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Abstract: To investigate the effects of spontaneous controlled atmosphere packaging (MAP) with 1-methylcyclopropene
(1-MCP) combined with different thicknesses (0.02, 0.04 mm) of fresh-keeping bags on the browning and cold storage
quality of "Venus Golden' apple fruits, two storage methods, 1-MCP (1.0 pL/L)*MAP and MAP, were used to treat 'Venus
Golden' apples, which were then stored at (0+0.5) °C for 60 days and 160 days. The results showed that 0.02PE, 1-
MCP+0.02PE, and 1-MCP+0.04PE treatments could all slow down the speed of peel yellowing and greasiness to a certain
extent, effectively inhibit peel and flesh browning, and suppress the decrease of fruit firmness, titratable acid, respiration
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rate, ethylene release rate, and puncture parameters (including breaking force, yield force, flesh firmness, and flesh work).

Compared with the CK group, the 0.04PE treatment group made 'Venus Golden' apples more prone to browning and
accelerated fruit senescence. It can be seen that 0.02PE, 1-MCP+0.02PE, and 1-MCP+0.04PE treatments can all maintain
the cold storage quality of 'Venus Golden' apples, reduce the fruit browning index, and improve the fruit taste and flavor,

among which the 1-MCP+0.02PE treatment has the best fresh-keeping effect on 'Venus Golden' apples, extending the fruit

storage period to more than 160 days.

Key words: 'Venus Golden' apple; low temperature storage; quality maintenance; spontaneous gas regulation; 1-MCP
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Table 1 Sensory evaluation criteria of ‘Venus Golden’
apple fruit
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Effects of 1-MCP and MAP treatments on peel color of "Venus Golden' apple
T /NG TR R Al — IR AN ] 21 ) 22 57 (P<0.05); 141 3 [

160+7

5 (P>0.05), I 160 d B, 0.04PE AbFHZH 19 h'(H
A%, & 92.6, B FHMKT 1-MCP+0.02PE. 1-MCP+
0.04PE A4bHHZH (P<0.05), 5 HABAN L 1 CK 407G
B E 255 (P>0.05); 1-MCP+0.02PE /4 h™{E 55, N
93.69, 5 0.02PE CK. 0.02PE. 0.04PE CK 1 1-MCP+
0.04PE ZH G M2 5 (P>0.05) .

LGN G S AL 2 1 A LR A R B
BEHOINR, FerEA R E B W E IS .
1R AR T 0, Bt 2 T e sk TE] i n, SR R LY.
b™H. C {EZEHHEIN, o {H . WELEHT R, ANFELLBE
ZH . CK ZH 8] ¥ 2R SEAE R ER 2RI [H] (60+7 d.. 160+7
RO (LE . oM. b, C{E. W {E) T W3
225 (P>0.05) ., 7] UL 1-MCP+MAP &b F1 MAP
Qb PR A 4 B S LT AR [a] SR R B 1 kR
FIBI7 1SR Bz IR VR, (B4R AN 35
2.2 1-MCP 1 MAP 0 IB 3} 44 ER & S R A5
T (RE. RA, R « REITFSHEMN

FHE 2 AT, X AEg a5 L R 2 R T

%2 1-MCP Fll MAP AbFT e i 6 3P R R S R 1 B P 2
Table 2  Effects of 1-MCP and MAP treatments on the browning index and sensory score of 'Venus Golden' apple fruit
RBABE IR RIAMETEEL SO TEE BRI (41)
1-MCPHIMAPAL 2
60+7 d 160+7 d 60+7 d 160+7 d 60+7 d 160+7 d 60+7 d 160+7 d
0.02PE CK 0 1.33+0.01° 0 0.85+0.00° 0 0 85.0011.05 74.00£11.70°
0.02PE 0 0 0 0 0 0 87.00+11.86™ 80.14+10.85
1-MCP+0.02PE 0 0 0 0 0 0 92.00+10.23* 87.25+11.54*
0.04PE CK 0 1.62+0.00° 0 0.97+0.01° 0 0 83.00+10.65° 73.21£11.64°
0.04PE 0.16+0.01 4.33+0.00° 0.10+0.01 3.00+0.01° 0 0 88.00+11.04® 69.00£10.89¢
1-MCP+0.04PE 0 0.02+0.00° 0 0 0 0 90.00+9.66" 88.00+11.92°

i FSIARV NG FRGRA B35 2 57 (P<0.05), 33~K5[.,
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60+7 d A, B 0.04PE AP ¥ SRS & A= 525 i SR K A
SRAEAE, Hofth A B AN CK 40 J0HS 2% & A= 9
160+7 d B}, 0.04PE Ab 3 [ JR 52 58 Bz 2R A 4 A8 45
B Ar oA 4.33, 3.00, 35 5T CK 4H.(P<0.05), 1-
MCP-+0.04PE &b 3 2 2R 52 R f7 48 A8 48 25 I 3 (P<
0.05) I T* CK £H, 0.02PE CK #1 0.04PE CK #H 5 )7
FIR RS FEHOIC . 3 22 5 (P>0.05 ), HABALFRZA AT
T AR KA . [FIBT ARG A 15 AN [FIAR FEZH Fl CK
ZH 1 AN T B A S SR U R JE .04 AR
% &4, 1-MCP+0.02PE Fl1 1-MCP+0.04PE 4bFf
Yo 4w S ARy T RS AR AT, SRR RS B, T
0.04PE AbFRIU] B b B A A SR B 5 T, IR PP o 8¢
I%, BERIAE RSN L . R4 RsA
SRR, £% AT, g 60 d, AHER T CK 4H, 0.04PE
APHZH T I EE S R AR POAE AR FEE, LA A B H Yo
SR 25 IV 160 d B, 1-MCP+0.02PE #11 0.02PE
Ak BRZH AT Sk e SR S R AR IR R IR R AR AR, 1-MCP+
0.04PE AbFH w] yali 45 2 J2 #8 AR F8 %4, bt S SR P WS AR,
0.04PE AbFPLHARIHINE T SR 2 ISR AR 2R .
2.3 1-MCP #1 MAP 325t RLHEE . AIAME
Y. AEEREERFMN

HH 3R 3 TN, AR I AN B 2R, W] —
JEF PE 484514 F, 5 CK 4AH Lk, MAP F1 1-MCP+
MAP AbHHZH A] 7E—E R L3 SRS A B 4 A,
0.04PE 4t 38 5 0.02PE CK ZH ¥ i 3 JG | 3 25 &,
H. 1-MCP+0.04PE 4b B L SCAF 7 & 25 5 T 0.04PE
AP (P<0.05), 1fif 1-MCP+0.02PE. 0.02PE. 1-MCP+
0.04PE AbFPZH SRS J0 b 2 25 7 (P>0.05) -

3 1-MCP Fll MAP Zb3] A 40 i 8 4 S 32 1) 5 1)
(kgrem™)
Table 3 Effects of 1-MCP and MAP treatments on the fruit
firmness of 'Venus Golden' apple (kg-cm™?)

1-MCPFil Vg ]

MAPAEH 60d 60+7d 160 d 160+7 d
0.02PE CK 6.81£0.45*  6.56+0.56"  6.48+0.65™  6.17+0.85"
0.02PE 7.08+0.64"  7.01+0.53"  6.76+0.78"  6.51+0.92°
1-MCP+0.02PE  7.2840.53*  7.06£0.67°  6.89+0.67°  6.60+0.83"
0.04PE CK 6.52+£0.56°  6.29+0.61°  6.27+0.66°  6.16+0.80
0.04PE 6.65+0.57°  6.42+0.61" 6.34+0.74°  6.18+0.71°
1-MCP+0.04PE  7.13+0.45"  6.95+0.55" 6.85+0.54  6.41+0.56"

FE 4 a0, RN IR AN BT 28, B 0.04PE
CK LEBHFE RN TRl 340, ml PRy RSl Pk e
Yo A, HAth CK ZHANAEPREE AT T — @ FE I BRI
ATEPEETEYI & B, (B2 A28 558 .35 (P>0.05) .

He 5 AT, TERE IR AN BT A1, <AEg e

4 1-MCP Fl MAP ZhHEXT e # 4 R nl i v
B B 5E0 (%)
Table 4 Effects of 1-MCP and MAP treatments on total soluble
solid of 'Venus Golden' apple (%)

1-MCP#l s

MAPALH] 60d 60+7d 160d 160+7 d

0.02PECK  1031£0.68% 10.25:0.83° 10.41£0.68" 10.10£0.94°
0.02PE 11.16£1.04°  10.45£0.79° 10.07£0.83* 9.92+1.19°

1-MCP+0.02PE  10.93+1.06® 10.39+1.09* 10.34+1.29° 9.49+0.54"
0.04PE CK 9.67+0.69°  10.65+0.99" 10.20+0.67" 11.26+0.72°
0.04PE 11.11£1.31*  10.63£1.10° 10.16£1.26* 9.64+2.28"
1-MCP+0.04PE  10.39+1.23* 10.18£1.17* 9.72+0.57*  9.50+2.08"

5 1-MCP Fll MAP b HXT AE 4l i i 4 S5
AT S R 5 (%)
Table 5 Effects of 1-MCP and MAP treatments on titratable
acid of 'Venus Golden' apple (%)

1-MCPHI TR [

MAPAE 60d 60+7 d 160 d 160+7 d

0.02PECK  0.116£0.001° 0.145£0.002° 0.098+0.001° 0.132+0.002¢
0.02PE  0.12940.000° 0.159+0.003" 0.121+0.001° 0.159+0.002

1-MCP+0.02PE 0.139+0.001¢ 0.143+0.002% 0.132£0.01° 0.151£0.00°
0.04PE CK  0.130+£0.001¢ 0.140+0.002¢ 0.118+0.001° 0.105+0.001°
0.04PE 0.158+0.002° 0.151£0.001° 0.126+0.001° 0.157+0.000°
1-MCP+0.04PE 0.177+0.001* 0.160+0.002° 0.137+0.001* 0.170+0.00°

G SEHL RS AT 2 IR A S AR Bl B[R] A AR A A
HEPE TR, DRI T R TR ik v MR R
A, 1-MCP+0.04PE ZH 1) 7]y 5 iR & B de =, [A]— &
FEHY PE 4%, MAP Fl 1-MCP+MAP 4bBZH S5z iy nf
THENE & WS T CK 4H.(P<0.05), MM 4k
T BT 4 SRR ZE MAP Fl 1-MCP+MAP AbFHA] 7t 2%
IR E TR B TR
2.4 1-MCP #1 MAP Q3B 3F SRCAEIRIRZEFN 2 S5 FE AT
RERIR M

L 2 AT, <AEgh i G S R O S (] i T
HCRN ZAGRBGE R AR a3 2 AT — 3P, 0.04PE
TRER 2 d B SR 2 s R T R B AR,
0.02PE CK F 0.04PE CK I 33 53 1 2. I B il 3
SR IEEAE BT S 3 d i B, 1fi 0.02PE. 1-MCP+
0.02PE A1 1-MCP+0.04PE NP3 D) K 2 47 B
B IEAEIER B P28 4 d B . B AT 0, AHER
F CK #H,0.02PE. 1-MCP+0.02PE #1 1-MCP+0.04PE
A FHLYA T GUE 22 TR S 1A WP S S5 R 2, s e T e R0
P HH BT 1], SRR, H 1-MCP+MAP ZEZERL
AT 0.02PE AbFE, 7 0.04PE AZb B i ss S Sz
TN 7 B TSR 2R (E 17 L1 BT ]
2.5 RIS RSN EHAE) 2RSS B 520
2.5.1 ZFERISECZIRIAESCH:  HER 6 nl A, AT
B ST A i 35 TEAH G (P<0.01), SJm AR J7 5240
I E ARG (P<0.01); JH RN RS S 24 7 . SR
SR EITARE(P<0.05), STEARDEAR B35 A (P<
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Table 6 Correlation between various puncture parameters of 'Venus Golden' fruits with 1-MCP and MAP treatments
EiEtan {LEP] [ E L4 W247)) Je M7 JRIRDOIRS Je ey LA L)
(&P} 1 -0.325 0.032 0.909" 0.413" 0.608" 0.965" 0.948"
LT 1 0.920™ -0.591™ -0.127 -0.013 -0.301 -0.312
%45 1 -0.279 0.049 0.288 0.073 0.050
JEIR ST 1 0.383 0.502" 0.895™ 0.888"
JRIRDOIAS 1 0.809™ 0.451° 0.278
Jei 2N 1 0.688" 0.557"
SN 1 0.980"
SRR 1

RN R B, P<0.05, **FiRBdE2E TN R, P<0.01,

35¢ —a— 0.02PE CK
—— 0.02PE

30 = - |-MCP+0.02PE

10 —a— 0.04PE CK
| —o— 0.04PE
St Areeees 1-MCP+0.04PE

I 32 (mg-kg '-h )

SO (d)

60 1 —=— 0.02PE CK
o —— 0.02PE
oI U S S — o [-MCP+0.02PE
£ —»— 0.04PE CK
o 40 1 ——o— (0.04PE
E A [-MCP+0.04PE
W 30f
=
= 20t
% 10t
M 7.

(=)

BHUH (d)
1-MCP Fl MAP 4b FS 237 28 G R0 160 d )
FIRT D AR IS4 2 M R R 3 4 5 )
Fig.2 Effects of I-MCP and MAP treatments on respiration
rate and ethylene production rate during the 160 d
shelf life of "Venus Golden' apple

&l 2

0.01); JE Ik 1158 iR DI & B 3 IEAH2(P<0.05), 55
PRORE | U A A S R S TE A 5C (P<0.01) 5 1 34
J1 BTy HEPOREE | SR R 2 (A A
A (P<0.01), HAHSCHERE, AHC R BTE 0.88 LU
I, DA U6 B < A g 37 2 S SR AR I T A v T b AR
AT RAE G DA E USSR R s e, Bl i 2 32 B
FEWEBE Sy TR ST SRR | SRR 4 =
EAE b

2.5.2 WEHH M B LERISEO AR HIEl 3 AT,
R 5 T g s ] ey 85 i, <A gl Hr 2 G S SR g 28 A7
JE AR T . S PRI R R PRI 1 S AN R RR BE T
[ HErp eI 3] R B 240 (6] 1-MCP+0.02PE
AFRIRE LT | T A ST . SR PR R AR P AR e
0.04PE fxffR. Z I 2FEAE S0 B0 — U IR AR AT 1)

F1, I 3A WWoRIFHER 60 d B, ra ARERIR ST 2 S 0
BEZEF(P>0.05); Ik 60+7 d & 160 d i}, 0.04PE
KEFREG 2 FT AR, 43 3°A 18.15N, 17.19N, B EFHKT
H: At 4b B 2 ( P<0.05) 5 788 160+7 d B, 1-MCP+
0.02PE Ab 3 ¥ 1 24 7 Bz e, Al ik 19.11 N, HR &
0.02PE ALK 2L 7, 0.04PE Ak B 24 ) 52 AIK, 1 Ky
15.39 N,

K 3B R 60 d A& 160 d B, 0.04PE 4k
JEAR JTHARE, 4359120 18.35 N, 15.48 N, 55 0.04PE CK
JEIR T 35255 (P>0.05), {H i 3% T HA A FRZH
(P<0.05); W75 60+7 d A, 0.04PE AbFE (1 JE ik 714
16.64 N, ZF{EXT 1-MCP+0.02PE 4bHH(P<0.05), 1H
5 H At A PR AR 73R .35 (P>0.05); W 160+7 d
A, 0.04PE A-HEAYJE AR J1°20 13.30 N, W 20T HAth
AP ZH (P<0.05), YK /& 0.04PE CK, 0.02PE CK.
0.02PE. 1-MCP+0.02PE, 1-MCP+0.04PE 1 Ji& A /7
Toi #2557 (P>0.05),

&l 3C s 60 d B, 1-MCP+0.02PE 4b ¥
SR RLEE EE, Sy 18.28 N, I 35 5 T Hfth b B 2H (P<
0.05), T HAh AL 2 [8] JC i 35 25 5 (P>0.05 ) ; IV 73k,
60+7 d B, 1-MCP-+0.02PE. 1-MCP+0.04PE. 0.02PE
FUSR RIAE 435l 17.13, 16.57. 16.27 N, BE T
0.04PE CK. 0.04PE(P<0.05), 0.02PE CK 5 H A4t
BHLH P00 3 2255 (P>0.05); P75 160 d A, 0.04PE
SRR N 14.34 N, 5 0.04PE CK JC iR 3522 5 (P>
0.05), {H i AL T HAb AL ¥H2H (P<0.05), 0.02PE CK .
0.02PE. 1-MCP+0.02PE. 1-MCP+0.04PE £ Py fiff 3¢
4r5cA 155, 1532, 15.8, 1578 N, B E B &£ 5
(P>0.05); I3 160+7 d B}, 1-MCP+0.02PE ., 1-MCP+
0.04PE SRR, 43751k 15.53, 15.21 N, KT
0.02PE CK. 0.04PE CK. 0.04PE( P<0.05), 0.02PE
RAMEREE, N 14.32 N, 5 1-MCP+0.02PE., 1-MCP+
0.04PE. 0.02PE CK. 0.04PE CK 4 JC it} 3 22 % (P>
0.05),

Kl 3D s 2 60 d & 60+7 d A, 1-MCP+
0.02PE AZbFRY SR AT 4350120 149.91 N 136.04 N,
2 T HAALBEZE (P<0.05), HAthAb¥RZH 52 e
ZIETC B EZE R (P>0.05); 9K 160 d &2 160+7 d i,
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Fig.3 Effects of 1-MCP and MAP treatments on disruptive
force, yield force, flesh hardness, and flesh work
of 'Venus Golden' apple

0.02PE. 1-MCP+0.04PE S P %1y, 4351k 119.56.
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0.05),1H 1-MCP-+0.02PE A BRI, S 127.61,
122.72 N, 3 K T 0.04PE CK. 0.04PE. 0.02PE
CK(P<0.05),
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