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Recent Research Trends in Antibacterial, Antifungal, and
Antiviral Active Packaging

Siyeon Park, Hani Ji, Jieun Choi, Seulgi Imm, and Yoonjee Chang*

Department of Food and Nutrition, Kookmin University, Seoul, 02707, Republic of Korea

Abstract Since the COVID-19 crisis, the use of disposable packaging materials and delivery services, which raise
environmental and social issues with waste disposal, has significantly increased. Antimicrobial active packaging has
emerged as a viable solution for extending the shelf-life of foods by minimizing microbial growth and decomposition.
In this review article, we provide a comprehensive overview of current research trends in antimicrobial active film and
coating published over the last five years. First, we introduced various polymer materials such as film and coating that
are used in active packaging. Next, various types of antimicrobial (antibacterial, antifungal, and antiviral) packaging
including essential oil, extracts, biological material, metal, and nanoparticles were introduced and their activities and
mechanisms were discussed. Finally, the current challenges and prospects were discussed. Overall, this review provides
insights into the recent advancements in antimicrobial active packaging research and highlights the potential of the tech-

nology to enhance food safety and quality.

Keywords: active packaging; antibacterial; antifungal; antiviral; research trends

s (active packaging)y
et T AFe] dHE A == N

o
,
]
g I
30,
1
&
e
i
T
53]
o3t

4
O
> m-]g
1=
%
=
I
H
i
e
oX,
bl
o3l
rlo
i
O:
By
N
N
s
r 4,
a

*Corresponding Author: Yoonjee Chang

Department of Food and Nutrition, Kookmin University, Seoul,
02707, Republic of Korea

Tel: +82-910-4775, Fax: +82-910-5249

E-mail: ychang@kookmin.ac.kr

iR ede 4%e) 47, W, 3 5 2 549 o
e mA AAZHOR S 4F £42 dosmY sz

& PRI, 20 % vloleizpt Bav} EgE
4 Q1AL Ak 7
3], volelat Al 7te] AHHel A ol &, ),

Rt
%}_\JI = 3AL EF) o]EOE 211:59/] *

o
Ho
2
ot
1>
X
1
o
e
<
e
%
n oo

=

< sl WHeR T2 38Hy A 7w
ato] thet WAl B o ARl ARSE] sttt SA
B shek WA B Al AR Al R, Tk
2 AlEete] Absl eGSR Qlef Al S 7R Al
4 BAE FEE < dvke Bavt 3lo] ol& diA
ol Hasgh Agelrtd. g, 20199 WHE] A2

o
F71sRom, 4F % THL B lolgs

[e)
el gito] SrleiREol RAaH). ojF% 7wt



16 HEAIQA - AlGIHLH - 2

A% P50 e ZulAe] St Z7hge et
NEe] HF TRk 49 /)5S 2 Y T pe
3L

o

[e)
L T
21F o et 2H1Rke] 717t B A A
£ 0

T4 FY) T VES TYL THF 5HF FHO Q)
sl FEsishl A7Ech B % =Y AR B)H &
go e wBT} AP, ) 2 2Esk i,
Z7) 9 Bol @ wES g 48 Ak =9 4%
9 sge gaA 3 RS g /15H 4Re 29
S r, 249 =49 gu F 2% A¥e A3HE E
WOR WEHA 9ol Brska &k 9] W) %
R, RNE, RAE, AL W 5 O0R 4F T 47
Hog g8 & Yoh0, olejd TAL BE TR, ©
WA, Ad 5 A BF) AATEAS BHZA F

i g

A, 71A B RN BE AR TIRigHD, mdk
HAER Qlste] g EYoR Falue Aed AR
2ZHe112) polylactic acid (PLA), polycaprolactone (PCL),
polyhydroxybutyrate (PHB) 53} 7+ AJEalA 2] 2
F FA) AMeET FERT ), o2 So] Hde
2=0] grREES] oAdld 0YS A8 FFol ZHdl ®
FAIA S RIS wAEe o5 HA R
© AAIAE E8sl] M el Sk AR
o 7|osh=s 84 x4 whgo] AREE L YTk,

o= 71ES) T /5L Holdt Hlolet ¥+ A,
e 2 FHelE A iz

o2 Qlate] tet 3-8 Topll daf AREET 4Fe] A

= RS
E= upole ZIRke] AL gufol] FnAE sighe

-
AL BE ¥ 7Y AAE WS Aok,

FetE A E AAete dl ARSSe 2Alelh ¢
A EA|= polyethylene (PE), polypropylene (PP),
polystyrene, polyvinyl chloride (PVC), ZL2]3L polyethylene
terephthalate (PET) &°] gt} Fefiy Axje] #+x
5 EHS ARSE 1R aadle wiAe] B4 2, A
g, et A} 7he] A ol lom®, AYH ¥
EAbe] B2 HEe] 2, 988 T vk ¥ 3719
T, AFeRe] H7H St WAUS B SR A
2gle] §&Ao] gL PRI,

. Ol
=

R
o

>

71 -&mAl

o

=

F&I

]
m
>

AW Lol L WG AR SHS FReRs A
o] % W] o) B wiape] ol WAt
gege] QAN 57 B Aol o] 2717H) e
o WASHE A A 2A)e] ARELL A
7 1= HasT JopY. mep 1854 54
A A&7Fss Qo] FPsd Hlel o Tk TR
o o] Az & FE2 WA Yk Hlel e A9
Al TR, B, A 9 olse] GAR s
m Ao} MRS e A 75 ol emjzelA A
bk 4 Aok, vlel Q. 7k EElm ARl BlRs g 2
a7 AEAt AR BT HlEeiY Rt AAlle S
T AR, A T 9 AEA Ve 2 A ARdelA
FEEH, STEEF fARE 548 AU 7)A1A dEol
Frete] vlolQ ZEliEloRw el it HlEald
2} 2A9] dA]ZE bio-polyethylene (bio-PE), bio-poly-
propylene (bio-PP), bio-polyethylene-terephthalate (bio-PET),

e
B

2o
e

P

[e]

=

o
A

it

iy o= N

_1

bio-polytrimethylene terephthalate (Bio-PTT) % bio-poly-
amide (bio-PA) 5o] Uk,

Bl A e 84, 4 T Wy 22 AESH
T sketA #gol| a9 sietER EsfEc). el
AR Al =, olhtstEA, vlo] e AR FaE= A
3l7d ALkt 7l FAERE EellEe HYsHy

Z T/ HFE E57E F ok Aweid
Aol Ze HE, AE22s, 7N Flep)d, 2o 2
5o odF aA7E Jdom, A, ol=dlEvt
e wd 9§ ol o] el A, e
ZA3} AEA 2 (epoxidized vegetable oils), Zw}
A 719F E2]L(castor oil-based polyols) 52 A& &
A7t E3FEh B8k PLA, polyhydroxyalkanoates (PHA),
PHB, polybutylene succinate (PBS) 52 & 4 AT}V,

hul

RO

=

K
2

BoaE Ju B ofE e

1.2. ¥ HEE I§7)1739 Q17 oY

Bt A A AF W Feld A Ao S
WAk Al dete] 99 2Y T e e A
W Eofolr, B3 eHom QIF AFe] F2 Aske W
Al A S QD 7 ol HF T HH F
2 2 FAE 7 e AAEe] v "
o mEbd 2 o e S TR 2dES T
Agste] 7153 545 FTNL vd=e] L9 WA
ke e 2gAe]

77 Es] APHL Ao F
2 A, FEE 71 shek=, F71 sk, vl
AL A ol thdabAl ARgETHH2),

#71 e e FEd9 e s sl dEH
Al 3et ofFe] thAAR We s Qlr}, ol ZE|=, olFA}
olx, dHlsl=, AlE, ol B H3tE T

o A FEFE PRITL EHA sle 78 sRk=EE, Al

i
rlo



Table 1. Antibacterial packaging film or coating materials

Classification Antifungal agents Polymer Methods of Type of Observations References
materials preparation packaging
Frankincense oil (FO) and .. . . . e
. - .1 Carboxymethyl . . * FO (5%)-containing CMC/CBg system increased the antibacterial activities by
Ch‘t"Si‘;ﬂ‘;‘rgigg“édc‘geg)hydm' cellulose (CMC) | Solvent casting | Film |5 50, 50 805 “and 36.9% against S. preumonia, B. subiilis, and E. coli. 26)
Koniac glucoman- * The inhibition zone of KGM-based films against S. aureus, L. monocytogenes was
Thyme essential oil (TEO) njan (gKGM) Solvent casting Film detected at the concentration of 0.8% TEO, and E. coli O157:H7 at the concentration 23)
of 1.2% TEO. at the concentration of 1.2% TEO.
Orange essential oil (OEO) . .
and silver nanoparticles Cellulose nanofi- Deacetylation | Nanofiber The combma'tlon effect of OEO and AgNPs showed a halo zone of 9.8 + 1.7 mm 27)
(AgNPs) bers against E. coli.
Zinc oxide nanoparticles » In the disc diffusion test, the highest antibacterial activities against S. aureus
Natural (ZnONPs) and fennel Potato starch | Solvent casting Film  [(146.15 mm?), E. coli (12437 mm?), and A. flavus (104.88 mm?) were obtained for 28)
compound essential oil (FEO) films with the 5% ZnONPs and 3% FEO.
Pineapple peel extract Chitosan (C) « In the disc diffusion test, The C/G/S film mixed with 30% PPE and 30% AVG
(PPE) gﬁd zﬁoe vera wel elatin (G) and | Solvent castin Film showed inhibition zones of 13.10 mm and 13.90 mm for S. aureus. 57)
(AVG) B B el &) & * The mixture of 30% PPE and 30% AVG with C/G/S film showed an 11.3% and 9%
increased inhibition zone compared to pure film against E. coli.
* The 1% alginate + 1% GSE coating and its nanoparticle inhibited the growth of S.
Grapefruit seed extract ) ] ] . Typhimurium in vitro (0.9-log CFU/g and 1.4-log CFU/g reduction, respectively) and
(GSE) and nanoparticle Alginate Coating solution| Coating [delayed the growth of S. Typhimurium on cherry tomatoes up to 8 days of storage. 24)
P 1% alginate + 1% GSE coating delayed the growth of S. Typhimurium on cherry
tomatoes up to 8 days of storage.
Longan (Dimocarpus Rice straw paper Coatin Film » The coated RSPs with longan peel extract showed antibacterial activities against 25)
longan) peel extract (RSP) g Gram-positive bacteria S. aureus and B. cereus.
CMC and * Films containing 7% AgNPs showed growth inhibition against E. coli and S. aureus
Silver nanoparticles cellulose nano- Coatin Film (inhibition zones of 5.50 £ 0.41 mm and 6.10 = 0.50 mm). 29)
(AgNPs) crystals (CNC) g * The 7% AgNPs-coated paper can extend the shelf-life of strawberries to 7 days
y under ambient conditions.
Gold nanoparticles * A film containing GA and AuNPs in PVA (PVA-Glyoxal-AuNPs) formed an inhi-
(AuNPs), graphene oxide |Polyvinyl alcohol Solvent casting Film bition zone of 13 mm against E. coli. ) ‘ 30)
(GO), and glutaraldehyde (PVA) * PVA-Glyoxal-AuNPs minimized the formation of black spots for up to 5 days and
| . (GA) provided the best preservation for bananas.
norganic - - - - — —
compounds GSE and zinc oxide : . * The strongest antibacterial activity was shown by the films containing 3% ZnONPs
P nanoparticles (ZnONPs) CcMC Solvent casting Film and GSE. >8)
* L. monocytogenes colonies exposed to alginate films containing 3% SNPs showed
Sulfur nanoparticles (SNPs) Alginate Solvent casting Film complete removal after 12 h, and E. coli showed a 7-log CFU reduction on the same 31)
films.
Titanium dioxide (TiO,) . . .
N . . * L. monocytogenes and E. coli showed 6- and 4-log CFU/mL reduction, respectively,
and (Cg;ld%?gd)Tloz CMC Solvent casting Film by treating the Cu-TiOy-loaded CMC film. 22)
=110,
* PCL films chemically functionalized with bacteriophage T4 showed a 2.44-log
. Polycaprolactone . reduction in bacterial population after 120 h.
Biologic Bacteriophage T4 (PCL) Spread Film * The chemically functionalized film of T4 significantly reduced the number of bac- 15)
compounds teria in raw meat after 120 h of storage.
Bacteriophage PBSE191 PVA Solvent casting Film * The PVA film loaded with bacteriophage PBSE19 showed an immediate bac- 33)

tericidal effect within 30 min, and the released phage lysed S. Enteritidis for 4 h.
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Table 2. Antifungal packaging film or coating materials

Classification Antifungal agents Polyrper Methods. of - [Type O.f packi Observations References
materials preparation aging
* The coating with 4% cinnamon EO eftectively controlled the 4. flavus and P. citri-
Cinnamon EO Chitosan Solvent casting |Film/coating | num contamination to 9.8% and 13.4%, respectively, in artificially inoculated peanut 37)
kernels for 14 days.
. . * The film-containing 0.5% oregano EO extended the shelf life of hamburger buns
Oregano EO Cellulose acetate| Solvent casting Film from 12 to 27 days by suppressing the growth of filamentous fungi. 60)
N | * The films containing 6 % thymol exhibited significant fungal growth inhibition
atura Thymol PLA/PBSA Extrusion Film against Aspergillus spp. (61.7-80.45% reduction) and Penicillium spp. (55.9-74.1% 40)
compound . o
reduction) at 25°C for 7 days.
PLA and PBAT » Films containing frans-cinnamaldehyde effectively suppressed fungal growth in
Trans-cinnamaldehyde l;iln d Extrusion Film bread, giving non-detected microorganisms as compared to conventional PP film (4.0 61)
ends
log CFU g ™).
Neem oil nanoemulsion ngh-me.thoxyl Solvent casting | Film/coating . N§em oil nanoemul.smn/pectlr.l bionanocomposite f'llm §h0we.d a.lntl-fur}gal properties 62)
pectin against storage fungi (Aspergillus flavus and Penicillium citrinum) in seeds.
Sodium benzoate (SB) | PBAT and ther- * Films containing sodium benzoate and potassium sorbate effectively inhibited the
and potassium sorbate | moplastic starch | Blown-extrusion Film growth of Aspergillus niger and Rhizopus sp. with reduced total viable count and 44)
(PS) blends (TPS) yeast/mold account in fresh noodles.
CMC and * Potassium sorbate-loaded coating was effective against Botrytis cinerea and Moni-
Synthetic Potassium sorbate candelilla wax Dipping Coating | linia fructigena. 43)
organic com- blend » The coating solution significantly delayed softening of apricots
OundS . . . _ . . . . .. .. . _
p Sorbic acid PP Extrusion Film The sqrblc acid-containing film showed effective inhibitory activity against Asper 63)
gillus niger.
L Argentine . .. L . . de ..
Sorbic acid (SA) and ben- . . . * Films containing 1.5% of sorbic acid or benzoic acid exhibited inhibitory activity
. . anchovy protein | Solvent casting Film . . . 64)
zoic acid (BA) isolate against 4. flavus of 5.55 and 8.22 mm, respectively, compared to the control group.
. * The film containing CuONPs (1%, 2%, and 5%) formed an inhibition zone against
CuO nanoparticle . . . N . . . .
(CuONPs) Polyurethane Solvent casting |Film/coating | penicillium, and the zone expanded by increasing the concentration of nanoparticles 65)
up to 2%.
CuO, ZnO, and Cu0/ZnO PVA/starch/ . . . Straw.berrlles wrapped in films contam.mg nanopa@lcles inhibited fungi generation
. Solvent casting Film and maintained freshness longer than fruits wrapped in pure PVA/starch/glycerol film 46)
nanoparticle blends glycerol o
after 7 days of storage at 25°C.
ZnO/chitin Bovine gelatin-
[norganic com- o based nanocom- . . * The cakes packed in gelatin-based films with ZnO/chitin nanoparticles exhibited less
nanoparticle . . Solvent casting Film . . . 47)
pounds blends posite, emulsion, fungal growth than cakes packed in commercial PE film after 7, 14, 21, and 28 days.
and PE
. — o - : : -
TiO, nanoparticle k-Farrageenan/ _ _ Thfe film containing 7% TiO,NPs exhlbm?d e.ffectilve. photocatalytic anti fungal
(TIO,NPs) konjac glucoman-| Solvent casting Film activity (79%) for Penicillium viridicatum after irradiating 6 h through generating 66)
2 nan reactive oxygen species thus destroying the fungi.
Silver nanoparticles Hydroxypropyl . . . |* HPMC coating with 0.25% AgNPs reduced the incidence and severity of Col-
methylcellulose | Solvent casting |Film/Coating . L . . 67)
(AgNPs) (HPMC) letotrichum gloeosporioides and decreased the weight loss of papayas during storage.
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Table 3. Antiviral packaging film or coating materials

Classification Antifungal Polyn.ler Methods. of Type .Of Observations References
agents materials preparation | packaging
« In vitro test, the alginate composite films containing 50 and 75% (w/w) GTE
o ) showed significant virus growth inhibition against murine norovirus (MNV)
A?gmlc acu.i (2.00 and 1.92 log TCIDsy/mL reduction, respectively) and Hepatitis A virus
GTE, GSE sodlun.rzi salt/lip- Solvent casting| Film [(HAV) (1.25 and 1.92 log TCIDsy/mL reduction, respectively) at 37°C. 52)
biersl ds * At 37°C, alginate composite films containing 50 and 75% (w/w) GSE inhibited
MNYV (0.96 and 1.67 log TCID5y/mL reduction, respectively) and HAV (1.38
and 1.5 log TCIDsy/mL reduction, respectively).
* During the 4-day storage period at 10°C compared to the controls, the infec-
Alginate/oleic . Film/Coat- | tivity of the MNV and HAV in fresh strawberries after coating was reduced by
GTE, GSE acid blends Solvent casting ing about 1.5-2 log, and complete inactivation of both viruses were found following 68)
overnight storage at 25°C.
. . . * In water, the chitosan films containing 2.5 and 5.0% GSE show that samples
Organic com-| GSE Chitosan Solvent casting Film produced MNV-1 titer reductions of 2.68 and 4.00 log PFU/ml, respectively. 69)
pound Mixt £
pxtures oF rosemary, Low-density * In the influence of @6 particles on the P. syringae growth test, the LDPE active
raspberry, and pomegran- . . . . . L. .
ate polyethylene Extrusion Film film with an active mixture of extracts was observed to be significant reduction 70)
CO, extracts (LDPE) after incubation for 12 h.
» The infectivity of MNV in fresh blueberries after coating at 25°C was
decreased below the detection limit for k- and t-carrageenan films involving
e and A card GTE and by approximately 3.54 log for A-carrageenan coatings containing GTE.
GTE ? rageenans None Coating |+ When blueberries were stored at 10°C, the remarkable potential was demon- 66)
g strated, with reductions of 2.38 and 3.13 log obtained after 4 days of storage,
respectively, while MNV infectivity was below the detection limit for rasp-
berries coated with A-carrageenan coatings with GTE.
Allyl isothiocyanate |Persian gum/gel- Spread Film/Coat- | * MNV titers were reduced by 3.25 log TCID50/mL and 3.00 log TCID50/mL 71
(AITC) atin blends P ing for 0.1% and 0.5% AITC, respectively, after overnight incubation at 37°C.
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