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

Food Application
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Shrimp and
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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
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* 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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* 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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* 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.

WG PH edgame 3 1) (S5, gl b b e
Lol UL).)
=53 3y 03 5y b ohd b &) PH s 3y«
R LW “ﬂ".—@]«g}a);

Sensitivity of the
films to volatile
nitrogen compounds
through pH change
L baY s

% Giaxs S 5
PH 5 )b

Arnebia euchroma
-Naphtho-quinone

= LogSol L)
09 9

Cellulose

Pk

i\



(21583090 Niawigh (gl gisdiuns 45 B iS5 9 LIl b oyilawgidl arly 2 (amm§ oS 12 (5590

Sensitivity of the films Gromwell
; to volatile nitrogen (Lithospermum
. Films ch?mged from red to blu_e because compounds through erythrorhizon)—
Fish and Pork of fish and pork degradation pH change Shikonin Cellulose paper
S S g ale }ﬂ)ﬁj‘“m@d?&“ﬁsg{“lﬂwﬁﬁﬁﬂe' S 5 4 by s poaysmasisl) Jgos,S Sk 32l
B 5 G 318 Siests = (0o
pH o5
Sensitivity of the films
* Films changed their color from, yellow to volatile nitrogen Agar—
. to orange-red due to ammonia production compounds through . Polyvinyl
Sh':'mp from shrimp degradation pH change Curcumin alcohol
e g > ()0 o B 405 5l el S, ¢ LS5 4 baY Coulus o5 g k= 1
8l e gm0 35 5> Sligel 8 Gl S S5a s
pH
Sensitivity of the films
* Films changed their color from, yellow to volatile nitrogen Tara gum and
. to orange-red due to ammonia production compounds through . Polyvinyl
Shr/lmp from shrimp degradation. pH change Curcumin alcohol
e Mg s 4 (25,5 30,8 4 55 51 ek S, ¢ LS 5 4 bayy Cpulus 0055555 s b pew
Bl i oSue 55 1 3 Sogal e oy 5l 58 (539 JSI g
pH
* Addition of curcumin and sulfur
nanoparticles improve thermal stability
and UV light barrier. Sensitivity of the films
« A color change from yellow to orange to volatile nitrogen Pectin and
hri was observed caused by shrimp compounds through . sulfur
Shrimp degradation. pH change Curcumin nanoparticles
o gt el 3,565 5 asS 5o Sly3gil 39380« Sy 4 Y coulas e 9 08y dgil
2gdee UV g 8o 5 ()l ok 5 By 518 (S, 355
550 035 J o3 (285 4355 51 ) e+ pH
A odslie
» Mechanical and barrier properties of the
films were enhanced by Amaranth leaf
extracts; Sensitivity of the films
« Films changed their color from, yellow to volatile nitrogen Lallemantia
Shri to red due to ammonia production from compounds through c ) iberica seed
rimp shrimp degradation. pH change urcumin gum
o Syokas bl i onsojl s Sl polss 0 Sl 4 baY Cuulus w5585 LoldY s e
w2l il g ysels 5 B 38 S3g L9

5 055 51 > Slisel 55 Lo & ol +

0313 5 50y8 4 05 5l ]y 298 )

pH

iy o8 S5 Jgtas lauilwgtil sl o 3158
PH Sl yis 4 S 5 s Wpogio § (ol elgil 2 5
L L“QT et Jls) wes o plas STy jlews
e G SS) 4 mie a5 WS (oo yesd PH s

(Alfei etal., 2020) .(\ JSo) (098 o0

oy B s (ylgis 4y W yuiliw i 31 o0 Lisiuw!
Sl 5o pi Pl rnb GladilaSs lagyuilwss]
Lo yelins gl (il0 3925 0500 5 LS (ppaiz )0 45 Alin
Sl Sy 5 Bedse son aib loadsigdl olye 4

Ve ;s byl Sl a5 Sl as o glageST

b



Flavylium — Carbinol — Quinonoidal — niome c— <
cation p— pseudobase — base — Qu ";:ls‘:"hl C— Chalcone
pstsY (gl Js)lS 4k 48 aigisS b s sl 4l oSl
- 0 - 0 — 0
pH 1-3 pH 4-5 pH 6-7 pH 7-8 pH 8-9

[(Roy & Rhim, 2021) 31 suwi (wlidl pH ol g Jud g B cywilowgis] JUd s 55 g 1Y JSWS
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Figure 2. Changes in betalains structure due to pH changes, adapted from
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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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