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Current Status of Legal Regulations Regarding Gas- and
Moisture-removing Active Packaging for Food: A Review

Dowan Kim!, Jae-Min Oh?, Soonho Lee?, Hyun-Ah Kim?, Joungboon Hwang’, and Seonghyuk Ko**

'Department of Food Processing & Distribution, College of Life Science, Gangneung-Wonju National University,
25457, Republic of Korea
’Department of Energy and Materials Engineering, Dongguk University-Seoul, 04620, Republic of Korea
3Food Additives and Packaging Division, Food Safety Evaluation Department, National Institute of Food and Drug Safety
Evaluation, 28159, Republic of Korea
*Department of Packaging and Logistics, Yonsei University, Wonju 26493, Republic of Korea

Abstract Due to the increasing consumer demands for the safety, shelf life, and quality of food, the application and
development of active packaging in the food and packaging industry have been improved. According to the standards
and specifications of the Republic of Korea for utensils, containers, and packages, the function of active packaging is to
remove or alleviate factors that degrade food quality. Although extensive reviews regarding the development and com-
mercialization of active packaging have been conducted, the legal regulations and safety assessments concerning active
packaging have rarely been examined. This review provides information regarding the definition, structure, components,
operational mechanisms, and applications for active packaging that actively removes oxygen, moisture, carbon dioxide,
and ethylene. Furthermore, the legal regulations and research results related to the development of test methods for safety

assessments of active packaging are investigated.

Keywords Active packaging, Oxygen scavenger, CO, absorber, Ethylene scavenger, Moisture absorber, Legal regulation

M

i

X7 (Packaging)2 2% 35 A< (Food supply chain)
Wollx] 2E8 =814, 313H, nAESH o R RSl A&
HIZ7E 255 ebdstal dAelsiAl AR & e g
Sl QU AZ ) BAHl 3L mx= F4F Q
s F52O=E Xth(Passive barrier)gHh= A4, o]

RS

*Corresponding Author: Seonghyuk Ko

Department of Packaging and Logistics, Yonsei University, 1 Yon-
seidaegil, Wonju-si, Gangwon-do 26493, Korea

Tel: +82-33-760-2299

E-mail: s.ko@yonsei.ac.kr

& 538 E%(Passive packaglng)olﬂ]rjl 13> P L
FEEAR WollA =29 &5, Aksh, vAEe] A 52
e 8RS 7Y XX }”—E o-gst] AFe FE=
SRl B S AgA7IE S SigH) o]
27 AE Hes Wds] flste] 24
EAA 2l (Active packaging system)O|ZH= 7ido] = H
of SjejH R ok A, i H AEsE FEE
Aem, o|e} FAlo| A Al gk HAstel A
g AYS 9 ZeAES} KeE
FHATN T SEEG gk Ao 2 A= Ao

European Framework Regulation (EC) 1935/20042} (EC)
4502009 BYHAL, NG F4ol e} Be)HL 3

|
rot
).
oft
=



3 At QA - 0l& S -

A mEH SYExFE KBS AATIAY £
H 2FY AEE FIANTIAY FAE] A 23 A
Fo2 Aol o). o= TAE 2F EE AFE
o7 FAEZ (Active components S WEIAL 5
2FAN AEE 7Hs, & T 22 AR
AAEG Zelatal vk SES 2 X3
Ue © BPEH] 2F Hollx Meke =4S 5
|75 EAA AA 28 (Active scavenging system), @
etz shtEM AEH I ) SEEE S sl=d)
o|22 WEI= SAWEAIEE (Active releasing system)
I @ FtEdo] AEH AR HFste] nAEol g &
TS Al HEA YHEFeR FEE 7 lon,
°]Z Table 1°] AT+,

el ARATEd e FEA, A7 A (Oxygen
scavenger), ©|AF8}EFA S| (Carbon dioxide absorber),
ol A A| A A (Ethylene scavenger), S~EA|AA] (Moisture
absorber)58] A ETA AN S} 83 ] o
e SSERREE) X]BEE]@D]—””) o]_x]u} A ExA | st

S 2 e rE

U-]]ﬂb]%, 7Hu1— =] }\]—_9_§]_ a

S

o

=

BRI

RSt
S =

o

1 e

Wl ks @ SR A7 B B P8 A

H7h 5 AN Ae A

SkAM

2]

1. MANHA

N

dEEM9 o

ATEF 53 2AT

‘%‘#XJ 141 A8k s iR AEel 2714
e A, AP Atsh, aad] A, dda A 5ol |
1

e 01:71%11 lil FE F
webA ol TAE A

Al A&l ek AAAAE HFEG W EA sk
o

WA AZSE Qe 9% 2o §9 WAE

ol

AT =

= &4k al2]o(Active oxygen barrier)e] &S
A AA dEle FE 3 g ojs] Yot

Table 1. Types, definitions and role of general active packaging used in food industry

Type of active packaging Definition and role Application form Active components
Extend shelf-life by removing the Iron, Iron/calcium hydroxide,
residual oxygen in package that Sachet, label, sulfite salt, ascorbic acid, glu-

Oxygen . . .. . . . ’
affect the microbial growth, lipid | liner in cap, polymer |cose oxidase, alcohol oxidase
scavenger A . . . .
oxidation and enzymatic brown- composites and cobalt carboxylic acid
ing reaction salt
P t th ion i ki
.. revelt the expansion in package Calcium hydroxide, sodium
i i Carbon dioxide by ~removing €O,  generated Sachet carbonate, activated carbon
A%
Active scavenging absorber during fermentation and inhibit .
system b . . and zeolite
rowning reaction
Control the excess water accu- Silica gel, super absorbent
Moisture mulation that affect the texture|Sachet, Absorbent pad, | polymer based on polyacry-
absorber change, microbial and mold composite film lates and starch/carboxymethyl
growth cellulose
— — - : ]
Ethylene scavenger Inhlblt. the ripening process by Sachet Pota.ss1um manganite, Clays,
removing the ethylene zeolites
Active releasin
Antimicrobial system € Inhibit the growth of microbial Sachet, pad Ethanol, SO,, CIO,
packaging and mold - - - - -
Contact system Film, tray, bottle Silver, zinc oxide, copper oxide

Table 2. Oxygen scavengers used in the Korean food industry

Type of food Potential benefit Application Active Packaging
form components structure
Snack foods, agri Prevention of rancidity, discol- .
cultural processed . PET/ Active component/ Nonwo-
Dry food . | oration, mold growth and texture Sachet Iron .
products, beef jer- ven material / Perforated PE
change
key
Chilled foods Rice cak'e of . Lo PET/ Active component/’ Non-
o Tteokbokki, fish | Prevention of oxidation and mold . ®
with high Sachet Iron woven material / Tyvek™ or
. cake, noodle, sau- | growth
moisture perforated PE
sage and breads
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Table 3. Carbon dioxide absorbers used in Korean food industry
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Ascorbic acid +2Cu?* — Dehydroascorbic acid+2Cu’+2H"

®)
2Cu’+20,— 2Cu* +20; (6)
20;+2H"+ Cu*" = 0,+H,0,+Cu*" (7

H,0,+ Cu?* — Ascorbic acid — Cu®"+ Dehydroascorbic
acid + 2H,0 (®)
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Type of food

Potential benefit

Applicati Acti i
pplication ctive Packaging structure

form components
Prevent the expansion in package by
Drv food Coff removing CO, generated during mail- Sachet Calcium PET/ Active component/
ry foo offee ache .
Y lard and strecker reaction and inhibit hydroxide, Iron| Nonwoven material / Tyvek®
oxidation
Gochujang, Prevention of expansion in package Iron,. PET/ Active component/
Fermented L. C . Sachet Iron/Calcium . N
originating from CO, and oxidation . Nonwoven material / Tyvek®
Fermentation |SOybean paste hydroxide
liquid food ion i .
iquid foo ' . Preven.t the expansion in paclfage by Calcium PET/ Active component/
Kimchi removing CO, generated during fer-| Sache . . ®
mentation hydroxide | Nonwoven material / Tyvek
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Table 4. Moisture absorbers and ethylene scavengers used in the Korean food industry

Type of food

Potential benefit

Application Active Packaging structure

form components
: prevent the t exture chan.ge - Cellulose / Active component/
Chewing gum | by controlling the mois- Sachet Silica gel
Cellulose
Dry food ture contents
Moisture Snack foods, Maintain the crispness Sachet Silica gel PET/ Active: component/ Per-
absorber Seasoned laver forated PET

Chilled foods| Beef, pork,
with high |chicken, squid,
moisture Mackerel

Inhibit the microbial and
mold growth by preventing
the excess water accu-
mulation in the package

Cellulose, |Nonwoven PE / Cellulose +
Super absor- | super absorbent polymer / Per-
bent polymer | forated PE

Moisture
absorbing pad

Ethylene
scavenger

Apricot, grape,

Frui
ruit peach

Extend the shelf-life by
slowing down the ripen-
ing process and respira-
tion rate by removing the
ethylene

PET/ Active component/ Non-

KMnO
Sachet 4 woven material/ Perforated PE




Vol. 28, No. 1 (2022) AEZ 7N U SR R 2

Methylcyclopropene(1-MCP) 2|9} o[ &AA AA A8 5
o] A= "qﬂ AREESL QTR o), o FailA| A
Ae Ko 25 W 2HEEE £Fste] A&k e
w of7]9 /‘}‘&5]‘” S 284 W sk
Holl oz MeE = Qo =4 W Oﬂ ofgh oezl A
Aol AREEE GAEAREAN O 125 7R %LBHO]
(Clay: sepiolite clay, bentonite)?>>> 26, A Lepo| g T

o] ARGEIL Qlt}. SRA|RE, o]l EElF F& W "}
£5E v B2 dEae BElske Aol ofvz o
34 72 W dEdE I FARRITE FoA g
AAd A7 ATk, slehA whgel] o)st odal Al A
o A= S EZREA U7 (Potassium manganite,
KMnO,°| =& AsHES BAslal Slo] 4oz dg
ARGEISL ek RS o] 88 ogile] AAE 2
(14)~(17y% 22 M7 Fe= 2‘15393}2228) KMnO = 3
A7 S5 FAHEE] el AEEE =0 o) v
o] )\]xl—g,]tq KMnO4-4 Ao| HEpRox M = Ao
o8 ®sHA| €k HFNEAAEA oddlo] AkshEriA
B3} olxtsletAE AASH H3, KMnO,Z4E MnO,%t
KOH7} 4473 ¥t}

EE

3CH,CH, + 2KMnO, + H,0 — 2MnO, + 3CH,
CHO + 2KOH (14)

CH,CHO + 2KMnO, + H,0 — 3CH,COOH + 2MnO,
2KOH (15)

3CH,COOH + 8KMnO, — 6CO,+8KOH +2H,0  (16)

3CH,CH, + 12KMnO, — 12MnO, + 12KOH + 6CO, (17)

KMnO,2] 7% SA4o] sl7] witol %3 214 HEs)
o] AREIR) kAR Ul Edsle] AMEEIR|RE, AR T

A FHOZRE KMnO/t 8&50] AE0R Hold 7}
S540] 907 Rl oo gk )7}t T Qs

Ul JIA W S2HH SHTE 22
AH U =

43y 9 o
A, A

o
~N
i)
I
ojf
o
(I
;
b
o
’ﬂ;
m
ﬂ
m{n
-
o :

S ALE B HE AE

o
o
o

35
W Yol B A7t AREw gk,

1.4 8 A3 R NE

AEFA A2223) 717 2 713 T IL1LU3)
DAz G- gk #AF ol A= Urk
303D A=A A2223)0] WEW, AFEF YR 571,
WA, AR 58 Al AR AHAEE FAAE 5A
o2 AMgHE EEL 71T 9 871230 JEtEed A
4o AR Egstelof stz AF olAEA s
Ast=s AABAL ATE30). 719 B &2 2 L1V
3)el w}EUd 270 F4 At 821S AA Ee dsia
7=t AMEE 7)) BEE AE ojdEA] ¢k
£ 7% 2 Fd A3 Az 2 AREE o st
TSl Ak EH, x| AREE B0 VTS
W3] flste] AFolv AEFHVES AMSe 5ol
= T =29 71E 9 4 " WellA 2FoR o]
g A FAEIEL AR 2Fe] EAolE g F

e

_4

F

b

2.3 3 ¥ R NE

ol A= European Framework Regulation (EC) 1935/
20049} (EC) 450/200991 whe} 2|3kl Act. Regulation
19352004= A&l 2Ho IS F= =234 AF
of tiaf] UwrEQ 48 AAIEZL 4™, Regulation
450/2009: 43 A= 2 WS 2 B AR =23 Al
Foll oisl g star k.

European Framework Regulation (EC) 1935/20042] Article
39| WEM, A&} F YR o7 HEIE GAEA AR

£ 243 AFL weA) shdsior s, 2814l 9
A} 2)ZFo] W5F EAo] Joke F= AT Hol= gl
olof Aol FHgsal et SR, Article 41 wk=® 4
F 7K A A (Directive 89/107/EECYS WH5ale &
Az AFS Aol Fssteha sk Aok, a8, 4
BN $90L e BHEAD AFoleh Luld
oA AF o, WE ko] e AEE ARE AT
A QHETAL TSI Tk Atticle SellX=, B4 B A
59 B3, AF 393 oo TIE BYERY Mg 2
7k W) Slste] @ %M AE Az S AT 5
AE BA BT, @ 598 BA &%, ASEA, @ 4
Foll dolsl B Aol WA, @ HA A WAHE ¢
e HEs) A B T3 e AES s

2 At} Article 159145 A4 EA | AM-EE B2 A
Fof st ARE Av|RA GA] S slesE A

ol diste] AL Sl
European Framework Regulation (EC) 450/20092] Article
3o W, BT ASFEYe) AgHE B, A,



36 et - QA -

=
>
fol
o
ol
2
o
0%
HI
H
0x
Il
o
H
BRI
03
Lo
_\O_U
Ral

A=A Sl g &5 Helakar Ut} Article 4914= 2 e A9 AFY TR we S BF
European Framework Regulation (EC) 1935/20042] Article M TRl AASIEE AR, Ay, Wl 7o
33} 4] W& sl AFol FEFshke =23 AEFS Az 250l ARSEE SRS AE AR HESI <
Hol=E| ot HH, urt AF H7EAl A ZHAMEH(Directive e FRIES ALSIATE 57, 59 22 A 24
89/107/EEC)S sl 23 AES Mo 7hssitia Fof| ALEEE FHEFS EUTH W Test conditions 82/
T3k o}, Chapter oA+ Community listol] XZgHel 711/EECS} Simulant selection 85/572/EECE ujlg} 2FX
A=A Ag AFAC7 7Fssh o] Wrhe Fast AR E ARESle] SAEEAS A S PES HTist
A kAl 838t = WA, Community listol] »] 2 TE AT, §F 53 e 1R AEe A
H H=E s AFEHelrt EvFsst Aol Byt 4 - Fig. 13+ o] AFRANHRE A A2 ¥ #o]¥
fslrpar skal itk B8, Community listol] W32 3He Atolol] ARl Be= 2hila} e XS A o, A
48 A3 gk X 3o] Article 5~109141 4 =] o] Fo| FARE freEldet 55 o8t ket A7gsh
Aow, GHELS 4G i A& Sl Wy, F ZEHolHE Holve SHEHS ERlske HERA
Community listol] 323+=]7] 918 =71 9 Az}, 98 ;"-4 W2lo] HEAIEHE Ak,
o] &% 55 AL Ut FHY AS 2E HE Bradleys®e TNO(Toegepast Natuurwetenschappelljk
= B4 B8 Uig 54 9 oA 7l European Onderzoek) ZZAEE S| FHoA AREHL = &
Food Safety Authority (EFSA) ]38 Al8i=x Qo). AEAF] SPELS IR, %W—Mkﬂ 2Zo] A&

ElME o Y=ol HFeE Hojue Pt A4 4

3. 39 RYEFO| HIAYOLS Bt N BY L Bt & BT, ol AHgE MlAAEL Dainellis”
°1'_rl 01 Abet HE ZARE fFARE Ao Y ER 4
Y AR, B, NESE TR AFRASL FFE LE solvist AE P

A A3EA] Holg Fig. 28 2 WHORE RIS
o AknAAAe] Zde] Aldele ARE At AA|k 2}

Simulate food weight W& Ak }\Zﬂﬂ?ﬂ]ﬂ' /\}_9_5]041;]_ @%EA}HOH?QQ] /\}_Q_Q A)
RAR I EE 3%, 95%lehE, SejH.o o] 7z} At
Simulate food category LEA, ARIE 2 2P E AAAAAE A Z AR 7}
Sachet or label 2R E ejg|o)g Alo]o] A9)E TR E|FolE] APHI

PR I 9190 454 ol gt 5

-

>

EI-IH

Simulate food weight

Of

o

ol

e ] ]‘ Fekay wo] Wi 40°C 21 10
Fig. 1. Suggested migration test method for active packaging 7 ARet 3 A18-E ESo|HE 343te] ICP-AES
applied to solid food with high moisture content. (modified)” (Inductively coupled plasma-Atomic emission spectroscopy)
COI’ltaCt ‘s“:;.::g ™ Plastic bag
Immersion Plasictug Stesdchese
e " Petri Dish
[Oxygen scavenger] s
[Oxygen scavenger]
Food T  Cling film
Simulants + | Salmonor beef |
[ Essr| [Moisture Pad] Moisture Pad
— Petri Dish
Petrt Dith [Moisture Pad]
Active — Apple |[Strawberry]
ackagin | Plastic
P Sine ] [Ethylene scavenger] ?h‘ - Bag
achet achet
. Petri Dish
Conventional [Ethylene scavenger]
migration test Dedicated migration test method Dedicated migration test method
method using food simulants using foods

Fig. 2. Dedicated migration test methods using food simulants and foods for oxygen scavenger, moisture absorber, and ethylene scavenger.”
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