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Abstract ; Softening of fruits and vegetables is a crucial factor limiting their postharvest quality and commercial value,

including species and varieties, respiration rate, the production of ethylene, degradation of cell wall, microorganism etc.

This paper reviews regulation methods of postharvest fruits and vegetables softening at home and abroad, including physi-

cal regulation, chemical regulation, and biological regulation, in order to provide the theoretical foundations for the im-

provement of postharvest fruits and vegetables quality.
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Gwanpua %5 20V BIF 57 38 W] £ 0 36 15 Rl 05 12 30 240 ff0 2 [
fiee Tt 1R AR Ak Wl R R 0 R 8 an 2R R T G
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Fig.1 The degradation pathway of pectin
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DNA 7 T BN . BFFE A B, R 42 0 ~ 1 kGy R
A UV-C AL 35, BE M IR B 70 2R 0 35 1 A 9 9
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RBLIANREDT ) Hoh LUK R R 25 S Ak B
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i FEE U TR IR AT BEAL PG PME SR B R i il
(pectin lyases , PL) %5 240 i 5 fift 6 A0 iod 48016 2005 ( cata-
lase, CAT) .1 & 1k ¥ [ ( peroxidase , POD ) %5 4t 1 i
BRG] I 3 RT3 R 0 B 3 R B A
Glowacz 55 %' FHl 40 45,50 C (i #AK 43 5] b 1 35% S
30.60.120 s, 45 R & IAIH 45 CHIKALHE 60 s A3
SR I SR i J5T 4 45 B4, AT AT AUHE S 5 % . Maxin
T R BT 65 °C YUK Ab TR 20 s, 1A R0
/L B0 3 2R R T A B R SR A
o B AERALD BRIk A ey | I R] R EE 2 250 A 4 1
P T g 4 R ek vy AN R T SRR R S 2%
PR AN 25, 3 BUE SR LA K . Hong 45100 FIFAOK
255 T ORIR £h 55 1k 271 0] b BT AR , B A ROCR
REE,
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Vo WAL B AR A0 R 5 R A 7 A v B E

TG0, 0 L 47 e s () U Ol Ak #4238 o ¥4 W 3 15
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D968 S 400 A R Ak AR Ak B A R AT 4 I R S
SR AL SR VKK IR A 8 P b B I L koK TR
AW IR L, Chen %O B3 £, VKK IR &
YR ¢ Hass 85 5L S 52 30 min, A) $0 46 5 17 4% €6 A0
R R R, X i AR G PG FEF 4t 2 Bl I 1%
R IR S 20 7 R W % A A0 K o 38, (H
X F PME Wi ¥ A %0 . Zhang %K 0 C VKK TR
Ak B 7 LR S2AE 20 °C TR YRR, 38 i 4 1 42
TS i 1 PG F PME {5 ¥, 1R R SE 0 fb, Yang
AU 25 0 °C /40 min 2 °C /20 min 2 °C /40 min
2 °C /60 min F1 4 °C /40 min 40P Y B TN AY 56 B, 45
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2.1.4 =AAKE
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TR PR R SR A, R AE 28 Y 22 A0 R B AL R
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TR e, R e WA O fiF AT — o R R b R
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1-MCP 1 by — Ffr 0 i 551 | PR FL 22 &2 JC 8 L AR
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BLAN ] A B 7= 20 B 2 W RS R SR R 1 B A
B0 Brummell 25 24 B 5% 3 B, Bk AE A @l A
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I TH R X S s AR R R
IR PG, Cx W R IS SRR AR K
S, KT, Hadfield 2514 % % Kb PG mRNA #
SEARZ LS T PG mRNA B U 32 2] 2 6 4
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B SREE A K R B AT S Y JC R TE4E R R
o ORI O v B W o e (S B 0
WA, P T4 1 AR A /N T 40 R B Y FL AR 4 T i
AR A A A0 I RE b LA Ak T AT A R o SR
VAN O YN S i v R o | D -
R 180 i 1L i 40 1 IA) A 45 & 0, 3546 A B A 1L i 4
JRE B A3 FAFAE AL AR IR (1 22 AR il SR 1 4
B b T 0 B B LAt 2 R T, A BT R
WA A AT 25 A SR o 0 SR R, T B A R A 4 5
LU, X 5SS E N EIL R B RKR,
T3k — 5 o5, AR 7 v R SR I SR R AT IR A Ak
Rl U A B AR v R N R 0, PR R
BERE Y Ngamchuachit %520 i K [a] e B2 i 44k
5 R L PR G A B LR AE S OC R P, &5 Sk PR B
b s 1] (1 42 4 4265 95 5 Ak 3 (7 - SR i JEE 359 K X6
PR, HS AR5 5 3L R 45 A 0 2o 1 SR R L 2%
AR, Silveira* Fll Wang' > Z8F 58 £ W, th T A )
R A AFAE 2257 FE B 00 Joc 3 A5 vk B e R IRl , 1
A 2630 E e B A B A OT A A R B AR,
JEE (1R85 Ab B AN ASUS B EE 2 R i A, BT 23 X SR B
S5 P ORI PR
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NO EAFELE T R85 b A LU A 5 5 2 (s
S0, B 5 5 E A 20 H WA, AE 2% AR 8 A
A1 BFgE WY, Ah IR NO S 2% 4b B T GE 28 kA
EN R S A A
ADOTRIFISME NO A S A Al AcC
A B ACO FIT ACS 25 B T8 P, 18 10 A 2550 7] P R
25 A AR AR R 0 X P YR 2 M e R 8
NO I8 1] 75 RCJA 7 B8 P 22 Fh o v i 0 1, anad Ak
SR, R AR Y B NO BB 2R AL B
B, TR PC R4 ik, SRS 5 &

L NO Ab 3R] X 7 45 22 1 ZUBH I R 1 . MaPGs &
A=A, £ & MaPG2 . MaPG3 Fl MaPG4
SR ik T A R0 HE 28 B Ak, s R B 1Y
NO 78 b Hth 25 X6 SR 41 20 245 #4936 0 3R, o e s
KL, PR AR IO s 5 R S T
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WF5E 22 B, PR 65 50) 52 45 Ak BRI R A 2550400 o) I 1R
fifg 5l 4 A I O Mk R IR RO R R R g7 LB R
£10 " Rodriguez-Arzuaga % O BF 5% R AN [ e BE 4
ELhr i R A R B IR I 2 % B 550 F 5P SR R A7
AT ARG 2% B EM R +0.9% Fr
BER + 1. 0% Bt 3K I iR kb B AT fifi 0 4804k i 77 48 & i
36% , X5 T A5 X VTS Bk I g — 2,
T PRIE VR I SEARES AT R PO IR 21 i) B
A PR T AT 500 2% R S AR A, e A, H b A AR e
5 HoAth P fef 7 vk B A Ab B A RE A B4 U A SRR
oM, it Ak S i Ak B 4T3 A 25 9 I
IRL TENC i — B i R] )5 2 o 8005 s 2 A0 Ak 5 %ok R
YIRS AR kAR bR LR R
PR A 2 DR B 50 S R 7 IR Y BOE UR A TR
FEEFHI) A SR 2 1T T R R 17 () s A, T A 2 A o] 2R
B8 NI A FH 25 A5 30 2, D4R VC | AT TR AN ]
VPRI S i SRR L R L AR S gk
SRR T HIA 7o M R E
2.2.5 MH#E

MY E Y A B A R A NS
Y, 2l N — R ES T, RN AR kA
ARARET R AE T U A R A B R IR A
KEE, OImERA—MEN AR, EEMEEN
PR A P U 3R, 0 A D9 et s B T B AN
Wi AR Ak, 76 SR AR KA AR J5 2B BT 4R
W 2 A ORI 1 T A FH RN 4 AR RE K A il S
55 S R DG Tl Y R, i v A L R o ) B
SRR TR G, B A IR R s &R 2k
L4y 8 s SR S A A 0 T, W S ORI AR
F AN 2 ,4- GRS TR Ak B A R A, &
B AMIE A K 2258 T ) 20 e A 2R N R R
T 53 3R W A | A2 A RS U, B Li 4510 %t
HIMIEAE R ZR A P A SR S AT i SR A oy A, R AR TR
A R T E A PR O A A BRI S 3 I A DG
RIZRE A 250 85 N 22430 0 g o A3 A DG K 1A
Tk, TS0 T At B . Sun 2607 B gt & PR, R
it SIPri4 FERE KB RN R A B, AE LR R
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FeIRHIE 0, X 3R T MR B VR R 5 S 10 I VR
TR A B IN , LRI D, AN AN Rk BE i Ab
TR ) 3 2% 6 R S 52 e AN ] A1 v B AR A 2 o
W, v B WA i 0 & . PR R MM o> R
HBBEA T I 2 B AR T 20 AR AR, SE 7 S S A
17 J58 % T X ol 8 2R RN 400 B oy 2 R I A F5 PR A .
2.3 EYEERZE

AR R B =R, — RO R R
WA =W, NPT R S G SR 205 | s A
YR A A R RGE VR T R, SR
Wk R R IR T 20 R i AT IR e AL B ) — b
SR TN A58 ) % 475470 1 R0 HG 7 A B e o ) o e 4
LB I AN T 1 A A TR AT R A AR A
b, o K Sl A P b 4R R 22 B S o v B
R, T — 2 30% 0 R e A &k 2 B gk Kk
KBRS B B A R T e
R o BE AR 4 R R Z RO AR AR
VS TR bR 2 4 IO S5 TR AL R R A RO A
SERLEE T W 3 B AT s R R T B AR 42 4K
L6890 ] N AMIIF S A BRI R B R T R A A 0 B
TRRE W AT A RO 9 BB = ik, BT, EEE

x1

PRERE TR 20 B 2 T R A o3 TR R R S R 0T ] T
g PR FLURT S A DR 6 Oy R X T B A
FHAE U AT 55 B T 5 55 3R 1 09 0 S 4 AR A 25 T
VBT BT, B AR F AR T i b A RO e e A
K77, Habiba 457" T 10 R RE R B A R
RO A JE 02 3R T 3 85 1 BEE 5 A K ) B B 1, O I8 it
T A , A SR P I R AT Ak B 4 v AR S R
/N, SRR AT . Xu 57 FHE B ( Candida
guilliermondii) #1 UV-C A AL FRAL R ST ) , ] 2
il B3 T 7 TR RN R B I A R T I Ak
Tglesias %7 ) F/NAZ (B M 18 CPA-7 AL FRAL AT A7
R A2 B S 4% A . I ARSR, A ) TR
PR AR th 3% 87 R ] T S A e, Ak SE Bk ST
1555 2 B 240 0 RE K i A DG T 5 0 B AH G Tl 1
PR B SC RNA R FH 31 R 8 Or fif ) TR Sk | 28
SRR R R S A . Hamilton 5517 1 YE
1 F Ik X RNA 0] T A 0 B R, I 2% 4K
b, SO0 i X A ACC A R B X R
e I IR SR € i € A N R 7 S E 8
B AR SR 1 PR

RE T ik R R RR

Tab.1 Effects of different methods on regulating fruits and vegetables softening

Methods Materials Treatments Regulation effects
Uv-C Fresh-cut rocket **! 20 kJ/m? Reducing the microbial load, maintaining better sensory quality
and chemical characteristics
Strawberry ™! 12.36 kJ/m” for 60 s Effective in controlling gray mold, reducing fruit decay and petal
infection
Fresh-cut melon'®*!  0.04 kJ/m? for 120 s Lower enzymatic activities, including PG, PME, PPO, and
POD, maintaining high firmness
Tomato'*! 4.50 kJ/m” Higher phenol and firmness, and less PME activity, PG activity,
ethylene production than control
Heat shock Spinach leaves ! 45 °C for 60 s Positive effect on the biochemical constituents of the leaves,
maintaining higher total carotenoid concentration
Applest™! 65 °C for 20 s Killing surface microorganisms and delaying aging
Mandarin'*’ 45 °C for 120 s Inhibiting the spore germination of pathogens in potato dextrose broth
Cold Avocado ! Ice water for 30 min Inhibiting of fruit peel color and hardness decline
Banana'*"! 0 °C for 60 min Inhibiting the activities of PME and PG, decaying softening
Cucumber*’ 2 °C for 40 min Weight loss, firmness and POD activity, CST achieved the most
positive effect
CA Cabbage'*"’ 7% 0, ,7% CO, ,86% N,  Reducing respiratory rate and POD activity, maintaining color,
ascorbic acid, and chlorophyll
Fresh-cut green 13%~14% 0O, ,7% CO, Increasing monoterpenes, aldehydes ketones, sesquiterpenes,
bell pepper *’ esters, furans, and pyrazine
Green pepper*! 5% 0,, 10% CO, Reducing respiration and inhibiting enzyme activity
1-MCP Avocado™"! 0.93 mmol/m’ for 1 min  Increasing the total flavonoids content and total antioxidant capac-
ities
Applel! 1.00 pL/L Inhibiting internal ethylene concentration and maintaining hard-

ness
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Methods Materials Treatments Regulation effects
Fresh-cut mango'™!  0.136 mol/L for 2.5 min  CaCl, retarded mangos softening during storage, and the retarda-
tion was greater at higher calcium concentrations
Ca Fresh-cut 0.4% for 1 min Increasing tissue total Ca content, and maintaining a good firm-
‘ Galia’ melon™**! ness and a lower respiration rate
Sweet cherry™®’ 0.5% for 5 min Reducing respiration rate, ascorbic acid degradation, and mem-
brane lipid peroxidation, enhancing total phenolics content and
total antioxidant capacity
NO Peach! Immersion in Enhancing the activities of phenylalanine ammonia-lyase, and in-
15 pmol/L NO creasing the contents of total phenolics, flavonoids and lignin o-
ver the entire storage period
Mango'*" 20 pL/L fumigation Inhibiting ethylene biosynthesis and respiration rate, and main-
for2 h taining higher pulp firmness, springiness, cohesiveness, chewi-
ness, adhesiveness, and stiffness.
Banana!>’ 40 pL/L fumigation Effecting on polygalacturonase and MaPGs gene expression, and
for3 h retarding banana soften
Biological ~ Fresh-cut papaya'®! Microencapsulated beta- Maintaining high firmness and better color, having better quali-
regulation cyclodextrin + Trans- ties

cinnamaldehyde +

Chitosan + Pectin coating
Isolation of yeasts from the
uncorrupted surfaces of to-
matoes, mangoes, lemons,
and green peppers
Pseudomonas  aeruginosa

CPA-7

Kinnow!”"!

Fresh-cut pear'”’

Delaying decay and maintaining better qualities

Reducing L. monocytogenes population

3 REERE

REBEFMEFE, THHRER Bl TRE
T ik R v 2 e K Ak, R BOH R B A, AT B
RS E RO E R S R, ey o 45 SR 5
SR S5 AL B SR A B A A SO R R R R
i AT R B, HET, A K TR R
Je B AR VR Jr TR A 5T, B AR AR R — R AR Tk
(I#E UV-C  CaCl2 . 1-MCP £ ) X 515 Ko HUAH 6 [
fE S, OC T A A IR O R E T 5 N AT
A H R ORI, AR BBE SN 4> T
IR R A5 R Oy i R e B A R O i TE
SRS FEB A B R S AR AR S L B Al A5 R
TG R J5 AR I o A R AR O vk | DT AE 4 SR 85 I
1 L D 7 N TR N U S S ol = B OB B
Ti i, MRS R AR S

£ 2% 3L Hk ( References) :

[1] SZYMAWSKA-CHARGOT M, CHYLIVISKA M, PIECZYWEK P
M, et al. Tailored nanocellulose structure depending on the ori-
gin. Example of apple parenchyma and carrot root celluloses
[J]. Carbohydrate Polymers, 2019, 210 186-195.

[2] YANGZF, CAOSF, SUX G, et al. Respiratory activity and

mitochondrial membrane associated with fruit senescence in post-
harvest peaches in response to UV-C treatment[ J]. Food Chem-
istry, 2014, 161. 16-21.

[3] BASSO A, FATIMA R D, MOREIRA P M, et al. Effect of op-
erational conditions on photocatalytic ethylene degradation ap-
plied to control tomato ripening[ J]. Journal of Photochemistry &
Photobiology A : Chemistry, 2018, 367 : 294-301.

[4] MANSOURBAHMANI S, GHAREYAZIE B, ZARINNIA V, et
al. Study on the efficiency of ethylene scavengers on the mainte-
nance of postharvest quality of tomato fruit[ J]. Journal of Food
Measurement and Characterization, 2018, 12(2) : 691-701.
[5] DUAN X W, CHENG G P, YANG E, et al. Modification of
pectin polysaccharides during ripening of postharvest banana fruit

[J]. Food Chemistry, 2008, 111(1): 144-149.

DU S L., ZHANG J H, CHEN S Y, et al. The combined effect
of 1-methylcyclopropene and citral suppressed postharvest grey
mould of tomato fruit by inhibiting the growth of Botrytis cinerea
[J]. Journal of Phytopathology, 2019, 167(2) : 123-134.

(6]

WALDRON K W. Plant structure and fruit and vegetable texture
[J]. Texture in Food Solid Foods, 2004, 2(1) . 241-258.

BELAY Z A, CALEB O J, OPARA U L. Enzyme kinetics mod-
elling approach to evaluate the impact of high CO, and super-at-
mospheric O, concentrations on respiration rate of pomegranate
arils[ J]. CyTA-Journal of Food, 2017, 15(4) : 608-616.

[9] BRUMMELL D A. Cell wall disassembly in ripening fruit[ J].
Functional Plant Biology, 2006, 33(2) . 103-119.

FUNR, B0, 20K, 5. JEER Ja T i IR e
BRI V). EERE, 2015, 36(7) ; 278282,

BAI Xiaodong, BI Yang, LI Yongcai, et al. Mechanism of la-
tent infection for postharvest diseases of fruits and vegetables

[J]. Food Science, 2015, 36(7) : 278-282.

AR, JROF R, ORBLIC, SR T AL BN A [ SR 4
BRI, S YRR, 2018, 32(3) ¢ 1-11.
LI Biansheng, SU Fangping, ZHU Yuefu, et al. Effect of high
pressure processing on texture and quality of fruits and vegeta-
bles[ J]. Chinese Journal of High Pressure Physics, 2018, 32
(3): 1-11.

[10] HL

[11]



RilE LI A5 SR e SR AL B R T ik T St e 511

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

CAMPS C. Singular approach to penetrometry by preprocessing
of digitized force-displacement curves and chemometry; a case
study of 12 tomato varieties [ J ]. Journal of Texture Studies,

2018, 49(4) : 378-386.

A, M EM, RS, S RYE M AR T AR ROE
JHREFET]. FLEYF4, 2014, 34(9) : 1916-1926.

ZHANG Mengru, YANG Yumei, CHENG Yunxiu, et al. Gen-
eration of reactive oxygen species and their functions and delete-
rious effects in plants[ J]. Acta Botanica Boreali-Occidentalia

Sinica, 2014, 34(9) : 1916-1926.

WANG Y, LI'Y L, XU W D, et al. Exploring the effect of -
glucan on the biocontrol activity of Cryptococcus podzolicus a-
gainst postharvest decay of apples and the possible mechanisms

involved[ J]. Biological Control, 2018, 121; 14-22.

CHEN C Y, PENG X, ZENG R, et al. Ficus hirta fruits ex-
tract incorporated into an alginate-based edible coating for Nan-
feng mandarin preservation[ J]. Scientia Horticulturae, 2016,
202 4148.

DONG Y, ZHI H H, XU J, et al. Effect of methyl jasmonate
on reactive oxygen species, antioxidant systems, and micro-
structure of chinese winter jujube at two major ripening stages
during shelf life[ J]. The Journal of Horticultural Science and
Biotechnology, 2016, 91(3) . 316-323.

CHEN M Y, LIN HT, ZHANG S, et al. Effects of adenosine
triphosphate ( ATP) treatment on postharvest physiology, quali-
ty and storage behavior of longan fruit[ J]. Food Bioprocess
Technology, 2015, 8(5) : 971-982.

PREERS, ik ERE, BHR, S BER WIS R IR TE
BRpRR RS E AR AL AR e AR AR [T]. T E AR B2,
1997, 30(2) : 54-57.

CHEN Kunsong, ZHANG Shanglong, LV Junliang, et al. Var-
iation of abscisic acid, indole 3 acetic acid and ethylene in ki-
wifruit during fruit ripening [ J]. Scientia Agricutura Sinica,

1997, 30(2) : 54-57.

WANG N, CHEN H T, NONAKA S, et al. Ethylene biosyn-
thesis controlled by NON-RIPENING: a regulatory conflict be-
tween wounding and ripening [ J]. Plant Physiology and Bio-
chemistry, 2018, 132, 720-726.

GWANPUA S G, BUGGENHOUT S V, VERLINDEN B E, e
al. Pectin modifications and the role of pectin-degrading en-
zymes during postharvest softening of Jonagold apples[ J]. Food
Chemistry, 2014, 158 283-291.

MASSOLO J F, FORTE L G, CONCELLOA, et al. Effects of
ethylene and 1-MCP on quality maintenance of fresh cut celery
[ J]. Postharvest Biology and Technology, 2019, 148.
176-183.

BRUMMELL D A, HARPSTER M H. Cell wall metabolism in
fruit softening and quality and its manipulation in transgenic

plants[ J]. Plant Molecular Biology, 2001, 47 (1-2) . 311-339.

HADFIELD K A, BENNETT A B. Polygalacturonases: many
genes in search of a function[ J]. Plant Physiology, 1998, 117
(2):337-343.

BRUMMELL D A, CIN V D, CRISOSTO C H, et al. Cell wall
metabolism during maturation, ripening and senescence of
peach fruit [ J]. Journal of Experimental Botany, 2004, 55
(405) : 2029-2039.

WEN B, STROM A, TASKER A, et al. Effect of silencing the
two major tomato fruit pectin methylesterase isoforms on cell wall
pectin metabolism[ J]. Plant Biology, 2013, 15(6) ; 1025-1032.

FRY S C, DUMVILLE J C, MILLER J G. Fingerprinting of
polysaccharides attacked by hydroxyl radicals in vitro and in the
cell walls of ripening pear fruit [ J]. Biochemical Journal,

2001, 357(3) : 729-737.

DUMVILLE J C, FRY S C. Solubilisation of tomato fruit pec-
tins by ascorbate ; a possible non-enzyme mechanism of fruit sof-

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[37]

[38]

[39]

[40]

[41]

[43]

tening[ J]. Planta, 2003, 217(6) : 951-961.

ZHANG Z S, WANG X M, ZHAO M X, et al. Free-radical
degradation by Fe?* /Ve/H, 0, and antioxidant activity of poly-
saccharide from Tremella fuciformis [ J]. Carbohydrate Poly-
mers, 2014, 112, 578-582.

WANG Y, ZHANG X, ZHOU J Y, et al. Inhibitory effects of
five antifungal substances on development of postharvest patho-
gen Rhizopus oryzae[ J]. Journal of Agricultural Biotechnology ,
2015, 23(1): 107-117.

NAETS M, DAEL M V, VANSTREELS E, et al. To disinfect
or not to disinfect in postharvest research on the fungal decay of
apple[ J]. International Journal of Food Microbiology, 2018,
266: 190-199.

URBAN L, CHARLES F, ALCANTARA D M, et al. Under-
standing the physiological effects of UV-C light and exploiting
its agronomic potential before and after harvest[ J]. Plant Phys-
iology and Biochemistry, 2016, 105: 1-11.

ZHU P K, LI Q W, AZAD S M. Fungal gene mutation analysis
elucidating photoselective enhancement of UV-C disinfection ef-
ficiency toward spoilage agents on fruit surface[ J]. Frontiers in
Microbiology, 2018, 9. 1141.

GUTIERREZ D R, CHAVES A R, RODRIGUEZ D C. Use of
UV-C and gaseous ozone as sanitizing agents for keeping the
quality of fresh-cut rocket ( Eruca sativa mill) [ J]. Journal of
Food Processing and Preservation, 2016, 41(3); 1-13.

JANISIEWICZ W J, TAKEDA F, GLENN D, et al. Dark peri-
od following UV-C treatment enhances killing of Botrytis cinereal
conidia and controls gray mold of strawberries[ J]. Phytopathol-

ogy, 2016, 106(4) : 386-394.

CHISARI M, BARBAGALLO R N, SPAGNA G, et al. Impro-
ving the quality of fresh-cut melon through inactivation of degra-
dative oxidase and pectinase enzymatic activities by UV-C treat-
ment[ J]. International Journal of Food Science and Technolo-

ay, 2011, 46(3) : 463-468.

MANSOURBAHMANI S, GHAREYAZIE B, KALATEJARI S,
et al. Effect of post-harvest UV-C irradiation and calcium chlo-
ride on enzymatic activity and decay of tomato ( Lycopersicon es-
culentum L. ) fruit during storage [ J]. Journal of Integrative

Agriculture, 2017, 16(9) : 2093-2100.

MAXIN P, WEBER R W S, PEDERSEN H L, et al. Control
of a wide range of storage rots in naturally infected apples by
hot-water dipping and rinsing [ J]. Postharvest Biology and
Technology, 2012, 70, 25-31.

GLOWACZ M, MOGREN L M, READE ]J P H, et al. Can hot
water treatments enhance or maintain postharvest quality of spin-
ach leaves[ J]. Postharvest Biology and Technology, 2013,
81:23-28.

HONG P, HAO W N, LUO J J, et al. Combination of hot wa-
ter, Bacillus amyloliquefaciens HF-01 and sodium bicarbonate
treatments to control postharvest decay of mandarin fruit[ J].
Postharvest Biology and Technology, 2014, 88 96-102.

CHEN J, LIU X X, LI F F, et al. Cold shock treatment ex-
tends shelf life of naturally ripened or ethylene-ripened avocado

fruits[ J]. PloS One, 2017, 12(12) : 14-16.

ZHANG HY, YANG S Y, JOYCE D C, et al. Physiology and
quality response of harvested banana fruit to cold shock [ J].

Postharvest Biology and Technology, 2010, 55(3) ; 154-159.

YANG Z, CHEN M F, CHEN A Q, et al. Analysis about heat
transfer of vegetable during cold shock treatment and preserva-
tion quality after storage[ J]|. International Journal of Food En-
gineering, 2017, 13(3) . 1-13.

W, RHHE, XRE, & PRI AN RECR S

SB[ )]. B HLR, 2017, 33(6) @ 114-200.
HUANG Yufei, QIAO Yongjin, LIU Chenxia, et al. Effect of



512

Wt A&

7/

528 4

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

controlled atmosphere on preservation and freshness storage of

broccoli[ J]. Food & Machinery, 2017, 33(6) : 114-200.

ZHU Z W, WU X W, GENG Y, et al. Effects of modified at-
mosphere vacuum cooling (MAVC) on the quality of three dif-
ferent leafy cabbages[ J]. LWT-Food Science and Technology,
2018, 94 190-197.

RANJITHA K, SUDHAKAR R D V, SHIVASHANKARA K S,
et al. Effect of pretreatments and modified atmosphere packa-
ging on the shelf life and quality of fresh-cut green bell pepper
[J]. Journal of Food Science and Technology, 2015, 52
(12) . 7872-7882.

R, skttt 30 FHRORE T AOE)]. '
TAVRHE, 2014, 35(1) ; 318-322.

LI Suqing, ZHANG Yanmei, QIN Wen. Study on CA storage
technology of green peppers[ J]. Science and Technology of

Food Industry, 2014, 35(1) . 318-322.

HU Z J, TANG C X, HE Z B, er al. 1-Methylcyclopropene
(MCP) -Containing cellulose paper packaging for fresh fruit and
vegetable preservation:a review[ J]. BioResources, 2017, 12

(1) : 22342248,

X, BEA, RES, & R 3 A RARRIRT K
R IR S HON A T R0 S R[] T2 IR
2011, 38(1): 133-138.

LIU Chaochao, WEI Jingli, XU Yuting, et al. Preliminary
study on firmness and related physiological indices of three ear-
ly-ripening apple cultivar during late development of the fruit
[J]. Acta Horticulturae Sinica, 2011, 38(1): 133-138.

HADFIELD K A, ROSE J K, YAVER D S, et al. Polygalactu-
ronase gene expression in ripe melon fruit supports a role for po-
lygalacturonase in ripening-associated pectin disassembly [ J].

Plant Physiology, 1998, 117(2) ; 363-373.

ZHANG Z K, HUBER D J, RAO J P. Antioxidant systems of
ripening avocado ( Persea americana Mill. ) fruit following treat-
ment at the preclimacteric stage with aqueous 1-methylcyclopro-
pene[ J]. Postharvest Biology and Technology, 2013, 76 58-
64.

WATKINS C B, NOCK J F. Rapid 1-methylcyclopropene (1-
MCP) treatment and delayed controlled atmosphere storage of
apples[ J]. Postharvest Biology and Technology, 2012, 69 .
24-31.

NGAMCHUACHIT P, SIVERTSEN H K, MITCHAM E J, et
al. Effectiveness of calcium chloride and calcium lactate on ma-
intenance of textural and sensory qualities of fresh-cut mangos

[J]. Journal of Food Science, 2014, 79(5) ;: 786-794.

SAFTNER R A, CONWAY W S, SAMS C E. Effects of post-
harvest calcium and fruit coating treatments on postharvest life,
quality maintenance, and fruit-surface injury in ‘ Golden Deli-
cious’ apples[ J]. Journal of the American Society for Hortic-

utural Science, 1998, 123(2) : 294-298.
SILVEIRA A C, AGUAYO E, CHISARI M, et al. Calcium

salts and heat treatment for quality retention of fresh-cut ‘ Ga-
lia’ melon[ J]. Postharvest Biology and Technology, 2011, 62
(1):77-84.

WANG Y, XIE X B, LONG L E. The effect of postharvest cal-
cium application in hydro-cooling water on tissue calcium con-
tent, biochemical changes, and quality attributes of sweet cher-
ry fruit[ J]. Food Chemistry, 2014, 160 22-30.

LIGJ, ZHU S H, WU W X, et al. Exogenous nitric oxide in-
duces disease resistance against Monilinia fructicola through ac-
tivating the phenylpropanoid pathway in peach fruit[ J]. Jour-
nal of the Science of Food and Agriculture, 2017, 97(9):
3030-3038.

ZAHARAH S S, SINGH Z. Mode of action of nitric oxide in in-
hibiting ethylene biosynthesis and fruit softening during ripening
and cool storage of ‘ Kensington Pride’ mango[ J]. Postharvest
Biology and Technology, 2011, 62(3) : 258-266.

[58]

[59]

[60]

[61]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[71]

[72]

CORPAS F J, PALMA J M. Nitric oxide on/off in fruit ripening
[J]. Plant Biology, 2018, 20(5) : 805-807.

S, BT, ENE, . SR EX AR 2 R
WEIE R B2 MaPGs B: KRB [ )], W HERH#ER,
2014, 4(1): 30-35.

WU Bin, GUO Qin, WANG Gangxia, et al. Effects of nitric
oxide treatment on polygalacturonase activity and expression of
MaPGs genes in harvested banana fruit during storage[ J]. Cur-
rent Biotechnology, 2014, 4(1) . 30-35.

RODRIGUEZ-ARZUAGA M, PIAGENTINI A M. New antioxi-
dant treatment with yerba mate ( Ilex paraguariensis) infusion
for fresh-cut apples: modeling, optimization, and acceptability
[J]. Food Science and Technology International, 2017, 24
(3):223-231.

FAE. A PR A BT T VL 25 Bk IR B e A 1 5 )
[J]. dLJrpZ, 2016, (3): 125-129.

WANG Shihua. Effect of compound preservative treatment on
fresh-keeping and inhibit browning of lijiang snow peach during

storage[ J]. Northern Horticulture, 2016, (3): 125-129.

WAGHMARE R B, ANNAPURE U S. Effects of hydrogen per-
oxide, modified atmosphere and their combination on quality of
minimally processed cluster beans[ J]. Journal of Food Science

and Technology, 2017, 54(11) : 3658-3665.

PARREIDT T S, MULLER K, SCHMID M. Alginate-based
edible films and coatings for food packaging applications[ J].
Foods, 2018, 7(10) ; 1-38.

RS, WISCR, BRI, S, U7 R £ LB A L 4
ROBFTEE [T ], frim Tk RHE, 2013, 34(4) : 397-400.
SONG Xiaoxue, HU Wenzhong, BI Yang, et al. Research pro-
gress in softening mechanism and regulation of fresh-cut fruits
and vegetables[ J]. Science and Technology of Food Industry,
2013, 34(4) : 397400.

WU Q, TAOX Y, AIX Z, et al. Effect of exogenous auxin on
aroma volatiles of cherry tomato ( Solanum lycopersicum L. )
fruit during postharvest ripening[ J]. Postharvest Biology and
Technology, 2018, 146, 108-116.

LIJY, TAOXY, LIL, et al. Comprehensive RNA-Seq anal-
ysis on the regulation of tomato ripening by exogenous auxin

[J]. Plos One, 2016, 11(5) : 25-27.

SUN Y F, LIANG B, WANG ], et al. SIPti4 affects regulation
of fruit ripening, seed germination and stress responses by mod-
ulating ABA signaling in tomato[ J]. Plant and cell physiology,
2018, 59(10) : 1956-1965.

AT, 2RI, FhEME, S5 SRATIR IR AL B0 E AL A
IR A B R S RS (D], & A B, 2011, 32
(10) : 274-278.

ZHAN Ruiping, LAN Fengying, SUN Fengmei, et al. Effect of
preharvest coating treatment on physiology and quality of grape
during storage[ J]. Food Science, 2011, 32(10) : 274-278.

BRASIL I M, GOMES C, PUERTA-GOMEZ A, et al. Polysac-
charide-based multilayered antimicrobial edible coating en-
hances quality of fresh-cut papayal J]. LWT-Food Science and
Technology, 2012, 47(1) . 3945.

SRE, W, REEY RGBT R[], &
i S AIEAR A=, 2017, 36(5) « 449455,

ZHANG Min, FENG Yanjun. New bio-preservation technology
of fruits & vegetables and its research progress[ J]. Journal of
Food Science and Biotechnology, 2017, 36(5) . 449-455.

HABIBA, NOREEN R, ALI S A, et al. Evaluation of biocon-
trol potential of epiphytic yeast against postharvest Penicillium
digitatum rot of stored Kinnow fruit ( Citrus reticulata) and their
effect on its physiochemical properties[ J]. Postharvest Biology
and Technology, 2019, 148 . 38-48.

XU L, DU Y. Effects of yeast antagonist in combination with
UV-C treatment on postharvest diseases of pear fruit[ J]. Bio-

control, 2011, 57(3) : 451461. (T#HF 517 )



