v

M'J'L,-{L‘..!x/‘;-‘b’lﬁ-"
Available online @ www.jscw.icrc.ac.ir . «.-...\.-..'.\ —
Wiisy of cence Researh an ehnobgy Journal of Studies on Color World, 16, 2(2026), 203-219 et e Coo e
Institute for Color Article type: Review T, SCWRICTC. b

Science & Technology

Antimicrobial Coatings Used in Food Packaging

Sousan Rasouli
Department of Nanomaterials and Nanocoatings, Institute for Color Science and Technology, P. O. Box:16765-654,.Tehran-Iran.

ARTICLE INFO ABSTRACT

Article history:

Received: 10-01-2026 Food safety has always been a major concern in the food supply chain. Today,

Accepted: 04-05-2026 foodborne diseases and ensuring microbial safety in the food industry have

Available online:08-09-2026 become more important than ever. This article reviews recent advances in
. antimicrobial polymer coatings and their role in minimizing microbial

Print 1SSN: 2251-7278 contamination. In this regard, the types of coatings used in the food and

Online ISSN: 2383-2223 packaging industries and their antimicrobial mechanisms are evaluated. It also

DOI: 10.30509/jscw.2026.167755.1277 evaluates various antimicrobial agents, including metal nanoparticles, plant-

derived compounds, and synthetic chemicals, in food packaging systems. In this

regard, the advantages and disadvantages of each category of antimicrobial

Keywords: coatings and agents are investigated.

Polymer coating

Packaging

Food industry

Antimicrobial

Biopolymers
Synthetic polymers
Composites

.

Silver — Copper - Zinc oxide
Essential Oils — Enzymes
Plant Extracts

Quaternary ammonium compounds
Triclosan

Corresponding author: * rasouli@icrc.ac.ir

This work is licensed under a Creative Commons Attribution 4.0 International License


http://creativecommons.org/licenses/by/4.0/

WWW.JSCW.ICIC.aC.ir 3T (gw ywsd
629U 9 wliins (egle w)ljg

A Sl

Jesarnzl of Stadies in Color Waorld

WS CWLICT 0 1T

&;, ooy TorF—T1 Y (1F0) IF /S5y ks 33 cladliao sale 4 yid

Sa90 Wlo g8
N7 (o yiuwsd

‘SSI.’\S’ Sgo (gvdims o soliiwl 090 @5,@.,\..5 LI TY

Sy g

Os\-ﬁb

slecs)lozs 0jgpol 5 0390 (e 0puznij ol yo0 (ol Sl IS I (52 0)lyad (e Soniol
520 Oloj 2l i (T molio 0 (o195 (o] e 5 (U Slpo 0l 3L
(T L2 5 s ok (5 pandy sl iy 1o i (loc iy wtllio Sl ol 48l o]
Sy (sla iy Sl dily pl jo A o s |y s See (SO il Jolu 4y 0
Oeigrad S5 o0 i) ] 19 Se0dd lo, B L 5 (st 5 UG ilio o oolize
o 5 Gl jl oddgiie loS i w58 DNSpl abox I wilie ogpKous Jole
colro g blio dic]y pl jo digd co )l i€ (it (slopiucs 10 £5iae ol

il o (i) (P9 Pk Jolge g Lo yidisy I diws o

alio OledMb|

llie a5
VEEN Y il fl
VEO/YNF il gl
VE-O/ PNV 5 Ses iSl &go &y s 5
YYOV-VYVA s ol LLs
VYAT-YYYY ¢ Sy 250 LLs

DOI: 10.30509/jscw.2026.167755.1277

(gols saojly
Sroeh Gig
(G

S mlbes
S9SN ed

Corresponding author: * rasouli@icrc.ac.ir

e yoal
™ 3 9e0lS g9

"

S$9 anl — o — 0 )

oW 0 las —m 3T — (590 OF9)y
Ol 39 5 — (555 9195 pawigel SLS

This work is licensed under a Creative Commons Attribution 4.0 International License


http://creativecommons.org/licenses/by/4.0/

Y-0 SIAL Slgo (g iadimg S 03LaiwnlS )90 (519 )540 335 (S Yiudigs / (Sgaw ) (ywgan

wed lis el (egian b (b (09)S0ead Jalse 4 S
Joloe il Wlgioe o2 ek okt g5 nl 2 ogdle (V)
S e olmy] Libloes gl oSy old 1y iS sy |y gy Seeis
@oSeens Jalse o Shee Sl ) el )ly Soe Wlgioo oS
slroa ¥l s slo Ty el wcudy opl 4 08 cladlrs
Gdgy (n Fomlie SBl 6l Gre e S 50 35790 (29,500
bl pe Sogll F5e JiS lp eSeens bole s
Gl 9y50 (9,50 Slasin b (hdg QLRG0 S el
s g esls Ll 1 olié Slse iey] Alg e FanSays
G 3l S ) wailey Pl a1 15851 (280 lags e
Sladels gyl (po by 0 (99,5 mend slagiby lasn)lS
LS wdl S B2l5 Jals 45wl o ol ol o eslitl o g0
P gy LIS g (age T oy wb A (XS
el

oolitol g a2 mlio ;5 oalitil )0 slagiuigy dlio ol 4
258 o 5B gy 9550 Wil 40 (09, Semns Lalse ]

&leo 30 (29,50 g pouly Gl gy glgil =Y
‘5.3].3..6

@95 S ol o by Gl gl () 4 250 )
e GBS 5y 1Nsd (oo e (ol 09,5 A oS 35l0 o0
Sl g g (Eyuan Gl GBS 5 (rmb (Suns pordy
25 b s e

b Lol aly p o dicdg —)-Y
aiile (s @b 5l grmb (Shens Slosocly 2 (e Gla ity
o a g ead Flie el S 5 lls> (LS
355 G (29,5e0d Pl 5 S i B S 6, sl
Slr ongh lagids (al (A) Wlos Sl 093 4 1) g3k ax g
Ol Gpae sln St o o0lge 1) aitns wiedy )| 2138 mlio
S jlae b (BaiS S pa0 gl (soF Conws g 0ol gunail
olee 4 YL o15 ae 0 a5 Cul odd coge ol cpl Ladle
)90 53 2 SIS eoran (g9,50end Sla il slp el
S0 s ges dbml oleerd Ll g (et )Mk
slagidy Olyed & oo orb () Slayerh Ao
G lgee dgd o oolatul Slad lao S 0 59, eas
loyorly cpl oS o)lal (s3lghe Slitie 5 (Y5 el Ty logiS

3 Listeria monocytogenes

doddo —)
Ly el 039: 909, (2138 Slge (65leS St b 5bs 51 2
Loy oo)S 358 olge J3Is @ Loz )3 39290 (SleonaslE )5S
Al 3 g 5l ey g9 0050 IS 4y £4,0 oldé e 5l oolail
1ag olud 31 ol slas lom Byb SO 51 00,5 oo oolaul B, g
wolasdl b s Bkl g wilwilee Sl 4 ) (segee Cdl
ol hel Jelse 51 (S0 (V) a8 (o0 oo gl 0| (i JB
S gbr &5 Sl (shn b (l3é Slge (09,500 (Sogll ol
Jola Bisslom Jelse cnglaie diwly cnl jo ailonds 5ued
2l (oo Hiiptepie Loten] 5T (AT Ly o3 ¢ Migall sloaisS
WS o sl AT e Ml gl siz s L & as
S V) aiS e Stk |y qis 5 ool slae e aSk
U oty 51 osliiul lo_Sogll iz b ablis (gla,\Sal,
L oS 095 o0 A5 (it I 258 2 4 JUed (guainn Wil e
(1) 295 (oo (38 Slge (IS poe (MBI cge Laulyd oS
Sroch Glagids axug ey al 50 s 5 G2 Gosls o
o ale (6330 (53, 03 (P Slilee b oS Ceil (09 Ko
Jlesl @IS B9y 5 iy slaass (ganainy glapks Al
03,5 Jos Blol badle 0¥ G lgie 4y o yidigy cpl (F) Wgds oo
Slapags b boiites (9,5 5003 3 bl sloJSTsn LS 55
S (0 05,lee (929,50

S Jalge WS 51 (09,5l 6ok slagiig
Sl3gl b as S egias alrerd Slge 5 (b DL 5 5l it
Slr dlge cnl Wgd oo aiBle (groey Gl b lS 5 (e
9 o) ok s Gl RS ol Gl (9Send 3 Slee )|
Wl i i Slgo by olad ;5 ol ol (g e Lii>
Slodlr wile (gunain ro,Shs, ple b oawlis o ()
olad K dielisn laptens b5 Gloodly (5]
69,50, Oy a Jld oy (05,See0s 5ok S i
() 23loo il (29,500 S5 sl el 5 i

a5k 42 (8 olge b wled sl 0 09250 (29,500 Y] £33
SN oo 5l g Sens lagiby il n s b
5 LSl e ladisS alex I wilie lagunlS )l S
O (99,80us Jelge 4 S Sglite slatumlis dag B
Jodo sl (S Cute 05 las 2L (Jle plge 4 aamd o0
pS Gl SL L alio ;o wer Jslw ojlgs jLsle jo Oyl
@ e glis (Sslate a1y (LSy (950ead Jeloe 4 (e
Solite Somlan b Cuoglie Sl (oo (2,5 sladisS alin 5l

! Salmonella
2 Escherichia coli

Y:P-Y14 ¥ (16-0) 17 /K) sl ) wlallbe (ol & s



SIAE Slgo (g 3dadiung S 03wl Y90 (529 )540 306 (SO Yiubdgs /(Slgum ) (pwgan

Sl g %fl e 50 dgume Caeglie ol Leﬂ ol (> Q.g.‘ L
e 5ol Gus 5l ouds Giiee dlge 4y Ll 31,81 (gl ys 05l
S 15905 Jlael o305 s pH oolats 4 0L o (g5lwesle]
Lyl 5l Ysmnn 5l PH & aily plostS oisn il

(VF) 85l ol

by HT-¥-1-¥
Sl 5l oadiite a Lol K daml Sndll L) ooyl

20 n b (G slapedy 51 S0s (S slosd (2L
S ooy pled S o plys Jols i3l Lol il
L 90 slaos S5z Sy )0 bis e sleer Ul 5
S5 29 5wedd Codlad Sl il 055 ax STOVY) Conl pndS wiile
dolse S 5 sl ge Jolo s S lsie 4 Wlgie Lol el
b irms 2L b 53500 Slopssy oI laaenl siile (9,S0ns
Lf")" O)L\ uL?tJ).M.: 9 Lbow 6‘)" uLuJJ—‘ Lngw}: 09...: oolaiw!
ws.lo) b wsloads oolaiwl &r" 9 L_,;ml.,o uy}.azn CypoTeed g 03D oals
3 il Gllg anS Jles | 09,500 0y 5 eaiisy S50 |,
el s3lwslsl U8 ln 1y o il old S S
Ml 5,Seend SISy g 00, Jlowl ooy Jsb ) (9, 50e0d
) Gyt b ol yo o3I (la gy «Jlto olgieas WS o ol
O35l S Gstnize e 50 loaisS lgasl @l (s S
gl el (OA) wilesls plid did 51 ead e Lol
5 Casb,y polocaws 5l als b Sl lepids (25, Seas
S eSS gl slalid F3b 5 cdl L 4y oLl
5 J5 JeSts byl izash ) L wiile (ol Sludll sla it
3154.\.4 Lmu] .\.\;.mo‘s.o d::b‘ ‘) ‘5:9)&3..4&.@ é‘}o OMJ)AJ 6)Lwd‘)]
Slié 5 (g M) Sl o (o5 (Lo Mio) rogas (sl
Caogliie Jolis Lo T glas (1 2) g oo ool (55 Sia) by
el Lo 53938 (g s (p9,Seens 2l g b Sl
Olieb! (G216 516 058 J S c8o b wb oo (g5lwoslel 4]

D9l ol

O(H) o} OH
- O 'O

- e Ol

OH],,

OV oloyl jbsle ¥ s
Figure 2: Structure of Alginate (17).
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Figure 1: Structure of Chitosan (12).
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Figure 4: Structure of Cellulose (23).
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Figure 3: Structure of Gelatine (20).
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Figure 6: Structure and applications of polypropylene in food
industries.
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Figure 7: Structure and applications of polyvinylchloride in food
industries.
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Table 1: Several case studies of the antimicrobial performance of synthetic and natural coatings.

) Synthetic polymer-
Coating type

based coating

based coating

Comparison of
polyethylene
and chitosan

Polyethylene and
silver nanoparticles oil

Comparison of

polypropylene
and gelatin

Polypropylene and
essential oil

Comparison of

polyvinyl Polyvinyl chloride . ..
chloride and and triclosan PR ] T
alginate
Cpo orln)ﬁ;ﬂ;?enngf Polyethylene and Starch and
o) e silver nanoparticles nisin

Comparison of

polyp;ggylene Polypropylene and  Carboxymethylcellulose
silver ions and thyme extract
carboxymethyl
cellulose

Natural polymer-

Chitosan and essential

Gelatin and carvacrol

Type of
. . Results
microorganism

Escherichia coli, Both coatings reduce

Freshapple ~ Staphylococcus microbial load, but chitosan
slices aureus provides longer shelf life for
Salmonella the product (43).
Gelatin coating works as well
- - as polypropylene coating in
Fresh Escherichia coli, . . . .
strawberries Botrytis cinerea L mlcrob!al load and is
completely environmentally
safe (44).
Alginate coating significantly
Turkey L. GG EEES reduces microbial load and
meat ' yiog also has the advantage of
environmental safety (45).
Starch-based coatings have a
similar performance in
Cheese L. monocytogenes reducing microbial load and
are also highly biodegradable
(46).
Fresh Both coatings increased the
chicken Salmonella and shelf life of food, but
breast Campylobacter carboxymethyl cellulose

showed greater stability (47).
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Figure 8: Mechanism of antimicrobial action of silver in cells.
The microbial membrane is damaged by silver nanoparticles, and after
the particles penetrate the cell, key metabolic and reproductive
processes are disrupted (49).
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Figure 9: Contact-activated antimicrobial mechanisms (53).
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Figure 10: Steps to contain and destroy biofilms: from left to right, including adhesion to a surface containing an antimicrobial agent, encircling
microbes, growth of the formed colony, and explosion and spread of the colony (55).
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