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Research Progress on the Application of Controlled Atmosphere
Technology in Edible Agricultural Products Preservation
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Abstract: Controlled atmosphere technology is an efficient and green preservation technology that precisely regulating the
temperature, humidity, and the proportions of gases such as O, CO,, and N, in the storage environment, which can significantly
inhibit the respiratory metabolism, enzymatic reactions, and the propagation of diseases and pests in edible agricultural products,
reduce nutrient loss, prolong the storage period, and has a post—effect of maintaining freshness even after the removal of controlled
atmosphere environment. Controlled atmosphere technology is divided into active controlled atmosphere (artificially adjusting gas
components) and passive controlled atmosphere (relying on the respiration of agricultural products themselves to regulate gas
proportions). Based on a review of domestic and international literature, this paper introduces the principles and characteristics of
controlled atmosphere technology, summarizes its recent applications in the storage of fruits, vegetables, meat, and grains, it also
elaborates on the suitable gas ratios for different agricultural products, synergistic preservation technologies (such as combined use
with ozone and biological preservatives), and preservation effects. Meanwhile, it discusses the issues existed in the popularization and
application of controlled atmosphere preservation technology in agricultural products, so as to provide some theoretical reference for

the application of controlled atmosphere preservation technology in agricultural products.

Key words: Controlled atmosphere preservation; Fruit; Vegetable; Meat product; Grain; Research progress

BHAG™ b B PR B AR IEA™ Ah B b SR SRR A= M AW 05 PE A Ab B, L 4 ol
B WOZ LR, FEHA | Waa ME IR, SOEZR)™ s MU B R . BEE T A ™ b

Wi BEEG: 2025-06-09; f&ITHHE: 2025-08-23

EETH: BREAAFFEE(32160596); W B A AR RAFER B F IR AR AL = b3 A4k & (CARS-09-P26).

TEERIN: wWA(1984—), K, HHERIA, SIFLR, WL, StRH @A LAE @RS, Email: tHanjiachunlz@126.
comgeg

BEEE: w#L(1965—), B, HFFEA, AR, TEANFLEIERASFITA T/, Email: 723619635@qq.

comeo



082 - e 2 X 2k s

PR R RBIE , f FART h  EE LR A
Aelb Az 7 R B E AR . PREER AR AT
A RUEGEA T S B, 4™ S PR B R
BYHEHA | AEE AR A, AR
VS — TGO () W PR G R B 5 R R | A
HEFEAR S AR I FH FH A ™ i R =30 Bl
BRI AE R TR ARAE RGO . P R
it R R R R T 25, S AR ™ il 1 R e i
H—ES%,
1 [ARANFRERESS

AR AR AE V2 PR 1 A b R R Sk 1
— PR AR T, TR I S A A P I AR
B 0,0 COpe Ny SESURZ ST, RIS TR AUAR)
PrER LA Rt 5 R AR AR BRI A B
PR 5 A RO, fE— R bl
TP, PREBAR SRR, 0, MHkEH
P NI R R, ARSI, il FRAG O, Mk
JE AT S A R, R ARG E
FEPTRTEAE, (5 O, W JE LRI & 5] & TG I
W, O CEEEAFEYT, SRS
$4o COL SRR B SRR R 7, nl S
WEEYIEYE . SRR R IVER . N, VER1E
PESAR, FESH P RERE TR AAE , AT B
1B RHRRG, HAbE TR, A3 5R™
i B Oy, H AT 3 3 A AR S R K 5325
K, (AR RE R, AR AR ™ S A TR A
YRR, B SIHAEE S5 AT RE IS A B (] b fRAsp B fif
o STROREE AT 53y 32 2l SRR RN < PR fif
Wi, TR ELE AT IE R SE ) Ak
oy, SRR R AR i iE A B RFIRAR
WHHFE O, A=Az CO,, MITTETTIE KRBT H (10
AR EL A8 38 380 S2E DS [R] A RICR T4
2 SEHARERMBITZEREFRIRNH
2.1 R EREEP N

20 tHad 70 ALK, S EHEAR g kAR
M, SRR C IR TR BBk 258
R A S K SR A PR 00 2P 45 7 LUK F WA A X
%, WIRATENEOR)E -1 °C. CO, HRJE 10% ~ 12% .
0, W FE 6% ~ 9% 50T, REMSAH 14 A (R4 B U
(SR SCRERE . NRPE . R E R M AR R,
I HREWZEN B m i TR, Eaeg Y

PRI, 0, &N 18.4% ~19.0% . CO, &N
0.9% ~ 2.3% MR EESIRIAEE W] A 250 A BH G2
PR 2 R S5 S TA] AR S e 38 L VRRE R AR H R
HEGE A b SR R R . 2R TG I ERINETE 4 °C.
5% 0,415% CO4+80% N, FIIREE R EF IV, 2
WO TR ST . BERE RS S8 KR I R AN ]
WEEIEYZEFERR ), Lei ZEOWFSE LB, TE 10
kPa 0,+10 kPa CO, [R5 T IV 1Y R 45, 750K
R . 6 R Sl s T 25% .
13%F129%, SEIER T 6 do Matar 26 "W BFSE T
SRR B RE AR IR B AL 55 M A A R ) 5
SRAERGSE | RIS T AN TR] 8 sl SR AL B R Y
FEMR), 45 S B[] B A0 )8 A 28 24 BB A T 2R 1
R O i R [ . AR W 3z i T AL A e
J PR g, A R RIS R B, AR R AR
Ry —Fede 4 TR A DR EEE Ty, RTHR SR LR T
FRBE . HOWEAE, WUbYEAE R C I, a2
Ty S AR T P, X BRI AL I i 2 3 R i 52
D@EB—IS]O

iR R R, R R A H A B AR
AT RS AREE, SRR S A RS
FORE e, 72 AR IR 85 d J5 A 2w
e fiRs RAFA PRI SR E o A/l 5507
A5 B AR B AR R AR LR I A T A A 1 £
fiff, 283 b PR A IR S AR T AR R, RER
i E G TR S i SR, 0] SOD i
PERFRE, MEZR SR AP AGR S A, £

454 8% 0r+ 92% N, IR AL H AR AL F i 44
ACPRJE WA AR | R A AR i
RRE, HEZE T RgAA . RER . difesdEt:. ol
A . FYERIGSER) BT BEEHRC A PR 52
SR TPEAROREE T, 75O VRO R
PAHAR GG 1-MCP XFfif ML, IR 6, AFoER
B, IEREE LSS 1-MCP Ab 38 A A 6F S My Ac
PIBE RS | WG, AERI . ROAEEIRE,
AT WA 2 T S PR 2020
22 FREREEPH LA

B 2 F14) I I T8 53R 1 2, s 86 I 1) 3 3 o) L ff
A H AR SR A Ik 5% 5% S 1 I
W R D R BRI M B MR B, IR 3 B R S5 B 1)



1144 MU, 45 “CREORTE R AAR™ b DRAEE h i) BB S 1 i $983 .

R, FTE 1978 AFE L E H B T I AR R
A, WFRFRI, AR AT R 207 S ZE I
RS2 BRIRAE , AR HEOR S & Wy bt
PR BRI R T )z s T B Se Rt 2,

Frans 8¢ |2 W0 R B, AL R AR AT ok
HNT LRSI S R EE . = hoPa5 a5
R, IR A KA A A e
2BE YA P AN [ R b 2 e o 2 1R S I e, (H
A EL R FLIR B & SR AL PR B RO B . L
LA R ARG T A SRR AE . 2RI 1E
FHRAHG AR R B, T ESE |8 =Y i) 43
fift, PRFF T IRA PR > gk A7 A0 B Xt
INEERIGHAL. M. BEBEFNLR, KR T4
1 LED RSG5 5 F i v 0 G R A e i H
BN WYk B R F 3 B[R] LED
HESTFISRReAb B, 3 Fh LR 7y CReie K155 A
P R AT LR/ NE SR B . Bkl . R
B IR o kB PR B W] F5 1 7 i I 5 30 1]
SN ORI R B i R R, AR A 4
ke, B RAFMORERCR Y, BRIEER > B5T
TR (20+1) CREBE AN 0.25 em® AL
BT A RUHE 27 Tk Gk SR AR (A 4 AR R, R 4F AT
PYAMULEG BT, AERFAH LN B 1 B . B IR
B RN I S SR i B 2 BRI 4R
2@ TR R, R TE 22 A6 60 me/L 1
TAAER G TR, A G REE AR 8
em’ ALREAS A TR R, TR 25 d WU IN S
FEARPRIIIL T HAAR R . 2555 DORRSY T AN [ fR fif
FIEE G ORI SRR B AL S PR EERCR , SRR
i R I S A YR LT 1 A ) R AR T

AR 0 T A B A e R i
TE 4R PR A CO, Y X A H 2K A A
JEbE S AR, R, 5% 0.+
2% CO, BT EPREE AT SE 9% 1 44 AR R AL, JF B
PRAF R G 1) 25 R 0 8 R ol B A i Ak S i,
PR GER AT SE R, DA A 5% Eh 4% B B 2K 1)
T2 Herman 28 [P *F98 T 2.5 kPa #11 21.0
kPa PRFMILAAIASG T S48 IR, & BHAE
MRS 0, W | AbFRA ] S T 4% 25 i A A 1R R
KFR, 2.5 kPa BRAIREE LA F AT AR 25 Y
SEALEE TG VE, dar R IS . A, Bk

TR A SRR S FH R T SR MR
it WERFEN, Y - SR (CO, 4.2%~8.0%+0,
7.7%~12.3% ) FRIFEI0 R 4% 25 HE IR o 0 O 48
P2, WK 150 d B EA S FMTE.
3 REHAREAMBRE LA
30 AABAREEE ZoeFoy A

SAFEARBE 1232 - T RS O eg, Ry
CO, GV TR, 715 R 7K TP B85 R 3
BEREARI pH, AR B0 B 9/, i 0, 78
SO D FEGR B RN AER, TR R
TR PR Lo JRISE DN T B S A RE RS
PRIALHE T R L = A DR EESOCR , BIF 9T R B b A
BT B L2 PR Y B B AS [F) R B A AR A AR,
WA 14 d B} 0.4% CO + 69.6% N, + 30.0% CO, i
HA M EROR, KT 2R R E AR
W% Ak, WL ELAT B0 i e K R B 21 I
o, MTLAE P SRR T T U SR IR ) DR
WFFEFRI, 35% 0,465% CO, IRHZH 1 35% 0,4+35%
CO+30% N, 1050 2H Y REA% 1 25 1 4K DR A% TR iy 12 28
1, 35% 0,4+65% CO, NI HFAK T1 . B0k
FZEBEWIAN T HARL, 17 35% 0,+35% CO,4+30%
N, R i AL T HA . 25 L) 42 Hig
I PG R4, W9 R B 0.12%%L12/0.09%
T /0.09% Nisin+30% CO,+70% N, {56 571 25
B AP 7 2T P DT ALK & 24 d L)
b, AR O T XS R BT, ELA R RN
() B WA P A B . 2R U i 2o T 7 O
R TR A T R, 30% CO+70% N, Sy,
B A YINSTE 4 C AT AT Al I3 i 63 42 40 4
K& 7d, Mg @ik w0, F Co, H
TEXT A P OREEASCR , B2 50% 0,+40% CO,
PLJ% 0.06 MPa ELZ5 B 0] A3 50400 il £ 7 A %) JE Wi A
BT, W TR RYEER A (TVB-N)AE . Mor-
eira 55 S IRFGE R L, NIRRT S AL s
8 T PR (0 1 B A0SR L 8 °C I I A T A A 1Y
TVB-N &I 3 CV I . PR "W &
B, 80% 0,4+20% CO, 1] =y S8 IR AL e nf i H1 %
WY PSSR IIE R 2 6 d, 1] 35% 0,+65% CO, I
AR AR R TR K % 9 d,
3.2 AIPAFAREKE S A

CO, FZK = SRR ) = Z R R T, RERE



o - e 2 X 2k s

RK = fib FE T Y pHL DA T S B B0 B A VR . 1T O,
SRS P B S B 4, AR T AR TR A [
B AT B K ZHOR R AR . N, E—Fh ot
R (P AU, B S AR i AR
CO Al 5l g &7 A —E A i 4 G WAL iR
FI, nlfdi R S T (o, [R5 ) B A A
TEVER .

Kuuliala % "W T 4. 8 CRAMWEESE
A G R B e P I AR, 2 SRR, Rk
IR U TEEE A 4 CCIRBE R A AT R A
PREF. i B T A R AR A 2R X B R S
I IREECR , 455K, 10% 0,+60% CO,+30%
N, ZHH1 10% 0,480% CO,+10% N, 20 {46 3550 5 5 ]
o RIS G R BOR b R A 5 7 DT 4L
ALK E) 27~29 d, AL G AN AL PR EG 4
F, ATl TVB-N A1 pH BT, (EXHRE A —
SE B TR I L
4 SIFHEARERESTHE PRI

WAL S A KEWMIE, 5 KkAER
RN, AR A 1 98D I T O, W]
I RN TR, FERRAR O, W BE Y R EH3E n 3F
Berh i CO, Ve B2 T P03 g A, DR Ol 4
AR AR S0 ) N FH X T DR AR e 4 FLAy EE
ER,

KA AL TGS Y SRR PEAE hy 2k
IR AR [T FURRIRI R T A SR T R 1 v
s, I H AT T AR AR TR () A B KR
IR0 SRR R G AR T, K
IMARRRAE . AR A E T A — AR
A REE 2B, N, ARBUN 98%F1 88%I1) 34
WRWGER G, I — R b g R G gk
L RKGHEEIMER M 3 I S R i A = B
12k, 98% N, N 40% CO, S IH Al DLy i 5%
FEK A0, S0 Rg 107 g IR A0 A B G 1, 4
GEIMASHT I e R AR RN A S AR (B A 35 £
PR LB, EEA R T 7 LR
CO, P TN CO, W B 4EHF 35% L) 1 i ]
R 15 d B, SRR HEERATIRE] 100%, HIfF
MRS EOTEMLRE . BB . Ko bih,
RPRBAE DS R B, B SN A2 R AE S 4E
SRR AR, Al 2 PR R R AT 1 R 2

Fo AUFERN], FASIORE R A R £ i st
FREH 1 ~2a, HAWRE TR, /K.
FOMREE, H T A B R A I A7 SRR R R
WIXELANV . FHPESE OB T G A R K ) H
FhFAFarnsm , 45 R R PIFE AN RETE — & 2
| IR SRR B N & Rl o v 8
5 Z5iE
SR A IS PREEA Tl 1 — ol gt €0 w5y 2501 (B
I, BRI S A L R, AU
P FE ARG PR 00 DR e RO I, 3R AT LA
T2 IV SE IR LRI AR R AT
ARGy, BT RAHOR . &R
FOAR A W DR ] S5 D4R v A 7 i 1) DR B 2K
B, BRI EEHLIRA ST R ARTRA, AFIR
P SR OREE A SRR . LR TR IR
GRS, 2 W] — YR AN [R] A (R AE 7R
25, IR R R BR , T2 s
S vERIBESY, N KRB, B AT R
ARG PR U R EAERLE], I HEA TR R 4 15 A5 0
K, VI S i R B RNCR e e K 2 B 3l 45 o
KA, SHEAR GECFLO . B 2R TR il
G, RS HEL . BRefbinit, RREARE SR
] 7 it DR A 7l A B — AN ™ o) 22 AR il
GRS RWR AR AR, O ATIE AR
FE i R e — S BT SRR R R S, AR
77 AR T AR A T DR
S0k
(1] 1T f. RFERFERERA KA A5 P 65
R R & & 5P, 2020, 36(227): 228-232.
2] W, Sk, RO, £ XKL CEGE
FRHIEL)] EZRLAFE, 2025, 4(1): 20-27.
(3] HREZF, & #, Bi#h HEZRERFRETH
MAFREEL] &R IR, 2023, 44(21):
167-172
(4] EBE, WMAWE-E£ TR, | B SAGRESEHEAK
RGBS ST RERI] FERE, 2021, 41
(7): 15-19.
(5] 3 %, REE, DIk, 4. AAGRBEIRERS
EE PR T]. AT, 2023, 48(6): 93-96
6] ZAmW, B #%#. AEEERAKESWRE A
Bt R#E(T] AARA &, 2020(18): 145-147.
(7] Z= &, EERE, KW, %. MK KD KB



114

HIFRAR, 25 “CEORAE B AR S DR ) B St e

* 985 ¢

8]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[21]

[22]

BrREEG RO E w0 PERRFER, 2024, 24
(1): 220-231.

F44, THEE, AMEF, T OWIORAARE H
HMAXECE &MY m)] & &E K, 2023, 48
(4): 47-54.

HEW, Bt R EREEER S LA %E[D]
W RETR L K, 2022,

LEI T T, QIAN J, YIN C. Equilibrium modified atmo-

BA R R

sphere packaging on postharvest quality and antioxidant
activity of strawberry[J ]. International Journal of Food
Science & Technology, 2022, 57(11): 7125-7134.
MATAR C, SALOU T, HELIAS A, et al. Benefit of modi—
fied atmosphere packaging on the overall environmental
impact of packed strawberries[J]. Postharvest Biology
and Technology, 2021, 177: 111521.

KEH, EhE, TEMF, F HANRACKARE
A EEAFRE P[] AR5 RB T, 2021,
47(18): 181-186.

WRIGHT A H, PRANGE R K. The effect of aminoethoxy-
vinylglycine and dynamic controlled atmosphere on the
storage of ‘Bartlett’ pear[]]. Erwerbs—Obstbau, 2023,
65(5): 1303-1313

XER, HEE, £ M, £ BROAGLESH
HTE"RERRAREENBET]. RAFR,
2020, 37(5): 743-753.

WA, K OB, MEE, £ BRARALESR
FRERIRO R YmT]. RE5mT, 2019,
19(5): 19-23.

HEH, GWHE, Z4W, ¥ FERETLEEGH
RARAMKEABR TR HARERRAR[I]
BRARGIA, 2021, 4(42): 56-61.
g, x| B, 2 W, £ AFETHRLELAN
AR RS TN Rl RE5mT, 2023,
23(12): 10-17.

ITEMH FUEAZGAACEBAELARERE
REFWERAD]. BHEAF: HEBRILKAS, 2021
fFX. BREARE S EREESE RPN
RRID]. JtM. R A, 2022.

K M, FXRU, L, % BOOCEAKEEM
oA AR I I B AR R B UCR B R [T]. H E A &
#4%, 2018, 18(3): 179-187.

BER, RAF, K B, £ #HRAEEH
BBt ZMNEARER RN ] FEA&F
e, 2021, 21(9): 1-9
oA, AE, K

A, FOBRAREELRXNT

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Bl & A E RS R a] &R T RERIN ¥
i, 2023, 14(23): 99-106

FRANS M, AERTS R, CEUSTERS N, et al. Possibili—
ties of modified atmosphere packaging to prevent the oc—
currence of internal fruit rot in bell pepper fruit (Cap-
sicum annuum) caused by Fusarium spplJ]. Postharvest
Biology and Technology, 2021, 178(1): 111545.
B, WE, FWE, £ TR SRS
e R AR R e Y], P ENE, 2024,
37(4): 79-86.

FIROUZ M S, ALIMARDANI R, MOBLI H, et al. Effect
of modified atmosphere packaging on the mechanical
properties of lettuce during shelf life in cold storage[J ].
Information processing in Agriculture, 2021, 8(4): 485
493.

kOt ETHEFHLED LB 5 AERKE
WA ANFEXRENELAE(D]. £ TH
K, 2023.

HHE BHEASKREDLARNFAEID]. BRE: %
REH A, 2017

MRit . AEERE A K 1-MCP & E i XX )5
s R D] AN N AFE, 2020.
R, DHE, FKRE, £ KEHNLELTRE
FERARACRMAEEILCREE TP wI]. &7
KB, 2024, 3(7): 650-654.

Z . OWAERAREEARAEERLE TG T
RAID] tk: 7 A%, 2021

HFE A&, Bk, F¥E, £ €0, % CO, BHHN
BEMLRFRLZRG-BRAG D] BRER,
2021, 35(8) : 1832-1840.

H¥ A&, Bk, 2FE, & KEAH _AhHE
BAFNGLE RGP EI]. & &FF, 2020,
41(15): 275-281.

HERMAN D J, KNOWLES L. O, KNOWLES N R. Heat
stress affects carbohydrate metabolism during cold —in-
duced sweetening of potato (Solanum tuberosum 1.)[]].
Planta, 2017, 245(3): 563-582

HERMAN D J, KNOWLES L. O, KNOWLES N R. Low
oxygen storage modulates invertase activity to attenuate
cold—induced sweetening and loss of process quality in
potato (Solanum tuberosum L.)[]]. Postharvest Biology
and Technology, 2016, 121: 106-117.

KR, EHME, TieMN, % BeFSdeaAA
RaRdGAEL BN R REZR]]]. REFF,
2019, 40(9): 269-275.



986 e 2 X 2k s
[36] # &, R®L. TERESCARAE A & 895 A [47] X #%. & & fF RRESARFEID] @M. BR

(37]

[38]

[39]

[40]

[41]

[42]

[43]

[46]

LT BIAE, 2016(6): 10-13.

XAH, EHE, F B, £ wAFHHKEL
EXW&ERBHEHRERN] REAEETL,
2023, 44(13): 219-224.

Bl S F RRR AR R 2 PR B RO RO RO L A
ZID]. WA RAAF, 2023.

B oL, BHRE, BUR, % BREEEHNAH
REHAFLI B EFNFELT] AXTE, 2021
(9): 18-23.

K. B A8 BOR 1 2 0 32 (LR M B T A
EHFMID]. R¥: m@RLKAFE, 2023,

F %, FRE, hEE, . LREEXAEEG
KAavgrReEgRME I & TRHE, 2018,
39(20): 261-267.

A HRENALERESAFRID]. @EET
WAL K ¥, 2013.

MOREIRA M J, OLIVEIRA I, SILVA J A, et al. Safety
and quality assessment of roasted pork loin obtained by
cook —chill system and packed in modified atmosphere
[J]. LWT-Food Science & Technology, 2019, 101:
711-722.

BAA. RREEAANBEAEHEYHE X RHWT
MEA[D]. &%:. LEKLK¥, 2017.
KUULIALA L, HAGE Y A, IOANNIDIS A G, et al. Micro—
biological, chemical and sensory spoilage analysis of raw
Atlantic cod (Gadus morhua) stored under modified at—
mospheres[ ] ]. Food Microbiology, 2018, 70: 232-244.
wmoW. MAEL AR E s R R R A R R
WHBEFRID] 7M. eEEITAE, 2017

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[56]

KARKE, 2008.

¥ OB, ¥ 5, TEE, ¥ LHAREAEELA
VR AR ARE S £, 2023, 48(6): 91—
93

THE, BEM, EEZ, £ RAAENMAR
FR Rk et )] oA R R, 2019,

27(4): 57-61.

R, BRE, BEEA, F. AAAFBRME
WA AKS RN E)] AR RLEZE, 2022,

23(4): 6-14.

kEE, PRT, ftEE, £ AAAEAMTES
KEAECREZRFRI]. FERMFHR, 2016,

31(1): 80-84.

FhM, Baekh, 2HE, £ AARAHEMKER
R EWAR SRR #HRIIOL]. FEWE, 1-8
(2024-01-12)[2025-05-13 1. https://doi.org/10.19902/
j.cnki.zgyz.1003-7969.230490

RITK, F L, Gkakar, % AEEAMTEIHE
MRS FH R A% 5 R, 2023,

41(6): 46-52

FEFE, W OF, KFEH, . _AMRAFAKAK
&R E AR LR )] P Ew e, 2023,
48(10): 148-152

KRB, KR, EHAL, £ RAHENERE
HEFHHEHRL] TE I kFFHOEKRF
R, 2015, 36(1): 67-71, 84.

Ho#, BW, kX2, £ SAEEKM
FHREATRPFLREEFEERTHI] LELRL
B, 2020, 52(6): 119-123



