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Advances in postharvest biology and regulation techniques for preven-

tion of fruit quality deterioration in peach
ZHOU Huijuan" *>, ZHANG Xianan"*, ZHOU Xun"°’, SU Mingshen"?, DU Jihong"? LI Xiongwei"
ZHANG Minghao"’, YE Zhengwen"**

('Forest and Fruit Tree Research Institute, Shanghai Academy of Agricultural Sciences, Shanghai 201403, China; *Shanghai Key Labora-
tory of Protected Horticultural Technology, Shanghai 201403, China, * Yangtze University, Jingzhou 434023, Hubei, China)

Abstract: The total area of peach cultivation in our country is 100 hectares, and more than 80% are pro-
duced for fresh sales. Peaches are easy to deteriorate at room temperature, long-term cold storage can re-
sult in internal browning (IB), loss of flavor, reduction of disease resistance and accumulation of harm-
ful substances, which are all the key postharvest problems in peach industry. With the upgrading of vari-
eties and the flesh texture diversification of peach [melting (MF), non-melting flesh (NMF), stony hard
(SH), and slow ripening (SR)], postharvest quality deterioration symptoms as well as related metabolic
enzymes, proteins and genes show different responses to fruit senescence and regulation techniques. To
understand the research situation, the author has summarized and analyzed the research progress of post-
harvest quality deterioration biology, regulation technology, industrial application of fresh-keeping prod-
ucts and technologies, and also put forward the shortcomings and development trends. At present, the bi-
ology of postharvest quality deterioration is mainly limited to the excavation and verification in func-
tional proteins and genes of fruit texture, internal quality and chilling injury (CI). Fruit softening is a
complex process, including cell wall degradation, ethylene metabolism and other metabolic changes.
Among them, the gene PpPG is a biomarker of fruit softening and cell wall degradation, and ethylene is
the direct factor that leads to fruit softening. Ethylene response factors like PpERF/ABRI and PpERF61
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can also regulate ethylene biosynthesis and fruit softening by activating the promoter of PpPG genes
and ripening-related genes. Sugar loss, energy deficiency, active oxygen accumulation, abnormal metab-
olism of endogenous hormones and gene methylation are the key factors leading to CI by affecting
membrane system and ROS. Five structural genes (PpSS, PpINV, PboMGAM, PpFRK and PpHXK) and
eight transcription factors (PpMYB1/3, PpMYB-related 1, PpWRKY4, PpBZIP 1/2/3 and PpbHLH?2)
jointly regulate the sugar metabolism and cold resistance. Down-regulating the expression of PpVIN?2
can improve the sucrose content and inhibit CI, and PpeSOT3 may be a potential key gene affecting sor-
bitol metabolism and chilling resistance. Plant endogenous hormones such as ethylene, abscisic acid
(ABA), f-aminobutyric acid (BABA) and salicylic acid (SA) also play an important role in regulating
fruit senescence and CI. Postharvest disease is one of the key problems that cause post-harvest loss.
Phomopsis sp., Botrytis cinerea, Colletotrichum siamense, Rhizopus sp., Fusarium sp. and Aspergillus
sp. are the main pathogens causing postharvest rot. The decrease of lactone, ester and linalool contents
and the accumulation of aldehyde and alcohol can be used as predictors of quality deterioration. The me-
tabolism of lignin and aldehydes is the key metabolic pathway to regulate postharvest diseases. Based
on the above background, the following suggestions are put forward: (1) Reveal the relationships
among cell wall ultrastructure, softening markers, factors affecting ethylene metabolism, as well as in-
teraction mechanism. (2) Expound the regulation mechanism of sugars, acids (pay more attention to the
regulation mechanism of sugar metabolism and energy. Acid is also the important substrate of posthar-
vest metabolism that makes great contributions to fruit flavor, energy metabolism and cold resistance,
however, its metabolic mechanism is seldom studied.) and volatile substances (especially the accumula-
tion mechanism of alcohols and aldehydes) on postharvest quality. (3) Determine the regulation of cold
resistance by sugar and energy metabolism, antioxidant system, endogenous hormones (especially key
genes and related factors of ABA metabolism) and key genes methylation. (4) Disclose the mechanism
of lignin metabolism and the accumulation of alcohols and aldehydes in the prediction and regulation of
postharvest diseases, which can provide a theoretical foundation for the development and application of
regulation technology. Temperature, 1-MCP, UV, gas, exogenous hormone and biocontrol bacteria treat-
ment have been applied in peach storage. Among them, storage temperature is the first factor affecting
the fresh-keeping efficacy. For example, near-freezing temperature (NFT), low temperature condition-
ing (LTC), intermittent warming (IW), heat shock treatment (HST) and cold shock treatment (CST) can
prolong storage period by inhibiting fruit softening and enhancing the cold tolerance. 1-MCP has a sig-
nificant regulatory effect on fruit softening, flavor loss, postharvest diseases, especially on softening, by
reducing the activities of PG, PME and PEL, down-regulating the expression of PpPGI, 2, PpPME]I, 2
and PpPELI, 2 under different storage conditions. Proper concentration of gas and exogenous hor-
mones can improve the cold resistance. CO, and NO treatment can reduce CI and improve the cold resis-
tance by regulating cell wall and lipid metabolism, such as by regulating the expression of LOX, ADH,
FAD and related genes, activating the antioxidant system, and maintaining higher energy charge. Exoge-
nous hormone treatment can also significantly improve the cold resistance during cold storage, among
which MeJA, SA, y-aminobutyric acid (GABA), melatonin (MT) and jasmonic acid (JA) have better ef-
fects. Although the postharvest storage technologies have been widely studied, it has not solved the
problems of fruit disease resistance reduction, flavor loss and shelf life shortening caused by long-term
cold storage, and its application in industry still has some limitations. It is suggested that the industrial-
ization application of technologies and products should start from the followings in the future: (1) The

establishment of cold chain logistics system for peach harvest, which integrates classification, packag-
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ing, pre-cooling, storage, transportation and shelf-life technical parameter. (2) The research and develop-

ment of compound antistaling agent and the matching technologies, as well as combination of new anti-

staling agent with post-harvest packaging materials to improve the application of technology and prod-

ucts in industry. (3) The research and development of terminal shelf-life technology and exogenous hor-

mone dormancy breaking technology, in order to solve the problem that the fruit shelf cannot break dor-

mancy normally at room temperature after long-term low-temperature storage. (4) The establishment of

cold resistance and disease prevention system technology and the breeding of cold-resistant varieties, in

order to prolong the supply period of high-quality fresh peaches and solve the technical bottleneck prob-

lem of “the Belt and Road” (15-30 days ocean transportation and terminal shelf technology) of domes-

tic fresh peaches.
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% PpERF61-PpSEPI (a transcriptional activator) i/
FEMR IR SE 0 AW A RO H AR AL - R
Y R TR & A (1-aminocyclopropane carboxylic acid
synthase , ACS) &K (PpACS1/4) 1-Z IR Bt R R
% & B (1- aminocyclopropane carboxylic acid oxi-
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1216 3 L)

S 4

413

(AF319166)" i B &8 S8 A0 ) 54k 1§ J£ ] (copper-
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PpNCED) " R] Y 2% Bk R SE R AL, Wk SR A A 440 i ¢ 3
82A (CYP450 82A) il UDP M+ — fik 2 ] %) B -4- 3%
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PpVIN2 F1$E 5% VIN Bl VR 22 R AR,
L % % 5 (A 5 A (sorbitol transfer protein gene,
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W | T S o AR O B I R AL 1 Cal-
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ase dioxygenase, CCD) & 75 1% B 55 il 24 o & )
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thase, AOS) « 12- 5 AL AE ) — ) FRIE JF B (12-oxophy-
todienoic acid reductase , OPR) 1] 5 LOX i it &5 [ H.
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éﬁi[”]o
14 NEHETK
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EEEAEH . SR Ja WU ], Bk R S AR 1) 20 N
ABA )5 R ST B ARG, ABA & B S  T
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¥, Hdh PpNCEDI . PpNCEDS 3 [5) 18 4% Bk 5 5k
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K5I & 51 A R SR R AR I O R 1, H
B, UK 5 B B S B (Phomopsis sp.) « 7K %) 1 b6
(Botrytis cinerea) « & JH i B (Colletotrichum sia-
mense) N3 5 J& (Rhizopus sp.) Bt J1 1 J& (Fusarium
sp.) M 2 J& (Aspergillus sp.) 6 T 5 # N 51 ik 5
SERJE AR E B R, W AER T R E R
BRI SR M Ry 7€ 1 TGA ZR00 A ] EL 3
IR 75 5 A iR TR AR Y, 18 5SS PpNPR1 25 [
AHEAEFAERT T S Rk R Y 4N BA-
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(1) DNA g5 & 15 VE - E0E SA [ MVE PRSI, $2 =t
I 17 BABA Ak #E 7] 2 & TGA ¥ 3 A 1 (PpT-
GA) FINPRI1 3 K (PpNPRI) [ 3Rk & , DL J ik J5
ZR 0 T e i 2 > A% R 19 2 (NADPHD A1 45 Jie H
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75 V% B} 40 HE AT A5 PpMYB308 Al PpMYB306 (113
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HH R D] B0 s 4], S mn (O s SRR Y I
(methyl jasmonate, MeJA) At 2 7] £/~ § Bk R 5z
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B HAT, £k % E T 224> B-box J: K
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SEVA T R AR R AN SR AR R 1 YA [
K JtE (PpCDPK) 3£ K PpCDPK2/7/10/13 586K J5 ¥
45 %, H, PpCDPK7 5 PpRBOH I{] HAE 7 fig /&
545 5 A ROS 5 516 F &2V /i7", NADPH A
ROS 1 3% M % B 1 2 (reactive nitrogen radical,
RNS) 1 5 B 4 g , Bk SR S fie ¥4 1 =2 i ik 4 #F ROS
FTRNS [ RR A RS 75 ¥4 3E B 2K [ (cold-regu-
lated, COR3) % K] (PpCORI) 1 ik 5 HO, & & &
EADR, S AR IR G4 T 1E™ . DNA H A
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Ee i A o= e | R i oS s
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A K FR ] 8 B SR IR D R 2 i B i R O 1Y) R R
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77, 1-MCP Ab B 38 it 8 425 5 B L TR AU AH G i 2
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IAAI. PpSAURI 1 ppg H3-1) £ K K Z 1K E A
(PpTIRD WL, AT IAAEME R A K RES
T 3 R B O A, B v Bk SR S BT I . 1-
MCP § — SRt F B4 &, HA M RAEH, - 1-
MCP Ik & 245 W B 771 Ak 09 B8 45 A 380k ok FL R
e O] 2 A SR SR AL s 1-MCP 45 & CaCly Ab 2
AT A a3k SR ST A R AR B R e O AR RS 5
B KR 2 (1-MCP-NA) A S5 35 401 3 Ak S
SEBE RIS & B ) N R X Ol B B AR R
22 SR

A B R AY A RR T R A A SR SR S
SRt 5 AN 5, CO M O, AL BE 280 5 it b L I3 5%
PEAASR . 38 B IR A COL A O, A3 R i Bk SR 5274
F(CD EEK IR, 3%~5% CO, 454 3%~5% O,
AT R i Bk SR S R 2 i 2 I (pyruvate decarbox-
ylase, PDC1/2) . SS J¢ V B! it v ATP Jiff M. 55 11 2
FIk , 4 R A6 IR 7S R0 EE R KT, 0 R Sz A
AZPT: 5% O, F1 10% CO, £ 4 0 CCAR IR I 8k mJ {5 1k SR
SELR AR A IR ST N s R4 R M o B 0L
25 LOX BRI &Y, XS R &S
TR IEM K™ 5% 0, 7] ) 3 £ A
PpADHI1 A1 PpPDC2 13215 , P45 S 5L WA 2 8%
TR, B Bk A S F ™,

e VA FE (%) NO Kb 338 5 1 775 240 e s T o A
R Bk SR S VA E N, NO TE & AL 2 n] i 5 85
HE 6 5 Bk R 5 PpEAD. PpLOX. PpHPL . PpADH.
PpAATF PpACX )R RIZRIK , HY N 4 °CYA ] C6
M CO IE  ELBE R A A RS54 R & 8 s R
SR JE AR TE 2R 0 P RO B R SR A, O P
il , 4 2 5 1 8 5 Bk R S I S s BRI ¥4 S0 T ok SR
S PR BB A FE S B AN A (5 3K B, B A A g
TN DA T P 4 o £ 2 368 B AR e SO B 1000
PES, HH) HO0, & 2 A1 O P~ A UK i S J L bt
PERPIR SRS, 3SR G A E . TRALE (H.S) A2
o] 35 5 = Wk 1 IR T B (ATPases) « 3% ¥ 1% i & B
(succinodehydrogenase , SDH) Fl 4| fil 5 25 C A AL Ty
(cytochrome ¢ oxidase , CCO) &k, 14 i ATP A1 f¢ faf
(R 7K ek A SR J5 ¥ T P05 I 3d I v T 2 B A 1
ity Ty S o R i 2 R A QAT S JE 22 SR A AR
23 REFERAE

I iR 2 A S e SR SR S IR SR IR 56 — R R
T S0 g PR P R 4 T A % R S A L e KR

Mo VKR jE (near-freezing temperature , NFT) 1] if§
S FESTRE AN R R AR, B v Ak R SR TN
PUAPERT, AR T (low temperature conditioning,
LTCO 75 AT $5 Ak SR SE BT A 1, (EAS T3] 5t Fof P B o) i
JE M BUBEAN [, e EE TR E N 9 °C~12 °C, TR
I 18] 9 6~10 d™'. 6] &K FH i (intermittent warming,
IW) Kb P (57 JH 72 20 °CILE 1 d J5 e 2 5 °CIE 580
A ) Bk SR S TR SR R R AIG , RE % R 4B
AR, PSS 4k T o I 45 A O A SG E R 1 R
B RE RS O R I E R A R RS R
f R &0 FAOK AL EE (HW) AT 1 4% PpHSFA4c 15 &
A SRR 1 (HSP) M TR 12, s S s
F0U, P+ 1-MCP (HMD b H 38 o 4R w0 e,
2 28 B H O E AL Y BE (GPXO TG, E i PpaG-
PXs HER ) RIE , lEZH R LRI G 522 B
A0 2L 1 5 PpbZIP9 AN PpVIPI A 5 1 W IR AR 4
HEFE , 1 bk SR S B AP

JH U R AR B (UV-B) Kb 2 ] 5] 2 Bk 5 P A
5 IR TN e 2 LA R 2 e T R AR A B 3R
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AR AP SA b BRI R I B | I e B 2K
DAY i R O P RE T, B2 w8 PpLOXI  JRE M - Tl 255 [
(PpSUS4) YAV 5L R (PpNINVS) M1 H il 5 i
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JA SEF AT 75 SRk SR S 2 AR R TS, 0 1) T A M
BN, S RS PUA TR H SA R JA Ab FETE kAR
Bk S S 5 07 A E P[RR ABA &b 3 7] 38
Tk AT 4 BK 2 Bk SR SR A T 22 A% 0 °C TR 1Y
A FERY S TAA A0 #5818 4% ABA AT GA AR 51 2%
[ 5 K F , B AR ABA Al GA 7K °F, 42 & it v
P, GABA Ab# W] 1 5 P MR (AsAD F1 43
FOE IR CGSHD AR5 AH G 1 35k BRI RN % 55 [R 7, 2 s bk
Fad AsA AT GSH (1) & &, 1Y 9 S SR 5 il
PEUY, BABA Ab B i i 8 15 PpWRKY40 518715 &
H PpNPRI ) HAE K & , A S PpWRKY40 %} B HEAR
T 58 DR ) SO0 A DR R b A ATV TR S
S e SR S A 3 R RS 4 2 [ ()~ MT Ak 3R
AT 5 2 T Ak TR S R R G T TR/ A B R L 451
FA R P K IR & 1, A 1 B 8 A 3R G R0 4t i B A
W I GABA A& L R (PpGADI Al Pp-
GAD4) 2215 , 1] GABA [ it 3 Xl (PpGABA-T)
[P IA, P m R . AN 2,4- R RE N
fi CEBR) 3 i 1l 5 PpGATAL2 A 5 10 FE B AR 34 A
K HE K (PpSS A1 PpND F fig 54K A1 5% 3L K (PpC-
CO. PpSDH F1 PpH ' -ATPase) ) % & 7K 10, i i
PpHDTI 75 13 2= 2 [ B AR, 42 i bk 2R S 1)
PrAtE . H &R A (GBD A HIE T 1 15 R &R
U GABA 73 It i 1% 1 25k DR 3 0 F0 B s 1 2 v
TR IR « 2 & F1 GABA I &, 3 9 bk S se hi b
Ti[l%]o
2.5 ERE

IR N ST 716 K J5 T 5 1R A2 7 1) 70089F 9 A
% B A = S o A8 1 A 7 i A Aspire Sh-
emer Candifruit 55 7 iy , [K] b 77 358 ORI R o] ) f
FA A B 75 3 K. B B BRI BE+ A B 22
W BE2H & Ab TR AT I 3 0 K Bk IR S R AR
AP, AR AT B WS BB R il Bk S s
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IRk R 3R Ak, B A 3 0 1 s 2 A B L
ZPY, N AR B WK 8 (Talaromyces) 23-4 T8 i 1)
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B K i 48 T R A0 Wk e e e R 3 g 2
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KRR , #0710 208 RS HL 404 , 7)) 40 i
BE [ M 40 B8 T 2 SIS TR, 46 T8 0 B ) 4 B

HRILF 73.68%" . FEPUA B CE B )51 7] 5 E bk
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Ca(NO,, A] $i¢ 1= W10 T8 2 Bt i £ F 0 Bk SR S 4
JE I PRI R 28R, B B S AR 46 B 1]
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MPEEEE R A EIERY. frEEEF AR
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IS RUK BBk RS R s 2 AR B, AR I 2
i A L- - B I Ak 236 3o P I AR A0 23, 38 s 4t
A Il T R 8 B A B B AR R R i Bk
RS FAEIR . % 2 Wy B 8 B R TR
(P-CA) 4 B I3 AT 12 15y i Wy A6 75 R N 35 ) 75 i
#455% DPPH H HEEFI2 H 2 TEBR AE /1 AP A b e
77 SR LR I . 25 i IR Ak HEE I L WS SR R TR
Fo@timtkREFEET R, MR RICK G’
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Bk S SR EE I8k A — 8 B R (B AEE L2
JRI PR o CLO KR i 1] 35 0 ) SR Sl 3 {EURS
2 U5 A2 VKR R A B ) 5 15 1) G B ) 49 (R, I
T VKR &% 4 P 4H 4108 i 25, T UKiR & 4a
TEE T A5 (2) T i FEE T k1] 2 o) 2 I e
FEAR I BRI 7, A IE AR 5 1 R SRR AL A
T ™ (3) 1-MCP &b 2 K 52 A O i 15 AR 7E #0021
SRR T TR AR B3 AR AP AR AE 5 4 2% P 2 ) T
ZEIT ) R P v SR S R I A S )
(OB UV R EPHEARMRE, S8 5%, H
U] 5 (8] 5 PR 1 2% B 1 A AR A R RE I
FL= b B 0 DG B R 25 (5) A VR Ak 3 AT I 25 4
1] R S 78 R XUBR 3 2%, (EL IR £ 3 A B B B FE T
H AR 8K P SR S0t 2 oy 57 48 S H BRI A ™ s (6)
Pl H R 2R 45 AT AR R Al A B I R P AR K
S SRS ) LA HUA R I8 i TR A — 1k
IR R 5 A BEYDR H A
3.2 REEFIS AR EFERIC

1-MCP™* 1 AR R 0 10 Ty i 2R Ik
W5 B R AR BB R R A A
AR 7 75 Bk SR SEARBE I AR B3 (B AR AE
DA )8 s CO AR EE SR AR A A FHRCR S B I
JE 1 S KT 9 55 L G R S IR ST K
AR (D) D RE R —, ZHCR S5 A L@ R A &I
2% AN B SRR A kb e K B — I A F AL
SR8 (3) AV REVEAS, H AT, 1-MCP A2 B H
BN 2 AT BER s DR R 2 B S A9
PRAE (1) 22 A VEATY AR 52 I3 2 35 1R 03 5€ , 78 S B BL
FH A AR AE BRI (4D 1) 28 7 A A eidt 2 SR i
FAFAE IR IRE /N 5y PR AR R Z) R R I AR
FAOEE A5 1 AL R PR T A BT BB R
SR PUATE S E A2 2 IR AW 5 (1 AL 2
5 G R RSR G R, HOR A AR, A
o WERERAMR et R AR & Thk
[ LR 5 751 2 9 A Ak SR i O B Rl R I S 3y o
RS

4 & H

BB AR S SCRR AT T 25 A X EE R IR L AR
51 Bk SR 5 95 A B R B 7 9 - (1D PpPG
DRk SR S A i B AU AN AL AR B, LR 20
M) %7 K] - 5 M) SR SIS A 1) DR B TR 35 (20 IR 2K

B R 5 R W) o 2 T AR DA R I AN B () R R

ATAE N 5T 25 AR R B B T (R 5 (3D Aot R RN e 1
R IR ARG 1R 42 SR SR 5 v T 1 DG BA R Y
B (DORERE R IEEE R BRI R
i ik R R A 5 IR S v T A AR 1Y DG B A
o FRULE S A M B R s AR ) B
R0 TR 422 52 0 M AU B R ELAVE AL 5 2R SR fb
(1 ST s AR (RN 22 D MR I T SR I XU 1 428
BLI PRI FT , R A2 SR SR AR TG s IR R A2 » o S s
AR e AR A BTA M BOR TR, B AL
AT Y288 A R M 5T OO0 2 B 2R 50D %)
R JE AR PR R A B 5 4 AT R 2 AR DL E A R
PR R U2 ABA A5 G Bl 58 R B OB IRL )
T SR R R LA R B T P A P 1) R 428 5 AR i AR
RN SIS O PRI AR 3R XS SR I 9 26 T Y00 AR 37 428 A
FH &5 75 T EAT AL ARBT » D9 1R 42 B ik A . F
PO FRL LA

PR G it ot 25 AR R Fe R AR Tz i A, H
I AR A I 78 B0 SR S0 1 PR AT XU a2
I 0 B% S A A8 45 0 1) L, 8 77 M A () AT AR —
() JR PR o R IR RAE B AN ity 1) P2 A S FH v
MELF LN HE T - (DD GRS TRA
B AN — R A B IRAR R AL (O RS
PREEF ) I S BE B 1 AR IR B B, W 38 2L AR B 7 5
K5OI AHLE A 2 B R AN d e P ) R
5 (3) L& 07 B AR A I 2R A IR AR 1
R AR A AR 4 8 1 SR S it PR 2R AN R TR
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FR R[] P Bk — T — 45 (15~30 d Rz o 38 i AN 4% ity
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