298  H16 M /SN | W = Vol.29 No.16

2013 4F 8 H Transactions of the Chinese Society of Agricultural Engineering Aug. 2013 269
SEE RS 1-MCP FEEHNHI 5 REE B 57 B

(PGACARMEE K2 E 5B, M 712100)

OB 5 TR 3 SRR ek ak A A 2 R IR 43 e A et v A DG PR e T R A Ak, DR st #E
W9z BN FUEAR AR, WY TR A S (PVO) ARSI (MAP) 5 I-FEIR A (1-MCP)
ZEEAFE (MAP+1-MCP) 4 (0£1)°C A 5l Pt v 21 5 3 SR I3 Bl 23 R0 SR S D5 b T KD S i o 45 SRR AR
it R, R CNEAT AL EED (1l 5 — E R, MAP Fl MAP+1-MCP A (W7E 5 — A H 5 &,
B s e R P A . BT R BRSSP, U B S B RGN BEER A 9,12+ )R IR
B E, S JL-10-FER - Ju-10-F1 & R e BRAR TR . MAP A1 MAP+1-MCP G831 i i =0 LA e o
AR AR . MAP Fl MAP+1-MCP 3416 SE 2 S Sl 55 1 [ T o 42k [l R 49 R0 R i S T ) BB At B, PR {1 L]
PR LL AN TS, JIIE IR E SRR 2 M B a8, L AT LA 35 S0 s s 1 e R 2 2 o T8 AT 05 3 i 43 1
R, ST S i R R E , MAP+1-MCP KRS T MAP. PVC K345 4 1 ul/L1-MCP &
LB B RN TR (A= o o2 NP Ly WA /S 2 I I/ B SRl W o S R RS 6T A= s o KON 777 ¢
s JO0 SR Syl R ) LR flE 2

KA R, aF, RE, FX, -FTAXAK, BHRARS

doi: 10.3969/j.issn.1002-6819.2013.16.034

HRESES: S661.1; TS255.3 MEFRERD: A XEHS: 1002-6819(2013)-16-0269-09

BRUK, R50F, KATFR, BT [EEERS -MCP EEMEIERERMAEMI]. R TIEFIR, 2013, 29(16) :
269—277.

Dong Xiaoqing, Rao Jingping, Zhu Shouliang, et al. Combination of modified atmosphere packaging and
1-methylcyclopropene treatment suppress decreasing of wax composition of apples during cold storage[J]. Transactions of
the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2013, 29(16): 269—277. (in Chinese with

English abstract)

0 351 &

ARy S ha i —#E, SERRInESE R
HEALRFAMER SR, R RGFUKYER B )= th i iUz
A R Ao W 28 s O A O v, 2
AR R 1 5 3= 325 43 12T W 1) = 32 4
FAR B AR BRAR 2B, 5 1AL 545
R AR N O T 2% e & L A
W 5 AR AR 4

PRI S 06 T B i AE AR AR I B A2, AN
KT R AL FI— GRS DS AR, R
S 85 T3 PR 30 A T T IR S AT A e
Koo WEL WL ORI, IREEERIEESEALRS . BRot

Weka H . 2013-04-22  BITH: 2013-07-17

FEEH : MEIACER AR RER LI (nycytx-08-05-02); [EZ%K
BHECHERI (2013BAD19B04)

fEH A SRS (1980—) , & (PUK), WARZLA, #t4, T
5 15 g Del R R R AR S ARG . M PUALARMRRM K 2 b 22
&, 712100, Email: xiaoqingdong09@163.com

MOMEVES: PREGE (1957—), & (QUK), BRFmE A, #d%, it
AT, BIESET 1 Bl RS AR B S AR . e PR RN
K E %K, 712100, Email: dqr0723@163.com

A, AR R R B A T T A R
T RO, N [ SR R AR IR
L B I PR B S s S A AN Tl et
SAZANEAET K B . A,

1-F IR (1-methylcyclopropene, 1-MCP)
JE—Fh 2T, e e A 3 G L %
A, HEIR B S s R AR Y B R R
(modified atmosphere packaging, MAP) J&#|H A
()32 Sk R R AR A IR R IR BT 45 A, T
W7 e AR LA B s R EERUR 7. AR
AR AT AR, B Mo
BERLR it KA fpey s o
e IR DR AR AR W2, RBE PRAIC R SR J )=
L REG R SR A A E I o

15 30 R 1 A S % T A e K ) 9 SR A
Zo 2011 4F, SERIERL 220 J7 hm?, 775 3 500
it ML LS A R 70% 7. 41
wOER UG, L0t SRS, RERREE, 1R
B, S TARWAAR IR R, (HARER
J Ve S RN Dt BRI R) 5 SRS 3R T A A AL B
5, MIRAGAE — R B i 2 FLAM



270 Al TR 2A 3R

2013 4F

PN e R ERE /0 A N w2 1] 1)
U T2 DA S 55 e AR D () LA RS T R oy,
KRIFIRJG 1-MCP Kb Pk 3= B2 J5 1 20 (R 520
ASCHE S FERE kP BR G MAP BL & MAP 5
1-MCP 45 & A FERF AT 3 AL SZAE (0£1) “CIE™
g Y 2 B TR o AN S S AR s, DA R
A SV R o 0 RA W o o8 S 7R T =B W AT
HERR AR

1S

1.1 RIEH#

X R A E LR (Malus domestica
Borkh.‘Red Fuji’) , T 2009 4F 10 7 13 H% A
AN —RE R, FSEL TSR R, BT
PESEHOR H R AN SRS R A ST AR A
WA AT ARAR Y, 7 BPIE B LR MR R R
JE A ERSEG E . BRIER/NE S, AP, ALK
i ded, IR IE, B S e,
TEKPRYE 1 min, ZEHIR T (4 17~20C) fHiH A
R, ARG B T(0£1) CHRIV ZER VA . Bl )G Sk
WeBEML I 3 20, HEATAN FAREE. 55 1 AT
AP B AR AU Y (4RFE K/ : 38 emx 33 cmx28
cm) (Control) , 2 2 ZHJ4E 0.03 mm [1] PVC 4§
PO B R = A AR TR R AR FE 0
6 20 CH 1.01x10° Pa F, B H N
6.80x10° mL/m*d(0,)F1 4.30x10* mL/ m*d(CO,), K:
X35 A 65 emx65 cm) FL I ZH T AUUH A (MAP) o
55 3 A% EAE 360 L A URAE T H 1 uL/L 1-MCP
(SmartFreshTM, 0.14%3%VE %), AgroFresh Inc.)
F(0£1)’C N A4bEE 24 h, ARJEHCT 0.03 mm ) PVC
NI O EEH G T4 (MAP+1-MCP) (1
uL/L 1-MCP &bFE: 747 20 mL Z8187K ) 100 mL

= f/ M A AN 0418 gl-MCP ¥ K
(SmartFreshTM, 0.14%75 1%, AgroFresh Inc.),

AR, AIAERIREAE LR 30 min, V2 RIHE
AT A R 360 L AR, SRR
WA o BRI 3 ANES, MEEHR 10 ke
LB BT (0£1)°C R IEj
1.2 SEAJIEER

2 IR 2 2 Yin ST ERS, fr s 3E
FBAE 1000 mL A CREAMGEM — AR,
AMEFEFE 12 A o EFEERT, THEE G
Pedy (KQ-500DE Y, EL 11T A #s A PR A =D
W 600 mL ) =5 F e/ FRE (IAFAEL: 30 1) #8
AR 30 s (FiF: 500 kHz, ¥)¥: 35°C, A
DiZe: 500W) , BEFEHREL 3 k. RELUEXT 3 &
FIPERR & o uE, REHRBRI KR IE (4

45 ) MRV CIRIEmm , fotese ma<nt
ARET MTIRMFESERE, RAFE-20C
A MR T GC-MS 43#7 .
1.3 HEEENHE

0 ) B O L T ok VA . TS A =
T MRS (uglemP)y=(W—Wo)ld. i 4 RE
12 AN SRR, om?, Wy AR WA RS 1 5
H, ougs WoREREWEEIIT R, ng. FSZRHH
WHITES % Yuan™',
1.4 REMMSE

ERE T SRR AT AR AT . W AT LT
SXZFEEE RER @ EAEE=3 1 1) R4 5
EAVES, Ay BILLIE Okt — 50 bl R AR se 570,
WIRAF BN ARV 5y« SSAR ARV o RV 20 o
Ty o L EA RN, AT
(I AT o ARARAE TR 7 FHAR AR 3 o Tl 7 T 2 75 R A
RATHR A T o AER AT 2 CRERE 0.1 mg)
VAT 1 mL (RE Okt (NS 9 ug IIE-HBkedE
JNER) HEHT GC-MS 20H7. TR e
KM X IFATEY), Xy CREFE
0.1 mg) {EHT GC-MS 73T 1, SEHH#(E 1 mL 1
B (NS 4.5 ug IE- BV ks
SR HEREFFNELL 24 h CERABEIPE M EARTRD , K
Ve RN TS RIS AT GC-MS 43T
1.5 EERIRS P i

I 1873 730l GC-MS (6890N GC/5973N MS,
ZHORHEL AR, EE)AT. R 1T mL. A4
il 6 890 N: HAIL=IRSE 250°C, KL J&W (%
FEE A H)D) HP-5 (30 mx0.25 mmx0.25 um) #1447
JEREFFE, B THE: BL 4°C/min (135 M
80°CTF=5 290°C, 7 290°C1HIR 30 min, =4k He
(99.99%) 1E#A, BAUWE 1.2 mL/min, 2%
40 cm/s. Y 5973N: PUARAFF FREAL, &I N
EL Y, £ 230°C, DUMATIREE 150°C, B+
A 230°C, BT EBE 70 eV 104 NISTO2L
(USA).
1.6 MEREIRIEIREYNE

FEPIE R BORH FT-327 B (HkH AR
11 mm, ME%E 8 mm, Fruit Test™, McCormick
OAF]D) BRI ERY R R R TR
(WYT-4 8, FEE R M TIE S %) MR,
AV R TR e P PR g v s P, I R P e
P R A 5 R R R R LA R, A
A FRREALECRE 6 4, FHF-IE g . mls ok [ e
7 UNET NIl e A 11 ol = A L S R S T e
TEL-7001 7! CO, 43 H14% ( Lig & R AR A D
I E B B TR BB (0£1) C I R A T, A4
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A PRREALI 8 MER (AR 150~300g) , T
A 8.735 L [ Tgdsrh, [RIRTN COy b, %
B, £F 20 min id3% 1 K. LKBIEH TRACE GC
ULTRA (ZEER KRB, SEED A0 B0
M5B, 250 Ny, GDX-502 {4384 (2 mx3 mm),
Rl 70°C, BERELIRJE 70°C, A7 0.7 kg/em?®, &
507 kg/em?, A 1.0 kg/em?, AR 1 mL, A
KIGETACK IS, A =R 150°C o P
B LIRS 73 ] mg/(kgh) R uL/(kgh) ik ;
RECARIFREVEC M, AFAEFE R 18 /s
1.7 BUES

Hn K M Sigmplot AT 047, FEH] SAS9.2
TNV G R AT BN 2 R B YER K (LSD,
P<0.05) . HdiH “PEMELFEIRRER” RoR.

2 HRE5HMR

2.1 AEEMOIETERER SN
ANTR) A B AT g 3 R (0£1) C I ik e B o 1 o
SRR 1 Fon. MAP Al MAP+1-MCP 4t
AR G T 0 B AT T ) Ak R
MAP+1-MCP>MAP> X I, Xf BESRAE 5 7 > H
()3 e ol o B LR B, b 3 AN H &R
B, M (957.97+37.11 ) uglem® FE % F
(542.51£26.96) ug/em® T3 T [ 4.62 ug/(em’d)),
FEBE JE B O B R R B RS CPI TR 0.42
pglem’/d) « MAP Fl MAP+1-MCP &b {1 75 P75 )
Bo1AMNHB RS ERM A, A
(1035.85+12.08) ug/cm® F1(1084.64+22.20) pg/cm’
(THE T 8.13%A1 13.22%) » 7ERH 5 V4 1, MAP
1 MAP+1-MCP AbHS 5% —H K, {H MAP
FEAR )33 R KT MAP+1-MCP (p<0.05) . JF7j 7

600 —e— Control
—O— MAP
—&— MAP+1-MCP
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ALk R A
Nonacosane mass concentration/(ug-cm-2)

200

100

I8k 1 1) Storage time/months
a 1 Jube

a. Nonacosane

A HIN, 50 AH B, MAP+1-MCP &b B[ 21 =+
RIS TR IR L 21.83%, 27 5E (p<0.05) .
1200

1100 | —e— Control
—0— MAP

—A— MAP+1-MCP

1000 +

[
900 F
800 r
700 r
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500 r

Total wax mass concentration/(ug-cm-?)

400

0 2 4 6 8
I8 i 1] Storage time/months

1E: Control JyxJ 41, MAP b F &R ©341, MAP+1-MCP 2y 1-MCP
ARG AR R, R,

Note: Control means control group; MAP means modified atmosphere
packaging group; MAP+1-MCP means 1-MCP treatment first and then
modified atmosphere packaging. The below is same.

B 1 RF A A RN 4% £ AR S8 Yl
Fig.1 Effect of different treatments on total wax of ‘Red Fuji’
apple during storage at (0+1)C
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W FEAUE B 1 U s A AR et 3 1) 3
SyIIOM B 2a AT, S (A AL R 21 S
Jrf Uk B R AR (0x1) C I R EAA TR
B, LEMgE 7 A AR B 5. o R B dpe i
(CFIET 7455%) , MAP AbFIfIR CFRET
56.72%), MAP+1-MCP F [ 12 R % T 29.42%) .
TEFEAN Rt B2, MAP+1-MCP &b B 5 ) e 2 51
BF (p<0.05) .
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—O— MAP
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+-bke R
Heptacosane mass concentration/(xg-cm?)
(=)}

I8 Hif 1) Storage time/months
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Fig.2 Effect of different treatments on nonacosane and heptacosane in cuticular wax of

‘Red Fuji” apple during storage at (0+£1)C
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AN AL FELT & R0 Cg 7 AN H, =+
LR NS T IUE R R E AL, A R
EBWEE (K 2b) , {HJE MAP & MAP+1-MCP
Ae S H = b N BRI . 7E(0x1) CIE
TAHIE, FGHEAEL, MAP Al MAP+1-MCP 4b3
M bke S & 5 63.68%A1 102.63%, #=57 R
# (p<0.05) , MAP+1-MCP Hil MAP 2 [i) % A i
#F (p>0.05) .

2.3 FELEBMAELERTAIKEERF 9, 12—+
I\BR Z S ER RS20

ToNkER CRIRIR) MY EEREIR, i i i
Ay R R A s R . RS 1 A e
AR, EAR B SEER O RS RA,  AEE
B2 HABGER BT R R R IR
FE 529 ug/em®, 7EO£1)CIHE 7 A H i, KRS
—e— Control

—o— MAP
14 - _a— MAP+1-MCP

TSR TR

Hexadecanoic acid mass concentration/(ug-cm?)

2 Il 1 1 J

0 2 4 6 8
I N} 1) Storage time/months
a. T7kiR

a. Hexadecanoic acid

MAP Fl MAP+1-MCP [ 7N Ge i o it i 5 70 5l 4y
(12.45+1.61) . (8.12+1.31) Fl (6.65£1.0) ug/em®,
A PR AR TN I, E R B (p<0.05)
MAP+1-MCP Fll MAP Z [A] 1 5 2 3 72 5 (p<0.05).
HAr & MAP+HI-MCP<MAP<X[ & (& 3a) .

9,12-F )\l A TR AR Y VIR, A Il Jo AR P
Sy R AR TR, K 3b ATLLE
H AR FR )\ B AR b e S A Lo R AR
ETHIEE ) MAP+1-MCP<MAP <X} . 7E(0£1)C
VB, R B — BT, 1T AR BE AR
SANHWHEAR LA, 15 7 S HIG, MAP AT
eI E, SRWEEAL, AT 55
MAP+1-MCP 4B (P = (FHE T 41.82%)
T R SEAE A R s T 13 %, P2 ]
ERwFE (p<0.05) .

1.8 -

1.6

14 |- —e— Control
—O0— MAP

12 —A— MAP+1-MCP

1.0

I FR TR L

9,12-octadecadienoic acid mass concentration/(ug-cm)

0.8
0.6

9,12-+ )\ %

0.4
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2 4 6 8

0

38 I 1) Storage time/months

b. 9,12-+ )\ B IR
b. 9,12-octadecadienoic acid

B3 REAEAABAE LG £ R+ OB A 9,12-F A\BK IR 4G F R
Fig.3 Effect of different treatments on hexadecanoic acid and 9,12-octadecadienoic acid in cuticular wax of

‘Red Fuji’ apple during storage at (0+1)°C

2.4 AELEBMOAETERZ+A-10-EBEFZ1+
L-10-ER B9S2 0

T SL-10-FER A JU-10-F R 41w S R
TR B2 1 32 4 T ORI b B AT 3
RO Cleggad 2y, = Ju-10-FF =1 Ji-10-
il F AR A A [F] o 7E(0%) TR HT 3 AN H
AN [R) Ak B AR 2R SE - JU-10-BE A1 =1 JL-10- 0 1
AR, 1HS2 MAP FIl MAP+1-MCP 4:3 (1) B4
B, o BRI A g . R 3~7 M H, &
REBRI A s B TE (& 4a F1 4b) ,  HWIETFE )
R, MAP Al MAP+1-MCP AbFEf & 5 0] 8L T
N, ZREE (p<0.05) , MAP+1-MCP 5 MAP
Z 2R EES (p<0.05) .
2.5 ARLEMNLIELERIBRRAEZM

MK Sa WTLLE W, SACHE L E S LA R

R (HRSXT AL, SAAPRIELE T4 E LR
ek A ) Bl S ) B, UL MAP+1-MCP X il
JE (PR R e i (p<<0.05) 5 A-AbFH G 2 145
FER R : MAP+1-MCP>MAP > X%J i, MAP+1-MCP
1 MAP 5 xfMEAHIL Z 7 E2F (p<0.05) ,
MAP+1-MCP 5 MAP Z [ 2 .3 7 R K (p<
0.05) .

Kl Sb R, AL SRS I RTEE DE Y AR L
FEARL, I o D T ) P 2 58 186 o i J B A1, 1542
TEW 8 —N H e 2ok, Bl a1 TP FE 1R
i, AIEPEEDEY) SRS TR, (HARBER T FRIE
5 BEANTHHE (p<<0.05) o KAbFE )0 A]HPE
i e (AR : MAP+1-MCP>MAP > %] &,
MAP+1-MCP 5 MAP 2 [0 R 2% (p<0.05) .

WK 5S¢ i, S a] i R R A
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R T R S 17 S = W R 2 T e 4
B PR AT e T A T o St T R 3 o R T
SYHN 0.38% FREE] 0.10%, FFET 73.68%, MAP
FIMAP+1-MCP 402 5L 1 0] 5% 18 TR o 1843 2093 0
F% T 56.26%F1 44.74%, ZFE#H (p<0.05) .
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a. T J-10-8F
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A HE [ PR LE I sE i ] 5d Bros. 40
AL (0£1) Cle ekt A2 [ R L 3 vy, %5 A H 2R
SE Y[ R EARR -5 e Tk 7 A H I, MAP Ab BRI
[i5] 18 LU U G 31.09%, 11 MAP+1-MCP A3 [1)
Eb X} FRAEG 54.98% (p<<0.05) .
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f=1
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Fig.4 Effect of different treatments on nonacosan-10-ol and nonacosan-10-one in cuticular wax of
‘Red Fuji” apple during storage at (0£1)C

120

—e— Control

—o— MAP
—_ —&— [-MCP+MAP
R 100 +
g
3
g
g
g 80 |
£
i
iy
60 |
0 2 4 6 8
Ity 7] Storage time/months
a. i
a. Firmness
0.5
—e— Control
04 —o— MAP
S TR —A— MAP+1-MCP
=]
&
= 03
k]
=
%
Ho02
=z
I
0.1 -
O 1 1 1 ]
2 4 6 8
I8 N 1) Storage time/months
c. AL SE IR
c. Total acid

18
—e— Control

al ¥ PEE 24 Soluble solid content/ %

8 1 1 1 1
0 2 4 6 8
1P g8 I 1) Storage time/months
b. AIEE I TE
b. Soluble solid content
120

—e— Control
100 —o— MAP
—&— MAP+1-MCP

20

[# & Lt Soluble solid content/Total acid ratio

0 I 1 I ]
2 4 6 8

I8 N 1] Storage time/months
d. [z

d. Soluble solid content/Total acid ratio

A5 FRAMESABIRMLE EFERBEE., TEEBEHY. TiF B E BRI #
Fig.5 Effect of different treatments on firmness, SSC, TA and SSC/TA ratio of
‘Red Fuji’ apple during storage at (0+1)C
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2.6 ARILEILELTHER CHEBERUIRRNIFR
R A 2

H & 6a 7T LLE H, X HCRSZ R MAP 4b 21
R SRR e IR AE A B 3 A H T
MAP+1-MCP AH W5 5 A H HI (EAE
H(1.34£0.40)ul/(kgh)) » #HIBT 2 A~H, Xt
AR SEHT MAP Ak 8 ) W5 A8 43 50l R (4.18+0.40)
F1(2.45+0.17)uL/(kg-h). MAP FI MAP+1-MCP
A B PR 20 R T B v g L XS TR g v U 4 i) PRI

—e— Control
—O— MAP
—A— MAP+1-MCP

SRR
Ethylene production rate/(ul-kg'h")
38

I8 i) 7] Storage time/months

a. LR IOR S
a. Ethylene production rate

T 41.39%F1 67.94%, SAPLZ A ZREE (p
<0.05) .

K] 6b o, KR MAP Ab B 5L Sz e e HY
IAEREFE)S 3 /N H, 1 MAP+1-MCP AbFEAE 58 5
5 AMNHHHL. KT MAP A BH S WP 065 AH 24
(6 mg/(kg'h)) , Wi 2 [B3EA 25 (p>0.05) - MAP+
1-MCP Kb R, =04 24 (5.05+0.50) mg/(kgh), ELXT
HENT MAP A B R IR AR AIG 33.61%, 257 % (p
<0.05) .

;o
—e— Control

—O— MAP
—A— MAP+1-MCP

I 542 J& Respiration rate/(mg-kg'-h")

0 2 4 6 8
I8 1] Storage time/months
b. IR

b. Respiration rate

B 6 AR EBIINLLE £FR CIHFFRIE E Aot Rk 6 Fm
Fig.6 Effect of different treatments on ethylene release and respiration rate of ‘Red Fuji” apple during storage at (0£1) C

2.7 FELEMIETERIEZHHM

M7 ATELE Y, D00 5 Ak BRSO ) 2K
TR AN S . R o, IR 2
AN 4.22%, 11 MAP FI1 MAP+1-MCP #b3 )2k
HRN 2.26%H 1.17%, BE IR T (p<0.05).
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5 F —O0— MAP
B —A— MAP+1-MCP
2
=
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IEy8k I [11) Storage time/months

B7 FRAESLSBRINLEFFEREFEGYA
Fig.7 Effect of different treatments on weight loss of ‘Red
Fuji’ apple during storage at (0+1)C
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b P T . A OGO ARIE T, £EAIR

YR S 3 L R ) S R I A, AR
R 45 b MAP LUK MAP Fl 1-MCP 454 #] LT
e 5T A A PAK . MAP A1 MAP+1-MCP AbFE,
TEW R —A H G, BeAs & | e, b
MAP+1-MCP 2545 Ab 21 (1) 3508 L 58 MAP AL EE LT
ZESEE (p<0.05) o FATCAATHFFFBUE, 1
uL/L 1-MCP AR PR ZT 5 130 5 24 h, Al n) A
A R AN, (RS MAP ALL, ACRRES T
T MAP, HIZ{&T MAP+1-MCP &3 (p<<0.05) .
WA TR . 1 L-10-F (k)
A IU-10-1 (D S 2T 5 -3 S o i 3 5
SpUL21014] RS SE B €29 [A) R A A 3 R R R
DAY V8= R (.7 F U 0 SN I 3 BZR A 12
WALk B B A IR A FE(0£1) CIEd Rk, 41
SR R U e S B BRI,
MAP DL K& MAP Fl 1-MCP &54 0] LA HL R o
TG P75 T e 2 B s rh e ol ' AT (R oy, R o3 MR T
YT 16 28R 18 H e e K. 5% )5
(0£1)°C AL FE e, 205 3 B -1 75 e R Al
9,12~ )\ Bl IR 1) 5 T AR K TR T i o R (0£1)
T 7 A H, WL s 55 R Foh 1+ N B
9, 12-1 )\l IR TR & & 0l demr 1 11 £ 8113
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f¥%. Song and Bangerth! M #}% 18 4 j& 3 B 5 h )
T INEERR AN 9,12-1 )\ Bk IR o AR & T o MAP
DL MAP+1-MCP Kb #2153 L3 iy il i v
T NKERR AL 9,12- 1 Uk IR 10 T,
MAP+1-MCP fHHI R e by, W 2 2R 3
(p<0.05) .

IRRIE A TU-10- S — LE A P 4 e el o 5
IR E At 528 BT A J-10-lEE =
AR R S AN, Veraberbeke 25PPNiE B
"EAEMRREE R AR 7 TR G EEAEA . i,
VORWIESSE R Foe A S T u-10-8, Hk
TSRS . Veraberbeke 2Pt — L, —
L3 L B b A JU-10-BE I T T e B TR
AU 4 =

SR M, AR R U RIS, R
FRGERE” , BRI . IS A RS A
L FE R — AN AR E L IS . R SR
W R R AR A AT I R, G B R 4y
R e FONERIR Y 9,12- Bk IR
W BE — A+ SU-10-BEE A A+ FU-10- 1 by A3 2 s e 4>
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Combination of modified atmosphere packaging and
1-methylcyclopropene treatment suppress decreasing of wax
composition of apples during cold storage

Dong Xiaoging, Rao Jingping™, Zhu Shouliang, Yang Qingzhen
(College of Horticulture, Northwest A&F University, Yangling 712100, China)

Abstract: Modified atmosphere packaging (MAP) is a very useful method in postharvest storage for fruits and
vegetables by altering the gaseous environment of the stored commodities. 1-methylcyclopropene (1-MCP) is a
potent inhibitor of ethylene action, and has been extensively researched in a variety of horticultural crops,
especially climacteric fruits. Greasiness is a problem for apples following their prolonged storage. At present, the
storage quality and physiology property of fruits and vegetables treated with MAP or a combination of MAP and
1-MCP have been studied, however, there are few reports about the effects of MAP or a combination of MAP and
1-MCP on the wax composition of an apple during storage. The objective of this study was to study the changes
of primary wax composition during storage and the relationship of wax composition and greasiness and the
quality of apple fruit during storage after treatment with MAP and MAP+1-MCP. The effects of MAP of 0.03 mm
polyvinyl chloride bags and a combination of MAP and 1 uL/L I-MCP were investigated on total wax and
primary wax components. Included were nonacosane and heptacosane which were saturated hydrocarbons
representing the predominant component (95%) of nonpolar wax components, hexadecanoic acid, the most
abundant saturated fatty acid, and 9,12-octadecadienoic acid, the most abundant polyunsaturated fatty acid of
polar wax components, and nonacosan-10-ol (secondary alcohol) and nonacosan-10-one (ketone), the latter two of
which have a relationship with fruit greasiness. Wax composition of “Red Fuji” apples (Malus domestica Borkh.
‘Red Fuji’) was investigated by gas chromatography-mass spectrometry. Analyses of fruit quality during storage
at (0+£1)°C for seven months included firmness, soluble solid content (SSC), titratable acid (TA), SSC/TA ratio,
respiration rate, ethylene release, and weight loss. Wax was extracted using chloroform/methanol (3:1,v/v), and
eluted stepwise with n-hexane (heptadecane as an internal standard) for nonacosane and heptacosane and
methanol (deuterated heptadecanoic acid as internal standard) for hexadecanoic acid, 9,12-octadecadienoic acid,
nonacosan-10-ol, and nonacosan-10-one. The results indicated that total wax of the control fruit declined during
storage and fruit treated with MAP and MAP+1-MCP increased during the first month and then declined over first
to seven months, In all treatments, nonacosane and heptacosane declined, while hexadecanoic acid and
9,12-octadecadienoic acid increased. Nonacosan-10-ol and nonacosan-10-one declined, followed by an increase
over seven months storage at (0=1)‘C. Nonacosan-10-ol and nonacosan-10-one of the control fruit and
MAP-treated fruit declined during the first three months and then increased, but fruit treated with MAP+1-MCP
declined during the five months and then increased. Changes in total wax and primary wax components were
delayed or suppressed in fruit subject to MAP and MAP+1-MCP treatments, especially for MAP+1-MCP—treated
fruit. Compared with the control, MAP and MAP+1-MCP delayed the decline in flesh firmness, TA and SSC and
reduced ethylene and respiration rates and weight loss. MAP and MAP+1-MCP treatments suppressed
development of apple greasiness, presumably due to altered wax composition, but did not alter fruit flavor.
MAP+1-MCP was more effective than MAP for suppressing changes in wax composition and maintaining storage
quality. The results of this study indicate that a combination MAP/1-MCP treatment was the most effective for
maintaining the quality of “Red Fuji” apple fruit during long-term storage.

Key words: storage, packaging, fruits, apple, 1-MCP, wax composition
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