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Preparation and characterization of indicator films
from chitosan/polyvinyl alcohol incorporated
Stachytarpheta jamaicensis anthocyanins for
monitoring chicken meat freshness

Yamanappagouda Amaregouda and Kantharaju Kamanna (2 *

In this study, a novel multifunctional intelligent/active packaging material fabricated by immobilizing
Stachytarpheta jamaicensis extracted (SJE) anthocyanins in a polymer matrix consisting of chitosan (CS)
and polyvinyl alcohol (PVA) is described. The addition of SJE enhanced the tensile strength, barrier, and
antioxidant activity of the films, and by increasing the SJE content, the tensile strength of the film
reached 38.79 + 3.52%, and antioxidant activity was found to be 81.72 + 2.73%. The minimum oxygen
permeability was 3.185 + 0.532 x 107 (cc m™! 24 h atm), and the minimum water vapor permeability
was 18.39 + 0.18 g m~* h™1. The UV-vis light transmittance and elongation at break were reduced when
different contents of SJE were incorporated into the CS/PVA (CP) matrix. The smooth SEM images
revealed that the miscibility and compatibility of the CP matrix with SJE anthocyanins were tolerable. The
color of the film changed from pink to dark yellow when pH increased from 1 to 13. TGA profile
indicated that the addition of SJE to CP significantly enhanced the thermal stability of the film. The
prepared composite film changed color from pink to dark yellow when the estimated volatile base
nitrogen content in the meat was 21.71 + 0.59 mg/100 g. Hence, the prepared film with SJE can be used
for the chicken meat packaging in real-time freshness monitoring at room temperature.

Present work employed natural Stachytarpheta jamaicensis extracted (SJE) anthocyanins into biodegradable natural and synthetic polymer consisting of chitosan

(CS) and polyvinyl alcohol (PVA). The addition of SJE enhanced the overall physicochemical and bioactivity of the composite films prepared. Interestingly color of
the film changed from pink to dark yellow when pH increased from 1 to 13. Hence, the prepared film with SJE can be used for the chicken meat packaging in real-

time freshness monitor at room temperature. The material prepared is not harmful to the environment, and the prepared film is useful for monitoring the
freshness of the chicken and the material is biodegradable.

Introduction

Thus, it is practical to assess the food freshness by identifying
any variation in its pH values, which may be visibly shown using

The new generation of active and smart food packaging mate-
rials with improved functional qualities has recently attracted
the attention of polymer chemists." The antioxidant and anti-
microbial properties of additives included in the active pack-
aging materials help food maintain its chemical or
microbiological stability.” Time, color variation, and tempera-
ture are the most important parameters used to assess pack-
aging material quality, which may be utilized to signal food
freshness or the presence of gases and can perform functions of
intelligent packaging.® Since pH variation and food decompo-
sition are typically closely related, visual indicator films can
provide clear information through observable color changes.*
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pH-sensing dyes.® Due to adaptable construction and readily
recognizable visual color fluctuation, pH-sensing indicators
have recently attracted researchers in the field of food pack-
aging and freshness monitoring.® Various packaging films have
already been established for shrimp, pig, and milk quality
monitoring and pH-sensing indicators.”

Anthocyanins incorporated into polymer matrix have
emerged as promising molecules for natural pigments and
colorimetric indicators, and their antioxidant properties are
well documented.® Natural anthocyanins are isolated from
a variety of fruits, flowers, and vegetables, as demonstrated
previously.” Anthocyanins can be employed as environmental
sensors owing to their visual absorption spectrum and varied
color with pH, temperature, and the presence of certain gases in
the air.” In this study, we have selected unreported Verbena-
ceae family species Stachytarpheta jamaicensis, also known as

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Gervao, Brazilian tea, verbena cimarrona, rooter comb, or blue
porter weed."** It is a significant plant with important medic-
inal and nutritional properties.*® Traditional and folk medicine
systems use S. jamaicensis for its wide range of therapeutic
characteristics, which include treatment for many ailments that
have been well-reported.” From studies on anthocyanins
extracted from blue flowers of Stachytarpheta jamaicensis (SJE),
researchers have discovered a wide range of colors from pink to
yellow in their aqueous extract.”® Furthermore, the same
authors investigated SJE's color intensity and total anthocyanin
and total phenolic contents.

Numerous non-toxic and biodegradable polymers derived
from synthetic or natural sources, including pectin, agar, chi-
tosan, and polymer-immobilized natural anthocyanins, have
been well documented.” Chitosan (CS) is one of the natural
polymers, and it is a common polysaccharide found in sea
animals.'® Chitosan is used in a variety of sectors, including
biomaterials, separation, and biosensors, because of its
capacity to form films with antibacterial properties and biode-
gradability. Food packets containing CS kept food fresh without
a freezer for a longer period, and biodegrading prevented future
soil contamination. However, the fast dissolution in acidic
solution and lack of flexibility of the CS films are its draw-
backs.'” Polyvinyl alcohol (PVA), another exceptional synthetic
polymer, also showed numerous qualities in food packaging,
including a high degree of hydrophilicity, outstanding chemical
stability, biodegradability, and film-formation abilities.'®*>
Researchers have extensively studied PVA blended chitosan
films for structural, antibacterial, and fruit preservation prop-
erties.”® Additionally, PVA/CS film showed good antibacterial
activity, but it also enhanced mechanical properties. Food
packaging films made of PVA or CS alone exhibited poor
mechanical properties and were not fit for use as food pack-
aging materials.* Recent research trends show multifunctional
composite films with improved mechanical, antioxidant, anti-
bacterial, and barrier capabilities and polymer-doped natural
anthocyanins as self-indicators in food packaging and other
material applications. Some of the noted reported examples are;
CS/PVA composite films developed from bio-waste orange peel
in food packaging.** Real-time monitoring of fish freshness was
achieved by the fabrication of intelligent/active films based on
CS/PVA matrices containing jacaranda cuspidifolia anthocya-
nins.* Anthocyanins from Brassica oleracea (red cabbage) have
been used in CS/PVA films as real time-temperature indicator in
intelligent food packaging.”® Intelligent pH indicator films with
enhanced optical and thermal properties based CS/PVA with
novel Xanthylium dye have been fabricated.”” Rutin-induced CS/
PVA bioactive films for food packaging applications, physical,
chemical, and functional properties,”® and many more active
and intelligent natural extract doped films were reported in the
literature. In the present work, we aimed to develop smart
packaging materials by adding natural anthocyanins extracted
from Stachytarpheta jamaicensis (SJE) into CS/PVA polymer
blend for the first time. The effects of SJE content on the
structural, physical, antioxidant, cell viability, and pH sensitive
properties of prepared composite films were determined. The
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studies revealed that the prepared films can be applied to
monitor the freshness of chicken meat.

Materials and methods
Materials and reagents

The fresh chicken meat was purchased from the local meat
market. Chitosan (CS, MW: 190-310 kDa, 95% deacetylation)
was purchased from Loba, India. Polyvinyl alcohol (PVA, MW:
25000 g mol ™, degree of alcoholysis 98%) was purchased from
HIMEDIA India. Stachytarpheta jamaicensis flowers were
collected from the forest area near Rani Channamma Univer-
sity, Belagavi (Karnataka, India). The following chemicals were
purchased from Sigma-Aldrich, India: 2,2-diphenyl-1-
picrylhydrazyl (DPPH), gallic acid, rutin, cyanidin-3-glucoside,
magnesium oxide (MgO), methyl red (C,5H;5N;0,), methylene
blue (C;16H;5N3CIS), boric acid (H3;BO3), and hydrochloric acid
(HCI).

Extraction of Stachytarpheta jamaicensis flower anthocyanins

Stachytarpheta jamaicensis anthocyanins were extracted using
our previously reported procedure.”

Determination of total anthocyanins content

UV-vis spectrophotometer was used for the determination of
total anthocyanins of extracted crude powder. Briefly, 10 mL of
DI water was used to dissolve 10 mg of crude powder,” and
1 mL of the solution was combined with 9 mL of 0.2 M potas-
sium chloride solution (pH 1.0). A pH 4.5 buffer containing
0.4 M sodium acetate was used for dilution. At 510 nm, the
absorbance of each solution was determined. The following
eqn (1) was used to determine the total anthocyanin content.

Anthocyanin content (mg L")
= (4 x M,, x DF x 1000)/(e x L) (1)

where A = A5y (pH 1.0) — As10 (pH 4.5), My, = the molecular
weight of anthocyanins (433.2 ¢ mol™"), DF = the dilution
factor, ¢ = the extinction coefficient (31 600 L cm ™" mol ") and
L = the path length (1 cm).

Fabrication of films

1 g of chitosan (CS) was taken in 100 mL of 1% aq. acetic acid,
and continuously stirred under a magnetic stirrer until the
solution becomes clear. Subsequently, a PVA solution was
prepared by 0.5 g of PVA in 50 mL of hot distilled water under
a magnetic stirrer. The final solution was prepared by mixing CS
and PVA solution at a ratio of 1:0.5 (w/w) under magnetic
stirring for about 10 min. The resulting solution was cast on
a dried Petri dish and allowed to dry for 5 h at 50 °C in a hot air
oven. The resulting film was named CP (CS/PVA) and used as
a control. To consider the effect of anthocyanins on CS/PVA
films, different concentrations of SJE (0.33, 0.66, 1.00, 1.33,
and 1.66 wt%) were added to the CS/PVA solution, as prepared
above, and the samples were denoted as CP-SJE-1, CP-SJE-II, CP-
SJE-I1I, CP-SJE-IV, and CP-SJE-V, respectively. The resultant
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solutions were poured into pre-cleaned and pre-dried glass
plates and then dried at 50 °C for 8 h. After that, the films were
peeled off from the glass plates and stored at 25 + 1 °C with
relative humidity (RH) of 55 + 1% for 48 h.?

Estimation of total phenolic and flavonoid contents

The Folin-reagent Ciocalteu's method was used to calculate
total phenolic content (TPC). Gallic acid equivalents (GAE) per g
were used to express the results in mg of the material. The re-
ported method was used to determine the total flavonoid
content (TFC) and was performed three times for the data
collection.* The average of three replicates was used to express
the sample results in mg rutin equivalents (RE) per g.*°

Techniques and characterization

A UV-vis spectrophotometer was used to measure the extracted
anthocyanins (Shimadzu, UV-1800, USA) in the range of 400-
800 nm with varied pH 1.0-13.0. Briefly, the sample was
prepared by weighing 2 mg of the dried extract soaked in 20 mL
of buffer solution (pH 1-13) for about 30 min in order to
determine the SJE pH sensitivity. A digital camera was used to
capture the color of the solution, and the absorption spectra
were collected from 400 to 800 nm.* The pH-responsive prop-
erties of the prepared films were assessed using a modified
procedure of a previously reported method. The film samples
(20 x 20 mm) were placed on a Petri dish with various pH (1-14)
solutions (5 mL), and the pictures were captured in a digital
camera for visible color change of the films.** ATR-FTIR spectra
were collected for the prepared films using Fourier-transform
infrared spectroscopy (Thermo-Scientific, Nicolet iZ10) over
the range of 4000 to 600 cm ' at a resolution of 4 cm ™. The
samples were tested in the ATR total reflection mode directly.
The surface morphology of the prepared films was examined by
SEM (VEGA3, TESCAN, Czech Republic). A thin palladium/
platinum conductive coating was applied to the sample before
processing. Sputter coating was employed to generate the layer,
and a secondary electron detector with a 30 kV accelerating
voltage was used for film surface investigation. The thickness of
the prepared film was measured by a micrometer (Mitutoyo,
Japan) with precision of 0.001 mm in a universal testing
machine. The mechanical properties of the prepared films were
studied according to the ASTM D88291 (DAK System, 7200
Series, India) at ambient temperature. A film sample of uniform
thickness (25 x 100 mm) was introduced with a grip partition of
5 cm and stretched at a crosshead speed of 1 mm min~". The
impact of added anthocyanins on the thermal decomposition of
polymer matrix films is investigated using TGA. A thermogra-
vimetric analyzer (TA-SDT650 Instruments, USA) was used to
obtain sample thermograms in the temperature range of 25 °C
to 600 °C at a rate of 10 °C min~* increase. The transmittance,
opacity, and transparency of the prepared film samples were
studied using a UV-vis spectrophotometer (Shimadzu, UV-1800,
USA). Briefly, the film sample (40 x 10 mm) with uniform
thickness was placed in a UV cell, and data were recorded in the
250-800 nm range and air as a standard reference. The opacity
at 500 nm and transparency at 600 nm were calculated using
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eqn (2) and (3), respectively. The experiments were performed in
triplicates, and averaged data were used for estimation.*

. Ab:
Opacitysy = 2 (2)
X
—og(% T
Tranparencyy, = % (3)

where Abs - the absorbance value at 500 nm, % T - the trans-
mittance percentage at 600 nm, and y - the film thickness
(mm).

Barrier, biological and packaging properties

Moisture content. The moisture content of the prepared
films was determined by drying the film sample at 110 °C to
a constant weight.*

w x 100 (4)

i

Moisture content (%) =

where M; and M, are the initial and final mass of the film
sample, respectively.

Water vapor transmission rate (WVTR). In order to conduct
this test, 10 mL of deionized water was placed into a sample
glass bottle with a 30 mm inside diameter. Teflon tape was used
and tightly wrapped with films around the bottle mouth. The
weight of the bottle was measured and then placed in an oven at
40 °C for 24 h. The bottle was taken out from the oven after 24 h
and weighed once again. According to the following equation,®*
the WVTR was calculated for the film:

WVTR = [W; — WJA] x T(gm>h™") (5)

where A = area of the circular mouth of the glass bottle; T =
24 h; W; = initial weight of the glass bottle; W, = final weight of
the glass bottle.

Water solubility. Water solubility properties were measured
by adopting the outlined procedure® with a minor change of
the method. Briefly, water solubility (WS) of the pH-sensitive
indicator films prepared was assessed using sample film (20
x 30 mm), weighed and dried for 24 h at 100 °C in an oven (M;).
Each sample film was placed in 50 mL of ultrapure water for
24 h at room temperature. The film was then taken out from the
water, again dried for 24 h at 100 °C, and weighed to get the
final dry weight (My). The following equation was used to assess
the water solubility of the film:

M; — M;

WS (%) = x 100 (6)

i

Oxygen permeability. The oxygen permeability (OP) of
prepared films was determined by employing a reported
protocol with slight modification.*® Briefly, a bottle (100 mL),
with a strip covering and sealed mouth by the prepared film (30
x 30 mm), was kept in a desiccator at room temperature. Every
day, the weight of the bottle was recorded for up to three days. A
linear regression analysis of the weight change vs. time (R*> >
0.99) was used to calculate the slope of each line utilizing eqn

© 2023 The Author(s). Published by the Royal Society of Chemistry
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(7) and (8). The total OPTR (Oxygen Permeability Transmission
Rate) and OP were determined from a reported procedure.*®

slope
PTR = —— 7
© film area )
OPTR x L
OP=—%p (8)

AP = difference in partial vapor pressure between pure water
and dry atmosphere (0.02308 atm at 25 °C), L represents average
film thickness. The measurements were determined in tripli-
cate for each sample.

Release of anthocyanins from the film

The food simulants such as distilled water, 50% ethanol, and
3% acetic acid mimic aqueous food, alcoholic beverages, and
acidic foods, respectively. The release of the loaded anthocyanin
content from the film sample into food is assessed (Shimadzu,
UV-1800, USA). Briefly, a film (20 x 20 mm size) was kept in
a beaker containing food simulants and swirled for 6 h at room
temperature. Then, UV-vis absorbance at 520 nm was measured
for each sample solution, and using the cyanidin-3-glucoside
standard curve, the concentration of the anthocyanins
released was calculated (0, 0.1, 0.3, 0.5, 0.7, and 0.9 g mL " *).%’

Antioxidant activity

The antioxidant activities of the prepared films were evaluated
using DPPH radical scavenging assays. In order to conduct this
investigation, 2 mL of methanolic DPPH (0.39 g mL ") and 1 mL
of the film sample solution (0, 20, 40, 60, 80, and 100 g mL ")
were carefully mixed, and incubated at 23 £ 2 °C for 30 min,
followed UV-vis absorbance at 517 nm. The tests were carried
out for each sample three times, and the mean SD values were
used to express the results. The DPPH inhibition test was
calculated using eqn (8), and ascorbic acid was used as a stan-
dard reference (AA).*®

ADPPH - Asample

DPPH assay = x 100 9)

ADPPH

Cell viability assay

The cell viability of the prepared films was tested using MTT (3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide)
assay using a reported method.*

Application of prepared CP-SJE-V film for indicating the
freshness of the chicken meat

To indicate the freshness of the chicken meat, a rectangular
shaped CP-SJE-V film sample was placed in the headspace of
a Petri dish containing 30 g of fresh chicken meat.*® Then, the
Petri dish was stored at ambient temperature and monitored for
about 48 h. The color change of the film CP-SJE-V was recorded
by digital camera photograph. Afterwards, 10 g of the chicken
meat sample was homogenized in 100 mL of distilled water and
transferred to a Kjeldahl distillation apparatus (K9860, Jinan

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Hanon, China) containing 1 g of MgO to measure homogenate
total volatile basic nitrogen (TVB-N) concentration. The distil-
late was collected and titrated with 0.01 mol L™ " of HCI solution
in a flask containing 10 mL of 2% boric acid solution.

Statistical analysis

The graphical data of the several sample properties obtained
were examined for mean and standard deviation using Origin
software, and a one-way analysis of variance (ANOVA) was per-
formed on data and P < 0.05 regarded as a significant value.

Result and discussion

Total phenolic content, total flavonoid content, and total
anthocyanin content

Researchers have reported that most of the potent plant
metabolites showed antioxidant activity due to the presence of
polyphenolic compounds present in it. As a result, there should
be a strong relationship between antioxidant activity and
phenolic component concentration. Additionally, natural
sources of phenolic and flavonoid levels of antioxidants may be
utilized as strong indications.** The TPC and TFC of the
extracted Stachytarpheta jamaicensis anthocyanins were found
to be 299 mg GAE/100 g d.w. and 352 mg RE/100 g d.w.,
respectively. The concentration of the SJE anthocyanins was
measured using the pH differential method, and SJE anthocy-
anins content was found to be 0.529 mg mL ™",

Color evaluation as a pH-sensing indicator, and pH-
dependence of anthocyanins color

The color variation of the SJE solution in different pH buffer
solutions was measured and is appended in Fig. 1. Remarkable
color distinction is observed for SJE with pH ranges 1-4, 7, and
10-13 showing red, colorless, and yellow, respectively.** The
impact of pH on the color change of the CP-SJE films is shown
in Fig. 1 (below images). The maximum absorption peak of SJE
solution shifted from 520 nm (acidic) to 607 nm (basic), as
presented in Fig. 2. The color change and corresponding bath-
ochromic shift in maximum absorption peak are mainly caused
by the constituent chemical structure transformation present in
the anthocyanins at different pH.

ATR-FTIR spectra of prepared films

Fig. 3 represents the characteristic ATR-FTIR spectra collected
for CP, CP-SJE I, CP-SJE II, CP-SJE III, CP-SJE IV, and CP-SJE V.
The control CP film showed absorption bands characteristic
of both chitosan and PVA (OH at 3387 cm ', CH, at
2895 cm™', C=0 (amide I-chitosan) at 1626 cm ', NH,
overlaps C-N at about 1569 cm™', C-O at 1101 and
1083 cm ™). The spectra of CP-SJE I, CP-SJE II, CP-SJE III, CP-
SJE IV, and CP-SJE V show a clear decrease in the intensity of
the band at 3389 cm ™', attributed to the interaction among
the functional groups of CS/PVA matrix and anthocyanin.*”
The results of FTIR analysis showed that anthocyanin adsor-
bed onto the CS/PVA matrix by physical interaction without

Sustainable Food Technol,, 2023, 1, 738-749 | 741
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Fig.1 Color response of the SJIE anthocyanin solutions and pH response of CP-SJE-V film with different buffer solutions of pH 1-13.
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Fig. 2 UV-vis spectra of Stachytarpheta jamaicensis anthocyanins
measured in various buffer solutions (pH 1-13).

changing the chemical structure of the CS/PVA matrix or
forming a chemical interaction between them.

Thickness

The film thickness is an important parameter that directly
affects the mechanical strength and barrier properties of the
food packaging application.* The observed data is appended in
Table 1, and shows film thickness increased from 30.31 to 44.61
pm with SJE amount increasing from 0 to 6 wt% from control
CP film to CP-SJE-I, CP-SJE-II, CP-SJE-III, CP-SJE-IV, and CP-SJE-
V, being significantly thicker (p < 0.05). This experimental data
suggested that the thickness of the CP combined SJE films was
affected by SJE content. The large amounts of SJE (0.33, 0.66,
1.00, 1.33, and 1.66 wt% on the CP matrix) could create more
complex matrices based on anthocyanins on the CP surface,
resulting in a relatively high thickness of the CP-SJE films.
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Fig. 3 FT-IR spectra of prepared CP and CP-SJE films.

Surface morphology of CP and CP-SJE films

The surface morphology of the CP and various % of CP-SJE
prepared films were investigated by SEM. The surface
morphology of each film is shown in Fig. 4. In general, the
surface of the control CP film was uniform, smooth, and crack
and bubble free morphology, indicating CS and PVA were
homogenously mixed, forming a good film texture.** A few white
spots presented on the surface of the CS-SJE blended films
indicate some heterogeneity in the CP matrix when SJE is
incorporated (Fig. 4). Thus, the intermolecular interactions
formed between CS/PVA and SJE contents could contribute to
the improvement of the barrier properties of CP-SJE films.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Table 1 Thickness, transparency, and opacity properties of the prepared films®
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Transparency at 600

Sample Thickness (um) nm Opacity at 500 nm
cp 30.31 + 1.21° 73.19 + 2.01° 1.3 +0.01%
CP-SJE-I 33.29 + 1.32° 52.25 + 1.93° 1.5 + 0.05°°
CP-SJE-TI 35.26 + 2.00° 51.62 + 2.62°° 1.9 £ 0.09°
CP-SJE-III 39.42 + 1.29¢ 34.71 + 2.58° 2.3 + 0.03°
CP-SJE-IV 42.54 + 2.11%® 29.39 + 2.92¢ 2.7 & 0.02°¢
CP-SJE-V 44.61 + 1.58% 26.53 + 3.00% 3.1 + 0.01%¢

@ a-dpjfferent letters represent statistical difference at p < 0.05, n = 3.

Optical property

Foods can deteriorate easily when they are exposed to UV-vis
light. Thus, UV-vis light barrier property for food packaging
films is crucial.*® The visual appearance of the CP-SJE film is
shown in Fig. 5a. As presented in Fig. 5b, CP-SJE films had
remarkably lower UV-vis light transmittance in comparison to
the control CP film. This indicated that CP-SJE films possessed
strong UV-vis light barrier properties than the control CP film.
Further, the UV-vis light barrier properties of the CP-SJE films
increased with increasing concentration of the SJE. This optical
property of the prepared CP-SJE films could effectively protect
food against UV radiation. Transmittance at 600 nm was used to
assess the transparency and opacity value of the films, and the
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Fig. 4 Surface morphology of prepared CP and CP-SJE films.
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findings are displayed in Table 1. At 600 nm, the transparency of
SJE-induced CP-SJE films was reduced. The opaqueness of the
developed films and restriction of light passage or light scat-
tering by the SJE distributed in the CP matrix clearly established
the SJE plays a vital role in blocking both UV and visible light. As
a result, the SJE-induced films showed outstanding UV light
barrier performance and may be employed for food packaging
for oxidation-prone materials storage.

Mechanical property

Mechanical properties of the film reflect the ability of packaging
to maintain good integrity and sustainability in the food supply
chain.”? The mechanical properties of the prepared films,

CP-SJE 11
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Fig. 5 Optical parameters; (a) visual appearance of CP-SJE-V film, (b) % transmittance of prepared films.

control CP and CP-SJE films, are summarized in Fig. 6. It is
observed that the TS value of the CP film is 26.12 + 0.83 MPa,
and values for CP-SJE I, CP-SJE II, CP-SJE III, CP-SJE IV, and CP-
SJE V films are 27.29 £+ 0.91 MPa, 31.42 £+ 0.96 MPa, 35.31 +
1.00 MPa, 36.56 + 0.79 MPa, and 38.68 + 0.87 MPa, respectively.
The EB value of the CP film is 30.51 4 0.29%, and values for CP-
SJE I, CP-SJE II, CP-SJE III, CP-SJE IV, and CP-SJE V films are
28.11 4+ 1.07%, 27.14 £ 0.93%, 26.09 £ 0.83%, 24.19 + 1.03%,
and 22.71 % 0.91%, respectively.

The YM value of the CP film was 0.3051 4 0.7 GPa, and values
for CP-SJE I, CP-SJE II, CP-SJE III, CP-SJE IV, and CP-SJE V films
are 0.2821 + 0.3 GPa, 0.2714 £ 0.6 GPa, 0.2609 4+ 0.9 GPa, 0.2419
=+ 0.2 GPa, and 0.2271 + 0.5 GPa, respectively. However, it is also
observed that as the concentration of the SJE on CP film
increases, the tensile strength increases, and Young's modulus
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Fig. 6 Mechanical properties of control CP and CP-SJE films.
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and elongation break decreases (P < 0.05).**** This result is due
to the abundant phenolic hydroxyl groups present in SJE that
could interact with CS/PVA polymer through hydrogen bonds,
thereby making films more compact (tensile strength).**® In
addition, the incorporation of natural polyphenolic compounds
could hinder chain-chain interactions of the CS/PVA matrix and
thus greatly reduce the flexibility of CP-SJE films (elongation
break).*”*®

Moisture content

Food packaging films should maintain certain moisture levels
within the packaged products. Moisture content reflects the
ability of packaging film to absorb moisture from a relatively
high humid environment.** As shown in Table 2, SJE incorpo-
ration significantly reduced the moisture content of the CP-SJE
films in comparison with CP film (p < 0.05). The MC values
ranged from 26.74 to 39.18%. For control CP film, its high
moisture content is caused by intermolecular interactions
between water molecules and amino/hydroxyl groups alongside
the molecular chain of CS/PVA. The incorporation of SJE could
establish strong intermolecular interactions (hydrogen bonds)
between anthocyanins and hydroxyl/amino groups of the CS/
PVA chains, which greatly limited water-chitosan intermolec-
ular interactions. Thus, the moisture contents in CP-SJE films
decreased with the addition of SJE.

Water vapor transmission rate (WVTR)

The WVTR is a barrier parameter for the food packaging films to
prevent the transfer of moisture from the outside atmosphere.
The WVTR of control CP and CP-SJE films are shown in Table 2.
The WVTR of the control CP film is 35.21 = 0.13 gm™ ' h™'. The
WVTR values of CP-SJE films were lower in comparison to CP
control film, and increasing SJE content in the prepared CP-SJE

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Table2 Moisture capacity (MC), water vapor transmission rate (WVTR), water solubility (WS), and oxygen permeability (OP) of the prepared films®

Sample MC (%) WVIR (gm ' h™?) WS (%) OP x 10°® (cm® m ™" 24 h atm)
CP 39.18 + 0.38¢ 35.21 + 0.13% 45.91 + 1.31% 10.113 + 1.315%¢

CP-SJE-I 36.23 4 0.19° 23.18 + 0.16%° 46.36 + 1.25° 9.109 + 1 = 2.001%®

CP-SJE-II 34.92 + 0.27° 22.31 + 0.15¢ 48.42 + 2.03° 8.215 + 0.218¢

CP-SJE-III 31.46 + 0.35¢ 21.58 + 0.1° 51.28 + 1.459 6.196 + 1.853°

CP-SJE-IV 29.59 + 0.523° 20.67 + 0.11° 53.53 + 2.12% 5.201 + 1.791°

CP-SJE-V 26.74 + 0.41° 18.39 + 0.18° 56.41 + 2.15% 3.185 + 0.5322

a a-d

Different letters represent statistical difference at p < 0.05, n = 3.
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Fig. 7 TGA profile of control CP and CP-SJE films.
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Fig. 8 Anthocyanin release into the food simulants.

composite caused a dramatic reduction in the WVTR values.
Wwith the addition of (0.33, 0.66, 1.00, 1.33, and 1.66 wt%) SJE,
the WVTR value of CP-SJE films decreased in the order 23.18 +
0.16, 22.31 + 0.15, 21.58 & 0.1, 20.67 =+ 0.11, and 18.39 =+ 0.18,
respectively (Table 2). The increase in SJE concentration reduces
the WVTR values of CP-SJE films due to a number of factors,

© 2023 The Author(s). Published by the Royal Society of Chemistry

such as film density, surface structure, thickness, and hydro-
philicity. Another important aspect that might obstruct the
actual movement of water vapor diffusion is the compatibility
and homogeneity of film.*®

Water solubility

Water solubility reflects the water resistance property of the
prepared films. As summarized in Table 2, the control CP film
showed the lowest water solubility (45.91 + 1.31%), but the
water solubility of CP-SJE films increased (P < 0.05) from 46.36
+ 1.25% to 56.41 £ 2.15% with increasing concentration of the
SJE extract (Table 1). The enhanced water solubility is ascribed
to the highly hydrophilic character of the anthocyanins present
in the SJE. Similarly, increased water solubility was found in the
corn and cassava starch-based films, and physicochemical
characteristics are influenced by their starch content.**

Oxygen permeability (OP)

The oxygen barrier ability of the prepared films is an important
parameter of food packaging materials. In general, the films with
a low oxygen barrier ability are suitable to package fruits and
vegetables, while the film with high oxygen barrier ability can
protect food.*® Table 2 summarizes the OP values obtained for CP
and CP-SJE films. The OP value of the CP film is 10.113 x 10™°

100
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[C_JcpsiEL I }
[ Jcpsien I}

| B B || f
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b
A NIE G

80 4

60 -

20 4
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Fig. 9 Antioxidant profile of prepared control CP and CP-SJE films
(mean £ SD, n = 3). *AA-ascorbic acid.
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ecm® m™' 24 h atm, but lower OP values were observed for SJE
loaded CP-SJE films than the control CP film. As the SJE content
increased in polymer matrix, the OP value of CP-SJE composite
films improved significantly (p < 0.05). The higher concentration
of SJE loaded composite film (CP-SJE-V) exhibited the lowest OP
value (3.185 x 107 ® cc m™" 24 h atm) among all other CP-SJE
series films prepared (CP-SJE-I, CP-SJE-II, CP-SJE-III, and CP-SJE-
IV). The reduction in the OP values of CP-SJE films caused by
anthocyanin-rich extracts can be filled into the void volume in the
film matrix and further establish intermolecular interactions with
biopolymers resulting in a compact inner microstructure of the
films.

Thermal properties of CP and CP-SJE films

TGA is a frequently used tool to analyze the thermal property of
packaging films. TGA profiles of the prepared films are shown in
Fig. 7, and the weight loss of the control CP and CP-SJE films
appeared in three stages.* The first stage appeared at 30-110 °C,
the second at 111-260 °C, and the third stage was observed above
260 °C, which are due to the evaporation of moisture, intrinsic
water in the film, and thermal decomposition of CS/PVA matrix
and SJE. Notably, CP-SJE films showed more thermal stability than
control CP film, which could be evidenced by the relatively slow
degradation. In Fig. 7, it is revealed that SJE incorporation in CS/
PVA matrix significantly increases the thermal stability of the CP-
SJE films in comparison to the control CP film (p < 0.05). This
property is due to the formation of strong intermolecular inter-
actions between SJE and CP matrix, which requires more thermal
energy to dissociate interactions. The control CP film showed
5.6% residue decomposition at 500 °C, while the weight percent
remaining after major degradation at 500 °C for CP-SJE films was
higher than the control CP. CP-SJE I, CP-SJE II, CP-SJE III, CP-SJE
IV, and CP-SJE V had 7.9%, 8.2%, 9.2%, 10.03%, and 12.09%
residue loss at 500 °C. According to this result, CP-SJE films have
higher thermal stability than the control CP film.

Anthocyanins released from the films

The migration of a colorimetric indicator from smart packaging
material is undesirable and not acceptable because it may lose
its efficacy or discolor the food. For this reason, the rate of

Table 3 The literature comparison of maximum DPPH scavenging
assay observed for different anthocyanin-incorporated polymeric
films with present work

DPPH radical

Material composition scavenging (%) Reference
SFA/CaCl,/BCE 1% 32.96 40
Car-LRM4.5 78.43 38
Chitosan/AgNPs/PCE 58.76 54
kC/HM40/Pm16 29.92 55
Chitosan-BSSCE I1I 59.01 52

KCR-9 63.49 56
CS-BRE III 59.89 46
CS-BEE III 47.36 33
Chitosan-PSPE III 79.92 39
CP-SJE-V 81.72 Present work
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anthocyanins released from the smart colorimetric films was
determined using model food simulants such as water, ethanol,
and acetic acid, which represented aqueous, alcoholic, and
acidic food products, respectively.’” Fig. 8 depicts the anthocy-
anin content released from the CP-SJE film profile. The results
revealed that the release rate of anthocyanins in films was the
fastest in distilled water (0.49 pg mm™2), followed by 3% acetic
acid (0.37 pg mm ?) and 50% ethanol (0.31 ug mm™?). This
could be due to the high hydrophilicity of the CP-SJE films and
the water-soluble behavior of the anthocyanins.

Antioxidant activity

The prepared films CP-SJE and control films were tested for
their DPPH radical scavenging ability, and experimental data
is appended in Fig. 9. It is observed that the control CP film
showed much lower scavenging ability (p < 0.05).>* The anti-
oxidant ability of chitosan could be mainly attributed to the
free radical scavenging ability of amino groups at the C-2
position of chitosan chains. In addition, the antioxidant
mechanism of chitosan was also related to its metal ion
chelating efficiency, which could prevent the initiation of
lipid peroxidation. Notably, the antioxidant ability of CP-SJE
films was closely related to the incorporated amount of SJE.
For the CP-SJE films, their DPPH radical scavenging ability
increased with increasing SJE contents (p < 0.05). These
studies suggested the superior antioxidant ability of CP-SJE
due to the functionality of polyphenolics present in the
natural extract. Therefore, anthocyanin-rich CP-SJE films can
be used to protect packaged food against oxidative damage.
Table 3 represents some important previously reported
anthocyanin-incorporated polymeric films compared with the
present work, which revealed that the packaging films in the
present work showed excellent antioxidant properties
compared to other similar materials reported, probably due
to the presence of a high concentration of active anthocyanins
loaded on to the polymer matrix synergic effect.
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Fig. 10 Cell viability of prepared films against HEK293 cell line (mean
+SD, n=3).
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Cell viability

The cell viability assay of chitosan-based film samples was
examined by utilizing MTT assay [3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2H-tetrazolium bromide] against HEK293 cell lines with
concentrations of 10, 20, 40, 60, 80, and 100 ug mL ™", after 24 h
incubation at 37 °C (Fig. 10). All films exhibited maximum cell
viability, and cells without treatment of anthocyanins were
considered as control with cell viability more than 70%. As shown
in Fig. 10, cell viability increased in response to the increase in the
anthocyanin concentration and reached 99.75%. This indicates
the biocompatibility of CS, PVA, and anthocyanin-containing
composite films.**®* The CP composite film with a higher
concentration of SJE (CP-SJE V) showed higher cell viability.
Altogether, these data suggest that CP-SJE films are non-toxic at
a concentration of 10-100 ug mL " as authenticated by experi-
mental data on cell viability, which is greater than 90%.

Application of prepared films in chicken meat storage

The amount of nitrogenous constituents (ammonia, dimethyl,
and trimethyl amine) in meat is measured using the TVBN (Total
Volatile Basic Nitrogen) technique, which reveals the level of meat

View Article Online

Sustainable Food Technology

freshness. In this study, pH-sensitive CP-SJE-V film is used to
indicate the freshness of the chicken meat.*® The change in the
TVBN level of the chicken meat sample is shown in Fig. 11a. The
initial TVB-N value for the sample is recorded as 7.82 mg/100 g.
Samples exceeded the specified limit values after 46 h (20 mg/100
g), and after 60 h, TVB-N concentration increased to 40.19 mg/
100 g. In the literature, generally, the acceptable TVB-N value is
20-30 mg/100 g for chicken meat according to Chinese Standard
(GB 2733-2015).*® This implied that the chicken meat sample
could not be consumed after 46 h of processing. The pH of the
food and its freshness are closely related. For instance, the pH
indicator can detect significant pH changes that occur during the
deterioration of the chicken flesh caused by the breakdown of
protein and formation of amines. The prepared CP-SJE-V film was
sealed within the package to monitor the freshness of the chicken
meat and stored at ambient temperature (room temperature) for
60 h. The images showing the change in the film color starting
fresh chicken meat and spoiled chicken meat are shown in
Fig. 11b. The pH of the chicken meat was 6.5, 10.23, and 13.79 at
0, 30, and 60 h, respectively. Furthermore, it was noticed that CP-
SJE-V film was light in color initially when the fresh chicken meat
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Fig. 11
the chicken meat during storage using CP-SJE-V film.
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(a) The change of TVB-N level of stored chicken meat from 0-60 h at rt (mean &+ SD, n = 3), (b) visualization of change in the freshness of
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was packed, and after 30 h, the color of the CP-SJE-V film changed
slightly yellowish, and finally, after 60 h, the packed film color (CP-
SJE-V) changed to dark yellow. The color change of the CP-SJE-V
film and the pH response of the films are in good agreement
with each other. This result showed that the prepared CP-SJE films
emerged as smart food packaging films for monitoring the
freshness of the chicken meat.

Conclusion

The intelligent and active films were successfully prepared by
incorporating anthocyanin-derived natural SJE into CP matrix.
The CP-SJE films containing 1.66 wt% SJE exhibited excellent
UV ray blocking ability (~63.75%), opacity (~58.06%), thickness
(~32.05%), tensile strength (~32.47%), thermal stability
(~53.68%), water solubility (~22.87%), and antioxidant activity
(~71.31%) compared to the control CP film. The moisture
retention capacity (~31.75%), oxygen permeability (~68.54%),
water solubility (~22.87%), and water vapor transmission rate
(~47.24%) were significantly enhanced with an increased SJE
anthocyanin content. The pH-sensitive properties of the CP-SJE
films were remarkably affected by the SJE content. The highest
anthocyanin content film coded CP-SJE-V showed the most
evident color change when applied to detect the freshness of the
chicken meat examined, and the changed color can be easily
watched by the naked eye. The rate of anthocyanins released
from the film matrix into the food simulants is within the
standard acceptable limits. All the CP-SJE films showed more
than 90% cell viability. The CP-SJE films exhibited red color in
acidic (pH = 1), while yellowish in basic (pH = 13). Hence, CP-
SJE-V film emerged as the intelligent/active films category,
providing consumers with real-time information about the
quality and safety of the meat products, thereby reducing waste
and time, and improving the health and sustainability of the
food supply and packaging.

Abbreviations

AA Ascorbic acid

ASTM American society for testing and materials
ATR Attenuated total reflection

CP Chitosan/poly(vinyl alcohol)

CP-SJE Chitosan/poly(vinyl alcohol)/SJE

CS Chitosan

CP-SJE I Chitosan/poly(vinyl alcohol)/SJE 0.33 wt%
CP-SJE I Chitosan/poly(vinyl alcohol)/SJE 0.66 wt%
CP-SJE 111 Chitosan/poly(vinyl alcohol)/SJE 1.00 wt%
CP-SJE IV Chitosan/poly(vinyl alcohol)/SJE 1.33 wt%
CP-SJE V Chitosan/poly(vinyl alcohol)/SJE 1.66 wt%
DDW Double distilled water

DPPH 2,2-Diphenyl-1-picrylhydrazyl

EB Elongation at break

FT-IR Fourier transform-infrared
MC Moisture content

OP Oxygen permeability

PVA Poly(vinyl alcohol)

RH Relative humidity
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SEM Scanning electron microscope
SJE Stachytarpheta jamaicensis extract
TGA Thermogravimetric analysis
TPC Total phenolic content

TS Tensile strength

UTM Universal testing machine
UV-vis Ultraviolet-visible

WVP Water vapor permeability
WVTR Water vapor transmission rate
WS Water solubility

™M Young's modulus
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