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Table. 1. Inclusion and Exclusion Criteria for Articles in the Qualitative Sample

No. Criterion Description / Justification

Inclusion

Criteria

1 Search Keywords Articles must include a combination of main keywords such as “Smart Packaging”,

“Intelligent Packaging”’, “Active Packaging”’, “Sensors”, and “Biopolymers”.

Publication Time  Focus on articles published between 2020 and 2025 to analyze the most recent

2 Range scientific trends.
3 Publication Limited to articles published in English as the international language of science.
Language
4 Document Type  Includes peer-reviewed research and review articles to ensure scientific credibility.
Exclusion
Criteria
- Articles related to non-food sectors (such as pharmaceutical or industrial fields)
1 Irrelevant Fields
were excluded.
2 k?:ccl;szf Full-Text Articles for which only the abstract was available were excluded.
3 E?J\Zlifslentlﬁc Articles published in non-reputable journals or conferences were excluded.
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Table. 2. Description of Variables Used in the Regression Analysis

Variable Role in - .
Name Model Variable Type Conceptual Description
. Quantitative — Final price of the packaged product, considered as the outcome

Price Dependent Continuous variable.

Factor 1 Independent Quan_tltatlve— Represents the Ievel_ o_f technol_o_glcal complexity used (typeof
Continuous sensor, 10T connectivity capability).
Quantitative— Represents the level of functional added value (extended shelf

Factor 2 Independent - . L . o
Continuous life, antimicrobial capability).

Factor 3 Independent Quan_tltatlve— Rep re_sentsthe degree of use of sustainable and biodegradable
Continuous materials.
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Table. 3. Description of the Components of the Multiple Linear Regression Model

Symbol Technical Term Conceptual Description in the Research Context

Price \[;;E;Qsee?:{) Final price of the product that the model aims to explain and predict.

BO Intercept Baseline value or average price when all independent variables are zero.

Factorl, Factor2, Independent Predictor factors (technological complexity, functional added value, and

Factor3 Variables (X) sustainability level).

B1, 2, B3 Regression The amount of change in price for a one-unit increase in the corresponding
> Coefficients independent variable (while other variables remain constant).

c Error Term The portion of variation in price that is not explained by the model (random

error).
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Table. 4. Description of the TF—IDF Model Components

Component  Full Name Formula Conceptual Description
TE (t, d) Term Frequency log(1 + f1,d) Frequ_ency of a term (word) t In a document d. A logarithmic
scale is used to moderate large values.
Inverse Document Represents the overall importance of a term t across the entire
IDF (t, D) Fre log(N / df7) document collection D. (N: total number of documents, df :
quency - U
number of documents containing term t).
Final score; high for words that are frequent in a specific
TF-IDF TF-IDF Score TF(t,d) x IDF(t,D) document (high TF) but rare across the whole corpus (high

IDF).
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Table. 5. Descriptive Statistics of Variables in the Regression Model

Variable Type Mean  Median Sta’.‘d&_‘rd Minimum Maximum Skewness Kurtosis
Deviation

Price Dependent  231/47  230/91 14/62 192/05 266/84 0/38 -0/25

Technological

Comp lexity Independent  0/53 0/54 0/29 0/01 0/99 -0/07 -1/10

(Factorl)

Functional Added

Value (Factor?) Independent  0/49 0/50 0/28 0/02 0/97 -0/11 -1/05

Sustainability Level o ondent o046 05 0130 0101 0198

(Factor3)
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Table. 7. Pearson Correlation Coefficients among the Study Variables

Variable Price Factorl Factor2 Factor3
Price 1/00 0/91 0/78 -0/62
Factorl 0/91 1/00 0/68 -0/47
Factor2 0/78 0/68 1/00 -0/41
Factor3 -0/62 -0/47 -0/41 1/00
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Table. 7. Estimated Results of the Multiple Linear Regression Model for Price Determination

Variable Coefficient(p) Standard Error t-Statistic Significance (p-value)
Intercept 198/468 2/135 92/93 <0/001
Technological Complexity (Factorl) 51/204 1/784 28/70 <0/001
Functional Added Value (Factor2) 19/228 1/645 11/69 <0/001
Sustainability Level (Factor3) -8/591 1/573 -5/46 <0/001

Model Fit Indices

Model Fit Index Value
R2? (Coefficient of Determination) 0/921
Adjusted R? 0/919
RM SE (Root Mean Square Error) 479

Cross-Validated R2 (5-fold)

0/908 (SD =0/027)

(P < 0/001) sies lolino SLlS (g Lol Ll 5l oass ol
oaimsLis a5 (ad VAAEFA L plp Tos 5 (o pe Jhae

wlhold fole aw 2 Gl 0wt S al Cd

b oo goluly 5 60 ,Sas

5 Jo i g (e Lel L YLF
orizmed 9 (A) Joaz j0 &S (Jow (B) wmlpe Julow
8wl evmlie B (V) JKE 0 e Do
lyd ooled om0 JuSiS 1) gl (nl (oS slaaily

Linear Regression Coefficients

50 A1

40 A

30 1

20 A1

Coefficient

10 A

_10 -

factorl factor2 factor3
Features

Do gh (Gl Cuod 1 Fhe b jiin gl Aoz s eew S, Jaw colpe (V) SISO
Fig. 1. Coefficients of the Multiple Linear Regression Model for Variables Affecting Smart Packaging Price
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Sensors (Cluster 1) biosensor spoilage and quality.
-2016-2021 Sustainability and biodegradable, PLA, PHA, chitosan, Replacement of petroleum-based
a Materials (Cluster 2) halochromic materials; low-carbon solutions.

~2021-Present Chain (Cluster 3)
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Digitalization of the supply chain;
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ol 039> (nl (B9 (P, DL G () AdS)
GR350 w8 855l 45 A ol olSen )
g o Cgme b))l hol S e ik 0 e s
Gl 1 slie a5 ol ( 55,8055 (69,90 anlllas o
wla, Sl b (TT) Les-olej sloSw 3933 a5
oluls gals 4 ladies 45 (CO/olsh) o35
iy Oyt S eSS (N BT
S 0 ol ]y asleps iS5l 5 (golaidl
&S oo iyl g oSles jeme o lSee Y
oleeas 1y (Factor 2) «go,Slas 00938l 3,0
Jow 05 olulis g8 cwd cuie Jole (progo
2 Sygle» B e ) osgidl oih ol aS
olss ol 0,8 Canyaiil (7 a855) €omals 002
K3 ns Shae 5o Byo %00 iyl 4 wms o
2 sl s (Cugb, D3l lapls wile)
cedlad b, sgeodls  (glas Sles
e o el azigs (cdlol Sl g eSOl
050255 3230 oy bl slins 4y (nl (305
QR G,k jl caiSCGrae a0 cudlads &Sl 5 5w

sle)

Iy oo S o io3,l 4zl jo g slaiel a5 cuulcode
A2 oo 38l
sl S S Jawe gl e s Y

€l mhwr csle el | 51Kl s
2 (B=8591) g lslise Ll it 3G (Factor 3)

Ladl olselesl g 6090 axdllao .V.¥
6,90 axdllas S laie s € S5 398 diadigh (g i)
Sl (0L 5 ol 3,1 g YU (g pdvolud Jdoas) Jlows]
S 9 oS sloaisl as ols lid 69,90 dnlllas (ol o
S o B0 K0S b Jee s 6sKr iag,
1 2S5 o5 ail) loadl i/ Kan
o cpl sleadl, Lol s (i g0 bl pléol
Joe S (OsewS) 05 o e S,
(Adj. R? = Jlul 5 335 (o8 Lo o0t sim ey
ol ol «81)10/919, RMSE = 4/79, CV-R? = 0/908)
Factor ) «(5,sbd Sazea» a5 5,5 Coli oS jebay Jow
G Gl e (BS5120) e Jale st (L
03938 Lo5,» ol 1w el diedge godi
ad, 4o (B=19/23) cuie oo L (Factor 2) « g0 ,Sles
Glp b as aes o plad axdl cpl ojls L8 eg
Mals' | s ! (glS ) (S el el BB VL
as ol plis gamddgs Jdoo oS o e g ol
el ol gl Lol jgme dus g 5 sele LS
12)l8 392y A g3 slaadlh plee e JB
oly ol s Jow isysld jee 0 ol S )
Sls oo 1y 5l o e (Factor 1) « g sl
o S g (5,0l a5 ol olis 580 a8 Jow



VEF ool F o lad Y 0,90 did Cario 10 waz slo s, 9l aolilad : Yvg

(S S S S e e | eligr (Gt
) ojsm tul Gl LSl (ganaldss 5 55lS (e Jelos
Slge 5 gl KlaSus g gy Lol Gl 4w
55 S € ynall 00255 5 (S)5197 5 €y P
Gloddp 4 o5l daddly (pl ki & Lol fad
ooy slasjgliws 5l 4z LS sngar Sl g i
slaaig, 95 0 skl s iy cpl o ol plais
a5 090 0ol Lid B aigd oo yaandi 0l olulid ele
» Sk oole G ez 9 ik oladdl gl €S

e Jole o S0aSs b ddadise (godiug 89>

g 5 & asly 3 Lo Aidly ).

Hsyslis o ppme) gl 4o d an b

Plne 5 cue 3B e Ghagy Jsl andyb
9 elgr (Gadiey Cwod p €(5ysld (S
a5 ol olis (F Jgam) osaw,S, Jow ol anl JelS
lsad «(+51/204) o o L (Factorl) «s,olid  Sauoea»
Olse 8 1y 3 (oS aend g (58 4k woa 5
soba lel aisl pl ol ol Cwed st Al
N abey Ll Lulyee oS Ll mls b it
5 & e lyear (A Jgo2) aRas 5 )58
SENSor (o> S5y a5 wl Slulid oje> ol (Su b
S8 o1 55 ,o RFID 4 nanotechnology biosensor
oS 9 Vb aesS) cure Ol IS e (nl b
5 (olazdl 15 j) L oo o5 08 oo anb cale aigs
Olyeds 1) €6ygbd ((caaghy S ) (oole amsl> 2
Sy &y Sadish Gaidivg )3 33 ol S e
Cawbize Iy (] (K PO65 (69,90 axdlas ;o aiwlil
G o Sles b (T Lex pley glo S (0958l a5
Oty (9sS oo SWS Sluls pals 4y s a5)
g oaSBpan ln |y ol S, 555 s alepw ctSil
S e ol el 0

HoSloe Sid) g0 428 A b

€3 Sha 03533l 5,0 Cota 3 o gian pgo 403
Joe 2,5 a5 s yslid 5l a8 Sud b Lol ians
€55 ,Slas 03538l o3, aS ols Lis (V Jgaz) ygums S,

O ot oy (nl (&S o o)l el
adg>) Cpdyn Zocam ) Slge 9 S ML» aiS os
e Ll 688 (c2agh ol So plyear (F
ple a5 weo o plid ol cpl al oLl
Nl slasdl ghie b JolS jsbay 500 )l
O (S PO (69,90 axdllas yo el cazd sléol
Sl Ganate (Ll &S Cwliae Gl
A az,Sl PLA aiile sjiglS Sle b (PET)
woladl Ly 5l Lol ccsl ollas (Y aligs) ole
Seden A (BLalanie G lpeds (o5 o)
@isl ol oyl ol asby a0 Ll jem L as
Glcasdly 5 aeceny; Ghal ol G
(2l Glugez ;0 S o deep |y goladdl
5 wole HLaiS a5 ols lid iaedy ol slaasily
O A p Medgr il oladl LSl
Jowe Ll Slgiwl osloy 5 «g kol (g qLis»
(Adj. R* = 0/919, YU Lo <35 L g S,
shol S e gyslis a5 5,5 ool RMSE = 4/79)
A S e il o5 Jb e el cd
I R Y G
28 o o ler ele Sz o5 o s
plesl Coaw a0 (V adg3) (5,9l p Bpo 35 e
ahg) Hpmeodlds Sodlid o (Y ades) s)lnab b ol
ISy 2 0 & oo ol oanT el ol (Y
seeliaibse ol,Sen ;o aSl (ol 4 iz ol

el dig H92e s ()

G5 A g Sy B
2 e Jelse Juloxi g olulid Baa byl Ly
Slge Cato ;0 diedgr GaAe 6 05 Cwd 5 Spdy
L (&S5 5 (05 =55 2,500, S al » (ol
ged LI Slewlore 5 (225 sloasdl p)lez Jad ol
Cy8 L aillaiz b e )S ) Joo SO (oS 50 )0
aw oy olis aS il anwgs (Adj. R2 = 0/919) YUy
g «0,Slas 00938l 30 (g glis Sazo»  Jele
Cood Slps 31 LAV Lgeme &Kyl e



OLKen g sh ) amyas

Yvy : e g ailgld Souzn (ulel 0132 Slge diedign (s slas glis glabes Julos

ssbds deliah Gubaia 09> 10 Sl (sole 6T Cux

IS S Az V.0
5 Sk a5 ol plas cuddse b pol> egn
Sl Sz iz Slossdy wiedisr (gahaiuy )T b
5 €0,SLes» K5yl sulS Jole aw Jols lawg a5
D8 L gk (nl (o5 S 09 os Sulua €l
JB o i 35 5 (Ad) RZ = 0/919) YU Jlowy (s
€ okd Sz a5 o5 <ol (RMSE = 4/79) a>g5
ol oladl Sl s ey el S e
o594 53,5k 03938 55 M (lojen el DY gaze
ot o2k g yemmeooly Codlad PECTRRYCRNTY ol o
Wl Fade S oo W] Cad Gl 0 sege JeSe
Condly 9 «g lul» Blaal Hle SIS Lol (iagh
Jae 0 lul e B oo e «olaidh
S olpear €yl olulis b pljer g S
oo o5 an8 o G5 (AT Sl 13 Tme cale atss
Sl s ol il JAF s aiedigr (gaisdi
03,5 j3e (oS p 35 ,03) € 9505 ,9lid» b}*" al> 5o
aluslgt jex Lol wnl ool €l (5,5l al> 0 5y o
s ) by dlse b Lipe laan e 2lle ol
(W Js2) )b Jelow g (oogie 4l 55 J> oS
5 sale leiS a5 ols olas g 5,8 anl 1) A8 ol
abg>) alyan ) Slge Lo 4y () adg3) oS drsgs
SN 5 jpmandls Slapianms oo & Lles 5 (Y
@ity ooyl (nlply ol Jooo J o (¥ g3
a8 ool 4 g9 aw (nl 51 SG e 0 & wieden
Aagh 1l it 3 sl sl nise € ol San
Plr e Fotun G » & w5 gl Ko
Jato jomoeools 5 Blad el opziy SO 4 g ol

PSISER
99 50 5 soleiiny (ipgh ol sleadly bl 5
1238 o0 &l 22y 5,

aS el (FVAYYA) Sloliss g cdto o o (s,l0(Factor2)
Gl 3yl 58 pgs 4y 3 (6yglid 5l (Bl 03 Ll
b orgSwens wile) Jled glacalils a5 ams o oLis azily
algr» B o |yl pl a8 Ldow aies e ioliél)
Ol O3S oo s (A J992) €cmal 030255 5 (559155 ¥
paliae 5l IS > o 00 Shee 35,1 a5 ol lid adgs
Jeendls meblie oo 4y (b slaphd auile) S5
.Cwwl (transparency 4 blockchain draceability asile)
4503l 1) Jyame oS (gatains lp LS4 Il nlply
1, SOl cudlas 5 cJlol a5 oipaing (sl aSh w5 oo

okl () s 45,8 o b

Ole g Joe i3u (0 Sl Ml o pg 40
«DdeolieS ;0 p iy Pl Olae jl oolaiul 45T 0 )5
ol (Y J592) (S5 Joe 2)10 (65109 0 (shie il
CABAY) Slolise 5 shive g po S oloplis b ) 4o )8
oo 48l opl 0,5 ol (Factord)« s lul mhw»
Olredr je 6yl Gk (e Lulpd )0 a5 aes e plis
PLA (352 @dlge (o9 5olS Jedoan) (Slal «ansor S,
(SIS e B« by SO L sgd e AL (PHA L
Gl oY asgsy 10,5 w1, B opl s oS oo
Ol S plgeas (A Jguz) € pdycg socan; dlge g
olii ol ol s gLl e L gsd oiagh
Slosl jo aS) glul a0 cele Slaal a5 wao o
5 olatdl glaJoe b JolS jobay jomm (Sl H1S5 50 Sl
loais 1K 1L b mdy

FOLL 5 ple (2 15700) oyl 402 o b
L Sk ole glansy, pbvlen pigue ooz b
ol e oo sleanil 5l b il o golasl @l il
S Jd o a5 oleoje aS ol ol mls ol
ook LS n s el slbaysme plsear (5l )
st el lon Lids (¥ 5 ) asgs) wias olulis
9 oo mlpd on i (OgesS) o5 Sl 0 &S
ol (Factor2 4 Factorl) wols olis |, golazdl ,5b
5,50 p @Sl golaidl shie oS WS o ol ol S



VEF oleasl F ojlads Y 0,90 did Caio ;o oz slo g, glid aslilad : YYA

BEL 505 n lp roato 5 olSails wigy olwl ¥

) Cwie g ()l n S sk Ol
Side Slopge i 29 oo Sloiiny d(ane
Slse 3l 8 slp (213 glio g laelSasls (L
258 sl byl g slaan ja mals 5 sl cons s
cayd @ azg byl ol ol sl f
L Sl Glagsie osi oo sleriny ()bl e
slgsnain 5l a5 mlo Gly e bl
BUESESROPRUEL P -3 BN Y-SR YUV LW

20,5 e ey T SdeolisS a4 o SIS B ogl 4385

o9y Cesgans .F.0

Load S50 Gl i 92y b Giogh cnl jLael
Sloolaiwl (usgaste (p St Sl dxlge oo dgae
391 ,liL ox8ly slaosls slo ay oai giluad oS (slaosls
oS i Sledlbl yogaile joee g oy pac Jdoay oS
o3k 5 (eSS by Ve a4y (S (B (pgs 235 &5
3 e Sl (S 5 090 0gaa VYO LYY Sl
ool idigy 1) b5 emedSle Slool by sagas OV e
4 ;0B g 0 (bt oudoslitul gaw )T Joe pom ol
Ol elez oss JhL (et e g edemmy Ly, e
Sl dn SO Hlgiea 005 B8 yan )18, Juloxs 936 Jlagh
2 S5 waled 50 00 5l Ay )d elS eleizl
preiins (S pdyprens slp |y @latusgazs (Sl slaosls
Ol oS oo 3wl lpl (o )il 5 (oo Ll 4 S
Olgeas 093 @l jluel Cgx o (s el dacudgae
WS e Joe ST sl tegsy sl Ll

&L (Bl
ol oatd e B i s lawg a8l o)l SeS

> i ) )""\'p"
ol Gl o3 pelew g (Gloyad il Basn s
ol bl )0 e e b b jsbay a5 (g0l 8

.AJ')L)‘SA

sussl (s sidg 3y 9 (g s sLaoleiniiony N.Y.0

ol :6"5‘5 slaosls 4 b mf sloJow 31 eolatwl
wlaosls g (> e S, Joe I Regh
Sgd oo Slpidn 0,5 eolalul  cadgjluad
g5 o (o28ly gloesls 5l oolinul b ST slaiags
L (holas Sz wiile) Geitle 653k slap ;53]
ol duly ) (g5lu Jow 4 o8 as (sras sloasis
I e R R N

450 SIS aidly : (LCA) yoe a5 > bl plesl Y
sl e b ST sla zags ol las 1) g)lul o
iS58l (LCA) joe a5 > L5 L 1) goladl
wolaidlan s LS o Jaorecan ) o8l ania U
WO ol

9 ‘5.3 .Jl.u‘ » U’“’bjf‘ U"‘ od...:;.ﬁj.»a.o )Ld) L..l.?u AN
oy | Sladlae Sg oo Slgadin 09y 35 yeln (golalil
L TAM asle) 5,5ld Sopdy sl Joe 5l oolanwl b
2 b Ss gosl 4 slael maw 5 g)lub
DS s oyl

SRSy gl e addlae S ¥
2l lp Joo onl 2dioe Sloidan 09 35yt

L pH bl wsb) ‘5»9&.@ sl guia;ls

g 903l )l (29,59

b 9 2l sbrolsis . V.Y.0

oo a4 azg L R&D o wiadoe g a5 ale s N
i (Hgo lasles 5 mlie @ (sl VL
oS Giluey 5 dmug p AT Sebie
35 55 (RFID/OT)  obo, sbosysbd o anjons
Syl 1) golazBl ool o i (isw ol 1y s
slazel > Gl e leoibin] aas Y
oS Cel gyspo Wyl Jeted 5 00iiS S pan
&l (EFSA §FDA a,lis) Sgdw o slas laslinl
C85 5 (Olgegil ohga) e b wlad ;o slge ol

23,5 9 by K o Slos



OLKen g sh ) amyas

Yva : e g ailgld Souzn (ulel 0132 Slge diedign (s slas glis glabes Julos

[1] Gupta, S. (2025). Advances in smart food
packaging for a sustainable future. 10P
Conference Series: Earth. Environ. Sci.,
1488(1), 012117. https://doi.org/10.1088/1755-
1315/1488/1/012117

[2] Chen, S., Brahma, S., Mackay, J., Cao, C., &
Aliakbarian, B. (2020). The role of smart
packaging system in food supply chain. J. Food
Sci. https://doi.org/10.1111/1750-3841.15046

[3] Cheng, H., Xu, H., McClements, D. J., Chen, L.,
Jiao, A., Tian, Y., Miao, M., & Jin, Z. (2021).
Recent advances in intelligent food packaging.
Food Chem., 375, 131738.
https://doi.org/10.1016/j.foodchem.2021.131738

[4] Du, L., Huang, X, Li, Z, Qin, Z., Zhang, N,
Zhai, X, ... & Wang, Y. (2025). Application of
Smart Packaging in Fruit and Vegetable
Preservation. Foods.
https://doi.org/10.3390/foods 1403044 7

[5] Park, S., Han, T., Gwon, Y., Kim, H., & Kim, J.
(2022). Biodegradable and flexible nanoporous
films for design and fabrication of active food
packaging systems. Nano Letters.
https://doi.org/10.1021/acs.nanolett.2c00246

[6] Ahari, H., & Soufiani, S. P. (2021). Smart and
active food packaging: Insights in novel food
packaging. Front. Microbiol., 12, 657233.
https://doi.org/10.3389/fmicb.2021.657233

[71 Mohammadian, E., Alizadeh-Sani, M., & Jafari, S.
M. (2020). Smart monitoring of gas/temperature
changes within food packaging based on natural
colorants. Compr. Rev. Food Sci. Food
Saf., 19(6), 2885-2931.
https://doi.org/10.1111/1541-4337.12635

[8] Matthes, J., & Schmid, M. (2024). Biogenic Raw
Materials from Food Waste and By-Products for
Smart Packaging Applications. Curr. Opin.
Green Sustain. Chem.
https://doi.org/10.1016/j.cogsc.2024.100894

[9] Baneshi, M. Aryee, A. N., English, M., &
Mkandawire, M. (2024). Designing plant-based
smart food packaging solutions. Food Chem.
Adv.
https://doi.org/10.1016/j.focha.2024.100769

[10] Heryanto, Heryanto., Artasasta, Muh Ade., Tahir,
Dahlang., Alomari, Ali,, Partini, Juliasih.,
Akouibaa, Abdelillah.(2025). Development of a

&b
biodegradable smart packaging film with ZnO
nanoparticles and anthocyanins for real-time
freshness monitoring of shrimps. Food BioSci.,
69(106966)
https://doi.org/10.1016/j.fhio.2025.106966

[11] Bhatlawande, A. R., Ghatge, P. U., Shinde, G.
U., Anushree, R. K, & Patil, S. D. (2023).
Unlocking the future of smart food packaging:
Biosensors, 10T, and nano materials. Food Sci.
Biotechnol., 33, 1075-1091.
https://doi.org/10.1007/s10068-023-01486-9

[12] Achmadi, E. R. (2023). Strategies managing
smart packaging for food application. J. Food
Agric. Prod., 3(1).
https://doi.org/10.32585/jfap.v3i1.3593

[13] Kusuma, H., Yugiani, P., Himana, A. l., Aziz,
A. & Putra, D. A. W. (2023). Reflections on
food security and smart packaging. Polym. Bull.
https://doi.org/10.1007/s00289-023-04734-4

[14] Young, E., Mirosa, M., & Bremer, P. (2020). A
systematic review of consumer perceptions of
smart packaging technologies for food. Front.
Sustain. Food Syst., 4, 63.
https://doi.org/10.3389/fsufs.2020.00063

[15] Silva, A. S & ,.Jafari, S. (2022). The evolution of
food packaging, the active food packaging
concept and its current and future trends. Food

Bioactive. https://doi.org/10.1007/978-3-030-
90299-5-1
[16] Zhang, X., Wen, H & ,Shao, X. (2024).

Understanding consumers’ acceptance of edible
food packaging: The role of consumer
innovativeness. J. Retail. Consum. Serv.
https://doi.org/10.1016/j.jretconser.2024.103903

[17] Markevi¢iute, Z & ,Varzinskas, V. (2022).
Smart material choice: The importance of
circular design strategy applications for bio-
based food packaging. Sustain.
https://doi.org/10.3390/su14106366

[18] Siciliano, S., Lopresto, C. G., Lamonaca, F.
(2024). From traditional packaging to smart bio-
packaging for food safety: a review.
https://doi.org/10.1007/541207-024-00627-8

[19] Pereira de Abreu, D., Cruz, J. M.& Paseiro
Losada, P. (2021). Active and intelligent
packaging for the food industry. Food Rev. Int.,
28(2), 146-187.
https://doi.org/10.1080/87559129.2011.595022


https://doi.org/10.1088/1755-1315/1488/1/012117
https://doi.org/10.1088/1755-1315/1488/1/012117
https://doi.org/10.1111/1750-3841.15046
https://doi.org/10.1016/j.foodchem.2021.131738
https://doi.org/10.3390/foods14030447
https://doi.org/10.3390/foods14030447
https://doi.org/10.1021/acs.nanolett.2c00246
https://doi.org/10.3389/fmicb.2021.657233
https://doi.org/10.1111/1541-4337.12635
https://doi.org/10.1016/j.cogsc.2024.100894
https://doi.org/10.1016/j.focha.2024.100769
https://doi.org/10.1016/j.fbio.2025.106966
https://doi.org/10.1007/s10068-023-01486-9
https://doi.org/10.32585/jfap.v3i1.3593
https://doi.org/10.1007/s00289-023-04734-4
https://doi.org/10.3389/fsufs.2020.00063
https://doi.org/10.1007/978-3-030-90299-5-1
https://doi.org/10.1007/978-3-030-90299-5-1
https://doi.org/10.1016/j.jretconser.2024.103903
https://doi.org/10.3390/su14106366
https://doi.org/10.1007/s41207-024-00627-8
https://doi.org/10.1080/87559129.2011.595022

VEF oleasl F ojlads Y 0,90 did Caio ;o oz slo g, glid aslilad : YA

[20] Suin, S. (2024). A Decade of Eco-Friendly
Active and Intelligent Food Packaging
Research: A Quantitative Review. Environ. Res.
Technol. https://doi.org/10.35208/ert.1501449

[21] Abekoon, Thilina., Buthpitiya, B. LSK,
Sajindra,  Hirushan., Samarakoon, E.R.J,
Jayakody, Anuradha J.A., Kantamaneni, Komali
., Rathnayake, Upaka Sanjeewa .(2024). A
comprehensive review to evaluate the synergy
of intelligent food packaging with modern food
technology and artificial intelligence field.
https://doi.org/10.1007/543621-024-00371-7

[22] Sharma, M., Bains, A., Nagraik, R., Fareed, M.,
Chawla, P. (2025). Advances in oleogel
technology for sustainable and intelligent food
packaging strategies. Trends Food Sci. Technol.
https://doi.org/10.1016/j.tifs.2025.105325

[23] Yiceer, M & ,.Caner, C. (2023). Intelligent
packaging and applications in the food industry.
Gda ve Yem Bilimi Teknolojisi Dergisi.
https://doi.org/10.56833/gidaveyem.1329885

[24] Dutta, K. Forster, C.Y., Orlova, O. Y,
Dandekar, T., Skorb, Ekaterina V., Shityakov,
Sergey V. (2025). Natural polyphenols for
sustainable active, smart, and intelligent food

packaging: a structured narrative review.
https://doi.org/10.3389/rfst.2025.1604816

[25] Heo, W & ,.Lim, S. Y. (2024). A Review on Gas
Indicators and Sensors for Smart Food
Packaging. Foods, 13.
https://doi.org/10.3390/foods 13193047

[26] Fernandez, C. M., Alves, J., Gaspar, P., Lima, T.
M. & Silva, P. (2022). Innovative processes in
smart packaging: A systematic review. J. Food
Agric. https://doi.org/10.1002/jsfa.11863

[27] Pandhi, S., Kumari, N., Jain, A., Sharma, V.
(2025). Emerging technologies in food safety:
Al-powered, nano-enabled, and biosensor-based
strategies for rapid contaminant detection.
https://doi.org/10.1007/512161-025-02844-5

[28]Raahim, M., et al. (2025). Impact of product
pricing, packaging information, and brand trust
on consumer purchase intention and loyalty.
Journal of Management & Social Science.
https://doi.org/10.63075/jmss.v2i1.72

[29]Li, T., Lloyd, K., Birch, J., Wu, X., Mirosa, M & ,.
Liao, X. (2020). A quantitative survey of
consumer perceptions of smart food packaging
in China. Food Sci. Nutr., 8, 3977-3988.
https://doi.org/10.1002/fsn3.1563


https://doi.org/10.35208/ert.1501449
https://doi.org/10.35208/ert.1501449
https://doi.org/10.1007/s43621-024-00371-7
https://doi.org/10.1016/j.tifs.2025.105325
https://doi.org/10.56833/gidaveyem.1329885
https://doi.org/10.3389/frfst.2025.1604816
https://doi.org/10.3390/foods13193047
https://doi.org/10.1002/jsfa.11863
https://doi.org/10.1007/s12161-025-02844-5
https://doi.org/10.1007/s12161-025-02844-5
https://doi.org/10.63075/jmss.v2i1.72
https://doi.org/10.1002/fsn3.1563

DOI: http://dx.doi.org/10.22104/IFT.2026.8178.2278

IFT Iraniae ! n:;g'
U Innovative Food Technologies, 13(4), 363-382, Summer 2026 e
O

Research Article

Cluster analysis of smart food packaging technologies based on
technological complexity and environmental sustainability:
A case study of strawberries

Khadijeh Rajabloo?, Seyed Hadi Razavi2*, Zahra Emam Jomeh3

1. PhD Candidate in Food Science and Engineering, Aras International Campus, University of Tehran
2. Professor, Department of Food Science and Engineering, College of Agriculture and Natural Resources,
University of Tehran
3. Professor, Department of Food Science and Engineering, College of Agriculture and Natural Resources,
University of Tehran

(Received: 10 March 2026, Received in revised form: 03 April 2026, Accepted: 05 April 2026)

Introduction: Global food supply chains are increasingly challenged by high levels of food loss, short shelf life
of perishable products, and growing consumer demand for food safety, quality assurance, and transparency.
Conventional food packaging systems, which primarily serve passive protective functions, are no longer
sufficient to address these challenges, particularly for highly perishable fruits such as strawberries. In response,
smart packaging has emerged as an innovative technological solution capable of monitoring product quality,
environmental conditions, and supply chain integrity through the integration of sensors, indicators, and digital
communication technologies. Despite its technical potential, the large-scale adoption of smart packaging
remains limited, mainly due to uncertainties related to pricing, economic feasibility, and market acceptance. The
price of smart packaging is influenced by a complex interaction of technological complexity, functional
performance, and sustainability considerations. However, empirical studies that simultaneously quantify these
economic drivers and contextualize them within global scientific trends remain scarce. Therefore, this study
aims to analyze the key determinants of smart packaging pricing using a convergent mixed -methods approach.
Specifically, it seeks to (i) quantitatively evaluate the effects of technological complexity, functional added
value, and environmental sustainability on pricing, and (ii) qualitatively map the conceptual structure and
dominant research streams in the international smart packaging literature. By integrating economic modeling
with text-mining-based knowledge mapping, this research provides a comprehensive understanding of how
scientific priorities align—or conflict—with market valuation mechanisms in the smart food packaging domain.
Materials and methods: This research adopts a convergent mixed-methods design in which quantitative and
qualitative analyses are conducted in parallel and integrated at the interpretation stage. In the quantitative phase,
a multiple linear regression model was employed to assess the impact of three independent variables—
technological complexity, functional added value, and sustainability level—on the dependent variable of smart
packaging price. Due to the limited availability of real industrial pricing data, a cross-sectional dataset
consisting of 120 simulated market observations was generated based on theoretical assumptions and industry
reports. All independent variables were normalized to a 0-1 scale to enable direct comparison of regression
coefficients. Model validity was evaluated using goodness-of-fit indicators (R2, adjusted R?, RMSE),
multicollinearity diagnostics, residual analysis, and five-fold cross-validation. In the qualitative phase, a corpus
of peer-reviewed international scientific publications on smart food packaging published between 2020 and
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2025 was analyzed. Text-mining techniques were applied to article titles and keywords. After preprocessing
(tokenization, normalization, and stop-word removal), documents were vectorized using the TF-IDF method. K-
Means clustering was then used to identify major thematic clusters within the literature, with the optimal
number of clusters determined using the silhouette coefficient. This dual methodological framework enabled
both statistical inference and conceptual mapping of the field.

Results and discussion: The quantitative results demonstrate that the regression model exhibits strong
explanatory power, accounting for 91.9% of the variance in smart packaging prices (adjusted R2 =0.919), with a
low prediction error (RMSE = 4.79). Technological complexity emerged as the most influential positive
determinant of price (B = 51.20), indicating that advanced sensing and connectivity features significantly
increase market value. Functional added value, such as shelf-life extension and antimicrobial performance, also
showed a positive and significant effect on price (B = 19.23), though with a lower magnitude. In contrast,
sustainability level displayed a statistically significant negative effect on price (B = —8.59), suggesting that,
under current market conditions, the use of biodegradable and bio-based materials is perceived as a cost burden
rather than a value-adding attribute. The qualitative analysis revealed three dominant research clusters: (1)
technology and sensors, focusing on monitoring freshness and safety; (2) sustainability and biodegradable
materials, emphasizing bio-based polymers and environmental impact reduction; and (3) innovation and data-
driven supply chains, highlighting traceability, blockchain, and transparency. The integration of findings shows
strong alignment between market pricing drivers and the dominant technological research stream, while
revealing a clear disconnect between the scientific emphasis on sustainability and its negative economic
valuation. This mismatch highlights a critical challenge in the commercialization of sustainable smart packaging
solutions.

Conclusions: This study demonstrates that smart packaging pricing is primarily driven by technological
complexity and functional performance, while sustainability currently faces economic resistance in the market.
Although scientific research strongly promotes environmentally friendly materials, their costs are not yet fully
internalized as market value. The future of smart packaging lies in the successful integration of advanced
sensing technologies, data-driven supply chains, and cost-effective sustainable materials. Bridging the economic
gap associated with sustainability will be essential for large-scale adoption.
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