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Abstract; Berries contain rich moisture and are easily influenced by diseases and mildew damage,which bring great difficulty
for storage.In recent years, research and application of modified atmosphere storage had become a research hotspot for the
reason of its good preservation effect, long storage time and safe and pollution—free. This paper wouldintroduce the effects of
modified atmosphere on the ethylene synthesis,respiration, free radical defense system and other physiological characteristics. At

the same time, it also express the wide development prospect of the application of modified atmosphere storage of common

berries and lays a theoretical foundation for the research and development of berry products.

Key words: common berry ; modified atmosphere storage ; fresh keeping technology ; physiological quality

HES S TS255 ERFRIRED : A
doi:10. 13386/]. issn1002 —0306. 2017. 24. 064

OO R 2 I B AR AR ((Vaccinium ) B B
(Rubus) | 25 JBE ¥~ (Ribes ) ¥ i ( Hippophae) | Wi %€ 2L
& ( Lonicera) . ¥ % ( Fragaria) . 7.8k ¥ ( Schisandr)
W3 ( Physalis) %5 SRR oK Sy & Rt v, It &4
FEnobE RO AV 4R RS ERY
J, DA K 2o Wy AETE E R A AR B MR R L IR
TEHUAEAL TR 16 97 95 o5 AN AR E LA (2 B Jy i B A
HEEMEA, BFRMEMS M ER T, KNk 2K
ARIH T H T R RIS K IR B A ATt 58, 2=y 1k
PEPER , by 3205 T f G A R v, G 1 R R A

I #s B 88 :2017-04-07

EBR N 855 (1992-) , ML L, BRF @ R LE REF %4

X E 4 S:1002-0306(2017)24-0330-04

ELRITHTHN o AT S B 7 6 11 JaR LA R 8% F
1R, B 1 RE A 5, ] PN A4 22 25 35 3o 35 50 1 T 5k
PREEIETT TIRABIBIFE

AR TR B A 3 3k B BT B R i A
REE AT 100 ) 2 SR R S AR R AR L VA R 2R R AR
1, LA B K S04 052 R ) £ 75 I 5 5 JB ) e, 2
SR SREAR 7 T B I S A o AR SRR X S SR A
g i e A o 4 R A i 3k e v ) 2 TR AR T ) S
1 R 5 75 5 11 2 S 0y =X 9 R 98 DR BEA T T
ZEIR X M AT A0 AR 1 & R AT SR EAT 43T R T

¥24) , E-mail ; siqidlnu@ 163.com,,

« BIEE 31 L8 (1959-) , Wi+, #4% , A A F @ R deie T i %44 4) , E-mail : hwz@ dlnu.edu.cn,
HEEWH . BRELAMAXTE (2016YFD0400903 ) ; B % & AAHF £ 45 B (31471923) ; B £A4H# ¥ 3%+ %5 B (2012BAD38B05) ; B £ & &

A2 K4 B (31172009) ,

111111111 1111111111111 1@ - 1111111111111 - 1111111111111 1111111111111 - -

[46 ] Pradeepa M ,Harin K, Ruckmani K et al.Extracellular Bio—
Inspired Synthesis of Silver Nanoparticles Using Raspberry Leaf
Extract against Human Pathogens [ J ] . International Journal of

Pharmaceutical Sciences Review & Research, 2014, 25 (2):

330 201752003

160-165.
[47]1Jin P,Wang S Y,Gao H,et al.Effect of cultural system and

essential oil treatment on antioxidant capacity in raspberries|[ J ].

Food Chemistry,2012,132(1) :399-405.



@%:&%&I

t®a &

DU D AR AR I PR B 32 K R i 25 K P
1 FiAFEREER KTk

AR LR B AR S i AR RS SRR (19 A [W] A PLURR
A T8 VI AR R AR A3, DAREATR IR SR 1y nE
R TR RN 1 9 MR, AT 4E SR R IR A B S &
P HEAE FR LT , e 28 I 28 00 R 1 L8 R 2 22 1)
Jrt

VPR BRI B A 53R R H SRR H RS
PE I3 ( Modified atmosphere storage , MA) Fl1>% A T
M3 B A 1 AL A 1 2R U7 98 ( Controlled  atmosphere
storage ,CA) o MA JZ 453l o 3R [ B 07 A >k [
R EEh Y 0, & ,485 CO, M&&#E., EEMUFER
8432 ( Modified Atmosphere Packing, MAP) F1 ¥4 %}
TR e Pk 78 SO, IR AR SR AR, B A (BB
AN G5 $EE ) B T RS, B DR 1 B . E AR
S SR PR X AR I T A B 1 A T S A (IR IR
B RS A ) FEAT R, AR R A v, IR
RS,
2 FiAREREER AT R R EEFER N
21 REAMRRANZHHI0

AR W W R A A A L 1 i s B AR,
AR B 1Y) £ 05 BE 98 A AR M 1R 218 30 R i) I i A
JH R R 8 s SR B AR v DU ] 208 19 5 i
&R O, BEME =M T AR R RLE 1 -2 BE 2R
PkE—1-#2 12 (1 — Amino Cyclopropane— 1 — Carboxylic
acid, ACC) A4 sl il P — 75 A i o 72, TE AU
AR RE G LY, CO, X 2975 B 40 il 4 P AN 15 e
CO, TTREVEH T &M 2B G iy 3 A7 ki s AR IR
(Met) —ACC, ACC—C,H, ACC—MACC ( 7§ — B 3t
ACC) , IHAh, Al g il T CO, filf pH KA K 52 i
B AR ISR TR B TR MR L AEBIAE A A Y S
mp kA AW 1 - B RN (1 -
methylcyclopropene ,1-MCP) MK #4454 1-MCP 4b 3
HRBEA RCHIL 10 ) IR AR A Bk N BB L 19 A2 i, Ve /)
CATWEAR, IS5 & 1-MCP 4k BAE HROCR e fE,
1 - MCPALHSC A T AL HE T
2.2 KX MERE R BRI

PREE SR IR 04 AR A 3% 428 30 2 A IR 2 2R 00 P I 5
R a1 SR TR 1 W S 3 g 2% 5 i) HG T R AR i I Bl
BTEAT , BE T SR A e AR Y L SR RS VRN
15 AP, IR AR T XT T 22 J5 B 56 4 5T 28 OC
., ZERH 0,,C0, WA RE—EN, KRN
0, 1 CO, e B 11 78 Ak o 2 A 1y I W 5 555 e | #2824
H o EERGEANWFERY], BB 8 5% F110% 1)
CO, AV P 0 R X R0 RE G IS8R A 7 o R
WAL SJRFE 4 B B Sl REEATR SR S i D IR 5 B,
PR O IR o 0 1) B, 5 S A (28 T AR N R I
BEAE 1 CH},5% O,F130% CO, P 4 FI fE
AR T HE 22 I 5L 5 R R, (A S e Gk 95
A" EEER SR IR BT SEXT G, TSR] CO, He
X ¥4 ST it JBT B S T L A5 Y 451808 5% 19 CO, MR B
BELESRFI ot F R SR AE N CO, il O, ¥k B2 1E & , X
PR i S SO el

Vol.38,No.24,2017

A FIAIFEE B, AR B O, Flim k& CO,
A1) P A D A DI K] i 1) 3383 I I SRR e S — 2P HL T
HOSEAL, T T A% 3 B S AR B R T AR Y
ATP , T REEAR T ARG P, 0 CO, 3228 52 i 4 15 it
= IRIRIE A mE "

23 KRiExEBERHRZHZI

LA YA AE PG D [ El 5 B 18 2R 48 . — Fh 2 iR
57 % G0 40 45 B Ak 4 I AL B ( Superoside
dismutase, SOD) it 4 fk %0 ( Catalase, CAT) i 4
LW (Peroxidase , POD ) 45 ; 55 — 2 AR B4 B 4 52
4t , A3 75 2 BE H K ( Glutathione, GSH) | 4 4= 2 C
(Vitamin C, V) 55 PR 85 5H) 58 G783 RNt 7
R RLVE R 2R A 4P BILAAS , AILAAS Bi7 48 BE T B9 5 55 X I
R EST ] 14 R 2 R 3R R 5 BT 89 49 IR R E S AT 4T Y
TEH .

231 EXTEHE BT R GRS R BE IS R I
R NER— R I g R 58, 7T LA ) sl s g 1) 1% M, 14
IR IR T Y AT R 38 A K A A i RE AR
FE MM, wOCOo, MK O, XF £ M A 1k i
(Polyphenol oxidase., PPO) 5 410 il {4 J11, [ 1 490 ) T
AL AR P T ( Malondialdehyde , MDA ) &
G EAAFE T B 2 Yz —, S i iy eIk, g2
S o SRR RIS S 3 2 bR s o 38 2 i AR K
435 L) AT 4 2 SOD Fl POD 3% 4 , $ ] PPO 1Y%
P, BRARR B 43 i, W5 B A 3, s 2R S i il S
FE L EERSEAWIIE R AR B 5% CO, 1)
AV AL BEAY S, JS2 PPO 35 MG T 5 A1 MDA 11
PR Z 3 — g B4 il , RS2 POD % VEAESRF 1 8
PG

232 RFEAXTHEBGIERT A ARG n R SR SCHERE AR
Bij 4 2 SE B0 BT IR 1 BR—& Bt H ik ( Ascorbate —
glutathione , AsA— GSH) #E¥F , a] 3 B i AL & 057
ArER C =EEMA M H IR ETEZ —, B EE4E
7 GSH i #i K ab 7718 JFOIRZS , i B AT DA 410 A 45
e H K A2 S GSH, i HLARAR 5] 7 A4 1 H, 0, #id
JEUS S FTLL, HA Ve A1 GSH f4 W IR AE FH A fig 3 4y
B RIESUAAGVE T o 763 S8 258 SR A 09 32 56
WFgEh KB, 7E 10% 20% 30% = Fp CO, ¥k & kb 7
TEAFTF Ve FGSH & E s, JLHZ30% CO,
AFR 60 d B, V., SEZH T RBE LA ML
i GSH & it Ay it ot , 9 H.30% CO, ZbBRAY By
PR B fe b7, UE B V. 1 GSH [a] 77 75 25 B[R 4E
R PR, TR AR R Al O B A AR G A
SRR Y (] A2 5

2.4 FiAX R R ER SR

[T B, AR o) 200 B 6 9 A 1 5 i) = R B A
F 4 R W ( Cellulase, CS ). R Jix W Pi Jiff
( Pectinesterase, PE ) K £ I 2k L ¥ B M2 Mg
( Polygalacturonase , PG) {76 P |, 38 i 355 i) AR Bl 43
S M) FH O 21 i B T 3% A4 P T R 2 R S ARk Y i R .
AEALEN SE N R 3% 0, 5 5% CO, Y IHIE
) 2R SR A A G A PR SR Jise B R i T MO B
ali 10% CO, “TIH AL PN PR == 7 A5 19 B ik 5 L5

(20176 g2am 331



I@%tﬂ%&

Science and Technology of Food Industry

IR S LT YR E R R H B i A 22 IR 2l LOUH R TR
TR AT ™
3 S[RAMEAREFSE
3.1 MA I

MA J2 R FH B A5 S M BH FE 1k GE 10 40 25 b4 sk 2%
B RPE R SR A E, FEMRIR A T AR A AT
B, AL %% PN T8 A A ] B9 59 AR DL B 1R & S 2
PR A 25 95T T B4 BT R Tl ek 2 HL TS U0 AR T ) i
PEEAE 171 o O A B 7 £ O A S S BT (T 11 Sy = N T B R
B/ S T R 1 (= R D= NG T P u ) e i - R -
TEVP PSR 5 10 d H B2, A B0 28 0 A< VR 0 2 A B
VbR e A8 A 75 P B R b B Y i, HEH &0 160
OTR(EA BB R ) A v bt S b iE e . [H]
A3 48 B SR AL R T LS HA 2L vk iR I
AR S5 G DA S I i R i Oy AR AR S AL R
FEANERIE S Fick F BEEE ST AL IR 5 Y A4
AZH B E AR S IR LA A FL O B0 2% Py AR AR
BT ECASAE 5 i S 35, IR JEL 5 i) AN gk 35, ELRE AR iR
WM 5 S B0 Rm v & B e ) o AR R R A
T BB T2 BT X 9 B0 2 7 i A B AR P 1 A B A
MAZEM | G & T, R, S AR RS0 38
JE— A R, ARG IS 00 I IR RIS AR X T S
BB SR AP R IR A0 B S AR
PR #E S7 AN AE SRS VR AL 1 Sk
3.2 CA M

CA IV =2 B2 83 o SR E SR SE 3L, BT 18 A
T2, BRI A LA A 6% 5] A R I 6 A 45 & 0% 07 98 355 i
ST R TR ATL VR 45 15 A PN B 08 AR R 4y | TR LU
B O FE W — R R Tk . — e BRI ER
FEH A R R B IR AL IR B A AR
BRI £ | 045 LSR5 A5 AR5 4%, [A] i 38 225 A X
R BEESURS SR Y L AR R IR E SR, AU EAE S £ 4R
RO SAG 8 HE) Fn A, ff 5L 7 £ g i o 7K 2R
LR 40% ~50% |, Horp S RV R A R AR ORI
11 60% ~70% , Bl 7= 1 30% 22477 o X HEAR
MARTEE SR M DL A R B B R s 48 25 7 T 43 Bt
SPEERIFERE IR Ol , 4 vE R 2 A PR AR T R 1Y
FI AR RIS A A PR, AT U 2 S A B I REFE D . 7R )
TR NBIAIF T T, Sadk X208 2 A e o I3 4ot e
BUEBAIERAS 2N O, F1 CO, ¥ & B B (8] 228 1k 14 FR
AL, B IAE BT W X W A7 A — 58 I BE B, T2 9 X A0 L
ERF TR . Mg )T VTR K B S5 e
WFFT H O, il CO, HJE Y H sh¥s il RS0, X X< %
B4 32— AT & A0S B AR R ag s /e o T8
A AT R g 4 ) 3R e 2 A A A= R DY e R s i B 158 )4
FE I S L] B ED 4y g A Tl e 3 R 9 & R, 3T
BB A TN R 25 30 15 2 A, 355 11l F& e X 240 B8 10 1 £
A LA R AR NS S D T R R
JE ELAE A HE R 35, Tk o BV g 3 < i g A 05, 18
HopleAs i, o Hl TR S, X AH PE S 1A A FITERAE N 51 1
FARE SR &, HAl & AR5 & B s 2 —
4 pi=ERE

T E SRR A = K, 2015 4 3% FE 4Rk & ™ H

332 017z moarn

tREE

KENT 57635.8 {270, Hidp K SR B =18 27375.0 U7
W0 UL TR R A T AR L R R T AT
PG D ES R R =3 7 Svi by NI ES P ) = (B ES N PN N ) e
REER AR K AR XS T B Ak Ui A IR K 22 5E, 36
[ B4R S5 K R A s ik A 7 B 1Y) 25% ~30%
JEAmERE A L PR, T AR S A e A R A
KR ZP R S IR

IS4k B AT A T T 0 B W e, O
PREEIVRIE AR O 4 B R, w2 W R F 4%
JRBR AR R P BRAR IR T AR ok K & R AR I T
FEA B AFAEAH B 09 0] 8 . B S, BA SR T
ANEAE XM, X E 4 K SR R AR SR R B W
T A P AR P T ) R R = R G I SIS WE Y, H
U, TR E Y A SR ) R )E A SR ARER = AR
SRR Ko LA 19 I SR 0T g ol R AL A 2
A% S TR BEAIG, BB WO 19 AR HE /b, I Bk =
XTRE RE SRR A R R A s . b
B, XoF T S AR g PR B 7 R 19 B 5 22 BT 45 B
TESLYG Tk b, JR B X SR il 43 L 258 A4 ) | b Jieg
ZAF RIS, X TR AN R IR E R, A K
AR B SR 1 5 3% R 2 T8] A B AR FHBL ] A4 A
FEAEIR o

PRI, 0 %8 DA b T I @Y 0] B A DL A TR X 5
—, B 2D IR R 5328, I R — R g AR 3K
SRR G A BRRE M AT IR AT, il 2 B A £ X1k
BRI A B 7 05 s -, Al S A BN LR A B AN
Tt s I A VR 2R P 1 A5 2 i TR 2R, S B M s I R oo
BB s, ARSI S EENE K =,
DA TS 537 A2 W) 2% 55 O T oF — 25 WF 5T AR 2
S AR 2 (8] 14 5 R, @iz nT DA Sk I R R
I AR A T I A A AR A 1) — S SRR Y, R AT b 5
SR IEAGEAA A A SRS B E

NE B H2 00 AN W E 25 5 7 2 3 i R oK Y $2
155, B — A SR G A ok B AR EE I A Ty L &
NEEW W BT T oK, KL, s — S A A e 3 R T 4R
1) & A S VR AR 0 T T R, T S AR T R R AN
TR IR L L SR B AR 5 EOR B PSS A 45 S Y
FEAR I I R WFTEE IR, I L4 + A 4
+ Y VKR AR B + PR 1 - MCP + 41 R
PP UV-C + PR LRGSR A
G RIRNRAR EERE AR , 2P G TSR R e
REAG TR BT g R gy E S 3 157 &
SRR ax oA e AR 19 BT e e, i B <M 5 28
ARARLE G AN AN BB A% 38 3 X AR B 43 247 I8 0T, FRAIG
AR 2 A 1 % 1 7 SR AR, 1R R A I i AN S KB
W . Hitk, 2 ARSI RAR SR AR, B H RS K
SRR ISV ATIZE 25 1 A TR I TR - AR B 280 4
PR IRE AR B SR BT AR R T ]

%k

[L]3R8k, TER, 58 JUA R RIFE LM R R
[1]. 8% 24,2008 ,35(4) :611-617.
[2 ] Manganaris G A, Goulas V, Vicente A R, et al. Berry



t®a &

@%:M#‘fil

antioxidants ; small fruits providing large benefits. [ J]. Journal of
the Science of Food & Agriculture,2014,94(5) .825-833.
(3], |, AR KR A RAR S5 503 R
[J]. #8551 2014,5(4) :53-58.

[4]Liang J Y,Zhu D S,Feng X Q, et al.Status and prospects on
modified atmosphere storage technology of fruits and vegetables
[J].Journal of Food Safety and Quality,2013:1617-1625.

[5] Thompson A. Controlled Atmosphere Storage of Fruits and
Vegetables[ M ].UK.CABI Publishing,2010.

[6] X3, A=, FEE RAALALEARLSE 5 AR R
[J]. /%% 51 ,2003,4(6) :3-5.

(7183, 2 kil , B 4 A XAA 26 1-MCP 38R
BRI A A o T B IRk M 0 %o [T ] A At 4 ,2016,37
(20) :253-260.

(8] Mtk R FIE 4 (F Zh) [M]. A w AL F AT ik
#£,2008.

[OMEZ3,FX A, TR, .5 CO, L5 AKREHTE
Fle e R R A e Hea [T]. &% T 42,2015,37(9)
38-41,107.

[10]ZE%F, 25w, AL, F HAXNAUALATREEE
AW AN TG Hal]]. A% T kA3, 2011,32(9):
379-383.

[11] 54, 2848, 420 S , 5 . R BRAE CO, 34 XA AR
B BREEA R Ha[]]. 2% kA3 ,2012,33(12) 341
-343 446.

[12] Beaudry R M. Effect of O, and CO, partial pressure on
selected phenomena affecting fruit and vegetable quality [ J ] .
Postharvest Biology and Technology,1999,15(3) :293-303.
[13]Chen X H,Qin W D,Ma L H,et al Effect of high oxygen
modified atmosphere packaging on the respiration and enzymatic
activity of fresh — cut lettuce [ J ] . Food and Fermentation
Industries ,2011,37(12) :208-212.

[14] Ali S, Khan A S, Malik A U, et al. Effect of controlled
atmosphere storage on pericarp browning, bioactive compounds
and antioxidant enzymes of litchi fruits. [ J] . Food Chemistry,
2016,206:18.

[15 ] Paniagua A C, East A R, Heyes J A. Interaction of
temperature control deficiencies and atmosphere conditions during
blueberry storage on quality outcomes|[ J].Postharvest Biology and
Technology,2014,95(95) :50-59.

[16] Z4, B4R, 2R G , ¥ . R R KA CO, sF 4 X AR
FA AR SEAR g Hoa ()] AR T kAH,2012,33(12):
341-343 ,446.

[ 17]Jimenez A ,Hernandez J A ,Rio L A D, et al. Evidence for the
Presence of the Ascorbate—Glutathione Cycle in Mitochondria and
Peroxisomes of Pea Leaves[ J].Plant Physiology,1997,114 (1) .
275-284.

[18 ] Lee SK, Kader AA. Preharvest and postharvest factors
influencing vitamin C content of horticultural crops [ J ] .

Postharvest Biology and Technology,2000,20(3) :207-220.

Vol.38,No.24,2017

(9]FE%E, £2m, AL, F HXABALHEATLEEE
AR ANLTARGHom [J]. £ & T kAH,2011,32(9):
379-383.

[ 20 ] Huhuali.Study of the effects of controlled atmosphere storage
on enzymes activities of cell wall of strawberry [ J].Food and
Machinery,2011,27(1) :98-101.

[21 ]Rohani A C,Faridah M S, Ahmad SO.The effects of modified
atmosphere packaging on chemical, sensory and microbiological
changes in black tiger prawn ( Penaeusmonodon) [ J ] .Journal of
Tropical Agriculture & Food Science,2008,26(2) :1-9.

[22] Li J, Wei S, Margaret B M, et al. Effect of Modified
Atmosphere Packaging (MAP) on the Quality of Sea Buckthorn
Berry Fruits during Postharvest Storage [ J ] . Journal of Food
Quality,2014,38 (1) :13-20.

(23] %7, F 247 AL AR LKA 4 ISP AR BB F AR
oy [ J]. A smAE,2010,31(4) :257-259.

[24] i, 2 A, FRA, 5 AR B 5 AR e 3R 85 3
A[J] Ak A T,2008,39(10) : 124-127.

[25]38F R 4 AR 35t R R 0y tR S 3R X6 ]
B 52 BAK,1998,16(4) .23-25.

[26] %1% & A ET RR AL R[] 4R 8F 5 40 T ,2008,8
(4) :56-56.

[27) )8, dwesr, A .CFD AR AR B b ik b At 42 O,
F2CO, s JE T ALMZ[]]. Rk T4 5 3K,2015,31(13):

274-280.

[28]78 77T, 2 &R AAE T =R AAKAN 83
Pt A [1]. 05 5 A S AU, 2011 ,29(3) 6971,

[29]1Zhou X,Lv E,Lu H,et al. Research Status and Prospects of
Control Technologies in Fresh—keeping Environment of Controlled
Atmosphere Storage and Transportation for Fruits and Vegetables
[J].Journal of Agricultural Mechanization Research,2013,10;

242-248.

[30] F oA R KA Fouit B b B %t % (2016)
[K]. b7+ B %t i pa4t ,2010.

(313 . B o R BEH R AR 3B (1], P I8 A 2,

2010,10(3) :1-12.

(2] mef A4, 5% LA SARAB A EEIREG R
Jrwh#em [ J] A s AH4,2015,41(6) :24-28.

(3] T4, 2%, 225, % .5 2 A0 5 LA KR
SNEFERREGOH R[] ThHILXEFR(AAHSF
#&),2016,37(3) . 71-75.

[34] G m4d, Guoerm, Fic i@, F okin 25 & 2 e HT# 2
RS R H o [J] A S T A3 ,2013,34(18) :327-330.
[35 ] gt A , x| 3Rill, Fir b, 3 A X AL 4 1 -MCP 24
RBRAEA A TR o T AR A Ji # % va [ 1] A S A5, 2016,
37(20) :253-260.

[36] Tl .44 Kk mmFa UV-C 432 %) 35 B F TR 3RME 89 % v
[D]. k. k#® 1T X4 ,2012.

[37] A5 A3 45 & AR T B R EESCR G BT[]
% 1.42,2010,32(11) :23-26.

(20176 %2am 333



