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Summary Anthocyanins have attracted increasing attention for different packaging systems due to having functional

features such as biocompatibility, antioxidative activity, visible colour response at varying pH values. In

this study, the extract of Aronia melanocarpa as anthocyanins source was incorporated into guar gum

films to take advantage of both antioxidant and pH responsive attributes. Aronia addition did not affect

the thermal stability of guar gum films. Radical scavenging activity of the films (%) was measured by 2,2-

Diphenyl-1-picrylhydrazyl (DPPH) assay, and aronia added films exhibited very strong antioxidant activ-

ity (up to 85%). The colour of aronia solution varied from pink to brown with pH ranging from 1 to 13.

Similarly, when the films were immersed in buffer solutions at different pH values, the visual colour varied

from pink to brownish yellow. ΔE values of GR_AR_3 (guar gum films having the highest aronia concen-

tration) ranged between 23.31 and 40.62 at pH 1–13. This result proved colour change of the films can be

even detected by untrained consumers. Furthermore, the films were found to be very sensitive to ammonia

vapour. Aronia incorporated guar gum films could be suggested as both antioxidant films to prevent

foods oxidation from oxidation and promising intelligent films to monitor the deterioration of foods.

Keywords anthocyanin, antioxidant activity, Aronia melanocarpa extract, guar gum film, intelligent films, pH indicator.

Introduction

Packaging has a vital role in protection of food from
ambient conditions, providing shelf life and advertis-
ing. However, over the past years, the expectance from
packaging has evolved and according to customers,
just maintenance of food product quality has not been
seen satisfying. Depending on consumer demands,
extension of shelf life and monitoring food quality are
the new missions of the food packages. In that con-
cept, intelligent packaging could be defined as a pack-
aging system that indicates the quality of foods before
consumption during storage and give information to
customers (Kuswandi et al., 2011). To design an

intelligent package, a kind of indicators showing time–
temperature relation, humidity data, freshness labels,
and biosensors are added to the packaging system.
Among them, freshness indicators provide sign of
microbial and chemical deterioration during shelf life.
Rather than sensors, the basic indicators usually
depend on colorimetric changes as a sign of the tem-
perature, time, and pH, oxygen. pH of foods is the
most significant response to deterioration due to unde-
sired microbial growth and chemical changes. In gen-
eral, pH indicators consist of a dye changing colour
with respect to pH which has the advantages of sensi-
tivity, low cost, and quick answer. pH-sensitive dyes
could be composed of synthetic and natural pigments.
The common synthetic pigments that can be used as
pH-sensitive dye are bromocresol purple, cresol red,
bromocresol green, methyl orange, bromophenol blue,
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and chlorophenol red. However, due to the possible
toxicity, customers could keep their distance from this
kind of intelligent film. Thus, there is an increasing
trend to study the applicability of natural plant-origin
pigments as colorimetric pH indicators instead of syn-
thetic ones (Lee et al., 2015; Balbinot-Alfaro et al.,
2019). It is noteworthy that as plant-origin pigments,
anthocyanins step forward due to having high sensitiv-
ity to colour change at the pH range. Anthocyanins
are plant-based, water-soluble, nontoxic pigments hav-
ing purple, blue and red colour. Due to their conjugate
structure, anthocyanins show sensitive colour reactions
in the function of pH and it makes them a great
option as indicators to be used in intelligent film devel-
opment (Ma & Wang, 2016; Ma et al., 2017b). In
recent years, several studies have reported the applica-
bility of different kinds of anthocyanins extracted from
purple sweet potato (Choi et al., 2017; Li et al., 2019),
black rice bran (Wu et al., 2019), red cabbage (Pourja-
vaher et al., 2017; Liang et al., 2019), grape skins (Ma
& Wang, 2016), purple tomato (Li et al., 2021), and
black carrot (Moazami et al., 2020) among others for
the development of intelligent packaging.

Black chokeberry or aronia (Aronia melanocarpa)
belongs to the Rosaceae family which is a plant originat-
ing from North America (Kapci et al., 2013). Aronia has
been recently grown in the eastern European countries
and today it is transferred to Turkey which has a temper-
ate climate. Aronia fruits show high resistance to damage
during transportation, cold storage and frosting so the
cultivation popularity of aronia has increased among the
countries having convenient climate conditions (Tolić
et al., 2015). Anthocyanins, phenolic acids, flavanols, and
proanthocyanidins are the types of polyphenols in the
aronia fruits. The strong anthocyanin content comes
from mostly cyanidin-3-galactoside and cyanidin-3-
arabinoside, followed by cyanidin-3-glucoside, and
cyanidin-3-xyloside (Denev et al., 2012). Moreover,
flavanols in aronia compose of mainly quercetin deriva-
tives (quercetin-3-glucoside, 3-O-vicianoside, 3-O-
robinobioside, 3-rutinoside, 3-galactoside) (Nawirska-
Olszanska et al., 2020). Aronia is rich in phenolic acids,
especially chlorogenic and neochlorogenic acids (Veberic
et al., 2015). Due to high polyphenol content, aronia
fruits show high antioxidative potential, which expand
their usage for food products. In addition to showing
strong antioxidant ability, aronia fruits display biological
activities including anticancer, antiinflammatory, anticar-
cinogenic, antiatherogenic and antidiabetic effects (Kapci
et al., 2013). Nowadays, aronia is utilised in different
fields of the food industry such as juice (Kardum &
Takic, 2014; Vagiri & Jensen, 2017), dried fruits (Šavikin
et al., 2016; Nawirska-Olszanska et al., 2020), wine
(Gumienna et al., 2011; Lachowicz et al., 2017). Besides
food products, due to the high anthocyanin content, aro-
nia is a good alternative to produce intelligent film. In the

literature, Halász & Csóka (2018) immobilised the extract
of aronia into chitosan films to obtain an intelligent
package, which had the colour response depending on
the pH. Moreover, high phenolic content of aronia also
could be used for the design of active film that could
increase the shelf life of foods.
Various biodegradable polymers have been used to

immobilise extracted anthocyanin, such as gellan gum
(Wei et al., 2017), cassava starch (Luchese et al., 2018;
Qin et al., 2019), chitosan (Vo & Dang, 2019; Ebra-
himi et al., 2022), ĸ-carrageenan (Sun et al., 2020).
Guar gum is a water-soluble natural polysaccharide
obtained from the seeds of Cyamopsis tetragonolobus.
It was used to immobilise grape pomace as active pack-
aging material (Saurabh et al., 2015). Guar gum is as a
galactomannan and consists of long linear β-(1.4)-
mannose backbone to which α-(1.6)-linked galactose
residues. It is produced from endosperm of Cyamopsis
tetragonoloba (Cunha et al., 2005; Saurabh et al., 2015).
This study focused on developing a novel colorimet-

ric pH indicator film. Anthocyanins extracted from
aronia was incorporated into guar gum matrix. The
sensing abilities of guar gum–aronia films to different
pH values and ammonia were assessed. Furthermore,
total phenolic content and antioxidant activity of the
films were investigated in addition to thermal behav-
iour of the films.

Materials and methods

Materials

Guar gum was supplied from Katkı Dünyası Gemici
Gıda Ticaret Ltd. Şti (İstanbul, Turkey) and aronia
powder was bought from Liya Hanım Çiftliği (Canak-
kale, Turkey). Glycerol (≥99%), sodium carbonate
Folin-Ciocalteau reagent, 2,2-diphenyl-1-picrylhydrazyl,
hydrochloric acid, sodium bromide and sodium hydrox-
ide were purchased from Sigma-Aldrich Chemie Gmbh
(Darmstadt, Germany).

Methods

Film preparation
Guar gum (1% w/v) was dissolved in distilled water
using magnetic stirrer at 500 r.p.m. for 4 h. To extract
the phenolics, different concentrations of powder (5%,
10% and 15%) were mixed with ethanol:water (4:1)
solution by using magnetic stirrer at 750 r.p.m. for 2 h
at room temperature. Then, the suspension was centri-
fuged (Nüve, NF 800, Turkey) at 4000 r.p.m. for
15 min. To arrange the ratio of guar gum:aronia as
1:1, 1:2, 1:3 (w/w), guar gum solution was mixed with
aronia solution. Glycerol at 0.15% (w/v) as plasticizer
was added to guar gum/aronia solution. Guar gum/
aronia solution (20 mL) was poured into petri dishes
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(diameter is 9 cm) and dried for 48 h at room temper-
ature in a chamber. The films were placed in desicca-
tors having 57.7% RH (adjusted by saturated NaBr
solution) at 25 °C (Greenspan, 1977). Guar gum/aro-
nia films were coded as GR_AR_1, GR_AR_2,
GR_AR_3, and only guar gum and glycerol contain-
ing film was used as control (labelled as GR).

Total phenolic content (TPC) of films
The TPC of guar gum/aronia films were determined
by the modified Folin–Ciocalteu method. The film
(0.1 g) was immersed in 10 mL ethanol:water (4:1) for
1 h and it was filtrated to collect supernatant. Then,
the sample of 1 mL was mixed with 2.5 mL of Folin–
Ciocalteu reagent (0.2 N) and left for 5 min in the
dark. After that, 2 mL of sodium carbonate solution
(7.5% w/v) was added to the previous mixture. Sam-
ples were stored in the dark for 1 h, and finally, the
absorbance was measured at 760 nm by using a spec-
trophotometer (UV 1800, Shimadzu, Kyoto, Japan).
Different concentrations of the gallic acid solutions
(10, 20, 40, 60, 80 100, 133 mg/L) were prepared as
described above for the calibration curve. Finally,
TPC of films were calculated with eqn 1 as gallic acid
equivalents (GAE) in milligrams per gram dry weight.

TPC mg GAE=g filmð Þ ¼ C� V�D

WS
(1)

where V, D, C and Ws are the volume of the solution
(L), the dilution factor, the concentration determined
from the calibration curve (mg/L), and the weight of
the film (g), respectively.

Antioxidant activity of films
The antioxidant activity of guar gum/aronia films was
measured as the scavenging capacity of 2,2-diphenyl-1-
picrylhydrazyl (DPPH) free radical assay (Aydogdu
et al., 2019). To carry out the analysis, first, 0.1 g of
film was dissolved in 10 mL of ethanol/water (80/20).
Then, 1 mL of the diluted sample was mixed with
3 mL of DPPH solution (25 ppm), and stored in the
dark for 1 h. The absorbance of samples was mea-
sured at 517 nm. The antioxidant activity (% AA) of
films was calculated by eqn 2.

AA %ð Þ ¼ Acontrol�Afilm

Acontrol
� 100 (2)

where Acontrol and Afilm refer to the absorbance of the
DPPH solution without and with the dissolved films,
respectively.

Thermogravimetric properties
The thermogravimetric analysis (TGA) and derivative
thermogravimetry (DTG) of films were perfomed by
using the SII Exstar TG/DTA 6300 (RTI Instruments,
Inc., Woodland, USA) to measure thermal degradation

temperatures of the samples. About 10-mg film pieces
subjected to heating up to 450 °C at a rate of 10 °C/
min under nitrogen purge at a flow rate of 50 mL/min.

Absorbance spectrum and response of guar gum/aronia
solutions and films at different pH levels
Aronia is a pH-sensitive compound and its colour
changes accordingly. It is known that each colour has a
distinct characteristic peak at different nm. Therefore,
to analyse the max absorbance peak of the aronia solu-
tions at different pHs, this analysis was carried out.
The response of the guar gum–aronia solutions to

the different buffer solutions (pH 1–13) was measured
spectrophotometrically by using UV 1800, Shimadzu,
Columbia, USA, wavelength between 300 and 600 nm.
Similarly, the colour response of the selected indica-

tor film (GR_AR_3) to different buffer solutions (pH
1–13) was measured by the CIE Lab method as
described by Wu et al. (2019).
First, 1 mL of each buffer solutions was dropped

into the films with 1 cm x 1 cm dimensions. After
20 min, films were placed on a white plate and the
CIELab colour parameters (L*, a*, and b*) were mea-
sured with a Chroma Meter CR400 colorimeter
(Konica Minolta, Inc., Tokyo, Japan). The total col-
our difference (ΔE) was calculated as follows:

ΔE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

L0
��L�ð Þ2 þ a0��a�ð Þ2 þ b0

��b�ð Þ2
q

(3)

where L0*, a0* and b0* are the colour parameters of
the film before soaking.

Sensitivity to ammonia
To illustrate possible colour changes of aronia-
incorporated films when it is applied to a real food sys-
tem, films were exposed to ammonia vapour as
described by Yildiz et al. (2021) with some modifica-
tions. Different aronia concentration containing films
covered the top (4.90 cm2) of an Erlenmeyer flask con-
taining 80 mL of ammonia solution (0.32 M). Colour
changes of films were recorded in every 3 min for
30 min by colorimeter Chroma Meter CR400 (Konica
Minolta, Inc., Japan) in terms of L*, a*, b*. Then, using
MATLAB 9.0 (R 2016a), the colour date was converted
to RGB colour scale. Sensitivity of the films was calcu-
lated using the eqn 4 (Mohammadalinejhad et al., 2020)

SRGB ¼ Ra�Rbð Þ þ Ga�Gbð Þ þ Ba�Bbð Þ
Ra þ Ga þ Bað Þ � 100 (4)

where R, G, and B refer to the red, green and blue col-
our, respectively. Subscripts a and b represent the ini-
tial and final colour measurements, respectively.

Statistical analysis
Data were analysed by using MINITAB (version 16;
State College, PA, USA). Analysis of variance (ANOVA)
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was applied, and Tukey’s Multiple Comparison Test
was used for identification of the significance of differ-
ences among values (P ≤ 0.05). Results were expressed
as the arithmetical mean and the standard deviation
(�) (SD) for 3 replicates.

Results and discussion

Moisture content, water vapour permeability (WVP), total
phenolic content (TPC) and antioxidant activity of films

It is important to note that the moisture content can
affect the film’s physical, mechanical, and barrier prop-
erties, so it is essential to consider the intended use
and storage conditions when designing films. The
moisture content in guar gum films represents the
water trapped within the film matrix. The range of
moisture content observed in the film samples tested
was from 19.37% to 21.76%. The addition of aronia
did not have any significant effect on the moisture con-
tent of the films. This is because the hydrophilic com-
pounds in the film containing extract can retain water
molecules in their structure (Ebrahimi et al., 2022).
Other researchers have conducted studies that revealed
that adding various extracts did not have a significant
impact on the moisture content of films based on bio-
polymers (Qin et al., 2019; Xue Mei et al., 2020). The
water vapour permeability (WVP) of a film determines
its ability to prevent the transfer of water vapour
between two sides of the film. To be effective for pack-
aging purposes, it is important for a film to have a
low WVP value to limit the passage of water vapour
through the film (Kilic et al., 2022b). WVP of the films
have not been changed after aronia incorporation into
guar gum film matrix. In other studies, it has been
observed that the addition of phenolic compounds
does not affect the water vapour permeability of the
films (Andretta et al., 2019; Ezati & Rhim, 2020).

Free radicals play a significant role in oxidative deg-
radation and quality loss of foods. Due to showing
radical scavenging activity, antioxidant compounds
could be either incorporated to active packaging mate-
rials or added directly to food products. The films hav-
ing antioxidative compounds are effective in reducing

lipid oxidation and providing preferred food quality
during shelf life (Nwude et al., 2022). Table 1 indicats
the TPC and antioxidant activity of guar gum films
containing aronia. As expected, aronia incorporation
increased TPC of films significantly (P < 0.05). Aronia
is rich in terms of phenolic acids and flavonoids.
The main phenolic compounds in aronia fruits are
hydroxycinnamic derivatives (chlorogenic and neo-
chlorogenic acids) and flavonoids (Quercetin 3-O-
arabinoglucoside, Quercetin 3-O-galactoside, Quercetin
3-O-glucoside) (Romani et al., 2016) and anthocyanins
are accounted 57% of total phenolic content of aronia
(Tian et al., 2017).
The antioxidant activities of the films were deter-

mined by the DPPH scavenging method, which is
based on the discoloration of DPPH. Films with
higher phenolic content caused more discoloration of
DPPH, and this resulted in lower absorbance value
(Siripatrawan & Vitchayakitti, 2016). Phenolic com-
pounds are active agents, and a significant relation
was observed between phenolic content and the anti-
oxidant activity of films. While GR_AR_1 film showed
16.22 mg GAE/g film TPC and 62.07% antioxidant
activity, TPC and antioxidant activity of GR_AR_3
films were 52.92 mg GAE/g film and 85.39%, respec-
tively. The phenolic compounds in aronia extract is
the reason why guar gum films had an antioxidant
activity. Oszmiański & Lachowicz (2016) also reported
significant antioxidant activity of aronia extract due to
having rich phenolic compounds. A similar observa-
tion was found in several studies that investigated films
including phenolic sources could be regarded as anti-
oxidant film. For example, Kim et al. (2020) incorpo-
rated goji berry extract into starch films and the films
showing antioxidant activity were obtained. In another
study, Nwude et al. (2022) showed that chitosan films
having rice berry extract showed antioxidant activity
of about 60%.

TGA analysis of films

TGA analysis records the weight loss of the material
components as a consequence of the increase in tem-
perature, giving information about the thermal

Table 1 Moisture content, water vapour permeability (WVP), total phenolic content (TPC) and DPPH free radical antioxidant capac-
ity (%) of aronia–guar gum films

Film

Moisture

content (%)

WVP × 1010

(g m�1 s�1 Pa�1)

TPC

(mg GAE/g film)

Antioxidant

activity (%)

GR_AR_1 20.12 � 1.04a 5.7581 � 0.1841a 16.22 � 0.16c 62.07 � 0.88c

GR_AR_2 21.76 � 1.10a 5.8989 � 0.1852a 28.40 � 1.09b 74.51 � 1.17b

GR_AR_3 19.37 � 1.16a 5.7629 � 0.2611a 52.92 � 0.14a 85.39 � 1.02a

GR 20.55 � 1.13a 5.2755 � 0.1351a

The mean and the SD for n = 3 are reported. Different letters in the same column indicate significant differences among the means (P ≤ 0.05).
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stability. The thermal degradation curves of films
based on guar gum and aronia incorporated guar gum
films are shown in Fig. 1. Between 50 and 125 °C, all
films exhibited approximately 10% weight loss due to
the loss of moisture (Yildiz et al., 2021). All the films
had two stages of degradation and the first degrada-
tion temperature was observed at around 210 °C
attributed to the decomposition of glycerol used as a
plasticizer (Ezati & Rhim, 2020). Similar behaviour
was observed in several studies about the packaging
material design when glycerol is used as plasticizer
(Ma & Wang, 2016; Nwude et al., 2022). The second
degradation stage of films was observed at around
275–325 °C mainly due to guar gum backbone degra-
dation (Elsaeed et al., 2021). According to the results,
the incorporation of aronia did not significantly affect
thermal stability of guar gum films. Similar observa-
tions were reported in the studies of Qin et al. (2019)
and Liang et al. (2019). In these studies, incorporation
anthocyanins extracted from fruits of Lycium rutheni-
cum and red cabbage did not affect thermal stability of
gum and starch films, respectively. Therefore, aronia–
guar gum films had similar thermal stability as
reported in the literature.

Colour response of solutions and films at different pH
values

Colour response to pH change is real-time monitoring
of freshness and spoilage of packed foods. Anthocya-
nins are sensitive to pH, and their colour changes with
respect to pH. This characteristic of antocyaninds
make them one of the best option for the intelligent
film aiming monitoring deterioration of foods (Oladza-
dabbasabadi et al., 2022). However, anthocyanins
decompose easily and their stability is affected from
temperature, pH, light, oxygen. Furthermore, the

stability of anthocyanins depends on the concentration
and structure of them (Li et al., 2021). The colour
change of aronia solution at different pH values (pH
1–13) is shown in Fig. 2. As stated before, aronia is a
good source of anthocyanins so aronia solutions repre-
sented a clear colour change under different pH values.
At different pH values, aronia loaded in films resulted
in distinct colour change from pink to brown. At
acidic pH values, the colour of solutions was pink,
and it turned to purple at pH 5–7. As the pH
increased up to 8, the solution turned to dark green,
then at basic pH values, the colour of solutions was
brown. As stated in many studies, the main coloration
compounds are flavylium cations, carbinol pseudo-
base, chalcones and quinone base in anthocyanin
extract solutions. These four compounds are in pH-
dependent equilibria (Li et al., 2019). In the pH range
of 1–3, the flavyliums cations were dominant and they
gave the red colour to solution. When the pH of solu-
tion raised to 5, purple coloured carbinol was formed
due to the nucleophilic reaction between flavonoid cat-
ions and water. Then, raising pH to alkaline condi-
tions, by loss of cations from carbon and oxygen, dark
purple blue quinoid anions reacted with phenolics, and
a dark green colour is observed. At pH 12–13, further
deprotonation resulted in chalcone formation that
gave the brown colour to aronia loaded films (Li
et al., 2021; Roy & Rhim, 2021). Similar observations
were previously reported by Nwude et al. (2022) and
Liang et al. (2019) for rice berry and red cabbage phe-
nolic extract in response to pH variation. In the study
of Nwude et al. (2022), rice berry extract solutions
showed pink colour at pH values of 2 and 4 and
brown colour at pH 12. (Liang et al., 2019) observes
the colour change of red cabbage extract from pink to
dark green with increasing pH 3 to 10. The visible
spectra of aronia solutions at different pH values are
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Figure 1 TGA curves of guar gum and aronia incorporated guar gum films (DTG refers to derivative thermo-gravimetric curve).
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shown in Fig. 2. The maximum absorption peak was
observed at 530 nm at pH 1 and pH 2, which was
attributed to flavylium cations (Liang et al., 2019). As
pH increased, the peak almost disappeared. At higher
pH, flavylium cations undergo nucleophilic attack and
form pseudo-base colourless carbinol and then chal-
cone. At basic pH, due to the deprotonation, flavylium
cation forms neutral quinoidal base (Neuenfeldt
et al., 2022). Similar trend was observed in the studies
of Ma & Wang (2016) and Sun et al. (2020) for extract
of grape skins and Prunus maackii pomace, respectively.

The colour response parameters (L*, a*, b* and
ΔE) of aronia/guar gum films are shown in Table 2
and the pH sensitivity of GR_AR_3 films is indicated
in Fig. 3. When aronia added films were dipped into
the buffer at pH 1 and pH 2, a* values became
higher as indicator of red colour due to the dominant
characteristics of flavylium cations in acidic medium.
Films containing higher amounts of aronia showed
higher redness value. When pH changed from acidic
to alkaline conditions, the a* values decreased gradu-
ally as evidence of greenness. At pH 8–10, the colour
of aronia-incorporated guar gum films shifted
through purple to grey due to the formation of

quinonoidal bases or colourless carbinol pseudo-bases
(Mohammadalinejhad et al., 2020). With an increase
in alkalinity, a very noticeable brownish yellow col-
our appeared and b* value gradually increased from
8.97 to 43.77 for GR_AR_3. The colour change of
barberry incorporated methyl cellulose/chitosan films
also followed very similar trend. Its colour ranged
from reddish (pH 5), pale pink (pH 6–8) and finally
yellow (Alizadeh-Sani et al., 2021). Likewise, in the
study of paper flower extract incorporated potato
starch films, yellowness (b*) values of the samples
start to increase when pH reached 9 (Naghdi
et al., 2021).
ΔE representing colour change is a significant

parameter that examines the applicability of intelligent
pH indicators. To detect the colour response according
to pH change visually, ΔE must be higher than 5
(Prietto et al., 2017). Larger ΔE values mean that aro-
nia incorporated guar gum films have good colour var-
iation depending on pH. As stated in Table 2, ΔE was
found strongly dependent on aronia amount and
GR_AR_3 films showed the highest colour change.
Therefore, it is obvious that GR_AR films are poten-
tial in a sensitive visual pH indicator.

Figure 2 Spectra and colours of aronia solutions recorded from the 1.0–13.0 pH range.
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Ammonium response of films

During the spoilage of protein rich foods such as
chicken, pork, shrimp, beef and fish, volatile basic
amines (trimethylaime, dimethylamine and ammonia)
are produced due to enzymatic and bacterial activities.
Therefore, these volatile nitrogen compounds amines
are held responsible from the colour change of the
intelligent packaging. Ammonia is selected as a repre-
sentative compound to illustrate this alteration due to
its lowest boiling point among the mentioned amines
(Kilic et al., 2022a). Gaseous ammonia diffuses in to
the aronia incorporated guar gum film matrix and
form hydrated structure (NH3�H2O), then it produces
ammonium ions (NH4

+) and hydroxyl ions (OH�).
Ammonium ions led the formation of alkaline environ-
ment on the film surface and hydroxyl ions forms
bond with hydroxyl groups of anthocyanin to produce
oxygen anion. At the end, the change in ionic structure
of the compound resulted in colour change (Koshy
et al., 2021).

The colour change of aronia-incorporated guar gum
films at different ammonia concentration with respect

to time is shown in Fig. 4. In previous studies showed
that the colour change of the potential intelligent
films depends on the exposed ammonia concentration,
relative humidity and therefore, film forming matrix
(Ma et al., 2017a; Zhai et al., 2020; Naghdi et al.,
2021). However, apart from these factors, this study
also showed that the sensitivity and response time of
the films to the ammonia vapours depend on the aro-
nia concentration, in other words active compounds
concentration. Sensitivity of the GR_AR_1 and
GR_AR_2 increased after 12 and 9 min exposures,
respectively. However, the sensitivity of GR_AR_3
films exhibited very sharp increment after 3 min com-
pared to the other films. The gradual raise was
reported until 9 min and after that sensitivity remained
constant.
The colour response of the film should be fast

enough to be suggested as a potential intelligent film
layer. Therefore, GR_AR_3 could be advised for the
potential applications.

Conclusion

In this study, different concentrations of aronia (5%,
10% and 15%) have been incorporated into the guar
gum film matrix [guar gum:aronia as 1:1, 1:2, 1:3
(w/w)] to obtain both antioxidant and intelligent
films. Films exhibited great radical scavenging activ-
ity due to high polyphenol content of aronia. Anti-
oxidant activity of the films depended on the aronia
concentration and activity ranged from 62% to 85%.
The colour responses of films to the change in pH
were also analysed. The visual colour changes from
pink to yellow in the pH range of 1–13. Finally,
films were exposed to 0.32 M ammonia solution to
mimic the behaviour of basic amines that are pro-
duced during deterioration of high protein foods.
The results showed that the response time and sensi-
tivity of the films to ammonia depended on the aro-
nia concentration in the film. As a result, this study
showed that aronia incorporated guar gum colori-
metric films can be suggested as a visual indicator
for food quality assurance and antioxidant film layer
material.
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Table 2 CIELab colour parameters and the change in colour
(ΔE) of aronia-incorporated guar gum films as a function of
the pH values (1–13) of soaking buffers

Film pH value L* a* b* ΔE*

GR_AR_1 1 90.52 8.87 4.45 11.26

2 90.37 7.67 4.69 10.38

4 92.80 2.51 4.68 5.42

5 92.62 1.96 4.71 5.32

7 92.05 1.11 5.17 5.37

8 90.53 0.04 6.195 6.44

10 92.20 1.42 7.75 4.93

12 87.97 1.79 20.83 16.39

13 88.10 1.51 22.71 17.89

GR_AR_2 1 85.78 14.79 7.24 18.50

2 86.12 13.48 7.43 17.27

4 89.79 4.66 7.32 8.50

5 89.53 3.84 7.62 8.29

7 88.05 2.16 7.79 9.12

8 90.91 0.47 9.93 6.61

10 88.23 3.05 12.93 10.83

12 83.01 1.67 33.08 29.42

13 82.89 1.99 37.21 33.17

GR_AR_3 1 82.14 19.24 8.97 24.31

2 82.67 17.18 9.45 22.41

4 86.74 6.59 9.57 12.33

5 87.46 5.32 9.46 11.06

7 85.64 3.26 10.22 12.11

8 82.34 0.96 12.07 15.38

10 84.82 4.66 16.22 15.76

12 78.26 2.59 39.43 37.32

13 79.43 2.75 43.77 40.62
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