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Abstract

Edible films were prepared from a mixture of carrageenan, guar gum and glycerol. Lemongrass essential oil (LGO) was added
to edible films as bioactive compound. Edible film without essential oil and with different concentrations of essential oil (0.2%,
0.4%, 0.6%) were made and their mechanical and bartier properties were evaluated. Thickness ranged from 0.047220.003 mm
to 0.0487£0.004mm. The percent elongation decreased up to 20% when the concentration of essential oil increased. The
low WVTR and OTR values were maintained over a range of essential oil concentration of 0.4% and 0.6% in the edible film.
The minimum WVTR and OTR obtained was 4.04£3.2 g/m?/day and 2.74+4.0cc/m?/day with the incorporation of 0.6%
essential oil in edible film. SEM micrographs and DSC graphs of edible films were affected by the amount of the essential oil
incorporated. The FTIR shows the structural interactions of essential oils with the carrageenan material. The developed edible
films were applied on lemon fruits and were wrapped without and with different concentrations (0.2%, 0.4%, 0.6%) of lemon-
grass essential oil incorporated edible films and lemons without edible wrap also kept as a control for comparable studies. The

shelf life of lemon wrapped with edible film had longer shelf-life when compared to lemon without edible wrap.
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Introduction

Packaging material are separated in to two groups: synthetic and
natural. Synthetic packaging is usually petrochemical based and
although they are effective in preserving the product and mostly
preferred in the industry, it is recommended that the usage of
these packaging should be reduced due to environmental pollu-
tion and migrationproblems [30]. Edible packaging that obtained
from natural resources, have been offered as alternative to those
packaging, and can be used in different foods such as fruits and
vegetables, dried nuts, meat and meat products, cereal, and dairy
products [17]. Fruits and vegetables may decay quickly as the wa-
ter content of those products are high leading to respiration and
transpiration. Thus, the packaging of those is important. Edible
films are defined as a thin layer of material which can be consumed
and provides a barrier to moisture, oxygen and solute movement
for the food [2]. The material can be a complete food coating or
can be disposed as a continuous layer between food components.
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The main advantage of edible films over traditional synthetics is
that they can be consumed with the packaged products. There is
no package to dispose even if the films are not consumed, they
could still contribute to the reduction of environmental pollu-
tion. The films are produced exclusively from renewable, edible
ingredients and therefore are anticipated to degrade more readily
than polymeric materials. In addition to environmental protection
and human health point of view, edible films offer protection to
the foods once main packaging is removed. Although there are
numerous studies on edible films; there were no studies based
on the direct incorporation of the bioactive compound without
encapsulation in to film making solution [8, 11, 12].

Materials and Methods
Time and Place

The study was conducted from November to March in Depart-
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ment of Food Packaging and Technology at CSIR-Central Food
Technological Research Institute, Mysore, India.

Research Material

The chemical reagents used in making of Edible film were I-car-
rageenan powder (Marine Hydrocolloids company, Kerala), Glyc-
erol (S D Fine Chemical Ltd, Mumbai), Guar gum (High Media
Laboratory, Mumbai) and Bioactive compound - Lemongrass es-
sential oil Spice rich seasonings, Kerala.

The instruments used in making and analysing of edible film were
Weighing balance, Magnetic stirrer and hot plate IKA C-MAG),
IR Drying chamber, Electronic micrometre (Messmer Instru-
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ments Ltd, England), Universal Texture Measuring instrument
(Lloyd instruments Ltd, England), Scanning Electron Microsco-
py, Foutier Transform Infrared Spectroscopy (Bruker Platinum
ATR), UV Spectrometer (SHIMADZU Global Instruments, Ja-
pan) and Differential Scanning Colorimetry.

The tools used in making of edible films were Glass beakers,
Measuring cylinder, Spatula, Stirring rods and Teflon plates.

Research Method

This is an experimental research. The research design used was
completely randomized design (CRD). There were four types of
treatment of different essential oil concentrations, namely 0%,

Figure 1. Graphical Abstract.

Figure 2. Methodology.

Tablel. Thickness, tensile and percent elongation of edible films.

SLLNO | CONCENTRATION THICKNESS TENSILE PERCENT ELON-
(mm) STRENGH (MPa) GATION(%)
1 Edible film without 0.0479+0.003 5.69+0.06 57.81+0.08
essential oil
2 Edible film with 0.2% 0.0482+0.002 7.12+0.04 46.08%0.02
essential oil
3 Edible film with 0.4% 0.0486+0.005 7.3540.02 33.0610.09
essential oil
4 Edible film with 0.6% 0.0487%0.004 7.78+0.03 18.27+0.06
essential oil
Table 2. Colour measurement of edible films.
SL.NO | CONCENTRATION 2" b* DE"ab
Target 94,33 0.07 053 | o
1 Bdible film without es- | o 4o 04 | 00740 | 0582002 | 1.15+0.04
sential oil
{ 1 0
2 Bdible film with 0.2% -\ oo 01011 | 00240 | 1574004 | 1.5020.04
essential oil
. ——
3 Edible film with 04% -\ o2 (51006 | 0.04+0.01 | 1.19+0.01 | 1.4620.04
essential oil
{ 3 0
4 Bdible film with 0.6% | o2 (2000 | 0.00+0 | 1.49+0.02 | 1.9820.04
essential oil
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Table 3. WVTR values of edible films.

SL.NO CONCENTRATION WVTR (g/m?/day)
1 Edible film without essential oil 4.6710.21
- ) 5 )
5 Edible film Wltl’.l 0.2% essential 4624013
oil
3 ) ; )
3 Edible film Wltb 0.4% essential 4124041
oil
- ) 5 )
4 Edible film wltb 0.6% essential 4.0440.32
oil
Table 4. Otr values of edible films.
SL.NO CONCENTRATION OTR (cc/m?/day)
1 Edible film without essential oil 2.7610.35
2 Edible film with 0.2% essential 2.76x0.23
oil
3 Edible film with 0.4% essential 2.74%+0.43
oil
4 Edible film with 0.6% essential 2.7410.40
oil
Table 5. Water activity of edible films.
SL.NO CONCENTRATION WATER ACTIVITY (aw)
1 Edible film without essential oil 0.50£0.08
2 Edible film with 0.2% essential 0.49+0.01
oil
3 Edible film with 0.4% essential 0.48+0.04
oil
4 Edible film with 0.6% essential 0.48%+0.04
oil

0.2%, 0.4%, 0.6% and each treatment was repeated five times |9,
10, 13].

Work Procedure
Films were obtained by the Solvent casting technique.
Making Of Control Edible Film

Carrageenan solution was prepared by dissolving 3g of carrageen-
an powder in 300mL of distilled water under magnetic stirring of
800rpm speed at room temperature of 28°C. Then add glycerol
of 0.5mL as plasticizer to the solution and continue stirring up
to 30min for complete dissolution. After that mix 0.25g of guar
gum in 80mL of 40°C distilled water using magnetic stirrer and
hot plate and dissolve this solution with the carrageenan solution.
Kept it for 2-3 hours without any disturbance or in refrigerator
to remove the bubbles formed in the solution. The homogenous
solution without air bubbles was spread on wet casting glass plate
with Teflon sheet on it for easy removal. Thus, the solution spread
was allowed for air drying under IR light for 10-12 hours [15, 18,
19].

Preparation Of Edible Film With Bioactive Compound

Carrageenan solution was prepared by dissolving 3g of carrageen-
an powder in 300mL of distilled water under magnetic stirring of
800rpm speed at room temperature of 28°C. Then add glycerol
of 0.5mL as plasticizer to the solution and continue stirring up
to 30min for complete dissolution. After that mix 0.25g of Guar
gum in 80mL of 40°C distilled water using magnetic stirrer and
hot plate and dissolve this solution with the carrageenan solution.
Then lemongrass essential oil (LGO) of different concentrations
like 0.2% (v/v), 0.4% (v/v), 0.6% (v/v) are added for separate ed-
ible film solutions. Kept it for 2-3 hours without any disturbance
or in refrigerator to remove the bubbles formed in the solution
[20, 21, 22]. The homogenous solution without air bubbles was
spread on wet casting glass plate with Teflon on it for easy re-
moval. Thus, the solution spread was allowed for air drying under
IR light for 10-12 hours.

Types Of Films:

* CA+0% LGO (CA)

* CA+0.2% LGO (CA-10.2)
* CA+0.4% LGO (CA-L0.4)
* CA+0.6% LGO (CA-L0.6)
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Figure 3. Ftir overlay graphs of edible film with different concentrations of essential oil.

Figure 4. Sem micrograph of edible film without essential oil.

Figure 5. Sem micrograph of edible film with 0.2% essential oil.

Figure 6. Sem micrograph of edible film with 0.4% essential oil.

Figure 7. Sem micrograph of edible film with 0.6% essential oil.

Results and Discussion

All films produced were easy to handle and transparent. They
were also easily removed from the casting plate surface and had
good flexibility and a smooth surface (based on visual observa-
tion).

Characterization Of Film

Thickness: The thickness of the various prepared films was
measured by an electronic micrometre (Messmer instruments Ltd,
England). The variations in the film are tabulated in the table.
The thickness is a critical value for edible film. For this reason,

the influences of lemongrass essential oil on the thickness of
Carrageenan based films were initially evaluated (Table 1). Film
thickness of all treatments ranged from 0.0479£0.003 mm to
0.0487£0.004 mm. Table 1 shows that when the concentration
of essential oil increased, the thickness of the film incorporated
with essential oils also slightly increased. Therefore, it can be con-
cluded that the variation in the reading of film thicknesses was
merely affected by the ratio of the materials like essential oils used
in film blending same as that of CMC and Chitosan films due to
bioactive compounds |23, 20].

Tensile Strength: Measured According To ASTM D882-18:
Tensile strength was studied using UTM instrument (Lloyd instru-
ments, England) and the variation in tensile strength is tabulated
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Figure 8. Dsc analysis of edible film with 0.2% essential oil.

Figure 9. Dsc analysis of edible film with 0.4% essential oil.

Figure 10. Dsc analysis of edible film with 0.6% essential oil.

Figure 11. Lemon after 6 and 12 days of storage.

in table 1. From the table 2 we can see that 0.6% essential oil in-
corporated edible films had the highest tensile strength. The low-
est tensile strength was observed in the edible film without essen-
tial oil. On the comparison with the edible film without essential
oil, it is seen that incorporation of essential oil have modified the
resistance of the film [24, 25]. Tensile strength of the edible film
without essential oil was 5.6920.06 MPa increasing to the maxi-
mum 7.7820.03 MPa upon addition of 0.6% (v/v) essential oil.
The tensile strength of the edible film with 0.2% was 7.12£0.04
MPa and the edible film with 0.4% was 7.35£0.02 MPa. The study
reveals that the increased concentration of essential oil increases
the tensile strength of the film. All films with high amounts of
essential oil had higher tensile strength and lower percent elonga-
tion at break. Increasing the concentration of a plasticizer (glyc-
erol) decreased tensile strength (TS) of the film same as that of
protein edible film [5]. So, in every films 0.5 mL plasticizer was
added after trying different concentration of glycerol.

Percent Elongation: Measured According To ASTM DS882-
18: Percent elongation was studied using UTM instrument (Llyod
instruments, England) and results was tabulated in table 1. The

percentage elongation has decreased according to the increase in
the concentration of essential oil. The maximum percentage elon-
gation was 57.81+0.08% showed by edible film without essential
oil and the minimum percentage elongation was 18.27+0.06%
showed by the edible film with 0.6%. This is because the essential
incorporated edible films do not possess elasticity. The use of
plasticizers tends to reduce the tensile strength and increase the
percentage of elongation in edible films because the plasticizers
can reduce intermolecular forces and increase the mobility of bi-
opolymer. chains. The combination of high tensile strength and
high elongation leads to the material of high toughness [27, 29].

Colour Measurement: A CIE Colorimeter (Minolta colour anal-
ysis) was used to study the colour measurement of the films pre-
pared using carrageenan, glycerol and guar gum incorporated with
lemongrass essential oil at different concentrations. From the ta-
ble 2, we can see that the yellow tinge (b") of the edible film is
increasing according with the essential oil concentration increases
because, the lemongrass essential oil is added in the edible film
preparation which already have a yellow colour. Edible film with-
out essential oil has yellow tinge (b" = 0.58%0.02) and slight red
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tinge (a” = 0.7£0). Red tinge (a") of the edible film also increases
with the increase in the concentration of the edible film. The
edible film with 0.6% essential oil has much higher colour value
when compated with others. It has brightness (L") of 95.63%0.02,
red tinge (2" = 0.0910) of and yellow tinge (b") of 1.49£0.02.

Barrier Property

An edible film should be resistant in order to with stand manipu-
lation during its application and to maintain its integrity and its
barrier properties.

Water Vapour Transmission Rate (WVTR): Measured Ac-
cording To ASTM D570-18: WV'TR is calculated and tabulated
in the table 4. The water vapor permeability should be as low
as possible since an edible film or coating should retard mois-
ture transfer between the food and the environment, or between
two components of a heterogeneous food product [7]. WVTR
value decreased with increase in the concentration of essential oil.
WVTR is minimum for the edible film without essential oil and
maximum for the highest essential oil concentration (0.6%) in-
corporated edible film. The WVTR for the edible film with 0.6%
essential oil was 4.0410.32g/m?/day, the edible film with 0.4% es-
sential oil was 4.12+0.41 g/m?/day and the edible film with 0.2%
was 4.6210.13 g/m?/day. The WVTR value for the edible film
with different concentrations of essential oil have much great dif-
ference. In terms of the barrier, an increase in the water molecule
content will result in lower water vapour barrier properties [16].

Oxygen Transmission Rate (OTR) Measured According
To ASTM D3985-17: Good oxygen barrier properties of edible
films are desired in food packaging and preservation. From the
table 5, we can see that edible films have low barrier property for
gases. Edible film with and without essential oil have not many
variations in OTR values.

Water Activity: Water activity was checked using the Novasina
Lab Master aw neo instrument. It is seen that the values are lesser
than the threshold level for microbial growth i.e. 0.6. there by
assuring no microbial contamination under ambient conditions.

Structural Properties Of Film

Fourier Transform Infrared Spectroscopy (FTIR): Fourier
transform infrared spectroscopy is a diagnostic technique used
for the identification of chemical compounds. The FT-IR spectra
of the edible film with essential oil (0.2%, 0.4% & 0.6%) are rep-
resented in the following figures:

Here, FTIR was used to study the interaction between carrageen-
an film matrix and lemongrass essential oil. The spectra of the ed-
ible films incorporated with different concentrations of essential
oils are presented in figures respectively. All spectra show similar
IR absorbance patterns. From the results, it appears that there
was no structural change for each film incorporated with differ-
ent concentrations of essential oils. This indicates that there was
no interaction between active compounds of lemongrass oil with
the functional groups of the carrageenan film. Therefore, the ac-
tive compounds of lemongrass oil were free to inhibit the mi-
croorganisms. As the concentration of lemongtrass oil increased,
the zones of inhibition also increased significantly at all levels.
However, the addition of lemongrass oil in to the film changed
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its mechanical properties of film by acting as a plasticizer, which
improves its flexibility and extensibility. All the films showed char-
acteristic peaks in the range of 3100-3500 cm-1 corresponding
to O-H stretching of polysaccharide and free hydroxyl group.
The absorption peaks at 2881 and 2869 cm-1 corresponds to
C-H stretching vibrations in the carrageenan polymer chain. A
typical amide I peak appeated at 1637 cm-1 in the spectra of all
carrageenan-based films. The characteristic peaks at 913 and 840
cm-1 were related to C-O of 3,6-anhydro-D-galactose and C-O-
SO3 of D-galactose-4-sulfate, respectively. In general, the FT-IR
spectra of I-carrageenan essential oil films were relatively similar
and no significant changes in functional groups were observed in
all the samples, indicating that the structure of the carrageenan
has not been changed by essential oil. This relationship has been
observed in chitosan films [2].

Scanning Electron Microscopy (SEM): The permeability of
the film can be influenced by the composition, morphology and
homogeneity of the coating matrix. A SEM micrograph shows
a two-phase surface morphology of edible films incorporated
with essential oils and the edible film without essential oil. They
help us understand the molecular alignment between carrageenan
and essential oil. The edible films were magnified at 500X and
1000X. The 1000X magnified micrographs are clearer than 500X.
Fig 4.3.2.1 to 4.3.2.4 shows the 1000X magnified micrographs
of edible film without essential oil and with different concentra-
tions of essential oils. From all the micrographs it was noted that
the film with essential oil shows rough, dry and uneven surface.
Figure 4.3.2.1 depict surface and cross sections of the edible film
without essential oil which appear to be homogeneous, smooth,
and free of any dimples or crevices as previously observed for
pullulan film [14].

The edible film with 0.2% essential has dimples when compared
to edible film without essential oil.

films due to the higher concentration of essential oils. From the
SEM micrographs we can easily differ the edible film with es-
sential oil when comparing with edible film without essential oil.

Difterential Scanning Calorimetry (DSC): The DSC analysis
was done to determine the thermal properties of the films. It is
imperative to determine the melting point on which the sealability
of the films depends. It is measured in °C and denoted by Tg. It
was measured from 20 to 250°C. Changes in the phases or state
and corresponding enthalpies (AH) were determined |1, 4, 6]. It
is seen that the incorporation of essential oil into edible films
cause changes in the thermal properties of the films. It is known
that glass transition temperature (Tg) is a complex phenomenon
depends on many factors including intermolecular interactions,
the molecular weight, the chain flexibility, the branching and the
molecular weight, the chain flexibility, the branching and the cross
linking density [3]. Tg is increasing according to the increase in the
concentration of essential oils (0.2%, 0.4% & 0.6%).

The glass transition temperature (Tg) of edible film with 0.2% is
221.78°C. The end temperature is 227.36°C and Onset tempera-
ture is 218.00°C.

The glass transition temperature (Tg) of edible film with 0.4% is
237.91°C. The end temperature is 242.79°C and Onset tempera-
ture is 232.57°C.
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The glass transition temperature (Tg) of edible film with 0.6% is
241.26°C. The end temperature is 242.24°C and Onset tempera-
ture is 228.02°C.

One of the important thermal properties of materials is in the
packaging industry is glass transition temperature (Tg). Modulat-
ed differential scanning calorimetry is a common method used to
determine the Tg of biopolymeric films because of the complex-
ity and aging of biopolymer structures. The results indicated that
the glass transition temperature (Tg) of the edible film increases
with increase in the concentration (0.2%, 0.4%, 0.6%) of essential
oil as that of pectin film [3].

Application Of Edible Film On Lemon

For shelf life studies lemon was taken and kept for 12 days. Fruits
wrapped with 0% essential oil edible films, 0.2% essential oil ed-
ible films, 0.4% essential oil edible films, 0.6% essential oil edible
film and fruits without wrapped. Two withdrawals were taken af-
ter 6 days of intervals.

Weight Loss: Weight loss was significantly lower throughout all
concentrations (0.2%, 0.4%, 0.6%) of essential oil edible films
and shelf life petiods when compared to unwrapped lemons
(control). Weight loss increased after 6 days of storage. Edible
film incorporated with essential oil application reduced the weight
loss with respect to unwrapped lemons as previously observed for
jack fruit [28].

Sensory Evaluation: The analysis of overall appearance con-
ducted after storage and shelf life were rated as edible film with
0.6% essential oil is more acceptable than others according to its
colour, textute, flavour, and taste. The control lemon fully turned
to brown colour which is not acceptable one anymore. Lemon
wrapped with edible film of different concentrations of essential
oils are perfect when compared with edible film without essential
oil, because the lemon wrapped edible film without the content of
essential oil had colour change from yellow to brown. The smell
of lemons also can retain by using the edible film with lemongrass
essential oil as bioactive compound. By conducting this applica-
tion of edible film, we can understand that the edible film with
essential oil is effective to extend the shelf life of fruits.

Conclusion

The incorporation of bioactive compound to edible film may have
additional functions in direct food packaging. The incorporation
of lemongrass essential oil into carrageenan matrix was success-
fully performed to obtain bioactive edible films. The physical
and mechanical properties of natural polymer or film made from
carrageenan and glycerol was improved by the addition of lem-
ongtrass essential oil as bioactive compound. The present study
indicated that, 0.6% level of essential oil was found to be most
suitable for edible film preparation based on certain film charac-
teristics like percent elongation, water vapour transmission rate,
oxygen transmission rate. Overall, the incorporation of essential
oil compounds in carrageenan films resulted in the decrease of
the WVTR and OTR and in the increase of tensile strength were
successfully related with mechanical and bartier properties. The
colour change of the edible film increased according to the in-
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crease in concentration of lemongrass essential oil also shows the
effect of essential oil on the carrageenan edible film matrix. FTIR
analyses suggest different intensities of the chemical interaction
occurring between functional groups of lemongrass essential oil-
based bioactive compounds and active groups of carrageenan
films. SEM micrographs and DSC graphs of edible film was af-
fected by the amount of the essential oil incorporation.

For the application of edible film, lemon fruits were wrapped
without and with different concentrations (0.2%, 0.4%, 0.6%)
of lemongrass essential oil incorporated edible films and lem-
ons without edible wrap was also kept as a control for compa-
rable studies. Lemons were kept for 6 and 12 days of shelf life
study and lemons wrapped with essential oil incorporated edible
film came out as an acceptable one and the control completely
spoiled. The edible film without essential oil also started spoil-
ing. Wrapping of lemon with essential oil incorporated edible film
reduced the weight loss, colour change and smell of the lemon
was retained. Therefore, based on the overall results, it was con-
cluded that 0.6% lemongrass essential oil edible film had the best
properties and can be considered as an effective strengthening
strategy to use carrageenan based materials for food packaging
applications and it could be introduced as a good alternative sub-
stance for the production of strong, completely edible and food
packaging material. The microbial activity of the lemongrass oil is
the reason of the increased shelf life of lemon with essential oil
incorporated edible film. The application of edible film on lemon
results suggest a high potential of these films to be used as active
packaging materials, and further studies must be developed in or-
der to access bioactivity and behaviour along shelf-life.
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