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ARTICLE INFO ABSTRACT
Article type: Background: Colorimetric films that contain anthocyanins from plant
Research Article extracts can detect food spoilage, making it an innovative and eco-

friendly packaging solution. This study aimed to create a smart gelatin
film with chitosan nanofibers, and anemone anthocyanin extract to
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y monitor shrimp spoilage. Anthocyanins were first extracted from
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2022 common poppy flower extract. Gelatin-based smart films were then
Accepted: March 18, 2023  Prepared using the casting method. The films' characteristics were
Published: July 4, 2024 investigated, such as surface morphology, chemical structure, light

absorption and transmission, transparency, crystalline properties,
sensitivity to acid and ammonia vapors, antioxidant properties, and
food test. The pure gelatin film peaked at 26=19.72, and adding
chitosan nanofibers created a new peak at 20=2.16. However, adding
common poppy extract had no significant effect on the peak.
Examination of the films' chemical structure revealed new interactions
(hydrogen bonds) between chitosan nanofibers and common poppy
extract. Additionally, adding common poppy extract and chitosan
nanofibers decreased the film's transparency to 16.47. The results of
exposing the smart film to acid and ammonia vapors showed a color
change to red and green, respectively, after 30 min. Monitoring the
spoilage of smart film shrimp indicated a color change from light fawn
to mustard after 7 days of storage, attributed to a change in pH from 8.3
to 10.5 and the formation of ammonia vapors due to protein
decomposition. This study demonstrated that the smart film containing
common poppy extract could potentially monitor the spoilage of
marine food products.
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Extended Abstract

Introduction: In recent years, researchers
have focused on production of active and smart
packaging due to the increasing interest of
consumers in  biodegradable packaging
(Hashem et al., 2022; Zhang et al., 2022).
Smart films are a category of biodegradable
films that convey visual information to
consumers (Dong et al., 2020). Anthocyanins
are a group of flavonoids that are responsible
for the red, blue and purple colors of plants.
The color of anthocyanins changes in different
pH (Wang et al.,, 2021). Common poppy
belongs to the poppy family, which have
several health benefits. Common poppy petals
are red in color due to the anthocyanins in their
composition (Katarzyna et al., 2021). The use
of anthocyanins from different plants in
combination with biopolymers has attracted
increasing interest in the food industry. One of
these biopolymers is gelatin (Xu et al., 2022).
Gelatin is widely used in food packaging due
to its abundant resources, non-toxicity and
inexpensive price (Wang et al., 2022).
However, gelatin is used in combination with
other biopolymers or nanofillers due to its
high-water solubility and poor mechanical
properties (Rangaraj et al., 2022). One of these
nanofillers is chitosan nanofibers. Chitosan
nanofibers are used to improve the properties
of films due to their biodegradability, non-
toxicity,  antibacterial  properties  and
biocompatibility (Amjadi et al., 2019).

Material and methods: In this study,
common poppy extract was prepared using the
solvent extraction method. Then, the obtained
extract was used to prepare a smart film based
on gelatin/chitosan nanofibers. Afterward,
Surface morphology was analyzed using
scanning electron microscope, chemical
structure using Fourier transmission infrared
spectrometer and crystal structure using X-ray
diffractometer. The antioxidant property of the
films was tested using the DPPH method.
Also, UV-vis absorption and transmission in
the range of 200-800 nm was evaluated using
a spectrophotometer. In addition, the samples
were cut in a dumbbell shape and investigated

using a tissue analyzer to evaluate the
mechanical properties of the films. The
sensitivity of films to ammonia and acidic
vapors was evaluated using ammonia and
acetic acid solutions. Also, the transparency of
smart films was evaluated at a wavelength of
600 nm using a spectrophotometer. In addition,
the package containing the indicator film and
shrimp was kept in the refrigerator for 7 days
in order to monitor shrimp spoilage. The color
changes of smart film at the beginning and end
of storage were recorded using a digital camera
in order to investigate shrimp spoilage.

Results and discussion: The addition of
common poppy extract increased the thickness
of the smart film due to the increase in solid
content. Also, the pure gelatin film had the
highest transparency, which significantly
decreased the transparency of the films by
adding chitosan nanofibers and common
poppy extract. In addition, the color change of
common poppy extract at different pH was
evaluated. The color changes at different pH
values were as follows: red at pH = 2, coral at
pH = 4, peach puff at pH = 6-8, goldenrod at
pH = 10 and dark goldenrod at pH = 12. In
addition, the color change of the smart film at
different pH was also evaluated. The results
showed that the smart film at pH = 2 has a
crimson color, at pH = 4 it has an indian red
color, at pH 6, 7 and 8 it has a coral color, at
pH =10 it is dark salmon color and at pH = 12
it has It was dark goldenrod color.
Furthermore, the results of UV-Vis light
absorption and transmission characteristics of
the films showed that pure gelatin film and
gelatin/chitosan nanofibers have low UV-Vis
absorption and high transmission. However,
the addition of common poppy extract
significantly increased the UV-Vis absorption
and decreased the transmission of the films,
which could be due to the light absorbing
property of common poppy anthocyanins.
Also, X-ray diffraction results showed that the
pure gelatin film had a peak at 20 = 12.16°,
which did not change significantly with the
addition of common poppy. In addition, the
results of the food packaging showed that the
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color of the smart film changed from bright
coral to goldenrod after 7 days, which was
caused by the increase in pH from 8.3 to 10.5
and the production of ammonia compounds.
Also, the Sreg of the smart film increased to
13.20%.

Conclusion:  Smart  film  based on
gelatin/chitosan nanofiber containing common
poppy extract was produced by casting
method. The results showed that the smart film
had the lowest amount of transparency. Also,
the smart film had the lowest UV-Vis
transmission and the highest absorption, which
indicated the film's potential to be used for
light-sensitive food packaging. In addition, the
smart film color changed from coral to dark
red, and its Sree reached 38.17%, when it was
exposed to acid vapors. Moreover, when the
smart film was exposed to ammonia vapor, its
color changed from coral to dark olive and the
Srea Of the film reached 61.14%. The results
of the food packaging showed that the color of
the smart film changed from coral to
goldenrod, which was caused by the
decomposition of shrimp tissues and the
production of ammonia-containing
compounds and the increase in pH from 8.3 to
10.5. This result showed that smart film has the
potential to be used to monitor food (shrimp)
spoilage.
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Table 1-Thickness of film samples

Film sample Thickness (mm)
G 0.084 + 0.005°
G/CNF 0.087 + 0.004"
GICP 0.096 + 0.003%
G/CNF/CP 0.10 £ 0.001*

Data are expressed as mean + standard deviation
(n=3) and different letters show significant
difference at the 5% level in Duncan’s test (p <
0.05). G: gelatin, CNF: chitosan nanofiber, CP:
common poppy.

Table 2-Transparency of film samples
Transparency (log

Film sample

T600/mm)
G 25.71 + 0.41*
G/CNF 23.03 +0.41°
G/CP 19.64 + 0.61°
G/CNF/CP 16.47 + 0.38¢

Data are expressed as mean + standard deviation
(n=3) and different letters show significant
difference at the 5% level in Duncan’s test (p <
0.05). G: gelatin, CNF: chitosan nanofiber, CP:
common poppy.
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Figure 1- The color variations (a) and the
UV-vis spectra (b) of common poppy
anthocyanins in various buffer solutions
(pH 2 to 12)
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Figure 3- UV-Vis light transmittance of film
samples. G: Gelatin, G/CNF: Gelatin/Chitosan
nanofiber, G/CP: Gelatin/ Common poppy,
G/CNF/CP: Gelatin/Chitosan nanofiber/Common

poppy
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Figure 5- The Fourier transforms infrared spectra
(a) and X-ray diffraction patterns of film samples
(b); G: Gelatin, G/ICNF: Gelatin/Chitosan nanofiber,
G/CP: Gelatin/ Common poppy, G/CNF/CP:
Gelatin/Chitosan nanofiber/Common poppy.
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Figure 4- The field emission scanning electron
microscopy (FE-SEM) images; (a) Gelatin, (b)
Gelatin/Chitosan nanofiber, (c) Gelatin/ Common
poppy (d), Gelatin/Chitosan nanofiber/Common

poppy
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Figure 6- The sensitivity of smart colorimetric film
against acid vapors (a) and ammonia (b)

eS| ST Clad
b S e3lul sl DPPH T JGsl Sles 5
2l 5 Al el 5V L ne slagks Jlas] s
PO KVUIR{ J+{ RGO [P SCIUH B RP P -+ S PR
edd W5 Gbdsl, golul dea ) e glaacer
2 LS 5 d g o RS 5 L el g Sl L
Sl &S lailen (VN4 OLSs 5 o5l,0) 5l e
Cll Slans sl b DIt SR SRS
ZANY a4 i) _s5T cdles 135S BUIL 055331 L oS
52 C2 comisn 52 5m 5 NH2 (slaey 57ty 25
4 ks s Jsbme ST HT 05 8.5 LUls 08 U
W55 gl DPPH 53T Uty L sl 5 e 5 405 1, NH3
O 5 b eslpde) dus men p Slub slad 55050
Slapks  Glasi ST el ol noedle (YY)
Glad oslae/ 0l 58 SUISL Y5 5 Gl o jlas/ 5V
e a5l ol al ol e o jlas 035530 s«
ST LKl Gl LUl s 4 L5 e glawns] s
G Gl 5l 3 syzge Jyd b slaey S by
(VYY) OLr 5 oS ol s b b Gillee AL
5 bl 5T (sl SBT V5 (b 8 s S sdalie
D3 AN GlS] BT el gl laly s g
Sl 55T 035331 6 L3 S sdalin 01 Kia g3y ccpipmon
Cled sl O nS SUISE ol (Y] Wb 4 S5
SUsb OlS 5w byye oS A3 7 AONY Jls] s
TN 0L 5 SUeslide) 3 K5 o lae 53 545 40

3 Lithospermum erythrorhizon

Ll Gho SLSS AP 4 S st laghs
Gl Al 5 e din o LS EST5 Sl 5 ol Sl
JUCIPRCIN-JX QP GV RN v P K N PO TR 1Y
OLen 5 U ealide) Wss sslizal )UK Uk s
e el b (YO O 5 36,5 ewal ol €YY
2 BRI e deds e S5, gl K
Slaiss Vo Jolgh s SLigel 5 sl Dby (5 me
sl 0l 0303 OLES @)1 K2 3 &S shailen s bl
obuqu,z,uﬁd,la;nw;mﬁr@sw@
STSREB 5 o jo b diadpn (s ) 28 8 )3 g
Yo BVe Jolg 53 SROB L3 il p td daw; /0 @
oy AYVOY o diaipn o1 SRGB & Sloj s 4B
LYMIY & diedsn ol SRGB waids Yo iS5l
S Sl opman A5 B 0,5 5 4 0T K5 5 ek
SLisal (om0 55 45 aKa Jsl aids Vo s dedipa s
SRGB 3 e his Sy Ky w () K8) cs 5515
b s adds Yol e 8l 5 AV Z PR
7.04/80 & OTSRGB 5 0kl bl o 40 i O Liad 3
ECPRUAEL v P I K L5 GV S POCI Pt
Sy et oy W E 0 o3 SRGB 5 L sbml S5
Sl DS 5 b e 53 35 515 o e ga slagls
o 53 o B S sbml s 4 WS e SU
Slly W5 4 e oS Lk Ol 5 Sl 58 o Sy
L alie (VoYY 0L 5 SUeslpde) 555 o JonS s dn
Sl Lg\.a:ri:.é S WS gl Oldis L cl.u
5 (Y OLer 5 05) ' el glagslan ol
oo 03 S Sley (YYY 0Len 5 KI5 Tolw (5l

e S 4 s 513 Sl 58
S8 ES (NT) OLs 5 S50 izman LBl i
Sl o 52 88 Gl T sSE sl gk 8

RGPS SN PR UR PRI VR I RGO YL S PR W

! Loropetalum chinense
2 Lycium ruthenicum



YY 9o sl S5 sl 3ilids 55 (lappiliwgisl sl ol S Sb 10Y5 Al p sieden ol 4

—

——

Figure 7- The monitoring the freshness and spoilage
of shrimp using smart colorimetric film
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Table 3-Antioxidant activity of film samples

Film sample DPPH radical scavenging

(%)
G 00.00 + 00.00¢
G/CNF 6.17 + 1.21°
GICP 13.65+1.21°
G/CNF/CP 34.15 + 1.41*

Data are expressed as mean + standard deviation
(n=3) and different letters show significant
difference at the 5% level in Duncan’s test (p < 0.05).
G: gelatin, CNF: chitosan nanofiber, CP: common

poppy.
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