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Introduction. This study was aimed to develop and
characterize a biodegradable time temperature indicator (TTI)
film by incorporating red beetroot (Beta vulgaris L.) extract,
which is rich in betalain pigments, into alginate (A) / polyvinyl
alcohol (PVA) blend film.

Materials and methods. The alginate-PVA blends
(APVA) were prepared by mixing the 1% PVA and 3% A
solutions at different A:PVA (v/v) ratios (2:3, 1:1, 3:2). TTI
films were obtained by addition of ascorbic acid and red
beetroot extract to APVA blends and adjusting the pH to 9.5
by adding 2M NaOH. The films were produced by casting
technique. The pure A, pure PVA, APVA and TTI films were
characterized by using Fourier transform infrared (FT-IR)
spectroscopy, thermogravimetric analysis (TGA), and
scanning electron microscopy (SEM).The mechanical
properties of the films were established through stress/strain
tests. The CIE L*a*b* color parameters of TTI film were
obtained during seven days of storage at 4, 25, 40 and 60 °C.

Results and discussion. Increasing the concentration of
A provided an increase in elastic modulus, tensile strength and
elongation at break (%) of APVA and TTI films. TT1(3:2) film
had better film flexibility compared to A, APVA, TTI(1:1) and
TTI(2:3) films. The ratio of A to PVA in blend films did not
create a significant effect on TGA thermograms. Higher A
proportion in TTI films decreased the phase separation
observed in SEM images. The intensity of O—H stretching
band clearly increased in TTI films compared to other films.
TTI (3:2) film stored at 4 °C did not undergo color change for
7 days, whereas the color of TTI stored at higher temperatures
changed gradually during storage depending on the storage
temperature. The changes in b* parameters and hue angle
values were more pronounced; and generally b* and hue angle
values of the samples stored above 4 °C started to increase
significantly beginning of the first day.

Conclusions. The developed TTI film has a potential to
monitor the quality changes of the foods, which are improperly
stored but normally must be refrigerated, through color
changes.
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Abbreviations
A: Alginate PVA: Polyvinyl Alcohol
APVA: Alginate-PVA blend SEM: Scanning Electron Microscopy
E: Elasticity Modulus TGA: Thermogravimetric Analysis
EB: Elongation at Break TS: Tensile Strength

FT-IR: Fourier Transform Infrared Spectroscopy  TTI: Time Temperature Indicator
G: Glycerol

Introduction

Traditional food packaging materials provide protection from environmental influences,
contribute to the extended shelf-life, encourage consumers to purchase the product and have
convenience attributes such as ease of access, handling [1]. Extensive research has been
carried out for the development of food packaging materials and many successful innovations
have been implemented for meeting and exceeding customers' demands and expectations [2,
3]. Intelligent packaging which carries information by sensing environment is one of the most
popular innovative packaging systems [4]. Intelligent packaging is a system which enhances
food safety by informing consumer about quality of the packed food and has extra
characteristics such as detection, sensation, recording, tracing and communication [5]. It is
known that the shelf life of the food depends on the internal structure of food and outside
factors including temperature, relative humidity and outside gas composition [6].
Temperature which designates kinetics of physical, chemical and microbial deterioration is
an important environmental factor. Time temperature indicators (TTIs) that record and
observe temperature effect on food quality from production to consumption, are an easy to
use and an impressive intelligent packaging system [7]. TTls that confirm consumers with
color indicators representing food quality are generally part of the food package [8].
Commercial TTIs have variable working mechanisms based on some mechanical, chemical,
enzymatic or microbiological processes [4, 7]. Pennanen et al. [9] stated that much work is
still needed to enable TTIs to gain a wider acceptance by the consumers.

Natural pigments that assist tracking food quality with color change can be used in active
or intelligent packaging systems as an indicator of food deterioration [10-13]. The
employment of natural pigments in indicators is advantageous, since such indicators do not
have chemical effect on the packaged food. A couple of studies showed that some natural
pigments derived from plants have significant potential as being time temperature indicators
in intelligent packaging systems [14-16]. Nofrida et al. [14] used natural dyes of erpa leaves
(Aerva sanguinolenta) in the development of a TTI film and recorded that the color of film
changed from red to yellow at less than one day at room temperature and in 2 hours at 40 °C.
Maciel et al. [16] developed a TTI system by coating a cardpaper with chitosan suspension
containing anthocyanin pigment as color indicator. The color of this TTI system changed
irreversibly from violet to yellow when exposed to temperatures ranging from 40 to 70 °C
for 72 hours due to thermal degradation of anthocyanins. Betalains are also an important
group of plant derived natural pigments. The color of betalains may change depending on
temperature, pH, oxygen, enzyme and light [17]. Red beetroot (Beta vulgaris L.) is the most
important betalain source used to colorize foods [18]. As a result of thermal degradation, red
color of pigment decreases, and finally brown pigment is formed [19].

Natural biopolymers have been used for the development of indicator films in intelligent
packaging applications. In the literature there are several reports on polymer-based time
temperature indicator films. Nofrida et al. [14] obtained a TTI film using chitosan-PVA
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blend. Maciel et al. [15] designed temperature indicator cardpaper films coated with chitosan
polymer incorporated with anthocyanins. Pereira et al. [20] developed a time temperature
indicator film based on PVVA/chitosan. Although several natural polymers have been used to
prepare smart packaging with several types of pigments, to date betanin containing alginate-
PVA films have not been studied. Alginate and PVA are interesting polymers for the
development of intelligent packaging since the film formed by blending them has greater
mechanical properties and better cost performance, besides allows the incorporation of
substances with specific properties [21, 22].

The aim of this study was to develop a time temperature indicator film based on alginate,
PVA and natural betalain pigments extracted from red beetroot. The films were evaluated for
chemical structure, and their morphological, mechanical and thermal properties using FT-IR,
SEM and TGA. Evaluation of TTI film as a color indicator was performed during seven days
of storage at 4, 25, 40 and 60 °C.

Materials and methods

Materials

The fresh red beet (Beta vulgaris L.) plants were obtained from the local market (Ordu,
Turkey) and stored at 4 °C until extraction. Sodium alginate and polyvinyl alcohol (PVA,
Mw =89,000-98,000, 99+% hydrolyzed), L-ascorbic acid and glycerol were purchased from
Sigma-Aldrich (St. Louis, MO, USA), and other reagents were of analytical grade.

Preparation of red beetroot extract

Red beetroots (Beta vulgaris L.) were washed, hand-peeled and cut into small pieces.
100 g of the grinded beet root was homogenized in 900 ml of distilled water at room
temperature using a homogenizer. Then, it was filtered and centrifuged at 4000 rpm for 10
minutes. The obtained solution was diluted with distilled water to obtain a solution volume
of 1L. The preparation of indicator film solution was performed immediately after obtaining
red beetroot extract.

Preparation of the films

1% PVA solution was obtained by completely dissolving 1.01 g of PVA powder in 100
ml of distilled water on a magnetic stirrer at 80-85 °C. To prepare the 3% alginate (A) film
solution, 3.1 g of alginate was dissolved in 100 ml of distilled water under magnetic stirring
at 70-75 °C [23]. The alginate-PVA blends (APVA) were prepared by mixing the 1% PVA
and 3% A solutions in the proportions given in Table 1. PVA, a non-toxic and biodegradable
synthetic polymer, was added in order to improve the mechanical features of the alginate
film. To see the effect of glycerol as plasticizer, 1 ml of glycerol was added to 100 ml of each
film forming solution as presented in Table 1. All film forming solutions were kept under
stirring at 300rpm at room temperature for 24 hours to obtain homogenized solution. Time
temperature indicator (TTI) film forming solutions were prepared with the addition of 1 ml
glycerol, 0.5 g ascorbic acid and 10 ml of red beetroot extract to 100 ml of the homogenized
APVA solutions (Table 1). Then, the final pH of the TTI solutions were adjusted to 9.5 using
2 M NaOH. The casting technique was used for the preparation of films. The solutions (12
g) were spread evenly over Petri dishes (60 mm diameter) and dried in vacuum oven (50mbar,
Memmert VO 500, Germany) at 50 °C for 3 hours. The dry films were peeled off from the
surface of plate and used for the further analyses.
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Table 1
Composition of the film forming solutions
Films A (3%) / PVA(1%) Glycerol Ascorbic acid and
ratio (V/v) red beet root extract
A 1/0 - -
PVA 0/1 - -
A-G 1/0 + -
PVA-G 0/1 + -
APVA(L:1) 1/1 - -
APVA(3:2) 3/2 - -
APVA(2:3) 2/3 - -
APVA(1:1)-G 11 + -
APVA(3:2)-G 3/2 + -
APVA(2:3)-G 2/3 + -
TTI(L:1) 1/1 + +
TTI(3:2) 3/2 + +
TTI(2:3) 2/3 + +

Determination of mechanical properties

The dried films were cut into strips (10mm x 50 mm) and conditioned for 48 hours at 25
°C in a desiccator containing over-saturated solution of magnesium nitrate (50% relative
humidity) prior to measurement of mechanical properties [24]. The thickness of the film
strips was measured at five random positions using a digital caliper (Alpha-tools, Mannheim,
Germany; 0.001 mm sensitivity) and the average thickness was used for the tensile tests. The
tensile test was performed using a texture analyzing instrument (Texture Analyzer
TA.XT.plus (Stable Micro System, England) equipped with miniature tensile grips probe at
room temperature. Test method ASTM D1708-10 was used to measure the tensile properties
of the films [25]. The crosshead speed was 1 mm/s. Tensile strength (MPa) was calculated
by dividing the maximum load at break by the cross-sectional area of the film. Percent
elongation at break was determined by dividing the length extended at the moment of rupture
by the initial length of the film strip and multiplying by 100. Elasticity modulus (N/mm?)
was also calculated from the slope of the initial linear region of the stress-strain curve. At
least 6 specimens for each film type were tested.

Thermogravimetric analysis (TGA)

Thermogravimetric analyses (Labsys Evo, Setaram Instrumentation, Caluire, France)
were carried out in nitrogen atmosphere with a sample mass of approximately 9 mg at heating
rate of 10 °C min~! in a temperature range of 20-800 °C.

Fourier transform infrared spectroscopy (FT-IR)

Fourier-transform infrared (FT-IR) spectroscopy [51] was conducted by using IR
Affinity-1 Spectrometer (Shimadzu Corporation, Kyoto, Japan) in the wave number range
from 4000 to 600 cm™ at 4.0 cm™ resolution with 64 scans. Data analysis of each film was
performed with Peak Fit (Version 4.12) program. For each replicate two measurements were
taken.
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Scanning electron microscopy (SEM)

SEM analysis was performed to examine the microstructure of films. SEM analysis was
carried out using JSM-6400 Electron Microscope (JEOL Ltd, Tokyo, Japan) equipped with
NORAN System 6 X-ray Microanalysis System. Prior to examination, samples were sputter
coated with gold—palladium to render them electrically conductive by using Sputter Coater
Device (Polaron Range, East Sussex, England).

Colorimetric characterization of TTI film

The TTI (3:2) film was used in the color analysis since it had higher percent elongation
at break compared to other TTI films. The TTI (3:2) films were conditioned at different
temperatures (4, 25, 40 and 60 °C) for seven days. The CIE L*a*b* color parameters of TTI
(3:2) films were measured (Minolta Chromameter CR-400, Osaka, Japan) immediately after
being dried and on each day during seven days of storage. Five readings at different locations
of the films were measured to obtain a mean value. The hue angle values were calculated by
using the following equations [26].

Hue = arctan (b */a *), for [+a*,+b *]
Hue = arctan (b */a ) + 360, for [+a* —b *]

Statistical analysis

Data were expressed as means * standard deviations. Statistical analysis was performed
using Minitab 17. Differences were considered to be significant at validity of a=0.95.

Results and discussion
Mechanical properties

Elasticity modulus (E), tensile strength (TS) and the elongation at break (EB) of the films
were determined from the typical curves obtained through the tensile tests and summarized
in Table 2.

Alginate film had E of 3376.0, TS of 49.63 MPa and EB of 4.72%. High E and low EB
values mean that pure alginate film tends to be brittle. These results are consistent with the
findings of Caykara and Demirci [21] and Russo et al. [23]. Caykara and Demirci [21]
determined the elongation at break value of pure alginate (1% w/v) as 6.5%. The addition of
PVA to the alginate increased the E by 0.2-13.6% and TS by 1.5-10.6. It can be seen that the
stretch ability of the alginate film did not develop with the addition of PVA at 1:1 and 3:2
alginate/ PVA ratios. However, addition of PVA at the highest level (APVA (2:3)) provided
23.9% increase in EB of alginate (A) film. Similarly, Russo et al. [23] reported that the
addition of PVA to alginate in a ratio of 1:1 did not provide a noticeable increase in strain at
break. Compared to pure PVA film, the APVA blend films had higher E, TS and lower EB
values as expected. The addition of glycerol to A, PVA and APVA blend films provided
remarkable effects on the mechanical properties of films. TS and E of the films decreased
significantly while EB values increased. With addition of glycerol, EB values of A, PVA and
APVA films increased 9.3, 2.1 and 8.1-11.4 times, respectively. The E and TS of APVA
blend films decreased from 2918.20-3370.0 to 26.42-40.26 and from 50.39-54.91 to 1.94-
3.08, respectively while the EB values increased from 4.32-5.85% to 47.27-50.25%. This
indicates that addition of glycerol made films more ductile. The PVA-G film was the most
stretchable film with EB of 223.35%. Increase in the stretch ability of films with higher EB
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and lower TS values with the addition of plasticizers has been reported in previous studies
evaluating the effect of plasticizers on mechanical properties of films [23, 27, 28]. Plasticizers
promote the formation of hydrogen bonds between plasticizers and the polymeric material
and weaken the intermolecular forces of attraction in polymer which reduces the tensile
strength and improves the flexibility of film by increasing molecular mobility of polymers
[22, 27, 28].

Table 2
Elasticity modulus (E), tensile strength (TS) and the elongation at break (EB)
for the films
Films Elasticity modulus Tensile strength | Elongation at break
(N/mm? (MPa) (%)

A 3376.00+332.00 49.63+2.92 4.72+1.31
PVA 466.40+67.70 22.97+3.00 105.64+16.80
A-G 126.43+26.90 12.55+1.51 43.91+4.45
PVA-G 4.43+0.58 4.31+0.50 223.35+48.50
APVA(2:3) 2918.20+314.10 50.39+4.93 5.85+0.99
APVA(L:1) 3201.00+£536.00 54.91+0.28 4.32+2.67
APVA(3:2) 3370.00£399.00 53.93+£10.53 4.74+0.91
APVA(2:3)-G 26.42+4.45 1.94+0.12 47.2743.22
APVA(L:1)-G 31.23+5.59 2.24+0.28 49.44+2.67
APVA(3:2)-G 40.2646.42 3.08+0.42 50.25+2.52
TTI(2:3) 4.41+0.44 0.71+0.01 24.38+1.07
TTI(L:1) 6.45+0.33 1.36+0.11 30.32+3.10
TTI(3:2) 6.32+1.98 1.57+0.10 51.71+£3.17

TTI films contain also ascorbic acid and red beet root extract unlike APVA-G films.
With the addition of these components, the E of APVA-G films reduced by 79-86%. In
addition, when compared to APVA-G films, the tensile strength values of TTI films have
also decreased. This suggests the emergence of some intermolecular interactions with the
addition of ascorbic acid and beetroot extract. The EB values of APVA (2:3)-G and
APVA(1:1)-G films decreased by 48.4% and 38.7% whereas the EB of APVA (2:3)-G film
stayed nearly constant. For both APVA and TTI blend films, increasing concentration of
alginate provided an increase in E, TS and EB values of the films. TTI (1:1) and TTI(3:2)
films had 22.7-30.2%, 50.0-54.8% and 19.6-52.9% higher E, TS and EB values compared to
TTI(2:3) film. This means that the higher alginate proportion improved the handling
properties of TTI film. The TTI(3:2) film had better film flexibility compared to all other
films except PVA film with or without glycerol.

Thermogravimetric analysis

The TGA curves of pure A and PVA and the blends were shown in Figures 1 and 2. The
initial, final degradation temperatures and mass loss (%) were determined from TGA and
DTG (differential gravimetric analysis) curves. The recorded thermogravimetric plots for all
samples showed three mass loss regions. The first mass loss which begin around 26-28 °C
was 13 and 26% for PVA and A, respectively. The first loss is ascribed to the removal of
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adsorbed water from the polymer matrix [29, 30]. Some authors also stated that the initial
mass loss of PVA may also be associated with the splitting or volatilization of small
molecules [31, 32]. Higher percent of mass loss of A may be related with the alginate’s ability
to retain high amounts of water. Comparing to pure A and PVA, initial decomposition
temperature of APVA and TTI blends started at higher temperatures (41-45 °C) and the mass
loss of blends ranged between 22-25% which were close to that of pure A. There was no clear

difference between the blend films.
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Figure 1. The TGA thermograms of PVA (a), A (b), APVA(1:1) (c), APVA(2:3) (d) and
APVA(3:2)(e) samples
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Figure 2. The TGA thermograms of TTI1(3:2) (a), TTI(1:1) (b) and TTI(2:3)(c) samples
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All the samples showed a more significant mass loss in the second decomposition step.
In this stage, the mass loss of pure A and PVA started at similar temperatures (about 185 °C)
implying that the thermal stability of pure PVA and A are almost the same [21]. PVA showed
a high mass loss (57%) occurring at a temperature region of 185 to 402 °C. This result is in
coincidence with literature [29-31]. Ahad et al. [29] reported that the mass loss of PVA
occurring in the range of 178 to 368 °C was about 45%. The reason of the higher mass loss
of PVA in second stage was attributed to the degradation of the side chain (O-H) and the
bond scission in the polymeric backbone by some authors [29, 31-33]. Pure A and APVA
blends showed similar mass loss values (34-39%) which were lower than the mass loss (45-
46%) of TTI blends. In this step, the start of mass loss raised to higher temperatures (193-
197 °C) for APVA blends when compared to pure A or PVA which reveals that the APVA
blends have higher thermal stability. Caykara and Demirci [21] recorded that the mass loss
of pure PVA and sodium alginate started at around 230 °C while that of PVA/sodium alginate
blends started at higher temperatures due to some specific intermolecular interactions
between them. For the TTI blends, however, the initial degradation temperature in the second
step decreased below those of pure A and PVA. The mass loss which corresponds to this
stage was also higher (about 45-46%) than pure A and APVA blends. This reveals that the
addition of glycerol, ascorbic acid and beet root extract to APVA blends reduced the thermal
stability. The ratio of A to PVA in blend films did not create a significant effect on TGA
thermograms. PVA showed approximately 11% mass loss between 410 and 497 °C which is
associated with the decomposition of the main polymer chain [29, 33]. In this stage thermal
decomposition of alginate started at higher temperature (568.4 °C) compared to PVA. APVA
and TTI blends exhibited enhancement in thermal stability. For TTI blends, the thermal
degradation temperature was shifted toward higher temperatures with increasing A content.
However, the percent mass loss of APVA or TTI blends did not affected by the ratio of A to
PVA.

FT-IR analysis

FT-IR spectra of A, PVA, APVA and TTI blend polymer matrix studied in the range
4000-600 cm™* were presented in Figure 3. For all films, the large bands observed in the range
of 3000-3700 cm™ are attributed stretching vibrations of O—H from the intramolecular and
intermolecular hydrogen bonds [34-36]. The FT-IR spectra of PVA shows a band between
2900-2940 cm™ indicating the stretching C—H from alkyl groups [34, 37], a band between
1327 - 1421 cm indicating bending and wagging of CH, vibrations [35], a band at 1083 cm"
1 indicating C-O stretching [35, 38]. According to literature, the 1141 cm™* band is sensitive
to crystalline parts of the PVA chain [39]. In the FT-IR spectrum of alginate, the peaks at
2926, 1597, 1409 and 1300 cm™ were assigned to aliphatic C—H stretching, antisymmetric
COO' stretching, symmetric COO" stretching and skeletal vibrations, respectively [36, 40,
41]. The sodium alginate spectrum also shows a band at 1029 cm™ related to stretching
vibration of the C-O-C bond [36, 42]. APVA blend films display an FT-IR spectrum that is
very similar to alginate. Compared to pure PVA, the O—H stretching band of APVA blend
films became wider and shifted to lower frequency which may be related with the formation
of intermolecular hydrogen bonding between PVA and alginate. The intensity of O-H
stretching band clearly increased in TTI films compared to other films. In addition, the
aliphatic C—H stretching, the antisymmetric and symmetric COO" stretching and the C-O-C
stretching vibration band intensities were also clearly higher in TTI films compared to
alginate film. In TTI films, a band is appeared at 1716 cm™ probably originated from
stretching vibrations of C=C bonds of ascorbic acid [43].
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Figure 3. FTIR spectra of films

SEM analysis

The SEM micrographs of the surface and cross section of pure PVA and A films were
shown in Figure 4.
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c

d

Figure 4. The surface (250x) (a ,b) and the cross section (3000x) (c, d)
SEM images of A and PVA films

PVA and A films had smooth,
homogeneous and continuous structures as
seen from the figure. However, there was
a uniform surface roughness observed for
APVA (3:2)-G blend film (Figure 5). The
surface of the film had no visible crack but
had some bulges. The possible reason is
that the blend film exhibited phase
separation. This is also consistent with
several previous studies involving PVA
and alginate. Phase separation was
observed in sodium alginate/PVA blend
membranes by Yeom and Lee [44] and
PVA-alginate ester based membranes by
Amri et al. [45].
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Figure 6 presents the SEM micrographs of the surface and cross section of TTI blend
films. The appearance of the TTI films were similar to that of APVA(3:2)-G blend film. The
surface of the TTI films were flat without any crack but had many small or large sized bulges.
It may be observed from the figure that the phase separation is more significant in the
TTI(2:3) film which contains higher amount of PVA in its formulation. Yeom and Lee [44]
stated that the continuous matrix in sodium alginate/PVA blend membranes was composed
mainly of sodium alginate while PVA formed the separated domains. This explains the larger
size of separated domains in TTI(2:3) films. The mechanical properties of the film are
affected by the uniform distribution of the polymers in the matrix. This result is consistent
with the results of mechanical properties of the films. This means that the higher alginate
proportion in TTI blend films decreased the phase separation and improved the handling
properties of TTI film.

Figure 6. The surface (100x) (a, b, ¢) and the cross section (3000x) (d, e, f) SEM images of
TTI(1:1), TTI(2:3) and TTI(3:2) films

Colourimetric characterization of TTI film

TTI film developed in this study contains water extract of red beetroot as color indicator.
Red beet root extract contains a group of water-soluble pigments called betalains [18].
Betalains are classified into two major structural groups of pigments: betacyanins (red-violet)
and betaxanthins (yellow-orange) [46]. The pH affects the colorimetric parameters of
betalains and the stability of betalain pigments during storage [47]. The pH of TTI film
forming solution was adjusted to 9.5 in order to be able to obtain the desired color change at
the studied temperatures. The average values of the initial CIE L* a*, b* color parameters of
the TTI film were recorded as 76.83+1.70, 29.2 £1.97 and -9.43+0.28, respectively. The L*,
a* and b* color parameters of TTI (3:2) film exposed to different temperatures were recorded
each day for 7 days. Table 3 presents the change in L*, a* and b* color parameter of the TTI
film. It was found that temperature, time and temperature x time interaction were all
important factors affecting the color parameters of the TTI film (Table 4). The L* values of
TTI films subjected to 4, 25 and 40 °C temperatures did not undergo significant changes,
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while the L* value of the TTI film exposed to 60 “ decreased significantly on the first day
and fluctuated between 58.00+3.69 and 69.24+1.61 throughout following days. Similar to
L*, the parameter a* (green-red axis) of TTI film remained nearly constant during seven days
of storage at refrigerator temperature (4 °C). At other temperatures, there was a significant
reduction in a* value of TTI film at the end of seven days. The reduction in a* value was
significant on the third and sixth days of storage at 25 and 40 °C, respectively. At 60 °C,
however, significant decrease in a* value was detected on the initial day, and then statistically
insignificant reduction in consecutive days was observed until end of storage.

Table 3
Change of the L*, a* and b* color parameter of TTI film exposed to different temperatures

Color Da Temperature
Parameter Y 4°C 25°C 40°C 60 °C

0 | 77.4¥A7x0091 | 78.99%°+0.74 | 75.40*+2.88 | 75.55%4+2.05
1 | 76.76*+1.25 | 78.66*+0.77 | 74.52*+2.61 | 58.0098+3.69
2 | 78474177 | 79.26*+1.04 | 75.70*+2.33 | 56.93%8+3.70

L 3 | 76.53*A+0.48 | 78.36*+0.52 | 73.37%+4.70 | 61.84%B+261
4 | 76.4624+£0.33 | 78.49*A+1.31 | 68.18%B+4.61 | 66.45°B+0.22
5 76.83%+1.60 79.94%4+0.58 | 75.10%+2.27 66.53°B+0.18
6 | 77.178+0.29 | 79.47%A40.29 | 73.34%8+3.86 | 64.34°C+1.70
7 76.60%+0.53 79.1724+0.31 | 73.57%8+2.16 69.24°C+1.60
0 28.77%+0.11 26.76%4+0.48 | 30.67*+3.80 30.71%4+2.82
1 29.02%A+1.08 26.94%4+0.85 | 29.98%A+3.26 | 21.92°8+0.90
2 28.31%+1.39 26.28%A+0.82 | 28.10%A+2.42 | 20.97°8+0.89

a* 3 28.81%4+0.49 24.82'°A+056 | 26.30%¢A+4.00 | 19.81°°B+0.28
4 28.88%+0.55 24.08%B+0.87 | 25.83%B+1,67 | 20.30°°C+0.93
5 28.89%+0.80 23.1198+0.69 | 24.363°B +2.00 | 20.23°C+0.27
6 28.66*+0.36 22.2798+0.20 | 23.90°B+2.93 18.78°¢C+0,53
7 28.20%4+0.42 22.26°8+0,25 22.61°8 +0.25 16.09°C+0.53
0 -9.7284+0.18 -9.64*+0.05 -9.23*A+0.17 -9.14%4+0.12
1 -9.703*A+0.20 | -8.49PB+0.25 -5.02°¢+0.40 0.06°°+0.01
2 -9.6620A+0.10 -6.71°8+0.44 -0.86°C+0.68 3.84°P+0.39

b* 3 -9.57°¢A+0.10 -4.5298+0,25 3.109¢+2.20 6.15%0+0.14
4 -9.47%°A+0,03 -3.8598+0.21 4,10%C+1.21 7.069°+0.06
5 -9.19°4+0.24 -2.12°8+0.13 5.389C+1.75 8.00°0+0.22
6 -9.03°4+0.29 0.29+0.11 6.169C+2.65 9.73™+1.16
7 -9.00°4+0.03 1.289%8+0,58 6.779C+2.28 12.599°+0.72
0 341.32%%4+0.32 | 340.1894+0.39 | 343.93"+0.78 | 343.048%+1.16
1 341.49%C+0.93 | 342.497+0.78 | 351.23°+0.35 | 359.0117+1.47
2 341.11°P+1.01 | 345.64%C+1.26 | 358.15%®+1.63 | 10.36°4+0.63

Hue angle 3 341.61%°0+0.29 | 349.65%C+0.79 | 8.08°®+1.97 17.25%+0.61

4 341.84%0+0.37 | 350.899C+0.83 | 8.04®+1.28 19.2209A4+0,72
5 | 342.34%0+0.55 | 354.74°C+0.47 | 13.51°B+2.07 | 21.59°A+0.53
6 342.50°°+0.46 | 0.75°C+0.20 18.130%8+2,90 | 27.35PA+2.69
7 342.28%°0+0.31 | 1.30%°+0.28 21.2828+0.17 35.272A+1.55

*Data are expressed as mean * standard deviation. For each color parameter, means with different
lower case letters (a, b, ¢) in the same column are significantly different at p < 0.05.

** For each color parameter, means with different capital letters (A, B, C) in the same row are
significantly different at p < 0.05
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The parameter b*(blue-yellow axis) underwent more distinct changes compared to
parameters a* and L*. At refrigerator temperature, b* value of TTI film increased from the
initial value of -9.72 to -9.57 after three days. This increase was found to be statistically
significant. The b* value remained statistically stable in consecutive days and reached to -
9.00 at the end of seventh day. At the other temperatures, significant increases in b* values
of TTI films were detected on the initial day. At the end of seventh day, the b* values of the
samples subjected to temperatures of 25, 40 and 60 °C were 1.28, 6.77 and 12.59,
respectively. The effect of temperature on the b* values of the TTI film was statistically
significant from the first day. The highest change in the b* value occurred in the film kept at
60 °C. The hue angle is expressed in positive degrees ranging from 0 to 360. The angle of 0°
or 360° indicates red color while the angles of 90°, 180° and 270° represent yellow, green
and blue colors, respectively. Initially, the TTI film had an average hue value of 342.12. The
change in hue value was not significant during 7 days at 4 °C, while significant change was
observed from the first day at other temperatures. The hue angle changed in the
counterclockwise direction and rapidly passed the red color axis (0°) at 40 and 60 °C.

Table 4
ANOVA showing the effects of temperature (T), storage time (t), and interaction term
(T xt) on color values

Source | L*(R%q=0.89) a*(R%qj=0.82) | b*(R%qj=0.98) Hue(R%x4j=0.98)
Adj Pvalue | Adj | Pvalue Adj Pvalue Adj Pvalue
MS MS MS MS

t 41.04 0.00 | 74.49 0.00 | 275.16 | 0.00 |1399.73 | 0.00

T 1268.51 | 0.00 | 330.15| 0.00 | 124257 [ 0.00 | 6653.93 | 0.00

Txt 42.01 0.00 15.38 0.00 37.08 0.00 212.85 | 0.00

Error 4.56 3.03 0.83 5.50

MS- mean squares, df- degrees of freedom, R2%g-adjusted coefficient of determination, P-value <
0.05 denotes significant effect

Higher temperatures accelerated the color change of TTI film as seen in Figure 7. The
color of the film exposed to 60°C changed considerably on the first day. The color change at
temperatures 40 and 60 °C was visually appreciable by human eyes on the first day. Maciel
et al. [15] developed a colourimetric temperature indicator by covering the surface of a card
paper with chitosan matrix film containing anthocyanin. The indicator was exposed to
temperatures of 20, 40 and 60 °C with or without luminosity (0 or 1000 Ix) for 72 hours.
They recorded no significant change in a* value irrespective of temperature and luminosity.
Similar to our findings, they observed the most significant change in b* parameter and the
highest change in b* value was obtained at 60 °C. They stated that the color of the indicator
changed from light purple to slightly yellow which is associated with the alteration in
anthocyanin structure. It is known that the pigment structure and concentration, temperature,
pH, oxygen, light, water activity, metal cations, antioxidants and enzymes are among the
factors affecting the stability of betalain pigments [18, 48]. Herbach et al. [49] stated that the
degradation rate of betalains increases with increasing temperature which results chromatic
changes depending on several degradation and transformation reactions. Herbach et al. [50]
reported that thermal treatment of betacyanin solution caused increasing hue angle values.
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The yellow compounds formed as a result of degradation reactions like hydrolysis or
dehydrogenation may be responsible for the increased b* value of the films [49].

Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
> D

AL

&
w

W ‘ b
60°C _

Figure 7. Color images of the TTI films stored at 4, 25, 40 and 60 °C during 7 days

Conclusion

Time temperature indicators applied to intelligent packaging are low-cost and user-
friendly systems informing consumers about quality and safety of food. In this study, TTI
films were prepared by adding red beet root extract to blend films with different ratio of
alginate and PVA. The analysis showed that TTI film made up of A and PVA with a ratio of
(3:2) provided enhancement of the mechanical properties and reduction of the phase
separation observed in SEM images. The color change of this film was investigated at
different temperatures. A visual color change was observed in the film upon exposure to
temperatures of 25, 40 and 60 °C while it maintained its color for 7 days at refrigerator
temperature. Results indicated that, this indicator may have potential applications to monitor
food products requiring refrigeration.
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