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Table 2. Food application of bio-based pH sensors.

Food Application

Sensor Material

3,90 (218 B3l =t /Major Results 3,Sdos /Function (Source/Type) 48 [Matrix
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*Films in contact with milk produced a
color change from grayish purple to dark
pink due to lactic acj(_j proguction; (acidic Sensitivity of the
. conditions); films to volatile
* Films when exposed to s_hrlmp caused a nitrogen compounds
color change from gra)_/lsh purple to . and to lactic acid Lyciym
Shrim yellow due to vqlatlle amines production; production through ruthenlcum. " carmageenan
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*A color response was observed in a pH
range from 2 to 12; o
*As a response to volatile nitrogenous Sgnsmwty of .the
prawn and poult compounds produced from prawn and films to volatile
meatp ™" poultry meat spoilage, films changed from  Nitrogen compounds Red raddish— Starch and
red to grey-purple. through pH change anthocyanins gelatin
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*A color response was observed in a pH
range from 1-10;
+Films che}nged their color from red/pink Jambolan fruit—
Not applied under acidic cond_ltlons to p_urple/blue anthocyanins Methylcellulose
b s under alkaline conditions. pH Vossls o550 ok e
I i odnlio VB Yy PH o350 55 (5, sl + i i
Oplamwgls
el lalyd 3 (gl 308 1) 355 ) lagls «
31 s oW balps > s 4
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* Films changed their color from red to films to volatile
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*» Foams with anthocyanins were .
successfully developed; * Foams changed Composﬁe of
their color when a pH change occurred; polyvinyl
« Foams changed from purple to greenish- Sensitivity of the alcohol, micro
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Shrimp and
promfet

gy (plog 550

Shrimp
$5ue

Shrimp
$5ue

Shrimp
e

Chicken and Fish
w2log &

Pork and shrimp
R
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« Films reacted to the contact with shrimp
and promfet, and a visible change of color
was observed;

« Films changed from purple to grey-blue
color aligned with the food degradation
W3l lis STy ©jiely 9 9% b (poled 4y o olid
A odalie dlo.\nl&a J)b A_<J) Fyve

0 s s Sl 4 Lt ] i S, -
sl cdyllae (olis dlgs B L
* Color of the films changed when CPE
was added;
 CPE addition affected mechanical,
structural, antioxidant and antimicrobial
properties of the films;

* Films showed sensitivity to volatile
nitrogen compounds present on the shrimp
container.
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* Physical and functional properties of the
films were enhanced by amaranth extracts;
* pH changes due to the increase in

volatile nitrogenous compounds caused a
color change from pink to yellow.
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Sl il gy
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* Physical and functional properties of the

films were enhanced by red pitaya
extracts;

* pH changes due to the increase in

volatile nitrogenous compounds caused a
color change from pink to yellow.
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23l Gl e
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* Physical and functional properties of the
films were enhanced by Amaranth leaf
extracts;

* Films changed color from red to yellow
following food products degradation.
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« Films demonstrated a color response in a
pH range from 5 to 12;

« Films changed their color from rose-red
to blue-violet when pH changes occurred.
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« Films changed from red to blue because
of fish and pork degradation

328 3l e (S3 cudS g (alo oS Yo eyt

Fish and Pork
S bS5 2o

* Films changed their color from, yellow
to orange-red due to ammonia production
from shrimp degradation

Mg S 4 (2506 50,8 4 5)5 5l lapld ST,
Ly Sn 55 1 50 Sligal

Shrimp
P

* Films changed their color from, yellow
to orange-red due to ammonia production
from shrimp degradation.

A > 4 (25)0 jo )8 3)5 il baeld ST, -
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Shrimp

* Addition of curcumin and sulfur
nanoparticles improve thermal stability
and UV light barrier.

* A color change from yellow to orange
was observed caused by shrimp
degradation.
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Shrimp
e

» Mechanical and barrier properties of the
films were enhanced by Amaranth leaf
extracts;

* Films changed their color from, yellow
to red due to ammonia production from
shrimp degradation.
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(Lithospermum
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pH change Curcumin nanoparticles
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Figure 1. Changes in anthocyanins structure due to pH changes, adapted from
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2 Casting method

19

A e B VL o old) wlb saslie 05 (50
3Bl el pH el s a4 S5 s (o ools
SIPH o esd 50 gom 5l ol &) SaSY ol oy
ouds wdgi 8 sl gl 3l (56 (llB 4y gapnsl Ll
4 oty 7S ) el VY 3, Ll e o
as ols las Gedzs gl oo oegdle oS Lo o)
adgi yo eolaiul glpolac 5oyl slacdale sloolarul
ogdle 3,15 o8 JLSlu (655 Sl g Cenl Sonlin ol
Orzed ks PH Sk 4 (o) &b p
@l 1y bl a8 wols (Lt g ol i collad
SIL oS o cnlio dilaiadign gonaias o ool
ook & gandiay Jud o Sles a4 adllae (pl o (Jl>
Weston et ) ol oais aisls y oldé dlge (59, peiins
.l., 2020
L PH & (ol o8 sl sl 528 gy 0
308 4z Gaimilbwssl Sl ¥y g analis 5l ens
Sl 5l o cbwgt 5l é o jlae ol oolaul
e o ks a5 Sley g 85 8 (LS (g,
PSS El S e )8 it e Jolxe
Sl |y s Slse plss 5 VY B Y s PH o550
50 b el edilews (g0 By, YL 4 ol assls
JEFNNVICHC SN AR JHPSIV SN
Slp g Lo o 30 (0,5 sole ax,0 Yo g ¥ (a0) wiily
w38 5l 0 ) el (i Jyaxe 9o 2
Sl 3wy ol s wiols sy (i -S>
Mo ilomssl oenlisingy 60 ely a5 09 518 359555
Lo ilonsssl b a5 (aj pogly 99 51 osliiul 055 o0
0 xSl ol 5o S el 5l aiS o iSen
Sl Gl me bl gileonEd s S
(Roy & Rhim, 2021)ccole - ylwgs]



VYo — A0 Lol VEY | b g jarls | Y0 Bylows /YT als/ thid pgliuo omrigeo Lo

sinbesl £ 9 550 9, odel s 4 8le 30,5 g abogé
byl PH Sl lgre a0 0,Sles o o] SUlgs b o
iy Ky e sl po g 5K lp e LA g0
SS9, T 5l ey a5 0l las 1 4yl
PH s Jlio & S5y Slysd ol hos e 40 bl
Jomily 450095 (65b 4 (gul lail jo a5 09 Jame
Ol 4 delign sl g ;o oolaiwl lpn ) oegd
sl plas olae olge olud gl PH (v S5, Sl
.(Ahari & Soufiani, 2021)
L bopabastl b baliSs, (5 ok 4
PH & Colar 5 (09,8005 5 GlanS | 3T sl S5
S A Slapn Slp () S ESlo 6l
Gl feedd (Jl ol b st canlie alacadige
] (0o )L».m.: )imal.o.’ u‘}».c 4 oolawl (5‘)" Lbu]
el a8 atind wlao Lo bod &l poss 4 Loyl gis]
bis onlply g 09l o0 Jpame (2505 238
3.:).70 4 oo YU slales R 4o )L..M.) Lmdi LS)“‘\'.’.L.f.
g oo Sloged log] amis j0 g 09d oo o uiliwgis]
oslln o] )l B sl Sl slos el
~ 50 oS b pilassiil g 1565 45 5 555 5 (S e
slapld Olger Cudgae ol p ade 6l anS
Y 5o 1) lagibawgsl o1 50 a5 08 adg slaYse
ZNn0 wile SLaS 5 90,5 oS 5 dde b lad jo o J>ls
09 e LB oS ol asis o ¥ @ )
ooliil (S oly> b los pled ol (gl S allis
S5 sl ek 4SS lgie 4 canlie (S yeud
u.CL’ 9 @LQ.) 31»....: )o‘"‘_q,lj)b u.cl.) ).im} oole l) ‘Sa.m.’)
sl Sy 4 25500 bpilowgil g b i

Looad o sl K, o8 s 5t bay

! Porous foam
2 Freeze dryer
8 Rearrangement

Slxl 4 oo g ddu Sgnte ) (Sl sla Fig ks &
PB 1y laeld asl wl pH S slo Shs b ool
L g8 @baSl wo g Slaesl il cd)b b esls
ALl diloiedsgn (slagaiaimg 40 ookl 40 0gdll o )18
.(Poyatos-Racionero et al., 2018) sl
Sl eilogiil e 4 ol @i GSes Bk o
5l USiie slasiass (o oolainl 0,90 Sz s0le ylgie @
Sbul slp GheS g oad a1 (S la Jliws Sl
5 4 xS B gy 4 ekt 0l a8 S IS ey
a3 B g T o) ho slacdile [ lagyslowsl §,lac
S g a o STy ) sl s adlal s
b ools 18 Sdeg  (oale 5 95 rlans (59, apld PH
05 Y lagmilomgil e b lagld (g5, S yewsd S
odaliv 188 (Byme )3 (585 18 e jo (Jj9 we o
5 2SS 4 cs S  adsl i 5, 5l aS ws
9 <8k Gl )8 5k 3 s JS el s sloged
sl o2l olge olud 5180 (Lt oS5, Sy by guned
Cod,b baeld (opl poedle g [ diged g0 y»
iy a5 wims e ol ) g8 SlasT ]
Gabdie lgie 4 esliiul (gly (gloaisS lgal
ot 8 sl S5 bls el lié Slge allaiadisn
Cols b alapld colo Gulul p i glacd ioy
B e b 55 (6,50 3190 oS5 i Sl g (6K
(Mustafa & Andreescu, 2020) sics azwg Jb> 50
P9 PH L 4wl (M ggdge (ol 4 429 L
Fesesh S s k5 eslanl L sl
ool b (Jbiws 9,50 ol b oad Cosii 5 (godg
wsle K osle Glgie 4 jo b oS lagilowgsl |l
O Sis leolaiwl b Jodoxin 093 SO IS ol o 090
bl 8)lae (59, Jol> olge 5 0 slom] T solazs



(2IiElg0 Siadgh Sb s autiunt 13 BesS S 5 A Wolsil &l 1 (s § S S 1 53950

oy g0 S s & 1ol 5 ol
210y POl (505 g5l slaaila, el
Sl 18 Gl (B Z8b sl BsSTy jo 4 wies
PO RPN RV TR RVOU 1 ] INCUE JUIS P 09
e Sl s wiS (oo Jos SIS0, 80iiS 5Ly plsis
3% 2 eSS L35 5 o OgrlaeSTn Jles 5o
SFmgn jlegin dedee LS oS L dile
IS5 ol sy oo 5 A g el oy sl Loyl
Priyadarshi et al., ) s JubL ALY o pH o b

(2021

by @bk passel GhenS lapks lidxs

W blac S5 L | TQAC-PVA) Ul L
Olsie 4 B aisls axwgs "(CPE) (o Jly 5l s eSS
3 oy aiS Jee o5l (6550 CodS (SHU Kioled
SepH ess b g PH > 8) i (ol LS Loyl 5
4 CPE aighioe s (25)l-0)) & Ghdirje
Gl i s w9 adlsl QAC-PVA byl
Sk oYL glad 4 slapls (oK B ,L cdled L)
Y 50 68 Sibas Sbey g ol ¥ jo S5, Ol yoss
b ol i K 5l wcdl pels cels

UV- )55 soe @le lald 4 CPE (09331 2 odle

L 55 w2 5 Gl il plys 5 955 (o0 Vs
5 Sedgr sl Shy Jds 4 bapkd s e LSl
I, alaiadgr (ganding o eolawl Jowily (o ladled
95 4 9 Ll g5, bid o] colad az )51 isls (s

.(de Oliveira Filho etal., 2021) o oL, 2lae olgs

1 Betalamic acid

W) (Siw byedisn Cuale 4 5 lagslwgs]
Gk 3l &S LE feo g atnlis wiile (5 (sl jerds o
TS WS oo (Se p a0, b (35,00 slavisn
de) ol Lals, S, o5 Jol plpls a5 o)l
.(Oliveira Filho et al., 2021

S5, ol sl oxeb lalaSS ) Tlics ol ogdle
Slieetd 5l 26 Sy s 5 oled sl ovmline LB
slolize b lagalowstl 1) ol ppn (2l Jypars
Al Sglite sleewd lalisle 5 b, walise
S5 sl 00 S larilmgil il (il 5 ogdle
Wilgs o 3l ion Jlade Ll 00lS el 3890 old
Fee |y o ouibssl g ) 36 oL A sl
olis Sl Sy K Al 590,80 S
U VRO RPUNON P P G S EPU ST R
b aSoo 6rSolr @l Vpame 4 o] ©2ke
(Singh etal., 2018) sgi baa> o] K> collad

|y et a5 @ 5 K0 LS 5 o 8 adlal laixe
@l game 4 Collacl &2l 5l 6555l sl
S ok Al 0 Ll ) o 4z 5108 o Sleiiey
RV SR N IR GOSN P RVOW 1 IS OV |
oS e 001 (5LSL b Gl lgre 4wl oo Lol
a8 aS Jee 15l slasb  logiiinns wiilgs o b
ks (SSle (ol oonl 2 oMo onl jordy b oled
g ol il Lomilawssl oS5 Jds 4 olsis
L ol yon LaoasS o g laoasS Cuoits j Joleie (onS 5
Gouding 215 ioldl L Laas 4 Wlgh o b alaSS,
Gy pled 50 B iliassiil oS 5 S S5 (132 ol
5 bSlas ol loasS ool (3l ploce 55
odg ndbay oo bl 5l solital b oS el sls S

.(Sani, Tavassoli, et al., 2021) wss o

2 quaternary ammonium chitosan and polyvinyl alcohol films (QAC-PVA)

3 cactus pears extract (CPE)



VYo — A0 Lol VEY | b g jarls | Y0 Bylows /YT als/ thid pgliuo omrigeo Lo

ol 5l e Slas wops VL alaeks i s
b Xasled flgie 4 eolaiul 050 (o oaisS lgual
(95w 22 5 SISl el s a5 vy
) dlacedisn (gading i Ho ool Jously
(Zhao et al., 2022) wisls Lis

3 oad s le delisn § Jled slaeld o ladoe
2B Sy il S5 b Ly JSU ey o 5 oY
Joloee yoo lac caisls dswg Ly 5l e ey
s Shg oylac 0938l ol pleol (Ld snims LSS
a5 o & 0l Giali31 | loplid (53 Slas 5 58
WIS st 35 & 308 5l 093 ) laelid oale g €0
CoseS PH TVB-N e b ogr illao oS5, yonis 0]
S35 038 (b)) gilaaST Hud s 5 (So5eleng S
Oloxe 4 oolaiwl Joily bapld cpl . slie &Y game
ol golal sl flas 1) alaiadgr ganaing
ol g g Lo eyt ol S Jelse il cow
o olge a0 Jewiln iSTas o] cass @ gl
el e 4.;1..&3) o)il.o.c lhas ST &3) i Lo
Dol 2b)l S8 a4 Wb eoliul 0,90 slaailaSs, clale
 leekd (Se5d 5 (SoilSo Loly> willys oo b &5 5
a5l G solainl Ojae 0 by &leSS, mess o @
00938l lapld 1o a8 Slboj Loy casms 13 50 cow
5 69 Bl (b Pl e & bl Wgd (o
Gl o yal )l 5 (S 5908 .05 ls 095 Sl ]
&5 Bl Se plpe @ LbalaSs) g9 cnl Gog3l b oS
3 el (Sae plple 0,8 o 8 cuie b cou
8 bl S 6 Fslr M8 Slge slaeST oy B
Wi 5lul PH o b pslawgs] a4 cos bagydlo
S 0l dlacadign (o atas o Loyl 5l solaal
Neethirajan et al., ) (¥ JS&) cnl gloasSlgasl
(2018

1 Red pitaya peel

oolil b Sligel (aeeits lp (6,500 PH jgunis
OloS 3l (oS 5 9 ll aie Blgie 4 o9 S 26 S
5 okt S LSas gl ole Y5 5 (2Bl psise]
26 U5 3 bl ol o 555 5%s 536 )
10 g Ve D) cilize slocdale 1o 5 gzl sl Lugy>
9y Lpkd wad Blol (L3 Jole )0 (SS9 we)o
S0y i g w8F 8 S b Bl gy
@ ol STy oo 4 a5 al oasline 55 4 (J)se
Ll )13 O3 Dl 5 SRl 5l (86 pH ol s
a8 ool las laphd (63, 8hes 5 (b elsP (o
Ol gl i gy z6 U5 8,lac 5l oolaul
looylty cdale il3El o5 o ool lis i 5 b0 e
“so et |y ekt (o19,Se 05 5 ST il eod )l
1 oolial (gl 1, (slodisS lguksal gl lopled eyl iy
Neethirajan et al., ) wols i alacedgr (gamaiuw
(2018
Vo) (ol aalss slopl o JSI Liys L ol
o gl slogalliy |, (el + IS oy ol
9 gl ol s S oS 5 V508 shily sy
fops Ve o XB) dalie sloclle o ol ol
oty laojlas puleS a5 18 (anulas (S
b aolio ;0 1) plid (6558 a5 O Hlon ¢ Sl olg>
Slapkd oo de adsl slopedly S8 laeks
GRS S G S Ceemd ) ol 5l (28 8 jlas g5l
oLyl S35 6w esls 5 ogb slasSee (g5l
oinlesl el FA o 4y g ol 5 6l a0 Ve sleo
S, el aS Wogs Fy50 K, s bl ol jo oS
8y bl ol 5l o bl o bias> celo Y Gos @
— Sy ol las 1y ol sieddes 818 5 ol oS
5 s 5 Bkt (29,5 0o 5 GlaST T sle

Sout |y o ,Slee wlsSS, cpl o938l wl ool ylis



(21383090 Niawdgh (gl gzl 45 B iS5 9 LIl b oiliwgill arly 2 (wm § oS 52 (5950

3 <pH<8

W

00C . tra

pH=8

(o] L OVES BN E R PR E SOV | R VEX IS SOVE S ) g (N
Figure 2. Changes in betalains structure due to pH changes, adapted from

a Joo lp lopld oo 2Ul55 (D3l sl s 2L
GRS S S 50 lapld wielen guiy dtus lye
Glos ;o ) Slpuss g wad ool 1,8 03l 5 (g9l
—o Ol 1) 0,5 S5y baehed ol jo a8 ) danee
s Ol 1y e i)l 55 Gtalesl L 5o g adels
a0 g lagy] co B dagie PH &l s Lo asols
Ply> o9 Shigel wds Bayb 5l 518 (50 U5 Snal3d!
s ol adlas ol o 09,5 s g Sl
SR A 50 GeegS y95 Sl ool Jeuilly old ol

Sloglias 1) dedise

pH 17

o) S (lghe 4 (rogS 595 31 ooliiul

W92y dda, 5l a8 cel 8 (L o esS 568
W (529,50 3 ¢ S| 5l wlad o9 o gl ]
$P Loy Ky g wesee ol | ol
g ale 03 K, VY L pH o aesS je5000
J58) 085 (g i (2l 50 8 Kiya A 51 YL pH
.(Weston et al., 2020) (v

WY S obml slp S losle Glge 4 (raesS oS
sleadale s eolatnl JSUI sy b 9 1)U aewo L
INTEIPRIE SIS NV RPN

o oH

o O =5 Sy, O o

| |

M o L CHy
pH =8

(Franco etal., 2021) pH <l ypuis JuJd 4 (08 395 bbb 55 ol gy Y JSUS
Figure 3. Changes in curcumin structure due to pH changes, adapted from

o8558 095 Jo bS5 B gy a4 g0
Lbglie Jolo 53, (039 2 39 20 ¥ s V) (y00)
slay Sligel Comslus 0l ags IS Lys L 5,51

! Sensing ability

055585 b PVA- 5T claay¥ (Koo glasllhae o
a5 0,5 obml Sloj 1) 5e,8- 26,6 4y 0,5 51 (5 s
slels a5 Cwiy ol 4 il el e (St



VYo — A0 Lol VEY | b g jarls | Y0 Bylows /YT als/ thid pgliuo omrigeo Lo

6,10 ol F il 4z 0 YO gled o g oailig oL
o3 o8 a gl 05 5l )T S5 59, 0 51 ey 5 s
oads (6 S0l TVB-N Lauldl Jlis & gl ol .l
S el g WS PH i @ jxie o5 09 basSie (59,
SIS sS85 sl slaelid il opdle us 5 S,
elple s G115 a9, 0o ol
ol ) JW gonat ol 4y oolitul il
Li> gy, Lot byl ol (Jbo ol b o o
1 ke onl oIS 55k 4 aints Giolejl (oldé oY game
20 A Gl ln b ilaiadion ganatey )0 (g o
3,8 Jleel oL yo slalde g )50 sl
SISl 5 (15,50 25 Clled s (esT 558
slr Jbd hele ploe a5 s )ls ) Joadly cnl 5 cunl
WS S L olde SYgame (6 B8k e il
Py el oe ALIl lapld 4 oS ol (resS )5S
5 addllae 3,90 45 g polie b i) Loyl Sl
ol Sl Cale § 8,5 o 13 3l o (Sl @35
(ol ogdle S o SaS ol g5 )R LelyS alidl 4y
b okt ol cwl (e 005555 > solwb
&Sl el b ol JUd (olss 5l oS 5 it d5ue
S deily zods 4 OH i b S5, i) o
) S g eld (69, 15 raesS )5 5l oslinul
oles

.( Neethirajan et al., 2018)

o § G R Gl 4 b Al )5
Olpeds ooliiul slp b ol laalsSS, Ko
Qoo )y @‘d& d‘yo (S odius 59 ).im.>

Gl Glalae 44 a5 wiiiin oallaSS ) by jaiS 5ias

L4 Sl lgie a ales co ol b g Wil > (550 4

1 Lallemantia iberica
2 Emulsifier

V539 doyd 095 555 ohed 5l eolatul b el (aesS )8
5008 byl g By J3ls yo T als 13 L as e
wilg g lapld o b (tal8l PH (Sligel oo
g w50 B ol aS wies o 1) 0 (K,
3 Kiioled S lgie a4 oolanl Jeaily onlplo ol
(Luetal., 2019) sas oo olis 1) dialign (gauding

gl b ol yan 1y Sy s s loplid i
U Gl sl ookd 0dsi sl 9,555 5 (aesS ysS
o9y & pld a8 5 Sa (gilue s Jsb o s
5 o5 ,sS Shdglh o938l el A x5 B
Sailes sla Sy 9 (il oIl e el 05 S
ools 18 5Ke B)b Ay (55, ek L UV il o
ol )8 sile 4> 0 YO sles o celn Y7 uw 4y g ol
PH Olpwd 4 eSS, wly U ains§ 6 )l
oS ) 60,5 ks (a0 sl lpld ol L)
Ofar SlaS 5 adgs s 4 pH Sl 5l 50 S,
ol g A8 oo HISET 1) e a5 a5l
O 1) aiadsr ok aley lsie a4y oolitul iy
5 2brSk s Gla Ty eksd (nl 2 odle aas e
Gt olsie 4 b isls Glas 1 (558 GlamsT ]
oot b el )l o7 53l el ol b igds osliil Jlad
J=oly nl 095 (gmyiws BB (plde SYgame )
ol lid dilaiadisn gau aiwg yo 1) Glogall 5,8
.(Zhai et al., 2022)

LYY 5 e ,s5 Bl oo % a5
Ao lgie 4 S
L S db s, 4 ol i eolital sSea S3b
ol angs | plicdgel Glgie 4 Ae 5e5 5l sl
deo 33 1y 5330t Lol n A8l (08 55 5 alSne
L lasSee iols plad (Sl olss Geizman 5 T

» ok sl olaY obxl gl ),



(2IiElg0 Siadgh Sb s autiunt 13 BesS S 5 A Wolsil &l 1 (s § S S 1 53950

OlBl p aihe la il LT 008 pslae b oogd JLio
(Zhaietal., 2022) 45 L o, 0524 5,50l

S A

CodsS Lais gl ot ol (238 Sl gunatay
W}Q [T SEL vewe) )‘ oolawl ol ‘S:LXC UYM
LS‘)-.’ LQ.J 4 ).;d,.so Sl :\3‘)‘ 6‘)‘.’ P (S
OB S G as glp den 5l Sage oS oS el
.)‘9.0 w):u :L?).) M U&A‘ g9 B &)Uo‘ ‘) 0
el mald lae Slge CudST g el Sl 5l 1) slde
2 Nigd oo Jbd Ly dlge (e g B0 (g0 diy
2 ) Soib sl Slas S i 690 Al ()
—o)l.: :\?)O ua.».?tw) ‘_g‘).: aS Cewl ‘ja.a.b (_gLQO)La.C 3.)[.)
AJB.A.AJ‘SA oolawl LS"L'{)Q

Logac o5 ol 5 (nsS55 <colnsi] oS,
swsmsa C‘)Jh.w‘ L@u] g_)l.k.)Lo 9 ULQL._? 9 Lbos...o )‘
oty S S drugs gl an S o Foadaslllas
959w wle il uen LAlNSS, (pl losy
pleol (goi atus b a5 olfin g sitwn SlowST ST g
G Ay DY gz (5 B aile iuli8l 4y ailles o a5l
60).3)15 ‘5...,..’) le.&:)im} ‘L)"‘)“L" AsS SeS oo
G:‘J..C é‘}o &‘W}&: G L LsLbl‘“""'“*“’ L 05.‘Jl.$
Slge 4 oolaul lp gl e ).,.;L, iyl
GHlubb 555 502 oo b Cons LoallaSS ) ! PH jgunis
Sl g @D see Glp rlple wese plis
aolgs 5L (6 iy Slalllaedy (5 ey 802 o Lo Silis

1 Arnebia euchroma

wlgiee Geizres LogiS i (il » odle g0
3Rl ool s 41y Lakss Sy ol 5o Cuagli
.(Balbinot-Alfaro et al., 2019) siizy Sgups 25>

3l oad glhziul ol 5 (92S gl T o ool 5
i Slge slud o pH SLEs sl el Moy Sl LT
RECIRICRE TN NSO REPFE
as ]l 9nS 51 S5, Jslomo 5 0,5 oolil S5k
GRS S o sLad yo apld al o ly phiday (55,5
Ol 38l al ooy )18 6Xue g Sg> g sladiged (g9l
Slad (sl e SO SG Gl 4 )8 63k (e JS
STy el PH yois o ol Jldo a4 5 (2ldd olse
VY U0 IpH sogaom jo ol ol baY un,
R 4 (o35) 3o 85, 51 STy s isls (LA gl
oo dwld) b ol @ Coles 0 5 (eedhe (ol dwld)
oy i olge olud calisee oo suims s (S
(Luetal., 2019) ¢l Joame ¢o

ool p lie PH S G S0 alosl o
stelie (g, 5 0 aiSlo ol g ((uisSed) HeneS gid
ooliiul S5, K old Axesgy gl Yo Ltalos] Gollas
ses 55 Bty 31 3o,3 (205 5285 BINES e omigSnds 0,5
ez plgie 4 B ol g3l (G995 poe resid)
5 Blo sl (59, pld 5l oolatuwl ol soliul X,
3058 515y s g ol LS Al (glaseis S'g> CubeS
Jebo 4y bae 5o PH il azs Glsie a0 1) o &
Colld 4y gy b olados ols las TVB-N odgs
CrgSads a5 wiols ylis e ol g slaekd SlownST
ol Jemily g a2 o (ial38l 36157 (g5, 1, el )y ]
o aShy iedish (g Glyie 4 loid & oolatul ol
Cly gl po wesee plas Jb gamatay (lye

Bl olde Slge g9, cdld T 4 by e sla ol



VYo = A0 Lol VEOT | o g juals / YO 5 losd /T¥als/ i mlior wiigee oligines

Soligr (Gadinny St sl (b SlaalSS)
g w300 LS |) batusgase (B jeie (2lde Slse
S K Jols 89555 yip 3 sl (6528 Slalline
P o el Gl alid SVsaxe b i
i Jgama b loiitas 4z 51 4l anwgi (sla Sl
A2lg> (69,0 yidon (sulidpu Sllllas Lol e las wles
Sl lp e Slacosgazme 31 (o o] pepdle 0y,
rlplo ol ganains auje (il (Y gaxe g5le
oa] )5 aiedgn ganaiey ) esliul 58 ol
boe b5k 5 4 jaeS (b Sl slo S o3

Dy 0 S (69,0 s S

[ balass, lul wly oo balaS, o SdguS 09
4 ZNO )36l aiile «olydgil 5l colannl LauS laas>
S Fge il 523 UV )95 608 sg0ue Jalge lgae
3o Y90 5l eslaiul .canladilaSs ) conis g cdadlos (gl
WS SaS LailaSs ) o 4 Wlgi o A Cenl (5Kl
S b balSs, col Gl oS5 Adlae (s

OlalS Elgl sl plgs o0 a5 plagmilul asle Jld LS 5
oy jgmalS g 40 0,551 Cawods o SV guame b Hlare
Sy pshaie a4 o olie Lol Late o byl LilesT
slye slp dilaiodign ganates glpie 4 ol Jeilsy

oy Sl ey sl oslaul g wales Il s plae

2bo oy
JA.?‘)L'J_E)) £ g ‘(53'5‘ u.?;w:\.l.o&)‘ GJ.M.\J d)l}‘ ;9.»»)‘ J.els)jja@od.& 43|)‘ AJLM)L.M‘ Uo}‘a})o ulfwg.’
S, gg Liwly (pl jo (gl 8lie g Wlodgad jumy ailS s JLiisl g Jlo,l b g Waosls

&bw

Abedi-Firoozjah, R., Yousefi, S., Heydari, M., Seyedfatehi, F., Jafarzadeh, S., Mohammadi, R., Rouhi, M.,
& Garavand, F. (2022). Application of red cabbage anthocyanins as pH-sensitive pigments in smart
food packaging and sensors. Polymers, 14(8), 1629 .

Ahari, H., Golestan, L., Anvar, S. A. A., Cacciotti, I., Garavand, F., Rezaei, A., Sani, M. A., & Jafari, S. M.
(2022). Bio-nanocomposites as food packaging materials; the main production techniques and
analytical parameters. Advances in Colloid and Interface Science, 310, 102806 .

Ahari, H., & Soufiani, S. P. (2021). Smart and active food packaging: Insights in novel food packaging.
Frontiers in Microbiology, 12, 657233 ..

Alfei, S., Marengo, B., & Zuccari, G. (2020). Nanotechnology application in food packaging: A plethora of
opportunities versus pending risks assessment and public concerns. Food Research International, 137,
109664 .

Amin, U., Khan, M. K. I, Maan, A. A., Nazir, A., Riaz, S., Khan, M. U., Sultan, M., Munekata, P. E., &
Lorenzo, J. M. (20 .(22Biodegradable active, intelligent, and smart packaging materials for food
applications. Food Packaging and Shelf Life, 33, 100903 .

Arroyo, B. J., Santos, A. P., de Melo, E. d. A., Campos, A., Lins, L., & Boyano-Orozco, L. C. (2019).
Bioactive compounds and their potential use as ingredients for food and its application in food
packaging. In Bioactive compounds (pp. 143-156). Elsevier .

Balbinot-Alfaro, E., Craveiro, D. V., Lima, K. O., Costa, H. L. G., Lopes, D. R., & Prentice, C. (2019).
Intelligent packaging with pH indicator potential. Food engineering reviews, 11, 235-244 .

Becerril, R., Nerin, C., & Silva, F. (2021). Bring some colour to your package: Freshness indicators based
on anthocyanin extracts. Trends in Food Science & Technology, 111 .495-505,



(2IiElg0 Siadgh Sb s autiunt 13 BesS S 5 A Wolsil &l 1 (s § S S 1 53950

Bhargava, N., Sharanagat, V. S., Mor, R. S., & Kumar, K. (2020). Active and intelligent biodegradable
packaging films using food and food waste-derived bioactive compounds: A review. Trends in Food
Science & Technology, 105, 385-401 .

Chaudhary ,V., Punia Bangar, S., Thakur, N., & Trif, M. (2022). Recent advancements in smart biogenic
packaging: Reshaping the future of the food packaging industry. Polymers, 14(4), 829 .

Cheng, H., Xu, H., McClements, D. J., Chen, L., Jiao, A., Tian, Y., Miao, M & ,.Jin, Z. (2022). Recent
advances in intelligent food packaging materials: Principles, preparation and applications. Food
Chemistry, 375, 131738 ..

de Oliveira Filho, J. G., Braga, A. R. C., de Oliveira, B. R., Gomes, F. P., Moreira, V. L., Pereira, V. A .C.,
& Egea, M. B. (2021). The potential of anthocyanins in smart, active, and bioactive eco-friendly
polymer-based films: A review. Food Research International, 142, 110202 .

Della Pelle, F., & Compagnone, D. (2018). Nanomaterial-based sensing and biosensing of phenolic
compounds and related antioxidant capacity in food. Sensors, 18(2), 462 .

Dodero, A., Escher, A., Bertucci, S., Castellano, M., & Lova, P. (2021). Intelligent packaging for real-time
monitoring of food-quality: Current and future developments. Applied Sciences, 11(8), 3532 .

Drago, E., Campardelli, R., Pettinato, M., & Perego, P. (2020). Innovations in smart packaging concepts for
food: An extensive review. Foods, 9(11), 1628 .

Dudnyk, I., Janeéek, E.-R., Vaucher-Joset, J., & Stellacci ,F. (2018). Edible sensors for meat and seafood
freshness. Sensors and Actuators B: Chemical, 259, 1108-1112 .

Fernandez, C. M., Alves, J., Gaspar, P. D., Lima, T. M., & Silva, P. D. (2023). Innovative processes in smart
packaging. A systematic review. Journal of the Science of Food and Agriculture, 103(3), 986-1003 .

Franco, M., Da Cunha, L., & Bianchi, R. F. (2021). Janus principle applied to food safety: An active two-
faced indicator label for tracking meat freshness. Sensors and Actuators B: Chemical .129466 ,333,

Ghasemi-Varnamkhasti, M., Apetrei, C., Lozano, J., & Anyogu, A. (2018). Potential use of electronic noses,
electronic tongues and biosensors as multisensor systems for spoilage examination in foods. Trends
in Food Science & Technology, 80, 7 .1-92

Ghoshal, G. (2018). Recent trends in active, smart, and intelligent packaging for food products. In Food
packaging and preservation (pp. 343-374). Elsevier .

Halonen, N., Palvolgyi, P. S., Bassani, A., Fiorentini, C., Nair, R., Spigno, G., & Kordas ,K. (2020). Bio-
based smart materials for food packaging and sensors—a review. Frontiers in materials, 7, 82 .

He, X., Pu, Y., Chen, L., Jiang, H., Xu, Y., Cao, J., & Jiang, W. (2023). A comprehensive review of intelligent
packaging for fruits and vegetables: Target responders, classification, applications, and future
challenges. Comprehensive Reviews in Food Science and Food Safety, 22(2), 842-881 .

Kalpana, S., Priyadarshini, S., Leena, M. M., Moses, J., & Anandharamakrishnan, C. (2019). Intelligent
packaging: Trends and applications in food systems. Trends in Food Science & Technology, 93, 145-
157.

Kuswandi, B., Moradi, M., & Ezati, P. (2022). Food sensors: Off-package and on-package approaches.
Packaging Technology and Science, 35(12), 847-862 .

Lu,Y., Shi, Z., & Liu, Q. (2019). Smartphone-based biosensors for portable food evaluation. Current Opinion
in Food Science, 28, 74-81 .

Luo, X., Zaitoon, A., & Lim, L. T. (2022). A review on colorimetric indicators for monitoring product
freshness in intelligent food packaging: Indicator dyes, preparation methods, and applications.
Comprehensive Reviews in Food Science and Food Safety, 21(3), 2489-2519 .

Motelica, L., Ficai, D., Oprea, O. C., Ficai, A., & Andronescu, E. (2020). Smart food packaging designed by
nanotechnological and drug delivery approaches. Coatings, 10(9), 806 .

Miller, P., & Schmid, M. (2019). Intelligent packaging in the food sector: A brief overview. Foods, 8(1),
16.



VYo = A0 Lol VEOT | o g juals / YO 5 losd /T¥als/ i mlior wiigee oligines

Mustafa, F., & Andreescu, S. (2018). Chemical and biological sensors for food-quality monitoring and smart
packaging. Foods, 7(10), 168 .

Mustafa, F., & Andreescu, S. (2020). Nanotechnology-based approaches for food sensing and packaging
applications. RSC advances, 10(33), 19309-19336 .

Neethirajan, S., Ragavan, V., Weng ,X., & Chand, R. (2018). Biosensors for sustainable food engineering:
challenges and perspectives. Biosensors, 8(1), 23.

Neethirajan, S., Weng, X., Tah, A., Cordero, J., & Ragavan, K. (2018). Nano-biosensor platforms for
detecting food allergens—New trends. Sensing and bio-sensing research, 18, 13-30.

Nemes, S. A., Szabo, K., & Vodnar, D. C. (2020). Applicability of agro-industrial by-products in intelligent
food packaging. Coatings, 10(6), 550 .

Pirsa, S., Sani, I. K., & Mirtalebi, S. S. (2022). Nano-biocomposite based color sensors: Investigation of
structure, function, and applications in intelligent food packaging. Food Packaging and Shelf Life, 31,
100789.

Poyatos-Racionero, E., Ros-Lis, J. V., Vivancos, J.-L., & Martinez-Manez, R. (2018). Recent advances on
intelligent packaging as tools to reduce food waste. Journal of cleaner production, 172, 3398-3409 .

Priyadarshi, R., Ezati, P., & Rhim, J.-W. (2021). Recent advances in intelligent food packaging applications
using natural food colorants. ACS Food Science & Technology, 1(2), 124-138.

Reshmy, R., Philip, E., Madhavan, A., Sindhu, R., Pugazhendhi, A., Binod, P., Sirohi, R., Awasthi, M. K.,
Tarafdar, A., & Pandey, A. (2021). Advanced biomaterials for sustainable applications in the food
industry: Updates and challenges. Environmental Pollution, 283, 117071 .

Roy, S., & Rhim, J.-W. (2021). Anthocyanin food colorant and its application in pH-responsive color change
indicator films. Critical Reviews in Food Science and Nutrition, 61(14), 2297-2325 .

Salgado, P. R., Di Giorgio, L., Musso, Y. S., & Mauri, A. N. (2021). Recent developments in smart food
packaging focused on biobased and biodegradable polymers. Frontiers in Sustainable Food Systems,
5, 630393.

Sani, M. A., Azizi-Lalabadi, M., Tavassoli, M., Mohammadi, K., & McClements, D. J. (2021). Recent
advances in the development of smart and active biodegradable packaging materials. Nanomaterials,
11(5), 1331.

Sani, M. A., Tavassoli, M., Hamishehkar, H., & McClements, D. J. (2021). Carbohydrate-based films
containing pH-sensitive red barberry anthocyanins: Application as biodegradable smart food
packaging materials. Carbohydrate Polymers, 255, 117488 .

Singh, S., Gaikwad, K. K., & Lee, Y. S. (2018). Anthocyanin-A natural dye for smart food packaging
systems. Korean Journal of Packaging Science & Technology, 24(3), 167-180.

Sobhan, A., Muthukumarappan, K., & Wei, L. (2021). Biosensors and biopolymer-based nanocomposites for
smart food packaging: Challenges and opportunities. Food Packaging and Shelf Life, 30, 100745 .

Sohail, M., Sun, D.-W., & Zhu, Z. (2018). Recent developments in intelligent packaging for enhancing food
quality and safety. Critical reviews in food science and nutrition, 58(15), 2650-2662 .

Song, T., Qian, S., Lan, T., Wu, Y ,.Liu, J., & Zhang, H. (2022). Recent advances in bio-based smart active
packaging materials. Foods, 11(15), 2228 .

Weston, M., Geng, S., & Chandrawati, R. (2021). Food sensors: Challenges and opportunities. Advanced
Materials Technologies, 6(5), 2001242 .

Weston, M., Phan, M. A. T., Arcot, J., & Chandrawati, R. (2020). Anthocyanin-based sensors derived from
food waste as an active use-by date indicator for milk. Food Chemistry, 326, 127017 .

Yong, H., & Liu, J. (2020). Recent advances in the preparation ,physical and functional properties, and
applications of anthocyanins-based active and intelligent packaging films. Food Packaging and Shelf
Life, 26, 100550 .



(2IiElg0 Siadgh Sb s autiunt 13 BesS S 5 A Wolsil &l 1 (s § S S 1 53950

Yousefi, H., Su, H.-M., Imani, S. M., Alkhaldi, K., M. Filipe, C. D., & Didar, T. F. (2019). Intelligent food
packaging: A review of smart sensing technologies for monitoring food quality. ACS sensors, 4(4),
808-821 .

Zhai, X., Sun, Y., Cen, S., Wang, X., Zhang, J., Yang, Z., Li, Y., Wang, X., Zhou, C., & Arslan, M. (2022).
Anthocyanins-encapsulated3 D-printable bigels: A colorimetric and leaching-resistant volatile amines
sensor for intelligent food packaging. Food Hydrocolloids, 133, 107989 .

Zhao, L., Liu, Y., Zhao, L., & Wang, Y. (2022). Anthocyanin-based pH-sensitive smart packaging films for
monitoring food freshness. Journal of Agriculture and Food Research, 9, 100340 .



Food Engineering Research/Vol.23/No.75/ Winter /2023/P: 85-110 E

Journal Home page: https://fooder.areeo.ac.ir/

FOODER
AERI

Review

A review of biosensors based on Anthocyanins, betalains and Curcumins in
smart food packaging

Bahareh Nowruzi*, Negin Khoshnood, Sara Sory

* Corresponding Author: Associate professor of Department of Biotechnology, Faculty of Converging
Sciences and Technologies, Islamic Azad University, Science and Research Branch, Tehran, Iran

Email: bahare77biol@gmail.com

Received:8 July 2023 Accepted: 23 September 2023

http://doi: 10.22092/FOODER.2024.362829.1370

Abstract

Smart packages provide information of the state of the packaged food to the consumer by using materials
that monitor and interact with the packaging environment, through an internal or external indicator. The use
of artificial colors, as indicators of food freshness in food packaging, not only have toxic, carcinogenic and
mutagenic properties, but also threaten the health of consumers and the environment, and in addition, they
are also not suitable for application in food industries. But nature-based materials can be a suitable alternative
to be used as indicators and sensors. Therefore, the purpose of writing of this article is to review the latest
information about biosensors made based on compounds obtained from natural extracts in food packaging.
Obviously, bioactive extracts based on anthocyanins, betalins, and curcumins obtained from natural sources,
including byproducts of food industry, have significant potential to function as biosensors.
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