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EANF@HAT =4/ GRE 5S5Hz. kM Smm. FRFAEE 12h) , B F % & KEEZH, 547K MG 3R
AR R A CGRE 4+0.5 C. ABM R 90%~95%. A #MAH] 40d) &AeG#h, FE—FKT -PARA
# (1-methylcyclopropene, 1-MCP) AL ZE st fah i a4 R LR AW, DM & hm ik FRAEHE R 55 5
B KRG g A, Bt R, JRFDM R R AR A FHEEIR B 42.4%, & 110.01 mg/ (kgh) 3 REER
LA 6.7%~14.4%; W AT EREAHBMEZSHNRET 7.1%~28.8% F7 6.5%~12.6%; & FEAL, AEIEH
AT 93%~17.2%; MIRELEMBIATE, KAf, RADATE 1-MCP 4 2T A KX EARHRRMKF, HofR{a
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Regulation of 1-MCP Pre-treatment on Refrigeration Quality
of Kiwifruit under Vibration Stress

LI Yiyang', YANG Haiying"?, DENG Guangting', SUN Yuying', DING Shenghua’, WANG Rongrong""

(1.College of Food Science and Technology, Hunan Agricultural University, Changsha 410128, China;
2.Hunan Institute of Agricultural Product Processing and Quality Safety, Changsha 410125, China)

Abstract: Vibration stress is one of the main causes of postharvest loss of kiwifruit. In this study, the effects of vibration
stress on the quality of kiwifruit during refrigeration (temperature 4+0.5 C, relative humidity 90%~95%, refrigeration time
40 d) were analyzed by performing three-dimensional vibration (frequency 5 Hz, amplitude 5 mm, vibration time 12 h) in
the three directions of up and down, left and right, front and back of 'Hongyang' kiwifruit to simulate long-term
transportation of asphalt pavement. Further, the regulation of 1-methylcyclopropene (1-MCP) pre-treatment on vibration
stress was investigated. The results showed that vibration stress could accelerate the water loss, wrinkling and softening of
kiwifruit during refrigeration. Compared with the control group, the peak value of respiration in the vibration group
increased by 42.4% up to 110.01 mg/(kg-h), weight loss rate increased by 6.7%~14.4%, the contents of malondialdehyde
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and soluble solid increased respectively by 7.1%~28.8% and 6.5%~12.6%, the change in color was obvious and the value of

AE increased by 9.3%~17.2%, and the cell wall structure was severely damaged during refrigeration. However, 1-MCP pre-

treatment before vibration could effectively reduce the metabolic levels, its respiratory peak decreased to 62.35% of the

vibration group and was only 68.59 mg/(kg-h). Meanwhile, the colloidal layer in the fruit cell wall was not degraded and

more cytoplasmic contents were retained in 1-MCP+vibration group than that of vibration group, the original structure of

the cell wall was better maintained. The increase of malondialdehyde and soluble solids content and the decrease of ascorbic

acid content were delayed in 1-MCP-+vibration group during refrigeration, and the activities of ascorbate peroxidase and

catalase in the late stage of refrigeration were retained. The cluster analysis further verified that the fruit quality of vibration

group was significantly different from that of other groups in the same period. The fruit quality of 1-MCP-+vibration group

was close to that of control group, which could alleviate the quality deterioration of kiwifruit caused by vibration stress.

This study can provide a theoretical basis for kiwifruit preservation by logistics transportation and regulation of fruit quality

deterioration caused by mechanical damage after harvest.

Key words: kiwifruit; vibration stress; 1-MCP; refrigeration quality; regulation

BEHERE (Actinidia chinensis Planch), X 44 &7 5
SR BERk. EREEE, JB TR (Actini-diaceae ) Ji5
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i, FR ERRAE AR R AR LS S e T R
B, BT ERURMUEE, S e giE R C, AR
RPETIHE . BEIMASSETIRL, #5320 T o, BB
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SRR B IR a4 | SRR E IR TR AE,
JE KA A B O

1-F 3 B 5 445 ( 1-methylcyclopropene, 1-MCP)
ViR A s PEI IR k) 1z B FH IR0 | 2
JIRUST Akl o) S SRR AR bt v, {H ST HUR 75 i 22
FH TR 00 3 B i) S8 i BT 45 AR 91531 20 .
AR AR FEHE 1-MCP B2 2% <51 KRk
Ji, A 100 kmv/h B RASESELIZ i 5 d, 2B 1-MCP
Ak B ) Ak Bk 4 BB RE 2% 5 2 45 . T % (malon-
dialdehyde, MDA) & . a2 ik S Fn - i 5 5
FY_E T, ELBH SRR SR SRR R | B SR e MO AR
AW ARG PR T R . AR AES R 1-MCP
T Ak B AT A 25 ) R 405 T 0 AR R
FRM OB TS, MR NG i 1 3R, S
RS R . B AR WIS MEEDEY & E Tt
AT E PR & P AT UL, 1-MCP XA U i1k
TR ABAIE R S o BT 25 AR A — S R RAE T o 4L
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1 MRIEREE%E
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B Syral, iR s R AR Y A BRA F 5 1K
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A BRLSF]; Avanti J-26 XP BUERGES. AL SEE DL 7
SRR A
1.2 L7
1.2.1 FESHAEFR A BRAGEAECRAES 1 h T
TREE R W ST 45 UREE 420.5 °C . AEXHEEE 90%~
95%) iz i B LI A o 1k B AR — S50 (3
37~43 N, A FEMEETEY) & & 7.9%~8.9%) . Bl {1
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PULH, BE2H 140 RS2 XFHELZH B SR IOFA TR
A, TEREFRILPOINA 10 mL 2558 T/K & T4a b
Yo, BIR (25 °C) T B FEZE 24 h; 1-MCP 4H:
1 pL/L 1-MCP #WAREE 588 T/KAE SR T B3
7% 24 h; 1-MCPHJRZI4H: 28 1 uL/L 1-MCP IEURTEZS
T B DR 24 h 5, S AR RS TR
U, R e B TR & P HIRAY EE, TR
# LBEE 5 Hz BIPIER 5 mm FIIRIFEE LT . A4G
FHT G =07 M08 = A 3y X6 RS2 k4 79 s
JEALEE 12 h; PRENH: B L T8 TR IR R B
2% 24 h JEAREC DL iR [FF 7 A PRSN 12 he  iRPT
H S T PE P (420.5 °C, AEXTVRE 90%~95% ) I~
L, ) T2 O(AbFRZE 24K ) L 10, 20, 30 F1 40 d
BURE, 37 BPFA RSS2 PP 5 B | R E SR, Al
PEETEY) SR, RS, B SE 2  fE Gl Yk
N R R B T80 °C AT MDA FIFLER I
iz (ASA) & &= . PLIF ML AR i 5 4L 97 i (ascorbate
peroxidase, APX) M i 4 AL & Hff (catalase, CAT) 1P
ME . FEALPRZ EAE 3 R, FRRE A R 3 ik
Atk o
1.2.2 PPESREEN R S5 WA AR Tk, SR
FHE SR o AR ER S 0 ST 3 B B
HEH, IREREE IR A AINA 10 mL 0.4 mol/L ) NaOH
PRUEESAL, T 30 min 5 BUR E5FRILD %0, A —
AR 3~4 U, LA 5 mL 441 BaCl, F1 2 {#H
Bk $5 78 F, FH 0.2 mol/L 5 IR ¥4 Wk T &, 4% = L
mg/(kg-h)FIR.
1.2.3 @EFENE SRS A sh ) 0300 e
ALY LT (52 | a" (LLLHE) A b™ () o
O 2EAE HFORFES S ARk, #2250 T
AE = (@' —a,* + (b —by)* + (L' — L,)? XD
b, @ b LHE R WS B S I E s ag
by Lo A MR ZE(E -
1.2.4 RERNGE  JREFCRHPREEIER, $#2y
K(2) 5.

m, —m,

L(%) = ——x 100
m,

&

K, L WRER, %; m, AW HAETER, g;m, N
kS E A, go
1.2.5 MDA &=l HERRAES TR A P
#)5], FH MDA & S G A R, $2 O & 7y
LS (PR 1) Bl B BB AT #4E, 4521 LA
nmol/L F&/R.
1.2.6 NEMEEDEYISENE SRR IT ST
ATIRE, 255 LA % o,
1.2.7 HLARMmR & =N E SHE@ERET WIT
125, SR 2,6- S T M a2 P AT AE, DA 20 g/L
BRI RAE N2 A, #A(3)HH5, 451 DL mg/
100 g £ 55 (fresh weight, FW) &I

V><(V1—V0)><p><

PUA LR 7 8 (mg/100 g FW) =
VgXm

100

A (3)

R, FW NEEER, g5 V, AR AL 2 THAE A UL IR
RFL, mL; V Sh 25 T E TEFER R AR, mL; p -
1 mL YeRNAR A S FHIR MR T &, mg/mL; Vg -
i 2 I BT BURE A RUATR, mL; V R SR BURL R
AL, mL; m SRR R, g.
1.2.8 APX K CAT iHHME SHaE s Jr
RS ISP, FREL 2 g W A BE 14 R RARE & 43 il
A 8 mL APX $2HUi# (0.1 mol/L ., pH7.5 BERANZ% v
W E 0.1 mmol/L Z VU 2,1, 1 mmol/L HriR g
2% 38 BR 3R & M Nk 5 BE TR ) T CAT 42 B
(0.1 mol/L., pH7.5 BEFRENLE vP I % 5 mmol/L . fi
TIPHIER 2% B AL el $55), $2HX 10 min /5
T4 °C 13000xg ZL.0> 10 min, FEE& EHIA APX UV
W (50 mmoVl/L . pH7.5 BEMRH1 2% v & % 0.1 mmol/L
2 VU Z.BR, 0.5 mmol/L HFLIR AR AN 2 mmol/L 5
FHALE) 1 CAT J W % (50 mmol/L. pH7.5 #EL M
L2 M & 20 mmol/L i S L&) S5, 4351+ 290 F
240 nm &b G RE(E, — BN B (U) E X
Sk B3 v AR i () B S3-  ' BE AR A AE vak 2D
0.01 UrirZ il EL, 255 L, U/(min-g) FW 3R,
1.2.9 AUMRERCIRES WSS BUEA T 20 d M45-2H 5%
Sz, KRB R AYIRZ 1 mm® Ok, AL 4 C
TV 2.5% I8 [ e W vh el i S8 T [ e, 5B
[&1 %€ W& J5 0.1 mol/L. pH7.0 BYBERRZDZ il 5k =
W (YR 15 min), FH 1% SPRHEREE 1~2 h; EE
AR EE Ve =Wk, 4y S 30%. 50%. 70%. 80%.
90% FI1 100% FY £ B W A T4 I /K (B h ik
15 min), BRI R . AS [S]3 32 3 B AAE AR a4 7R
AW (3:1. 1:1 81 1:3) 43 543 20 min, 2 h. 3 h
N 3 h, I 5 FHAA AR AL AR St k. B, 2EFT
BEEEINH(35 °C-60 °C-80 °C)4% 5 h, A JE B RE i
Y% 70~90 nm B4 FtR, LT iR AU A YL (15 min)
FFFEIRAT (S min) e )5, BRI AT_8Uigs.
1.3 #IEAIE

FITAT LY H A =R, 45 SR bR e 22
FoR o KM Origin 2024 B4 T4 E R0
=% JH IBM. SPSS Statistics 26.0 Z{F 3547 i 35 74 45
Hr, BEMEZER /KN 0.05, P<0.05 ForRn2ZEF 03,
2 BERSH
2.1 1-MCP FAbIE 3t #x 30 i Bk 04 5 HA 18] = X
SRV

W1 s, 25 dBRAAR S S V8 SR I 18] 2 0L i
J ) BN R 1 25 A48, BUARFRINAE R B /K 4545
TE ARSI, e /R BUIR Kz i . Hodh, $ig
SHZHFEVR AR 30 d BIA] A SR /K BRI BR 2 A9 3
42, JRIl U L R A4 S 800 e P SRR, H ARV
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A 40 d SRS PR 6 R A 4 HH B AR BOB AR . SR,
ST HRZH S5 ZH 1-MCP AbBHZH B Se /e v e 30 d i)
TR R U, HARE YIRS RN, X 2R3
JWIR 0T 2 o0 3 ¥4 s 1] SR S A0 T ) AR Ak, T 1-
MCP-+RZNZH 5T 1-MCP FiAb 3 A 3 if 2E 28 5 5 o
AN BT AR AR 7K PP, LU i J3T 422305 1 X R
21, A RHEIR 6 B A AR PG 17 A, AR S AT 4k
R G S BORAS o

XJHRZH Prahdl 1-MCP+iEsh4]

Moool0aclngend
Minos0o00oioe

BT 1-MCP BiAb B IR0 e R bk v se ] ) 0 i St 1
Al

Fig.1 Effect of 1-MCP pre-treatment on appearance quality

1-MCP4H

of kiwifruit under vibration stress during refrigeration

2.2 1-MCP T4k 28 3 4 = A 18 B Az 1k 42 fek #A 18] AF 0%
SR IR

TRAEAIK 2 L IR [) I I R A R BRI | ¥4 A ]
2 BRI v e, B e SR S P e P k] 2 i
7N, DUZH SRS i B e v s I TR AR 2 5 T e
TFRER R, (E P g R A B TR AR, HG
dh, XTREZH . 1-MCP+YR S 4H AR Sh 2 S S0 vy 4
TRV IECES 10 d W, T 1-MCP 20 5 Sz ms i)
FER BT 20 d A H B FLF I IGAE 5 BEAR IR A
YR3h2H(110.01 mg/(kg-h))>XFHEZH(77.26 mg/(kg-h))
>1-MCP+¥& 3/ 2H ( 68.59 mg/( kg-h) ) >1-MCP 2H
(55.50 mg/(kg-h)), YEsh2H S SR I AR %) REZH $2

120 - ~ O X ARZ
i 77 1-MCP#H
2 100 F B 1-MCP+Esh4
o [ ARSI
< 80F .
FD Ca
E 6o}
‘]R’( Ca Da
g 40 Cb Bb
£ 20
0
40

R E] (d)

K2 1-MCP BUab X IR Sl e GRas bk v sty ) i s i B2 )
Al

Fig.2 Effect of 1-MCP pre-treatment on respiratory rate
of kiwifruit under vibration stress during refrigeration

L AN AR 7 g 27 [ — A B A AN [ V2 JR N 7] 25 5 2

# (P<0.05) , AN [Al/ING TR 75 ) — Vo JONT ) A ) Aok B 2 2

558 (P<0.05), [ 3~[4 5 [A].

H T 42.4%, BARINE, BB PR Sh2H SRS
N 58 B AR 2 T HA =41, FER IR 10 d e B ST
XFRRLH (P<0.05), ¥ 5% 10~20 d i} & T 1-MCP+
YRBNZH (P<0.05); 1l 1-MCP 2H 5 S0 1) 5 JBF LA &
FEAE T AR KO-, 384~ v8 0 TR 34tk S5 IR T PR sh 2
(P<0.05) . XM TR AR R SR 5 A4
HRIE B, InEOET R, PO s 2o 2 0 s
1-MCP ER g sa PRl s nl i il SR80k 5
I 2 I S VA JEOD R DR S R Y T F . X5 Chai
L IR SR —3, Hot 2 F 1-MCP AT HIK
BRI 3 R, RAAER VA VR A Ak 9 P i e, L Aol
JEFLT SRR AS HH BRI 7 e

2.3 1-MCP Fsb I 3t Hx s B8 FraE ik o4 e HA 18] €2 3%
)

FHE 1 AT, SRR SE L7F b (B YR
IS T P RE BRI, o FIAE (B D32 75, Bk
MR ARSI Bt 25 VA S B (6] BB TN B R, R B (A AR
5, B0 S AR R H5, X5 IR 5 T AR LA AF
(& 1) Hirp, JRBIZHLFESE LR b E T Bka i 1]
b, JEHAEVR R 20~30 d T R b, HILES ol
AE B T8 ¥ 30~40 d B, % B8 ZH & 1-MCP
RS LR R, 5 L b AR e 5 e TR
FheH (P<0.05), HAE (HIAR W F M TR sh4H (P<
0.05), S ItIAIT 1-MCP+HR B IAE (H B E KT
PR (P<0.05) . BT WL, Peshiraa 2 stk e Al
PR AR, 3K A RE- SRS PP S AR SR K i

# 1 1-MCP FAb B S Bihia Hirape by Oyl (i i 2
Table 1 Effect of 1-MCP pre-treatment on color of kiwifruit
under vibration stress during refrigeration

R 1]
(d)

0 64.55+1.37* 64.82+1.97**  61.30£0.83"  60.24+1.26*°
10 63.27+1.19* 63.77+0.86"" 58.85£1.56™ 55.94+1.21%°
L 20  57.98+1.27% 58.51+1.01% 53.98+2.00% 50.91+1.78%
30 54.37+1.95% 55.10+0.62% 46.84+1.63%°  43.40+1.50™

40  47.54+1.72° 48.75+1.89™ 43.91£1.77"  40.72+2.04"

0 —-3.32+0.13%" —3.34+0.20“" —3.14£0.51° —2.98+0.28“

10 —2.99+0.46% —2.90+0.07% —2.69+0.185% —2.64+0.50°

a’ 20 —2.79£0.16°" —2.81+0.47% —2.23+0.19*% —2.15+0.40*>

30 —2.28+0.19"%° —2.20+0.16"° —1.75+£0.25" —1.73+0.12*

40 —1.80+0.15% —1.80+0.10% —1.71£0.07** —1.61£0.19"*

0 21.26+0.72% 21.31£0.81* 21.20+0.61* 20.59+1.27%

10 20.44+£1.00% 20.27£0.51*  19.75+1.71%  19.50+1.13%

b 20  19.94+0.74* 19.99+0.88"* 19.4240.97%  19.18+0.86""
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