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The Antimicrobial Food Packaging:
Application of Antimicrobial Agents in Food Packaging
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Abstract The term ‘antimicrobial’ packaging encompasses any packaging technique(s) used to control microbial
growth in the food product. These include packaging materials and edible films and coatings that contain antimicrobial
agents, and also techniques that modify the atmosphere within the package. In recent years, antimicrobial packaging has
attracted much attention from the food industry because of the increase in consumer demand for minimally processed,
preservative-free products. Reflecting this demand, the preservative agents must be applied to packaging in such a way
that only low levels of preservatives come into contact with the food. The film or coating technique is considered to be
more effective, although more complicated to apply. New antimicrobial packaging materials are being developed con-
tinually. Many of them exploit natural agents, to control common food-borne microorganisms. Current trends suggest that
in due course, packaging will generally incorporate antimicrobial agents and the sealing systems will continue to improve.
The focus of packaging in the past has been on the appearance, size and integrity of the package. A greater emphasis
on safety features associated with the addition of antimicrobial agents is perhaps the next area for development in pack-

aging technology.
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Table 1. Active packaging systems

System Action

Substance

Company

0O, absorbing

powdered iron oxide, ferrous-CO-3, Agelessa,
iron/sulfur, platinum catalyst,

glucose/oxidase enzyme, alcohol oxidase,
02-absorbing sachet

Mitsubishi Gas Chem

CO, emitting / absorbing

red iron oxide/calcium hydroxide,
Ferrous CO-3/metal halide, sachet and tablet

Mitsubishi Gas Chem.

Co.

Ethylene absorbing

active carbon / potassium permanganate

Kurarey / Nippon Greener

Fthanol emitting

alcohol spray, encapsulated ethanol

Moisture absorbing

Polyvinyl alcohol blanket, guard silica gel

WXR. Grace & Co.

Antimicrobial releasing

sorbates, benzoates, propionates, sulfur & mercurial compounds,

zeolite system,

Zeomicd, Mitsubishi Gas Chem.
bacteriocins, Microban Products Co.

submicron cell wall penetrants

Antioxidant releasing

BHA/BHT, TBHQ, vitamin C or E

Flavor absorbing

baking soda

Flavor releasing

many food flavors

Antisticking / Antifogging

compression rolled oriented (CRO) HDPE

Monaxa plus films,

Tredegar Film Products

UV-blocking / Light regulating

Hydroxybenzophenone

Stabilizing

tocopherol, food stabilizers

Hoffman la Roche

Temperature sensitive
Temp. sensing

non-woven & microperforated plastics,
PET containers, foams
time / temperature indicators

3M, Lifeline, I-Point
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Table 2. Application of antimicrobial packaging in different food systems

Food product Antimicrobial agent

Target microorganism

Pediocin
Meat, fish and poultry beef Nisin
Triclosan

Listeria monocytogenes

Brochothrix thermosphacta

Brochothrix thermosphacta/Salmonella Typhimurium/
Escherichia coli H157:H7/Bacillus subtilis

Ground beef Grape fruit seed extract Micrococeus flavus/E. coli/Staphylococcus aureus/B. subtilis
- . ] . lactis/Listeria i Staphylo-
Ham Lacticin 3147 and nisin Lactococcus lactis subsp. lactis/Listeria innocua Staphylo
coccus aureus
Poultry Nisin Salmonella Typhimurium

Ham/ bologna/ pastrami

Acetic acid/ propionic acid

Lactobacillus askei/Serratia liquefaciens

Vacuum packaged beef carcass Nisin

Lactobacillus helveticus/ Brochothrix thermosphacta

Fresh broiler skin Nisin

Salmonella Typhimurium

Vegetable type products Strawbetry) Potassium sorbate/citric acid

Aerobic mesophilic/psychrotrophic/molds /yeast/coliforms

Citric acid/acetic acid/
sorbic acid/ethanol

Tomato

Salmonella montevideo

Lettuce/soybean sprouts Grape fruit seed extract

E. coli/Staphylococcus aureus

Milk and dairy products skim milk Nisin

Lactobacillus curvatus

Cheddar cheese Lacticin 3147 and nisin

Lactococcus lactis subsp. Lactis/Listeria innocua/
Staphylococcus aureus

Cheese Imazalil Penicillium sp./ Aspergillus toxicarius
E e Hava s dig) dAEe 2 A ot a8 A Wi "shr] wEQ sles ARRELL )T Sorbic
mE AR g e HL&“H%— W77 SlEiME acids Bkt 7Tl disirle ddEe UehiA &
oz HEAS A AMEshe 497t Bt o8 HF2A ouj ghlAsl AR EAE A FTE WA &=t
oA FAFIEAL] S84 Table 20 ER|ATE 41 2 Sodium benzoaters §-3) 2784 ¥IE Ho| &
Fo] MAe] HH 1 AFol A UEE AL F 2 w3 F7) FoIAM Hgaitt. 2 wiAdE 1 tisted A
o EAA o Age drEE s Aele] | AdgE @ & Ago] AR A REACIERE I 8L pHell w
FEZo] tid A ui S8 R A @ ZA ek pH7t EoR 5o 9}3117\1_% pH7}
1 o Aol Bt SrEHL EHEA R {7 wro. Aol L3k 7o) H}a?‘é}ﬂr Sodium benzoate
i ?-?wer 18] BDTAS 7 Zd ol EA ¢t = 28TlA glycinedt AFEM Fb whEs] miol

Imazalils} 742 & FgolA7} o HASHELENE

BEAF(lysozyme, glucose oxidase, naringinase), =1El|E]<L.
2 (nisin, pediocin, lactlcm3174)

thymol) 2 718, 7]|&EAF 5o ATt

Z-5-(GFSE, carvacrol,

1. Weak Organic Acids

H 712K Acetic, benzoic, lactic, citric, malic, tartaric,
propionic, fumaric % sorbic acidy> M+ FFolo A

o AAske 7P HHEAHQ AEFREA |, fT: &
Adatefoll proll we} siEldeiet vl sEdEE A
T Uk

Potassium sorbate?] @8-S pHoll F&FS ol A
A 7yE ol gollal eFsith &, sorbic amd*“ Bl BH?J
g ExolA Fafsid, v si2ld 824e] k& pH7b
",, Zuigict. B siEE sorbic acid7} %Lﬂ'e—j.ol ALy °]
fe v slelEwo] Aol Fgole] Al FRE

7 ogREe AW Fol wpdsET Aol HHuE A%
Bl AA PYrHBaldw et al., 1996).

Ghosh & sorbic acidS 8531 3 @] XAAE
Arsted W Az 83T ©] HEAA = 95-100°C
ol A} 30%elA 60 Tkl Mg EAT A4 At 7Fe
39}, o] EAgRole skl EF AFEA I
TR WAE Fsle] oJFHE A
537t Ba o) EAXE RaE Ao w2 UREZ,
M=)z AHz= L7 EA7F FI}ATH(Ghosh er al
1973). ©] & FFol WEARAAE 2% carboxymethyl
cellulose &-RollA] sorbic acid 584 2 Eiﬂ grease-

proof papero|tt. ] sorbic ac1di x{ﬂ z]sg]. Eg]oﬂ

o = HE] OJXJ_EPE}(GhOSh et al. 1977). VOJdamQ]r Torres
S chitosan, MC 2 HPMCE ¥ HE9] sorbate T3
e ARsIATE olF AXNES AFS FHvdEe] ok
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32 7HA3E7]) 98t potassium sorbateE EFII TE
< A=A TH(Vojda v., 1989).

3}8} HEA S TP TRFRNA Q] TRaFI
A7t Bol st Athe AFe AER

FS- 2t} Rico-Penast Torress 52 MC-palmitic acid
BEo) e FEEA ] pH7} sorbic acid®} potassium
sorbate®] F3Adel wXw= FEE A+8HH THRico-Pena
and Torres, 1991). Starch/glycerol ZEIAE sorbic salts
o} g9 R4l R At Bel oA TH(Baron
and Sumn, 1993). Weng 5-2 3t HEXAE A3}
2)8ld polyethylene-comethacrylic acid (PEMA)2} benzoic
acid 2 sorbic acid®] £371&-2 /L3It Weng er al,
1998). Devlieghere 5= potassium sorbateE T3
ethylene vinyl alcohol (EVA)/linear low density poly-
ethylene (LLDPE) E3E &9 IFaHE Arstith
LLDPE ZEo)X K-sorbate?] Ho|7} A= Candida
spp., Pichia spp., Trichosporon spp. R Penicillium spp.
off tigh A Ex= wi¢ ofehAl UERsttE B %o K-
sorbate BELZ XNZ2E AFY ¢ JHdEd vla) &
9 WAY anel Fgolg AL AT AolE BAT
(Devlieghe et al., 2000). Dobias 5+ benzoic anhydride
T ethyls} propyl estersS] parabens® AHAIA 1 @
T8E AWK TE. Parabens® AJA7] IEAE 259
oz Qs benzoic Foll s Hol7k Bl & o it
(Dobias et al., 2000). Benzoic 9% ZAFAIZI HEL2 X
Zo} Aol gole] ASS A JAAZTE Weng
5£ benzoyl chloride modified ionomer S-S A3}

ot
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Penicillium sp.3t Aspergillus niger o UISF ¥
Akt BEAENE A71EAE EEe] A
HEET $55h oA benzoic acid 7F F71A2 &
A o & AolE7] wjFEo|ti(Weng et al., 1997). 3
£ styrene-acrylate copolymer®l] propyl paraben & =¥

o

3lol Saccharomyces cerevisiaedl] tidt dgF&E R 3}
ATHChung et al., 2001). Chitosan HEo) 24} HEz =
2ueake £33 B A4 St 3 EE pHollE 9
S kx| o) 2127t 24°ColA 4°CE HolAw g4t

AGE 74819 HOuattara et al., 2000).

2. Enzymes

Appendini®} Hotchkiss= lysozyme2 2JEX A A%
s AFNSHE 2AE AT THRAN TEAF
(polyvinyl alcohol, nylon, cellulose triacetate), cellulose
triacetate”} 71 $8 @48 YeERNATH Appendini and
Hotchkiss, 1997). &ae} AAEE A AHe-she Aol A
A o] 71 BIAQ) AE JeRith Field 52
Aol A glucose oxidase?] REAJ-E AL §-83ISlth

Tt RS F RV

(Field et al., 1986). Soares?} Hotchkiss= A5 F2E5
B¢ naringing 744417171 #1314 naringinase® cellulose
acetate®l] 3733} AlZ tHSoares and Hotchkiss, 1998).

3. Bacteriocins

Nisin& 1960 el AFHEAZ ARG SISO
Lactococcus lactis25E] AA=E vle|Zo)xlo]t). Nisin
ket et o} o g B Clostridia F°7 thsl
A g3S JePATh(Schilling et al., 1996).

Cha$} Chinnane AEX A9l nisin®] 715 2 3-&
of sl & A7) 3FrH(Cha and Chinnan, 2003). 737
oA nisin®] 8L o) B TAE WL Uk

Ming 5-& nisin? pediocing cellulosee] casingste] &
AZs} 7VFRAZANN Listeria monocytogeness 4N 7
t}. Pediocing =¥3F L. monocytogeness 3E3H 4°C
oA 1257+ A EeIA 3] AT Ming er al,
1997). Pediocin® L. monocytogenes®) ™3] &E#E et
W oiE ghglglealolt). Wilhoits pediocing E=X3F
cellulose TAAE SA|Z) S8 L monocytogenes®]
A& QA= EFE 7HAIL ATK(Wilhoit, 1996,
1997). Scannell 5= 4371 nisin lacticin 31478
]34 bioactive A EXAANE sNLsIHT} X2t Al
Fo YWALEA MAP(Modified Atmosphere Packaging)
of W& FFFE Ao EN fEIEE ABAZ
t}. Nisin-adsorbed bioactive inserts= X128} 3 Aol
A Listeria innocuaZ 2log units ©]3FE TAAIZ oW
Staphylococcus aureuss X2 1.5 log unitsZE, FollA
& 28log units® FAHATHScannell et al., 2000). Wan
22 pising calcium alginate microparticles®l] 2 9A17A
MRS Hj7]¢F @AE-F)A biological activity® UERHSLS.
U HEoME edRs) sl o8 B84t EUTHWan
et al., 1997). Daeschel 52 354 T 244 HeElEx®
Wol| nisin AN F FFEAEE A73I9 T (Daeschel
et al., 1992). Siragusas-> nising (Fibrimex) (Cutter and
Siragusa, 1998)2H= Aol 38344 polyethylene E
Z(Siragusa ef al, 19990 A2FANAL o SAFS Fol+t
Q1 Lactobacillus helveticusS; Brochothrix thermosphacta
ol et FFEAE RI3ATH Cutter T2 nisin I
%4 EDTAS /M8 4% dwEst AdEsiva B
T59 H(Cutter ef al., 2001). = TFE = nisin°]
polyvinyl chloride, linear low density polyethylene Eu
nylono A8 TAAE A7E EFEE 517] E90)
A 831= Salmonella Typhimurium-S JAAZ 4 Avk
(Natrajan and Sheldon, 2000). Ko 5+ L. monocytogenes
o] e ZABP) $ske] SPL, WPI B egg albumin

gl nising EXE3}] 2 54E A HKo
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et al., 2001). Cha 52 nisin® o8] HETEA BELA
(MC, HPMC, «-carrageenan, chitosan)?} E335te] heat-
press A1A WE BE} nising ol AEIEAS} £F e}
o PEEE] castingdt ZEoAA A HOZ nisin®] 7]
&8 2439rh 2 A3 Heatpress® & FollAe
MC ZEojM, casting DEE FoMe 7B 3
HEA nising] Hol7t 7V BRI Cha ef dl.,
2003). E=8F Cha 5& nisin® MC/HPMC §of &3
o] PEZE castingdt BES TR 83t /E
g 559 {5718 9% drslth. FRAEY] AR
MAER L monocytogeness Bt A HoE FF
TAAEY fF T AduTe) AgoAe 24F 2.9
g HHOZ ALSAUH(Cha et al., 2003).

4. Triclosan/Grape Fruit Seed Extract (GFSE)

Triclosan(2,4,4"-trichloro-2'-hydroxydiphenyl  ether)-<
bisphenol¥} Blo|2-3ld A2 7NAEAIF st
EgElo] ARgEoA YTt Cutters triclosans &3t
g o] 2| gHe] @Mt g 2te 2dE
AT A TH Cutter, 1992).

GFSEx #3918 I 9lE 20l e AdaAz o
yatela A FRH7HARE AREES T GFSES naringin,
ascorbic acid, hesperidins % FaAAtT 7ke ofd {7]AY
S TR SiTh GFSES] dhtdl& 8442l et
v 7ha agatEngyd osi 37k wgAdEe] B

il

i

AT GFSEE= £& SroME oFgsith &, =2 2%
oA TRER e BEA|FTHANA g BAS AAE T

Rovz ot AFILAY AMIFSAEE 25 AUtk GFSE
£ Na-alginate$} «-carrageenan 5ol st 18 <&
At o STl gk F3E-E RABIITHCha er
al., 2003). ©] 5 LDPE# thEPE HEo| GFSEE &
Shate] Wl B FUEAE(Lee er al., 1998) B X5
(Ha et al., 2001)2) EFAEE AFA O AE3AT

5. Ethylene Diamine Tetra Acetic acid (EDTA)

EDTAE Zeo|EARA dole] 28-S Alste] St
2o veply aogRds S Axe AR o
1S BAskE ) Woleog Mg EEhE faad
Ath(Boziaris and Adams, 1999). Cutter S nisind} 2|
£& EDTAZ #7183k PE E& PE oxide EFL TS I+t
=52 BISIUTHCutter ef al., 2001). ZE2¢] FH £3<]
Na-alginate 5= k-carrageenan®! EDTA, nisin, lysozyme
2 GFSEE 7t e A= E3sid d&8 A&t
T3 opderst o 24l tisle) o) ¥FEEe 3
E & F(hurdle effectiveness)E A7+ th(Cha et al.,
2003).
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6. Essential Oils

Z$+-(Essential oils)ot IR E9] FARES AdHoR
gaEs Jele Aoew & 4¥A Utk Thyme
essential oils?] FFEL o A A A

Ouattara 5-& pre-cooked A$-2) FE5715h& A3l
9)3te] thyme oil#} trans-cinnamaldehyde® %-& s
7S B ARl o] AFY HEGHAE dothtrh
AT $E713H thymol B EEE 0.9%Z ST 2
Hap wre) w3l glo] A4 5 USUTHOuattara ef al,
2001).

7. Fungicides

Imazalile Z3o]9] sterol ATA AAA W Fdol
7ae 5] 9] U] Alkge] §7kEo] STt Imazalil
& e eEME el Be FRAME S v
ERATh. Weng#} Hotchkissi= antimycotic imazalils 3t
3 Zgojgae )=o) TAAME ARSI B9 F%)
(Penicillium sp., and Aspergillus toxicariusyg 4| A%
THWeng and Hotchkiss, 1992).

8. Chitosan

Chitosane 3Fa#e 2ba glom I AA=Z e IH
ANz AHEEA 9ot Chitosand A4t fde] F3
ol RufE oAlsty] sl IEAZE AREEHolA FTh
Chitosane 33o] AL 200 9l Wt opgt 43
Bk gL PAshs F 7 715S ZEL 3Uvk(Cug
et al., 1995). Rhoades¢}t Rollers F-siu|&2] tiste] A
A NEAY FaEE A7 HRhoades and Roller,
2000).
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9. Others

2 7+ ol tiPark et al, 2000, Depree et al, 1999).
Koichiros S| AEFF T 22 o83 3t £
A2 1515 thDepree ef al, 1999). Lim3 Tung
AIT vapor& PVDC/PVCSF 87 Afste] ARl o
el Uehit). AEEgA] Z¥Ee ARSE AT
= 34 AR upet tEAT AWH ST headspace ™
Fa= zotnt ghrdS 7| Frh(Lim and Tung, 1997).
Nielsend} Riost= 3 g9} s]|HF9] e o) 781 F
330 (Penicillium commune, P. rvoqueforti, Aspergillus
Sflavus, Endomyces fibuliger)®| I3l g2 AR
o AITZF 8 B89 AR Afe B8 4% =%l
&) 7s FaEe e th(Nielsen and  Rios,
2000).
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