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Abstract

Abstract

Plastic materials are the typical example of the anti-nature pollutants that daily human need
remains unavoidable at all levels, which abolishes any attempt to exclude them or eradicate their
use, and leads to think out the box to substitute them cleverly with natural innovative alternatives.
This work targeted the confection of biodegradable intelligent starch films, becoming pH-sensitive
through addition of beetroot betalains to unveil food alteration. The batalains extracted was formed
mostly by betacyanins moieties. The combination of starch with betalains gave more thicknes,
density and humidity to the films. Also, these films were more permeable to water vapor passage
and had a higher transparency but nearly an even water solubility to control films, against a lesser
surface wettable. Moreover, the colored films had narrowly an increased degradation time of three
days. Betalains release into food simulants indicated their matching with aqueous low-fat foods. The
issued smart pH-sensor patches were seemingly very effective in pointing out, in real time, the
spoilage of stored chicken at different temperature conditions, through color-shifting (red to dark

purple) as a result of monitoring the emission of ammonia vapor.

Keywords: Betalains, smart, packaging, patch, pH-reponse.



Résumé

Résumé

Les matieres plastiques sont I'exemple type des polluants anti-nature que les besoins
quotidiens de I'nomme rendent inévitables a tous les niveaux, ce qui abolit toute tentative de les
exclure ou d'éradiquer leur utilisation, et conduit a réfléchir a les remplacer astucieusement par des
alternatives naturelles innovantes. Ce travail a porté sur la confection de films d'amidon intelligents
biodégradables, devenant sensibles au pH grace a l'ajout de bétalaines de betterave pour dévoiler
l'altération des aliments. Les bétalaines extraites étaient principalement formées par des
bétacyanines. La combinaison de I'amidon et des bétalaines a permis d'augmenter I'épaisseur, la
densité et I'numidité des films. De plus, ces films étaient plus perméables au passage de la vapeur
d'eau et avaient plus de transparence, contre une hydro-solubilité presque égale a celle des films
controles et une surface moins mouillable. De plus, les films colorés avaient un temps de
dégradation de trois jours a peine plus long. La libération des bétalaines dans les simulants
d'aliments a indiqué leur compatibilité avec les aliments aqueux a faible teneur en matieres grasses.
Les patchs intelligents pH-sensibles étaient trés efficaces pour signaler, en temps réel, la
détérioration du poulet stocké dans différentes conditions de température, grace au changement de
couleur (du rouge au violet foncé) résultant de la surveillance de I'émission de vapeur

d'ammoniaque.

Mots clés: Bétalaines, intelligent, emballage, patch, pH-sensible.
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%: pourcentage

°C: degree Celsius

Cm: centimeter

HCL.: hydrogen chloride

KCL.: potassium chloride

Na;HpO,: sodium hydrogen phosphate
NaOH: sodium hydroxide

BC: betalain content

WVTR: water vapor transmission rate
g: gram

mL: milliliter

CacCly,: Calcium chloride

h: Hour

WS: Water solubility

A600: Absorbance at 600

Bc: betacyanin

Bx: betaxanthin

W/W: weight in weight
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Introduction

Plastic packaging consumption is increasingly accompanied by serious and negative
environmental problems. Currently, the existing waste and recycling infrastructure cannot keep up
with the growing volume of end-of-life plastic used especially in consumer (end) products
including, in particular, single-use plastic packaging, bags and bottles, all of which are most
commonly found in global waste streams (Beaumont et al., 2019; Bergmann et al., 2019;
Carpenter and Wolverton, 2017; Wright and Kelly, 2017; Jambeck et al., 2015; Marsh and
Bugusu, 2007). Single-use plastic packaging has a short lifespan and it is then, typically, discarded
carelessly by consumers (Hahladakis and lacovidou, 2018; Mutha et al., 2006).

Interest in the use of active and intelligent packaging systems for meat and meat
products has increased in recent years. Active packaging refers to the incorporation of additives into
packaging systems with the aim of maintaining or extending meat product quality and shelf-life.
Active packaging systems include oxygen scavengers, carbon dioxide scavengers and emitters,
moisture control agents and antimicrobial packaging technologies. Meanwhile, intelligent packaging
systems are those monitoring the condition of packaged foods to give information regarding the
quality of the packaged food during transport and storage. Recognition of the benefits of active and
intelligent packaging technologies by the food industry, development of economically viable
packaging systems and increased consumer acceptance is necessary for commercial realization of

these packaging technologies (Kerry, O’Grady and Hogan, 2006)

The smart packaging films have attracted consumer’s interest since they facilitate their life
due to their attribute of food quality of freshness detection especially during their storage for long
term. In particular, there is a focus on the creation of active packaging materials from natural
polymer ingredients, especially plant-based ones. The film matrix is typically constructed from film-
forming food components, such as proteins, polysaccharides and lipids (Bao et al., 2022).

Starch is the most popular plant polysaccharides, which has been widely used for the
development of edible coating films because of its abundance, cost-effectiveness, and excellent
film-forming abilities. Starch-based films have good optical, organoleptic and gas barrier properties,

however, they have poor mechanical properties (Rahul Thakur et al., 2019).
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Natural food additives as pigments; such as antioxidants and antimicrobials, are often
directly added to foods to reduce their spoilage due to oxidation reactions or microbial infection
(Kumar et al. 2015). Betalains are water soluble nitrogen phyto-pigments accumulated in flowers,
fruits and vegetables.These pH-Sensing pigments could be split into red-violet betacyanins and
yellow betaxanthin. Recognized for being safe, nontoxic and harmless natural colorants with high
antioxidant capacities, they have been employed in food and pharmaceutical industries for decades.
Whereas, their utility as indicators for tracking spoilage and deterioration of packed food knew an
unprecedented thrust (Stintzing and Reinhold, 2004; Lee et al.2002; Escibano et al.1998).

This study aims to make an original intelligent film/packaging material endowed with
pH-responsive ability, by adding a betalains rich-extract obtained from local beetroot legumes on a
starch matrix-based. The designed film will undergo a variety of physicochemical, mechanical and
optical tests targeting its broad characterization. Thereafter, the above-mentioned film will be
examined for its competence as pH-monitoring patch on stored food.
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Chapter I Materials and methods

I.1. Objectives

- Extraction and characterization of beetroot betalains.
- Preparation and description of the starch/betalains intelligent film.
- Assessment of the applicability of the preformed film as a pH-sensible patch on food

packaging.

1.2. Materials
1.2.1. Raw material

The beetroots used in this study were purchased from the local market of the Wilaya of
Tissemsilt in February 2023, than cold-conserved until their use. The starch powder was bought
from a local grocery in the same period.

1.2. Laboratory material

Table 1 : Material and chemicals used

Instrument Chemicals Glassware
- Analytical balance - Acetic acid (CH3COOH) - Cuvette
- Desiccator - Ammonia (NH;OH) - Adjustable micropipette
- Magnetic stirrer - Ascorbic acid (C¢HgOg) - Airtight bags
- Micrometer - Calcium chloride (CaCly) - Beakers
- Oven - Citric acid (C¢Hs07) - Erlenmeyer flasks
- PH meter (HANNA instruments) - Distilled water - Filter paper
- Refrigerator - Ethanol (CzHs0) - Magnetic bars
- Rotavapor (Bushi R_200) - Glycerol (CsH3Os) - Measuring flask
_ Stick blender - Hydrochloric acid (HCI) - Spatula
_ Stirrer - Potassium chloride (KCI) - Test tubes
_ Vacuun filter (KNF) - Sodium hydroxide (NaOH) - Watch glass
- Water bath
- Spectrophotometer UV-VIS
(JENWAY 7305)
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1.3. Experimental protocol

The diagram below schematizes the entire methodology followed in this study in which each
step was replicated three times:

/ C Beetroot \

- Cutting and mixing
- Filtration

Betalains

~
- Starch (59)

~
- Distilled water (100 ml)
- Glycerol (1.6 ml)

- Drying
G J

( Films >
¥ ¥
< Control film > C Colored film >

| |

s . s
Characterization Practicability

* Thickness and density

 Moisture content and water solubility
* Angle of contact e Packaging test
» Water vapor permeability (WVP)

» Light transmission and transparency

+ Biodegradability -Patch test
- J N ,

. /

Figure 1: Diagram of the experimental process

e Betalains release

-Ammonia sensitivity




Chapter I Materials and methods

1.3.1. Betalains
1.3.1.1. Extraction

According to Sigwela et al. (2021) with some modifications, 100 g of peeled beetroot was
grated and added by 100 ml of distilled water. After that, the solution was mixed using a blender
then filtered in double time through cotton cloth and filter paper consequently. 1 g of ascorbic acid

as preservation additive was put to the filtered mixture.
1.3.1.2. Spectrophotometric quantitation

The stock solution of betalains was diluted to 1/10 before measuring its absorbance at 480nm
for betaxanthin and 538 nm for betacyanin. Betalain content was calculated as follow (Zin et al.,
2021).

A x DF * MW % 1000
exl

BC(mg/L)=
Where:

A: Absorbance, DF: Dilution factor and I: Optical path length (1cm).

For the quantification of betacyanins and betaxanthantins; the molecular weight (MW) and the

molar extinction coefficient (¢) are respectively:
For betanin (MW=550 g/mol; &= 60,000 L/mol.cm; A=538 nm)
For indaxanthin (MW = 308 g / mol; € = 48,000 L / mol.cm; A = 480 nm).

1.3.1.3. pH-response

2 drops of betalains extract were poured into 12 tubes containing 7 ml of buffer solutions
expanding from pH 1 to 12. HCI/Kcl buffer was prepared to get pH=1 while citrate-phosphate
(NapHPO,) solution was adjusted to pH= 2 — 8. The pH range (9-12) was attained by mixing NaOH
(0.1M) in appropriate proportion the previous citrate-phosphate pH=8 buffer. Photos of color
alteration in the tubes were taken after 5 minutes of stabilization (Rawdkuen et al., 2020)
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1.3.2. Films
1.3.2.1. Formulation

Based on the modified method published by Araujo-Farro et al. (2010), 59 of starch was
dissolved and stirred for 10 min in 100 ml of distilled water including 20 ml of beetroot betalains.
Right after, the filmogenic solution was heated at 95 C°/20 min in water bath until gelatinization,
and glycerol was added to the mixture as a plasticizer at 40% (w/w) based on starch weight. A final
magnetic stirring was applied for 3 min before pouring the mixture into anti-adhesive mold at a
proportion of 0.16mL/cm?. The films were left for 24 h at 25 C° to dryness, then peeled and cooled
in a silica-gel desiccator for 24h until their stabilization. Ultimately, formed films were stored in
sealed food containers until their use. The film shaped without betalains extract, in the same
conditions, represents the uncolored control.

1.3.2.2. Characterization
1.3.2.2.1. Thickness and density

The thickness of films was determined by a digital comparator in 10 different points of each
film (Gheribi et al., 2018).

Density (d) was calculated by reporting the weight (m) on the volume of film bands of 2 cm?
(s) with a known thickness (e) as follows (L.i et al., 2020)

d=—
s.e

1.3.2.2.2. Humidity content and water solubility

Humidity content of films was evaluated according the method of (Jouki et al., 2013).
1cmx1cm size films fragments were weighed (m;) then dried for 24 h at 90 °C, before being

weighed again (ms ).

Humidity was calculated following the equation (Gheribi et al., 2018):

m,-—mf
HR=—— x100

m;
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Afterwards, water solubility of films was performed by dipping, 1 cm? priorly dried
(90°C/24h) films pieces (m;), in 50 ml distilled water for 30 min. The remaining undissolved parts of
films were redried and reweighed (mf) (Jouki et al., 2013). The equation of hydrosolubility was
given by (Gheribi et al. 2018):

m,-—mf
WS =——— x100

m;

1.3.2.2.3. Contact angle

A droplet (4 uL) of distilled water was deposited on the film’s surface. The angle formed
between the baseline of the droplet and the tangent line at the contact point was provided by image
software J. (Joonas, 2021 64-bit Java 8) (Gheribi et al., 2018).

1.3.2.2.4. Water Vapor Permeability (WVP)

The film was placed upon a crucible containing CaCl, and the total weight was noted. To
know the weight gain, the crucible placed in food container including 500 ml of distilled water at
room temperature was weighed for 6 h at one hour intervals. Water vapor permeability is calculated

using equation (Zhang et al., 2016; Gonzalez et al., 2019).

WVTR e

WVP = —— Ty

Where:

WV TR: water vapor transmission rate (g.s *), or the slope of the regression linear weight gain =
f (time), calculated by drawing the final weight minus the initial weight of sample (Ws - Wo) as
a function of time (t); e: the average film thickness (m); A: the transfer area (m?),

Apv: the difference in water vapor pressure between cacl2 atmosphere and the room
atmosphere (2337 pa)

1.3.2.2.5. Light transmission rate and film transparency
The film’s transparency was measured by placing film strips (0.5cm x 4.0cm) in quartz cell
at 600 nm. It was calculated as cited by (Gonzalez et al., 2019):

A600 —Log T600
s S

Transparency =

A600 and T600: absorbance and transmittance at 600 nm, respectively; S: film thickness.
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1.3.2.2.6. Release of betalains in food simulants

Colorful film pieces of (2cmx2cm) were immerged in 25 ml of different food simulants
(water, 25%, 50% and 95% ethanol solutions). Thus, absorbance of 2 ml of each solution was
measured at 480 and 538 nm within a time of (30, 60, 90, 120, 180 and 240 min) (Alizadeh-Sani et
al., 2021).

1.3.2.2.7. Biodegradability test

3cmx3cm films with a defined weight were put at approximately 6 cm from the surface of
plastic cups full of horticultural soil daily watered; the evolvement of weight loss was surveilled
each 3 days counting from first 24 h (mi), and ended at the 15" day. (Shanmathy et al., 2021).

1.3.2.3. Activity of films

1.3.2.3.1. Ammonia sensitivity test

Square film parts (3cmx3cm) were hanged at 1 cm from the free surface of ammonia
solution (8 mM, 80 mL). The color change of the samples was photographed every 5 min for 30 min
(Alizadeh-Sani et al., 2021). The R, G, and B values of the film were measured using the Pixie
program for Windows, and the sensitivity of the film to volatile ammonia vapor was calculated as

follows:

_ Ri—RP)+(Gi—Gf) + (Bi—Bf)

SRGB(%) = Ri + Gi + Bi 100

Where:

SRGB: Sensitivity Red Green Bleu

Ri, Gi, Bi and Rf, Gf, Bf were the initial and final values of the red, green, and blue values.
1.3.2.3.2. Smart patch efficiency test

Sample films having dimensions (1cmx2 cm) were stuck at the interior face of packaging
box transparent lids, covering 50 g of ground chicken. The boxes were stored discriminately at room
temperature (25°C) or at refrigerator (4°C) for 72h, with taking pictures of the film change
periodically (every 6 h) (Qin et al., 2020).
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11.1. Betalains
11.1.1. Betalains concentration

The spectral method was used routinely to quantify the betalains content in plants, by
exploiting the wavelengths 538 and 480nm to measure betacyanins and betaxanthins, respectively
(Zin et al.2021).

Table 2: Betalains content in beetroot extract

Betacyanins Betaxanthins
Content (mg/L extract) 119.16 +0.59 43.63+0.26
Content (mg/g beetroot) 0.11 +0.007 0.043+0.004

The results showed supremacy of betacyanins over betaxanthin, expressed as percentages of
73.22% versus 26.80%, in accordance with the predominance of the first class up to 75-95% of red

pigment extracted from beetroot as stipulated by the work of (Von Elbe et al. 1972).

Otherwise, these results had a similar weighting of the ratio betacyanin/betaxanthin but were
lower than those of Sawicki et al. (2016) for the same vegetable (10.26-17.15mg betacyanin/g;
7.20-17mg betaxanthin/g). However, the opposite result contradicted those of the current study with
(16.33 mg betacyanins/g against 30.78 mg betaxanthins/g ) (Georgiev et al. 2010). According to
Sawicki et al. (2016) explained that these differences in betalains content and proportions were

dependent to the part of root, its own fingerprint and the extraction conditions.

11.1.2. Betalains pH-response

The pH plays a highly significant role on beetroot pigment color degradation, which could
utilized as an indication of acidic, neutral or basic state of the ambiance (Mohamed Arif et al.,
2021). The figure 02 showed that the color modification range was divided to three main shades;
red-pink for the acidic pH array 1 to 6, purple for the neutral to basic range 7 to 10 and orange-

yellow for the intensively basic interval 11 to 13.

Speaking of the shift from red to purple color, translating the passage from acidic to neutral
slightly alkaline pH, (Nemzer et al. 2011) correlated this effect to betacyanins expressing

primordially, in an imposing way, their color to the solution. The betacyanins are conjugated by
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cyclo-dihydroxyphenylanine (cyclo-dopa) which corresponded to the color from red to violet
(Izabela et al 2021).

Figure 2: pH-response of beetroot betalains
On the other side, the fluctuation from purple to orange-yellow in the pH field 11 to 13,
affirmed the dominantly expression of betaxanthins; conjugated by amino acids or amines (Kay et

al. 1993).

(c) R / (b)
k” L
“\ 0Ol
N ]
| ' m'
o w0 I
] ( HN CO0 + ‘
’ amino acid
Hooc"” x’/\( 00H | o
H 1MxXx N oo
Betaxanthin 4 o Beﬁ;'\anin -
(orunge-yellow pigmentation) Betalamic acid (red-violet pigmentation)

Figure 3: Relation between the biochemical structure and the apparent color of betalains.

I11.2. Smart films
11.2.1. Characterization of smart films

The figure 04 showed the colored and uncolored films. The last was smoother and more
homogeneous, easier to peel and required a lesser time to dry as well. So, the presence of betalains
increased the adhesiveness of starch films and made the step of immediate desiccator stabilization
mandatory. Likewise, it has been noticed the clear effect of these beetroot pigments on gaining

elasticity of films (Esra Tekin et al., 2022) .

10
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Figure 4: The colored and uncolored films

The table 03, illustrates the physicochemical properties of betalains colored films and

uncolored films:

Table 3: Physicochemical properties of colored and uncolored films

Films
Properties
Colored Uncolored
Thickness (mm) 0.0784 +0.002 0.066 +0.002
Density (g/ml) 0.19 +0.007 0.15 +0.007
Humidity (%0) 16 +£1.41 10 £0.70
Water solubility (%) 38.14 +0.6 37.14 +0.27
Contact angle (°) 74.44 +0.14 70.80 +0.39
Water vapor permeability (WVP)
o4 5.23 x10°+0.374 x10°  4.06 x107° +0.263 x10°°

(@m=-s™-Pa”)
Light Transmission rate and

11.8 +0.33 4.63 +0.13

transparency (%)

11
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I1. 2.2. Thickness and density

The thickness is a crucial parameter that affects biological, physical and mechanical

characteristics of the film (Ajansson et al., 2004).

The results disclosed that the colored film was thicker than the uncolored one with rates of
0.0784+0.002mm compared to 0.0662+0.002mm, respectively. Therefore, it could be suggested an
increase of the thickness of films due to the addition of betalains pigments. According to Gutierrez
et al. (2015), adding other ingredients to the base matrix will relatively raise the thickness of the
film.

Also, the starch type had a genuine impact on the film thickness. As a comparison, the
starch/betalains or only starch films viewed in this work, were thicker than films of potato starch
(0.055mm) tested by Dandan L. et al. (2022), but thinner than those of cassava starch (0.103 mm)
and rice starch (0.145 mm) analyzed by Zuzanna et al. (2021) .

In this context, Luan Ramos da Silva et al. (2022) saw the concentration of additives, the
starch mass and its concentration as direct influencers on film thickness. The higher concentration
you have the thickener film you obtain. Also, the thickness of the starch based film increased with

the increase of amylose content (Wang et al., 2007).

Figure 5: Measurement of colored and uncolored film thickness.

Besides, the density of the colored film was also higher than the density of uncolored one
with a gap of 0.04 g/ml. These results are significantly consensual with the work of Jessica et al.
(2018), in which authors related the addition of natural pigment extract to the increase of

chitosan/starch film density.
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11.2.3. Humidity content and water solubility

This test was carried out to evaluate the weight loss percentage according to water waste of
films during the drying (Galus et al., 2016). According to Chiou et al. (2009), the test of humidity

gauged the mechanical properties of the film.

From table 03, the humidity of betalains films was higher than control films (16+1.41% vs
10+0.70%), which is in agreement with the results of Paul et al. (2016), showing 13.10+£2.10%

starch film with betalains against 8.3+1.7% for starch films without them.

These researchers explained that with a possible interaction between beetroot extract and
starch film matrix leading to an increase its moisture. In addition, moisture was the property the
most touched by plasticizers, for that glycerol. The films containing 33% glycerol have a lower
moisture absorption capacity compared to the films with higher glycerol content (Ewelina Basiak et
al, 2018).

As it concerns water solubility, this trait give information about the integrity of films in
aqueous environment. A higher solubility indicated a lower resistance of water (Granasambandan
et al.1997; Handa A et al 1999). The uncolored film was bit more hydro-soluble than betalains film
with a slight difference of 1.0+0.33%.

The addition of different plasticizers shows improvement in water resistance; film plasticized
with glycerol had the lowest water absorption property (Abdurrahman et al., 2022).

I1. 2.4. Contact angle

This test is a measure of the water’s ability to wet the surface of the film, the shape of the
drop on the surface depends on the angle of contact. For that, the contact angle is a very important
parameter for measuring the wettability or surface hydrophobicity (Qin et al.2019). The
hydrophobicity of films depended on their contact angle; the higher angle found, the most
hydrophobic will be the film (jouki et al. 2013).
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Figure 6: Water droplet appearance on A) Betalain film, B) Control film.

As it is shown in table 04, the colored film showed a higher angle equal to 74.44+0.14°,
overtaking the uncolored film with a result up to 70+0.39°. The starch film was more hydrophobic

when it was pigmented by betalains.

The same observation was made by Carlos et al. (2022) for cassava starch film with beetroots
and cassava starch films only (13.6° and 2.6°, respectively). The microparticles of betalains rich-
extract decreased the spread ability of water droplet and its contact with the surface as a result; thus
it increased its hydrophobicity. This effect could be associated to the change of structure because of

the interaction of beetroot pigment with the starch surface (Carlos et al., 2022).

I1. 2.5.Water vapor permeability

This test measured the quantity of water diffusion through the film and it is related to the
thickness and moisture of the film (Cazon et al., 2022). Water vapor permeability determines the
amount of the permeating of water in the film matrix, but also the suitable polymeric film for each
kind of food; thus, the WVP should be as low as possible (Patriciab et al., 2022).

Herein, the colored film was more permeating to water than the uncolored one with a small
difference in results (1.17x10°+0.111x10° g-m™.s*-Pa™). This result could be ascribed to the
presence of many hydroxyl groups hydroxyl groups and their position of attachment or H—donating
groups, and glycosylation. These groups lead to the formation of hydrogen bonds responsible for
this hydrophilicity of Betalains (Fathordoobady et al., 2016).
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11.2.6. Light transmission rate and film transparency

The transparency defines the transmittance passed through the film at certain wavelength and
it’s proportional to it (Ligot et al., 2015). Paradoxically, betalain films were more transparent than
control (11.8+0.33 against 4.63+0.13%). In the opposite, corn starch films added with other
ingredients like chitosan was had more opacity than control. Chitosan worked as a coating and

covered light passage (Guttierez et al., 2017).

It is possible to suggest a fluctuating effect of the ingredient co-mixed with the starch on the
opacity/transparency outcome. A similar conclusion was cited by( halis and Hassouni, 2021) using
polyphenolic extract on natural film. The difference of structure between ingredients and the
interaction between them can lead to variable actions on light transmittance through films
(Gorgieva et Kokol, 2011).

11.2.7.Release of betalains

A release pigment test aimed to evaluate the entire interactions between them and film
matrix by conducting the rate of pigment in each food simulant (Alizadah et al., 2020). Figure 7

represented the betacyanin and betaxanthin liberation in each food simulant.
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Figure 07 : Release of (A) betacyanins and (B) betaxanthins from the colored film in different
food simulants

The both classes were denoted by a higher rate of release in the solution 10% ethanol and

water, followed orderly by 50 and 95% ethanol solutions. Overall, the first hour of contact with the
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four solutions met the summit release of pigments. The water-soluble nature of nitrogen beetroot
dyes named betalains explained this behavior. Alizadeh et al. (2020) shaded the light on the direct
link between pigment release from films and their nature besides the nature the simulant food type.

It is plausible to propose probably a better solubilization of beetroot betalains in aqueous

low-fat foods.

11.2.8. Biodegradability test

Biodegradability studies the film breakdown ability in the environment caused by the
activity of soil (Martucci et al., 2009). the table 04 represents the weight mass loss of colored and
uncolored films during 15 days of soil burying. It is logical to say that uncolored films degraded
quicker than control films, taking into consideration the respective time taken by each type to be

totally vanished (12 and 15 days).

According to Jaranillo et al. (2016), test of biodegradability counting the daily watering,
imitated the degradation caused by soil bacterial microflora. The degradation of starch film can be
related to the presence of hydrolysable and oxidizable groups of polymeric chains which facilitated

their assimilation by microorganism (Warscheid et al., 2000).

The presence of betalains may slowdown this phenomenon regarding their antimicrobial

activity. In both cases, the two films are alike in the matter of being environment friendly.

Table 4.Weight loss of colored and uncolored films (biodegradability test)

Weight loss percentage (%)

Days
Control film Colored film
3 20+0.70 6.84+0.10
6 30.76%0.16 21.42+0.40
9 41.66%0.23 32.23+0.54
12 100 39.39+0.42
15 / 100
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11.3.Activity of films

11.3.1. Ammonia sensitivity test

This test aimed to identify the response of starch/betalain films to volatile ammonia vapor
assigned to food nitrogen compounds degradation. The changing of film color is an indicator for the
consumability of food, since it marked its freshness loss status due to ammonia vapor emitted during

the spoilage phase. Color change equaled food expiration using digital camera coupled with RGB
colour analysis (Wells et al 2019).

Figure 08 represents the curve of film sensitivity to ammonia vapor monitored by color
changing. At the end of 30 min, the film turned from red to dark purple, simultaneously to an
increase in sensitivity to ammonia vapor (SRGB) going from 3.51% at 5 min to 51.75% at 15 min,
then 70.35% at 30 min. As seen previously, this color corresponded to the alkaline pH range of 7-10,
which lead to the dominant expression of betacyanins. The FTIR analysis of the same red purple
extract done by Shiv et al. (2012) showed that the presence of amine and carbonyl functional groups
attributed the red purple color to the betacyanin pigments.

Accordingly to the pH of the diluted ammonia solution, the non-reaching of high pH values,
over 10 units, inhibit the expression of the yellow color allocated to betaxanthin dyes. Comparing to
that, Shahab et al. (2021) explained the obtaining of purple to yellow colors in presence of ammonia

vapor to the presence of the large pH 2-13 range where each betalain class was apparent in a specific
part of the range.
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Figure 8: Sensitivity of smart film to ammonia vapor.
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11.3.2. Smart patch efficiency test

The freshness of chicken meat reduces with time .The main cause of chicken spoilage due to
the activity of microorganism increasing protein degradation which automatically increase the

volatile nitrogen and ammonia and pH concomitantly inside the packaging (Zhang et al.2021).

The evolvement of patch color changing on the packaging of ground chicken stored at 25 or
4°C is in the table 5.

At 25°C, the initial clear red —pink color shifted to dark purple by the end of the 72 hours,
parallely to the increase of pH during chicken spoilage. It is worthy to cite the consolidation of this
result by the anterior ammonia test. This change from red to dark purple visually viewed is the result
of betacyanin attributes modifying their color at pH array of 8-10, following the cyclo-dopa
conjugation (Nazeeruddin et al. 2011; Nemzar et al., 2011).

For the storage at 4°C, the film didn't show any color changing until 48 hours, where the
clear red color turned to a darkest shade of it. This result showed that the pH of the container inner
atmosphere remained in the acidic array. Comparing these results to the work of Carlos et al.
(2022) on fish storage at 4°C, the Cassava starch with beetroot indicator film didn't show any results
of changing until the 8" day by turning from red to brown. This results may due to the time spoilage
of each food material and the different process addition to the methods of packaging and film
preparation.

18



Chapter I1 Results and discussion

Table 05. Evolution of color change of packaging smart films.

Time (h) Smart film color change

Stored at room temperature Stored in refrigerator

(25°C) G

6h

12h

18h

24h
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30h

36h

42h

48h

54h
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60h

66h

72h
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Conclusion

Intelligent films as packaging systems are capable of carrying out intelligent functions such
as responding in a particular manner when there is some change in the quality, safety, or maturity of
a packaged food, or to provide an indication of these changes. As a result, these smart packaging
materials can play an important role in improving food quality and safety management (Alizadeh et
al.2020; Bijik et al., 2011; Kuswandi et al., 2011).

Recently, the role of packaging has increased beyond its basic function with changing
consumer preferences and expectations. Now, it is also contributing towards extending the shelf life
and acts as a quality indicator of the packed food products. The focus is also on the development of
more and more interactive packaging systems, which are classified as active and intelligent

packaging simultaneously (Dobrucka & Cierpiszewski, 2014).

The conception of starch films integrated with natural betalains from the abundantly
available beetroot attempted to achieve a non-easy technological compromise in the recent field of
smart packaging by getting, at low-cost, a high efficient and simple pH-sensitive patch, assuring on
the top of that a decent standard of eco-friendship. The addition of betalains dyes composed for the
most part of betacyanins, into starch-based films made them thicker, denser and damper. As well,
pigmented films were more transparent with a higher permeation to water vapor penetration
regardless their very close hydrosolubility to control films. Even though, their surface in presence of

beetroot betalains was more hydrophobic, so less wettable.

Otherwise, betalains liberation from film matrix fitted perfectly with agqueous low-fat foods,
and the degradation of this colored films in soil take barely three more days than their equals control
films. The tendency of applying composite films starch/betalains as pH-sensor sticker on containers
of ground chicken, conducted successfully to visible color shift going from clear red to dark purple
passing by intermediate violet shades, conferring a reliable monitoring of the ammonia vapor
emission and mirroring the progressive chicken spoilage. The occurrence of this color shift was

simultaneous to that observed in vapor ammonia assay.

Enhancing the whole performance an especially the mechanical resilience of the designed
smart patch, all along with the epitomizing of a marketable prototype by overcoming its
technological flaws, abide to be envisaged as imminent insights for a possible large scale
production.
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