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mx iy 0.12 m), T E AR b R AL R A
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IEFHWG B ST AP 24 h 5 AT IR E AR
P ICF ;3)mMAP+1-MCP 41 . LA 1-MCP 2
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Table 1 Primer information
i S R 7 o A3(5 to3)

1 18S-F CAACCATAAACGATGCCGA
18S-R AGCCTTGCGACCATACTCC

2 Cx—-1-F CGCCTGGGAATACCGGGA
Cx-1-R GTGCAGGGTCCGAGGTCC

3 B-Gal-1-F CATCAAGCTGGTGCAGCA

B-Gal-1-R GGTGGTTCATTCATCAAT

IV 3G 20~40 d 1,3 >4 BRA (0 35O R B B E KT
XTHEZH (P<0.05), H 3 M b2 8] 22 55 3% (P <
0.05), T 40 d iF, XF BE 20 85 A AR %Gk
30%LL b, WISk, A ST IE 60 d
5E K 60 d I, mMAP , 1-MCP #l mMAP+1-MCP
b B2 ORS00 29.37% , 28.25% il
13.02%, H mMAP+1-MCP &b B2 i) 45 50 % i 2%
KT 542 A4 BEAH (P < 0.05), % mMAP+1-
MCP &b 3] LA 2503 2% 5 52 (1 Ak

B AT AR B A D e R S Y B AR
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B B HEFF 0 F . mMAP+1-MCP > mMAP > 1-MCP
> CK,mMAP 1 mMAP+1-MCP 4t 3 24 &) i B£ 43
WJE CK 210 1.08 F1 111 f%, P9 4> Ak 3 25 S5 R 1
i (P>0.05), 7 60 d i ,mMAP Fl mMAP+1-
MCP 4b B2 A4 15 75 o4 8.34 N Fil 8.97 N, 4% K
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Fig.1 The effects of micro—environmental modified atmosphere on soft fruit rate (a) and firmness (b)

of blueberries during storage
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B ot R h e g R e E AR EH
mMAP Ab PR AR 4E 2 5 T ZENECHT 40 d £F
Yk 2 i T R B R, 40 d 5 AR AR IR BE RN I
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The effects of micro—environmental modified atmosphere on the contents of cell wall polysaccharides
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JiLBE & A R AR Ak 2 —P0 [ 2b T4 B
ISR () A SR, 45 Ah BE A 41 4 2 i R
ERREEBEE, AL E/ N, 1-MCP 1 mMAP+1-
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1 mMAP+1-MCP &b B 41 i %5 5 5 J S i 3 i 4%
B TH I R B A T 40 d H R I A 34
HAEWHT 5 & AR A K, i CK 4 5 A5 SR 5K
R & TE 0~20 d tREETF R, ZfRl T PH.
FEIE A A, 3 AN Ab BRAH A CK 4 R & 4 15— A
e 1 D AR o, T HE R AR SR R, H mMAP+
1-MCP &b 38 20 JF 2 5 & it i 24 e =i

Vicente 5P AIF 58 45 5 & B | 78 ol @t B
SRR AR A o . i 1& 2d AT A5 4 b3
) R A R % A I ] 199 A K R A 5L 4
G HAE 0~20 d P b7, FHorf CK 41/ 28 b i
K520 d J5 & AR LA X 2248, mMAP+1-MCP Al
mMAP &b F 20 i 2 Ak 4 A AR A P s MR B i
2.3 MHRESEIEE R A B R EN

skl

TE AR B S5z | 21 4k 2 (Cx) T PEARA
Bl R S 1 A S i AR Y mRNA R A Y
Jn gk 2 FroR  FEIEE 0 d B, mMAP+1-MCP
REFREY) Cx WM LT HEAMA (P<0.05),
VL mMAP+1-MCP 4b BE AT B 322 52 ) 21 )b i 7 1)
Cx WM FEI G FE P, Cx T M AR T3,
I8 20~40 d,CK 20 B 1% M R T3k 31 fe K
{4 36.96 pg/(h-g) ,mMAP il 1-MCP &b A Cx I
PEFE 8 40 d SR B RAE, 43008 33.72 pe/(h-
2) M1 35.07 pg/(h-g), i mMAP+1-MCP 4b 2 41 ¥
60 d B3k 256 P = 0%, A 33.19 we/(h-g), 3 Fhik
PRAEIE 560 b 5 WX AT AR Cx 16 PR AE , H mMAP
4545 1-MCP ] 4iE 2% iff 3% 4 155 06 114 21 5f Jf: B I 3L
WA

758 0 d Bf , mMAP 1 mMAP+1-MCP 4b B 21
Z RE LM IR Wl (PG) TR M4 & T 53 Ah A~ 4b
P2 UL B mMAP b AT B4 R PG M 2
Ab TR K T mMAP 454 1-MCP &R 3 3 %
(P<0.05), F# TR CK 4 PG M
TR EE K, 1-MCP b BRFE 0~20 d PRE L F+, 2
J& # T OF 2% ;mMAP 1 mMAP+1-MCP 4t ¥ 7 0~
40 d il 5 AR LA K, 40 d 22 J5 T UR A /N e B i
Tt 3 A b EA AR S WX AT AR PG R
£, mMAP+1-MCP 4b BF S0 3 43

I8 0~20 d, CK 41 ) 5 15 F B il (PMIE ) 3% 14
A8 1 R B T ARG 20 d 3k B P e

9 13.18 Ulg, Z 5 fis A1 F R, B 3 M HE PG
T PR U FE B 20 d 2 ) B0 OK R R R Y 1 T
mMAP 4b #4176 5 40 d ik B B &,
12.84 U/g,1fii 1-MCP Fl mMAP+1-MCP 4k B i 7¢
TP 60 d ik 2% M e, 45k 12.78 Ulg A
12.65 Ulg; 7EN 58 H )5 1 (40~60 d) , 4% 4k 1 22 1]
1) PG {512 %A B3 (P> 0.05),

TP 0~20 d, 45 4b H8 qe—L— B 474171 ) e 0 1
(a—AD)EPEHIAF R E L, mMAP+1-MCP £t
i 20 d B3k 2 S S 0E S 15.05 Ulg, ZJE
mMAP +1 -MCP 4b # 41 o« -Af 1% ¥ 28 18 T %
mMAP Fl 1-MCP kb P2 a—Af 35 1 2% 18 T = 918
Jr3 60 d ik f i (E, J390 o 15.80 Ulg F1 15.31
Ulg, CK 4 a—Af iGPETEI 6 40 d 3k B I & g
15.14 Ulg, W] mMAP Fl 1-MCP 4b# ] L 4 2%
o—Af Ti5 PEWEAR 2R A IS H] 5 b 5 48 (40~60
d) ,mMAP+1-MCP 4b 3 J 52 - Af 7 M 359K F 3L
AR, W 60 d B 25 57 B3 (P < 0.05),

25 M B B—F FLH I W % 1T il (B-Gal ) T
P B BT ] 09 S8 4 3 A — A TR B, Horb CK
AR 20 d B Ik F i E R R g (22.67 Ulg),
mMAP F1 1-MCP 7E 60 d A3k Z 36 P W, 53 31 4
21.27 Ulg #121.07 Ulg, i mMAP+1-MCP 4b B 21
FEW K 40 d 15 %) B-Gal T 1 = 4 19.63 Ulg, X
20 d Bf CK 4114 86.59% . 75 0~20 d,mMAP
F1 1-MCP 4b#R R4 &M i B-Gal 36 Pk, B
60 d I j8E 25 AT, mMAP+1-MCP 4b B A% ] 2 1745
(] R G T (S R S N B I S WY Y B
B2 MEERL Y 83.07%F1 83.86%

MR 22 2 25 5L 2 S0 B A ) mMAP+1-
MCP 2L PRAE N4 1,6 H e 3 AL B g 20 2, %)
PR 2L 1 200 B 22 0 5 R A T I 32 e /s — T vk
F1 51 53 BT (OPLS-DA) , % 9% mMAP+1-MCP &b 3
H5HE 3 bR 2 Rreiebr . BIE 3a AT A
mMAP+1-MCP 4b 3 5 55 4b 3 A~ kb B 22 [0] X 43
4 mMAP+1-MCP 4bH 0 F 2210, Hw 3 4k
PEZRATA, LLVIP > 1 AT kbs e, & 3b
AR, TP A mMAP+1-MCP Fl e 3 S Ab B
Z A 22 e AR Cx A B-Gal, 1EH] mMAP+
1 -MCP 4t 3 v DL 24 4 6l Cx 1 B—Gal
T
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Table 2 The effects of micro—environmental modified atmosphere on activities of cell wall degrading enzymes
of blueberries during storage
s 58, o ¢ Y % B/ % R LA RIXF BB a-L-FTHfa kvh  B-F LM
A 1] /d pg-h'-g? BR B /mg-h™'- g™ U-g! ¥ A B /U - o' HFEE/U-g!
0 CK 31.87 £ 1.95® 21.37 £ 0.22"¢ 11.47 £ 0.27*" 12.11 £ 0.74>¢ 19.21 +2.31*
mMAP 32.04 £ 0.36"° 22.32 +£0.57" 11.87 £ 0.69*¢ 13.28 + 1.20"¢ 17.11 = 1.20™"
1-MCP 32.20 £ 1.56" 21.42 £0.23"® 11.70 £ 0.43"" 12.77 £ 0.99" 16.13 + 1.85"
mMAP+1-MCP 27.28 £ 1.76"™ 23.44 + 0.53* 12.03 £ 0.06* 13.52 + 0.34* 17.43 £ 1.06™"
20 CK 30.11 £ 0.23% 24.31 £0.22"° 13.18 £ 0.56" 14.43 £ 0.85" 22.67 £2.27%
mMAP 30.99 + 1.88"* 23.49 + 0.49"* 11.43 £ 0.79' 14.13 + 0.69" 20.71 + 1.35%*
1-MCP 32.44 £0.33® 25.32 £ 0.25"* 11.96 + 0.68"¢ 15.01 £ 0.50"® 19.50 + 1.20™
mMAP+1-MCP 31.56 + 0.82"* 23.68 £ 1.18"* 11.11 £ 0.70™* 15.05+£0.31* 16.46 £ 1.20*¢
40 CK 36.96 + 1.06* 26.99 + 0.544 12.74 + 0.424 15.14 £ 0.31™* 18.16 + 2.68"
mMAP 33.72 £ 0.74 23.38 £0.79® 12.84 + 0.86" 15.67 +0.43* 20.12 + 1.39**
1-MCP 35.07 £ 0.28" 25.59 + 0.69" 12.54 + 1.04"® 15.05 £ 0.81"" 19.73 £ 1.01"*
mMAP+1-MCP 30.33 £ 0.92% 23.02 £ 1.13® 12.02 £ 1.01* 14.61 £ 0.67" 19.63 £ 0.51™*
60 mMAP 32.32 £ 1.01b" 25.04 + 1.85* 12.60 + 0.05® 15.80 £ 0.37* 21.27 +0.78*
1-MCP 34.72 + 1.25% 24.63 + 0.67% 12.78 + 1.45* 15.31 +0.43" 21.07 £ 1.17%
mMAP+1-MCP 33.19 £ 0.86"* 24.56 + 0.26" 12.65 + 0.64* 13.74 £ 0.48* 17.67 + 0.32'"

TE AN TE B9 /N 7 3% 75 A TR] A 1) AR [3] b #L2H [1) 22 53 8835 (P < 0.05) 5 AN IR (19 Q55 5 3R 03 A [ Ak 3N T3] B i) i) 2 53¢ 2 25 (P < 0.05)

1.22279* to[ 1]

24 WHESEMNESRLHAMEXEEEE

1-CK 2-mMAP 3-1-MCP 4-mMAP+1-MCP 1.0 r MAPH-MOP<27E3 4 4
6 0.8 £i4f ‘u
I A
4F 0.6 ST RS B T
04F
5k — 23l @ L
= a-LBTRAIHEE OB 5 o ey
£ 00
0 °
202}
27 04
0.6
.4 -
038}
-6 — - ' -1.0 : D -
4 3 2 0 1 2 3 4 08 -06 -04 02 00 02 04 06 08

1.00171*[1]
(a)frar el

3 mMAP+1-MCP 438 5 55 5h 3 A 403 9 OPLS-DA 43 #f

p[1]
(b)S-Plot &

Fig.3 The OPLS-DA analysis of mMAP+1-MCP and the other three treatments

ERRIEH I

& 4a 7745, V75 0~20 d,mMAP FI 1-MCP
b PR s AR R SR G FEIR Fe 0k 5 T IR Ui
TR 1-MCP Ab R34 0T 3] 3400 5 9 Cx W3 3,

CK FI 1-MCP 4b B AL 0 d W Cx 5[5 % 3k
Hk P, mMAP Al mMAP+1-MCP 4b 2 1) 78 )t
Fi 60 d B Jk PR 3% 1k 6 1k ) 5 s B, W AE 2.3 19 C
6 PE 2 A5 CK .mMAP Al 1-MCP 4b B 41 5 %%
FEI 5 40 d B 35 2] 6 {6 , mMAP+1-MCP 4b B 7¢
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Regulation of Micro—environmental Modified Atmosphere on the Softening
of Bluberries during Storage

Zhu Wenyue®, Xue Youlin®,
(Institute of Agricultural Products Preservation and Processing Technology, Tianjin Academy
of Agricultural Sciences, Tianjin 300384
’National Engineering and Technology Research Center for Preservation of Agricultural Products (Tianjin), Key Laboratory

Zhang Peng'?, Jia Xiaoyu'?, Li Jiangkuo'*

of Storage of Agricultural Products, Ministry of Agriculture and Rural Affairs, Tianjin Key Laboratory of Postharvest
Physiology and Storage of Agricultural Products, Tianjin 300384
*College of Light Industry, Liaoning University, Shenyang 110036)
Abstract In order to study the effect of micro—environmental modified atmosphere on bluberries during storage, micro—
environmental modified atmosphere package (mMAP), 1-methylcyclopropene (1-MCP) and micro—environmental modified
(mMAP+1-MCP) were used to treat bluberries, and the un-
(-0.5 + 0.3) C, and

fruit firmness, contents of cell wall polysaccharide, activities of cell wall degrading enzyme and key degrading enzyme

atmosphere package combined with 1-methylcyclopropene

treated blueberries were used as control. The blueberries after treated were stored in cold storage

gene expression were measured at 0, 20, 40 and 60 day during storage. The results showed that the three treatments
could significantly reduce the soft fruit rate compared with the control group (P < 0.05), and the effect of mMAP + 1-
MCP treatment was the best. The fruit firmness of mMAP + 1-MCP treatment was significantly higher than other treat-
ments (P <0.05), with higher content of cellulose and protopectin. The hemicellulose of it was higher than other treat-
ments in the early stage of storage while the soluble pectin content remained lower in the early and medium stage. Ac-
cording to the analysis of cell wall degrading enzymes, the activities of cellulase(Cx), polygalacturonases (PG) and pect-
inmethylesterases (PME) of mMAP+1-MCP treatment group were the lowest at 40 day of storage, and the activities of 8-
galactosidase (B—Gal) and a—L-arabinofuranosidase (a—Af) of mMAP+1-MCP treatment were significantly (P < 0.05) low-
er than those of other treatments during 60 day. Orthogonal partial least squares discriminant analysis (OPLS-DA) showed
that the differences between mMAP+1-MCP treatment and other treatments were Cx and B-Gal, the expression of the two
key cell wall degrading enzymes was analyzed and the results showed that mMAP+1-MCP treatment could effectively de-
lay the time which peak value occurs of Cx and B—Gal genes during storage of blueberries. Therefore, the mMAP+1-
MCP treatment could delay the time which peak value occurs of the gene expression of Cx and B-Gal and inhibit the
activities of Cx and B-Gal in the late stage of storage, maintaining the contents of cellulose and pectin, and then slow
down the softening of fruits.

Keywords blueberry; micro—environmental modified atmosphere; storage; softening



