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Abstract

Recently, the use of plastic packaging in food products has caused consumer concerns due to its non-degradability,
long durability in the environment, and the release of toxic substances into the food and even the environment.
Therefore, the design and development of biodegradable packaging made from natural sources has gained
significant attention from researchers. The natural compounds extracted from food waste can be utilized to
produce such packaging. Many of these waste materials contain antioxidant and antimicrobial agents that help
delay food spoilage and extend shelf life. Some natural wastes also contain indicator pigments that undergo color
changes in response to variations in pH, carbon dioxide concentration, volatile nitrogen compounds, storage
temperature, and time changes in food. These pigments can be utilized in the production of smart food
packaging. This study reviews the types of food waste that have been used in food packaging so far, along with
their active ingredients and their effects on the packaged food. The review, conducted from March 2024 to July
2024, examines 203 articles sourced from research databases such as Google Scholar, ScienceDirect, MDPI,
CiteSeer, Springer, the Scientific Information Database (SID), and Civilica, with 99 sources being included in
the present study. It can be concluded that the natural wastes, which are widely produced and discarded around
the world every day, can be utilized for the identification and extraction of bioactive substances such as
antimicrobial agents, antioxidants, indicator compounds, as well as protein, polysaccharides, and lipid
biopolymers. By utilizing these extracted materials, safe, affordable, accessible, active, and intelligent packaging
can be produced, enhancing the quality and shelf life of food during storage. These biodegradable packages are
proposed as a viable alternative to the current, problematic plastic packaging.

Keywords: Natural waste, Food packaging, Bioactive ingredients, Natural indicators

How to cite this article:

Bazargani-Gilani, B., (2025). Natural waste application in production of active packaging for food preservation.
Innov., Food Technol., 12 (2), 212-236. https://doi.org/10.22104/ift.2025.1537

* Corresponding author: b.bazargani@basu.ac.ir
behnazbazargani90@gmail.com



@ DOI: https://doi.org/10.22104/ift.2025.1537

: VEY ol FIY-YYF amio oF o,led V¥ 0,50 didé Cario )0 waz sla s glid aolilas crlmghizgolojus

ARG
duleniging

Sagro Yo
61085 (gl Jlxd sld gusudiun ddgi jo rub Al o )5

GJL).C d‘g.o

TSNS S55L 5l
olnlcalaes i Jegy olXails ¢ Sl 0aSiils ¢ olde olge 2.5 [0S 5 cadilage 09,5 oLl
OFXYV i pmdy Zo )b VEF VYY1 S50 &, AF-YNYIYE )l 5 ,1)

RV

9 Sy e 5o (Ysb plys 5 pdiaies pae o (lie dlge j3 (St slagandia ) eslinul ol
Gl ez bl oad (BaiS S pae SIS cage i bame (S 5 38 (9,0 @ (coms Sl (5lusli] (izren
s olyen LS ety JLiel b Gy ) Gl b sliie b pdyce 59 Sy gganain ol 5 (b (SIS
Ol 5l ol w05 eolial (lae Slse lanilonsy Sl Jol> (b SLS 5 5l Glgies agandin g9l s sl
oIy lie olge sl p3 22l coge Wil ge &5 Aes (09 )Seend g SlaraSI T SLS S sel> dadileny
sl PH ezmen Sl eSOl b oS sites 55 ,Slis gladilass; gol> wluls g5 opl wish byl 5 Baile
Slge 50 diadoa slagandivg dg ;0 wilg e g w300 S5) i Gloj g Les 18 (Fhgrs DS 5 n S aanSTiss
5 byl 0350 cole g5 uizren g 2l Slae (gamaiy ;o aid, IS4 sladileny glgl GLilgl (pl jo aig, a4 Hlde
oloaiad Lilsl 5 las il (6 pslanz (Sl g oo by cilonls nLis 3e5 5| onii i olié oole o aF _ole>
Cite- .MDPI .ScienceDirect Google Scholar 55> gz slo,gige 5l alie Yo ¥ oloxs AF+Y ol ,Slgl L VF-Y
e A8 L] s 5145 0 anlllas g 2l KL 5 (SID) alEitsls sl ole ledbl 55 0 oS,1, Springer Seer
5 st Loo jo gloo puS jsboay ailjg, a5 el sladilony 5l aS cnl cpl Lol> dalllas 5 jgle ) 28,5 118 oolail 5,90
“ sk T b yerisn SN ST ST oy Senad SlaS 5 i Jlden olge (lgi o g oo diy 90
5 JUd i 0 poyyg i iyl Sl sl 50 b 5l s 05 lsl 5 Lol 1) o) 5 s 5L
clie (2350l plyce POl Slagandt (ul 3 p oxte (2138 Sle B Wle 3l g CodsS Lads gl aretige

s g Sl 335 (Setdly Gally slasaaios ¢lsd sl

b (5 ;LS (b § SlaS 35 (108 Slge (Guivdinm ((sramb (BAlowny 1 guulS sLrolg

b.bazargani@basu.ac.ir : Jgiwes odimys
behnazbazargani90@gmail.com



VEY lie) YIT-VFF amis T o,la VY 6,90 Jid Corio 45 dyazr sl slid aslilad <> e
proey) La aS Sl (SS9 LchMjbfd) 69l" L&:‘.\jl.c.mi doddo

wlgiee 5 Wgdioe S5y S e (@lie eole Lalyd
) 0aiiS G s 4 i oy 5l 1, iado ledlbl

1#] AR o
wlgi o a2l lge slasilony ool Slalllas 3.l
SCB L gl (gl s 0 (ol SLS S
L L3l o olie slge ganain Glp ollp sle
gl g 53 Olsie ST 5l 51 oS (5 59ba 5,13
Shllanl g oolital wietgs 5 Jlb slaganaia
IA-#1 5,5 00,5, 1) lié Slge o0l 00iS'SS pas
b slosilony glyil (Brme 5 5500 4 (Sl Slidlas
olshlasts o olae slge sl sananng o ad, Sa
3,90 alony glgil (Byme Bua b gyt Euii o)
el lym g (2l Slge slaganatay )0 ool

W )Lc] ol gdindine glde o LQQT

G (g, Y

Sz Soygige 5 ol Sladlas (pl o
MDPI ScienceDirect .GoogleScholar ,.L»  _alixe
sl oole Sledbl S 6 oKL Springer Seer Cite
-03lgaulS el oo solatul Kl g 5 (SID) 2Ksils
5 1 Caio (ol olge slaailows L Lise slo
Smart [Food packaging .Food waste ,li (gosodims
JIntelligent packaging Plastic packaging.packaging
Yeoo Jlo sl oYle s 48,5 IS o, Food additive
alie YoV olass g 00u 3 5 ((omad VTV Joleo) (s0dee
eSSl B g (o) slagly & CLS Glaze 1Y
Oleie 4 olgie A9 el jo g Wald pwyy g addlae
sloaianl Blgl 5l cdled cnl o solinal ol alis
Jsb 4 VEeY L oloys 3l b g LT VEY L
395 5 Ol (ST gsdee Conal Sz 4 welxl
axdu b calil g8 g al, opl 0 slalie daslhs
5 @i olge anaing ;0 (anb Slasilons I sl
wlo 5l dae o layl 5l Jol> luS 5 ol il b ol
w2 0,80 alites sla Lo 1o Lis e5sS Ll suste

I )IoaSS 5 oS bax e (I3 Sle (ganaia
T 950 9 S cshee sla )yl ply o lae
Glaganaig 5l GEauS G ras Ol Uaml o) el Lol g
Bsetr Gl 9 18 Bl (Il Gy 4 ol olge
s £95 90 Liwly aed j0 el 4Bl iulj8l T olud
S92y 4 waelign 5 Jld slaganaiay slapl b su
a4 oasailal Bl 5 o Jld slagauaias o [N wlows]
czge g o3l iSly 1ae (Sgye Jelse b sty
gy o &S Iy IY] wss o o g Bule Ll
oSy lag Bkl laore b oadiong;dl oluS 5 caiadise
ek Y] was o la 1) o7 cuas g eols
Ol Ced (g piydllal i pols Jdoa olend
Joloe Blie ;o calie Canglin wwss ol culls
5 shol ool plgiear los s jsboay (Sl 5 lame
ool Lol sasland,y (IS 4y ol olge gasuaiy jo lal
lodlil izmed 5 Gndyizs pas Jodoa SluS s
oS OS5 Sl Sy Laze 9 188 (39,0 4 (go Sl3e
b e b s yorlg 5l oolatl ol b [f] siten
sloody Gl @ Gl Pl Loy
a9 g0 Jleas 2l Slge Slagunaiog 3 oleerd

ilas 818

oo Blo y dood docntisy elol nlas ol yordisn
o SlS Sl sle Gpdicn BElun) el L
M olge glosilony I Jlia ailyioe 5 aitus
ook popdle 0] wgi solitul 65,58 gzl el
SalaS, 5 b Jogidl glgl I eolaiul ( olewds
S Sy Ssrte (s Ble Rl jslaieds a5 ol
@l Slse laganaie gilusiedse 5 >
"o QNS Sras 0 2oz 5 e Sl crge
el leaileny a5 wieo oo ol Sllllas aig
SRl g e aS Wi SLaS 5 ol (238 Slse
gyl ki @l olge sla g0l glyl sl onlis
Y] RV PR YR AL SRR E YR CE-AE SR E YR TR P



Y10 b sl gana

S S50 ke

O
039 Loy Lo b )55l (al slaggonatoy g5
ol Gelple e Goytes 0 g adionshe
0 Py (Sl sl ganaiog glgl gl (omlio
5 ooliiul vyse anb ladilewy (S sk aisd
5 Srowkn aiwd 90 4 Glyiee |) (2138 Slse (e
12,5 e (6 yoly

oolaw! S50 ‘5,0.».1.»).»; @u.».b ‘SLQ..\SM. yY

& 1ae dlgo gaduaiws yo

e Al ) Y LY

, (Lycopersicon Esculentum)  58a>s8 Sassly,
90 (AL (K Pz S Sl o0 05 g Juime (g
Jodor g el pladl gl ady; ol oS S slaydi b sl
S e pllin Bl 0 d92ge S8y, laons
Sosde WVO sga> N WS o adg egabasl
L ol s 9s8ee wds Olez o aldle jsbay (S5 3axsS
Lo o e a4y o5 e Voo g (gekes T 0900 wlgs
Kz S Jeame (nl GBASSads i o)l
Al 4S5 g S el ousie YL

SPaxsS adgi Glime (Come 0l WIBIL lojen
9 Ogekeo 39 51 &5 (gsbay il (gogmo Wiy, H5uS o
Sz g @ WWVE Jlo o o5 e 4w 5 o )lex
(o8 slaglinl Gl o (848 Lol (BassSaly
sl 0 5 ames (B8 olmlydl s pleS ilulS

D] wlosls olais! sss 4|, Joass ol
Sl ST 720 5 i oole 1D gl K daz S
SAT N Shaweg S 08 ¥ gy o5V Jyare
YYY Gind a8 hee YF oendS o5 Lo VY a5l
lilas SepsSol sl 035 oo VY 5 oely 0,5 e
el gyl (K845 ol i ool )5 Vo
wiile laieabys 5 035 (8] 5 phud oS i Sane
Jyame ool 50,8 S, NYlso E 2> gA B C K
‘_g‘)\o as 0dg u;}S.J Lgdi‘..\ii) <YL 6‘93-’“’ J.:J»)A.g

sloslony (nimly & Swl odd (s g3 o
ol ezl Lis Ll 55T 50 aiVle Ygare a5 ansbs
929 lagl o)y (aBs b IS 5 wigh o oy 5589 &

g gy g asdlas o ls

ey g b ¥
Gy"-lé .>|9.o ‘5&..\3&.“.3. Yy

Oxbpges 3l 6 S ol (g Bl (ldl el S Lais
& bl aboajl (Jpazme Sluls alS (roizres
ojarel gyee ledd plie olse il un
“y Elgl plo 4 Cod 500,508 0 )8 laSid
3l olge ol aSpl a4 axgi baiyls oldé olae yo by gus
YL G ran Coge lag)] 5l eolanul g ooy ot i
ibnas G55l ple glyed Jed glacssn
2 ol Gl (i ol gy a dlge ol Limle,
bime & oo gloalpd ilodlil 5 ) b
Slga HEALS G an 10 oz by SIS wWigd oo SILI
ilosysl dszgar ey bzme ollategs 5 laé
RN @ podiygshe (el Gamdtug ag Gl ple
g 09,5 L ) Joame CodsS Wlgh a5 e ytes;s
A4 6r9r8 5 3V Sl wams Gl o] Sl
A gy pudas ol Slge slaslons [V 0] o) e
o emha Al s alle deals iy (ogme s
3> a |y lalde )59 70+ U Y 0 g Qi o kwd
LS 5 ol 2lde dlge sladilens a2 o olais
ool 5 asd b daeigde b )l Jdlon;
5 Sl G Shy Gl S e &5 st
TS ;O Wil o0 45 009 (k25 JB (g9, 5eend
oeen L] We a5 a4 L ol sla
s 1S Vs a5 o ailomgii] olid LS 3
Soailony gl )3 35250 SalliSS) (lsieas (elijln 5
090 Sl Gy w45 03p alie olge
3 Meder slapld Gloe 4 g WS 13 b eds
e daplold ol jshaieay (lae Slge (gumpainy

D] wgs a5



VE-Y Gliese) TIV-YYP axiao oV o)leds Y 0,90 Ji Cain jo o slag,5ld anlilad

Y\#

&S sl o] Cangy ( paxgS Ko wluls s )
9 oS doadsigdls ( Joib DluS 5 (ol polie gl
osle LJJ‘ )l oolawl .ol F/F0 ‘Uj pH 9 Sl <C w.,oL,_pj
oSl 5T Gl 3 -0V il Coge Wil o
“lailes plpiear Wlgiee cnlply wod ol Jyae
L) ‘Ls'-‘*’; SYgame o LD‘S.:).? OglienST oauss
iz [V ] 598 soliul o)l (5,518 o (5 10aS5 Jobo
Sl 2 Ol (S pazsS Al Lol (55
S sl le olssa (S slags,
LS5 ol g w05 colaiwl slued slaglos
ey, ot g 6 Baile 045 Sl sl cools

Ive-va ] ass o ualiél 1, (S1,55

T 90 (K 34z S gy Jolonol g Jolone yod ggeme
4 Jolomel yd o 4S5 sk el 0ad 035 (eSS
Slgs oo Slowsy ol calplis sl V Ve T Joloee 18
a5 Ll e 2lae dlge jo pud 5l é aie SO lgiea
S5 S g PJoles 5l (K 34255 Canagy b [V 05
> 3 8L (6 Sl sla Sy dgue o Wl 0 g 00l
LYYl sl s olié dlge U5 Clgnio 5 o oS5, julai
5 OleeSTtl Sl e ate S lgiedy (KpazsS ol
Lol grlae Jotb DS

slas a5 ws,S Wl Ld oldlas s ik
o9y Sl el (K58 az oS Al (18- Jobh) (ASlgpun
5 1y ST 5T Sjud YL gl 2l 5l
-l el gl ol oles ses 5l e las ple oy
09y 4 bgye | (SKjbaxsS aliy olac oS
5 PSS (S ohgd) baadensy)5 s LS 5
PRRRYCTY IR EXVTE P E R SUP W KWW R R PR ¥
I¥o YF1 () Jgo) awsls o W Js 365 55

S ezl gladllas 0 VoV Jlo o Koo 5 (JS65
koo by olyer & (S axsS Al ojlac a5 WS

el S plpsar Wlgioe wsd pulel gl 0ye
B ‘S'L..o...w 6[.%0”\)‘@.&'0 9 Lmo..\.?)bc\fd 6‘,» WL..A

e Josu lals e (LSS, Y158 ele ald

\0/
3 ededd med 4 il 298 LB @IMI&T GO0 PY:
DY) w8 o cdadlone ol5T Gla oo, blis j0 o
9 o wry gelai Al lesygld ol Jlisa
-a>4S e .\3&60 u_tab ml (Jgazo O.g.‘ 3 Lbu;».wl}
wg.v 9 u] 44.;‘0 .b}lm cﬁlj )o c\S .)5.«.4‘50 oJ...oLv é.))ﬁ
Iyl el

glpal 0926 (KaxsS o8, 4 axg b (IS jsbe
dJLm P)f?u \N‘ . Ls VO 09..\} ‘Jsm U"‘ 6&00)5‘)5
STCRNPRSIE NI PR NS JEW
wdslcasods  sla yo)l55 b Lyl Sed oo Ay
ol S5 Slaoyas Lot (SpersS Sluls
9 Jﬂ;}d.o} sw‘é).w JL»AJC\J as 0092 /Y’A )| u,u.»_w
)I )L.,u).w aS el als 9 s.AJlJ ‘SLQOJJLN_‘BLS 6CM9.’ 69[}
S (68 08 Al g bl (oyz ontsn
sL‘bu...i.ujj.) ssle 6JM A‘B.n )l ‘5& 9 00g) (09.3.4 w;)
s B el JopsslWl i alegnelns
3,08 (Gl CaoB g 00gs L yiwd s Slelas lons ]

g aol

3 Bl2 bty ady (SKparss i Koo 08
S e (SpaxgS als [VY] il cllgs glae
CobeS Sl B9n s i8S (S sl
slogetign plo b amlie JB wlowy cnl (o859
mgiel 1 g odslowsdy Cldlhae B g 009 2L
oI i sy wile (5y500 lae]
A Spaxes ails [VAl el bl 5 opualislS
als Wby )l oy ATV g ufign AYY ol
VFL oS cwl (Shex slagses; 5l jLm (S5 paxe8
g gy wilen ams e JSas 1y ol S (5
Selgrdacal Jolts (S84 Al oy slavsl
NCARYYADRE WCIR IRWNINVA § 772 WE SETNIRVN NG 2777 9)

DAl ol (1F) S llonl 3 (510) Sl gdon]



Y\Y b sl gana

S S50 ke

O
1051 30 S5m0 msSel jod WS, a5 WisS Lbl5S
> kel 5 Dl 50,8 S5 olbnl crge (5845

IYVIQY Jgaz) 0 55,9885, slammmogms 50 5L

S 53 s eilul o] > byl s b ogd
Sl Shg 551 » (SpazS Al olac qab 5 K,
(I Clysde 5 5y o dl) ool dsS
65 Sliime emen VPl cotls anligs 6,50

b slo Al elsil sains JSis olge Y Jgo

Table 1. Ingredients of natural waste types

Waste name

Bioactive Ingredients

Tomato residuum

Tryptophan, Lysine, Phenylalanine, Glutamine, Aspargine, Lipids, Enzymes,
Carotenoids (Lycopene, alpha carotene, beta-carotene), Ascorbic acid,
Flavonoids, Lutein and Tocopherols.

Pomegranate peel

Ellagitannins (Punicalagin and Punicalin), Gallic acid, Ellagic acid,
Proanthocyanidin tannins (Procyanidin, prodelphinidin and Flavonoids),
Hydrolysable tannins (Gallic and ellagic acid polyesters).

Apple peel

Hydroxy cinnamic acid, Di-hydrocalcon, Flavanols, Anthocyanin, Flavonoids,
Procyanidin, Caffeic acid, Glycoside cyanidin, Catechin, Phloridzin, Chlorogenic
acid, Phenolic acid, Quercetin, Glycosides, Phenolic acid derivatives

Cucumber peel

Flavanols, Proanthocyanins, Proanthocyanidins, 24-methylene cycloartenol,
Phenolic derivatives, Oligomeric and polymeric peptids, Organic acids.

Red beetroot peel

Lysine, Leucine, isoleucine, Methionine, Tyrosine, Proline, Alanine, Betalain
(betacyanin and betaxanthins), Saponin, Tannin, Alcaloids, Flavonoids.

Corn zein

Non-polar amino acids (Leucine, Alanine, Proline and Glutamine)

Gelatin of cattle, poultry and
fish slaughterhouse waste

Essential amino acids (Glycine, Alanine, valine, Leucine, isoleucine, Methionine,
Phenylalanine, Tryptophan, Proline )

Fruit peel pectin

a-(1,4)-d-polygalacturonic acid
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Table 2. Methods of natural waste using in food packaging

Application types in food packaging
Natural waste types Waste name Film Coating Food formulation Extract
Tomato residuum [27] [26]
Pomegranate peel [48-43]
Non-polymeric natural Apple peel [55] [53]
waste in food packaging
Cucumber peel [62]
Red beetroot peel [73] [74,70,6 5]
Corn zein [80-79] [81]
Gelatin of cattle, poultry
Polymeric natural waste in and fish fllvzl;gt;:terhouse [90] [89]
food packaging
Fruit peel pectin [96, 70]
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Table 3. Extraction methods of bioactive components of natural waste

Gelatin of cattle,

Waste

Method

Fruit peel
pectin

poultry and fish
slaughterhouse
waste

Corn
zein

Red
beetroot
peel

Cucumber
peel

Apple peel

Pomegranate
peel

Tomato
residuum

Extraction
(Maceration,
Reflax,
Microwave and
Ultrasound)

[74-70 68
6.,5]

[64-59]

[57-56, 53,

51]

[48-42 35]

[26-24]

Enzymatic,
acidic and
alkaline lysis

[90-88]

Sedimentation
with ethanol

[98-91]
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