRE S 100 °C, A #s i %k 150 C.
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M FHM-5 HEETE CPPRTHALHIAE BT DS SERE A0 5 KA P SR A (R R R, 3B . SR
CHROMA METER CR-400 {4724 (CHROMA METER) 55z 50kt L™, BCEME. BURA
M SRR, E i, HECRRT D (QWE-T, E# s 1)) WEH R
TR VERETEY) (SSC) . PPO # POD yGVEIE 2% H i Hess (2007) 17775, H UV-1800

BHNEEE T (SHIMADZU) 43 JIAE 420 A1 470 nm ALK 3 min YOG 9484k, LASE 7 S A
CEEFURD BRI AR 1 o — B AT . fEH] Agilent 1100 /5 H A B354 (Agilent) I
EANIREE (Cevdetetal.,, 2009), a4t KWCMH&HﬁMSC TSRS B 27K B
()1 g- L BBV, WWENMVIE A 0.7 mL - min™, HEFES 20 pL, AWK K 214 nm. 21 Bates
S (1973) 7772000 5 S A AR 2 Tl 20 R 2

ARGt o0 # ] SPSS 17.0 #ftk

2 HiIR 5

2.1 EERAL BRI B R XA E R EFEXRIE R

WA ERBNKG 14 d TGS BT, SRRACPERIHESZ 21 ~ 28 d Al (28 +4) d ¥ EFET
HECCE1, A

DR S0 A A X 325 A ot B 1) 7100 S K T AN DB 38, >4 SRS 28 0 vl D) 2 3 s R Ab B
SR AI R IEEAE 21 ~28 d BEL T (K1, B).
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0 7 14 21 28 28+4 0 7 14 21 28 28+4
3% )5 R H Days after harvested 3% )5 R H Days after harvested

1 ERAEMERRIEEAERELERE (A) MEXEEY (B) MXME
“28 +4” FIRNPIAE 10 T 27 d J5 % 25 C FICK 4 d, P <0.05,
Fig. 1 Effects of oxalic acid treatment on CI (A) and membrane permeability (B) of mango fruits during storage
“28 +4” means fruits had been stored for four days at 25 °C after transferred from at
10 °C for 27 days, P <0.05.
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ISP R AR R AT IR, 14 d J5 88T LTE, i s 2R IS SRR N, BB
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TS O RETBOE 8 AT Ja R BRI AR s X R S SR IO AR AR 21 d S S S
(R AD PR AL SRS 2 B G A G I SR AR PR AL S LR R CH AR AT 28 FI (28 + 4) d 4 Al IR
RS T3%H1 70%, wELT X (&2, B).
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Fig. 2 Effects of oxalic acid treatment on respiration rate (A) and ethylene production rate (B)
of mango fruits during storage
“28 +4” means fruits had been stored for four days at 25 ‘C after transferred from at 10 ‘C for 27 days, P <0.05.

2.3 ERRAEMICRIELEEE. RAGZEF SSC BN

RS EE R )G 21 d WA K, 225 WIS T [ SRR AL PR S Shli 70 R 5 28 d B3 T4
TS,

TSR LR 0 K AT R, BORRAb RS LA 21 F1 28 d W m TR . B
(] SSC st LIHE e, HpR AN S SEAE sk [a] SSC 32 m X (& 1),

&1 EMAEMTREXOFHEEE. RASTEM SSC FEMRM

Table 1 Effects of oxalic acid treatment on firmness, lightness and SSC of mango fruits during storage

RIGREL i kg L" 18
KbFE Treatment ) N SSC/%

Days after harvested Firmness L value
%} J/Contol 7 5.02+0.12a 81.94+2.09a 10.1+0.09b
PR AL FH/Oxalic acid treatment 5.18£0.13a 82.10+1.52a 10.5+£0.08 a
%} i /Contol 14 5.04+023a 77.00 +3.00 a 13.1£0.06 b
B AbFH/Oxalic acid treatment 5.05+0.34a 7991 +2.64a 13.8+0.00 a
%} §/Contol 21 5.08+022a 72.71£0.92b 14.1+0.06 b
FIR AL FE/Oxalic acid treatment 5.03+£0.17a 74.00£0.97 a 143+0.15a
%} I§/Contol 28 3.89+£0.40b 70.53+1.89b 13.9+0.11b
FIRR AL FE/Oxalic acid treatment 467+0.14a 7292+ 1.81a 142+0.10a
%f I /Contol 28 +4 3.18+0.10a 67.75+3.73 a 133+0.12b
MR AL FE/Oxalic acid treatment 330+022a 7033+£2.95a 13.9+0.11a

24 ERRALEMICRIEHER A PPO #1 POD &I &M

HRA PPO VG PEAER G 21 d BIEREFAEA AR 2 RMEACTIRES (B 3), MRS 2wl T aiatE
2N, SRR AL LS PPO YEELE 28 F1 (28 + 4) d LT (B3, A). A POD JE
PELEARIELIE SBOH I AN TS I, 2 SRS 42 0 I I IS PR SRR AL EE AL S/ POD VHYELE 14 d 5 2
LT (B3, B,
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Fig. 3 Effects of oxalic acid treatment on activities of PPO (A) and POD (B) of mango fruits during storage
“28 +4” means fruits had been stored for four days at 25 ‘C after transferred from at 10 “C for 27 days, P <0.05.
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Fig. 4 Effects of oxalic acid treatment on contents of different organic acids of mango fruits during storage
“28 +4” means fruits had been stored for four days at 25 ‘C after transferred from at 10 “C for 27 days, P <0.05.
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2.6 EERALIEXSACRIE ER AR SRS ERZI

TR SI PR 5 TR 2 T 5 e e e W A R B s KO, ABE 14 d 5 SR FRAR, SR A FE S Sz
Wi B R & AE 21 R 28 d B, 43 5 A X I 153% 11 191%, R m X (- 5),
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Fig. 5 Effects of oxalic acid treatment on free proline content of mango fruits during storage
“28 +4” means fruits had been stored for four days at 25 ‘C after transferred from at 10 ‘C for 27 days, P <0.05.
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I E, WERARE . 2 ARG AR B At R A A5 e A R R SR R IR DM E )
PRI GREESE (1992) A AR ZE P AR Ak i S ] VRS b sz I SHE T SR S04 5 A AR . 3R
B SRR AT SR S SR (R v TR, TR AR T R R My 2R ) i i PPO A POD AL H]
TERER (5RF 25, 201000 ANREG 1 AR AL IR AL BRID 25 FEAIC AT SR R SE/e i Wria (10 'CH AH )G
% 351 DR P SR ST SAT Tz 1 VA 5 R (B 1D, BRAR T SR SEe el s S P g 26 . % &
W IORECRE (& 2D LUAHEA PPO A1 POD i 1E (181 3D, JF4ELE T Ik Ja U1 L A2 3 LR IKF Bkt
(R Do RYIHTR AW A ST R R SACHEIE N v FRER, 328 m RS Ml i) A e 1k,
PR AR AR S M, JE2% T RSV kA

KRG RIAGRNE T RSN U IR . AV 2 IS M Re 4 i R SR 5
PUAPE. RS TR A (Agopian etal., 2011). U1, Zaharah F1 Singh (2011) #F5TKI NO kb2
R R A TR FFE RS NN, WEAARIZM, I NO SEmAT A A HLIRAC I W] g2
P TERITE T o« SRR Y R A PR AT A A 7501 SR SRR 2R 2 i In ok, 32 S50 S I 2 R ARG I AR 3R
MR TR E P P (Zhang et al., 20120 ASRES H A IR AL TG 0 1 AT SR SE ARG IR e
TR SSC (FR 1), [l RESE | ALSIA AR IR RN 29 I 20 1 5 (1) PRl 2, ol RS PR A A R AN 124 Ml
IR BRI (K4, A; B 5). AT &AL R SR WME R R I L2 0% 1 154/
B B, A BT AERRAT SR A XA i 5T, AT eI AT Bl T4 v RS Bure 1, AT 22 i R Sk
(P8 T AR o — SERF TR AT S SR S A LR 2 B /K ST B 4 3 R A8 T 4%, Ty LR DS AR B2 A - TCA
PEIRFRE S 2B VE H L FE O FE T PG (Selvaraj et al., 1989; O'Hare & Prasad, 1993). 38 T#7
BIRMIR S (Gil etal., 20000, {HAEG 45 FE W] R A0 BEOCHIGHR P ae T A7 SRR S (139 SR A A
REEEmMER (B 4, By C. KUk, A ICHERHICEPria A HR 5 RS WL A 5 m A
HO 5 RSV AN, 2 IR R RIE T — L H0EIT
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