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Abstract. Innovative post-harvest technologies are in demand to meet the requirements of farmers
and agricultural industries to ensure global food security and to avoid food wastage. Edible coatings
that can prevent food spoilage and/or enhance shelf life have taken on increasing importance. This
work involves the development of edible coatings based on easily available bio resources, chitosan and
nanocellulose, and utilizing their unique properties as an effective coating material. Aloe vera, known
for its antioxidant and antimicrobial properties, has been proposed as an active ingredient that can be
incorporated into the biodegradable film. Varying volumes of Aloe vera (0.25 ml, 0.35 ml, 0.5 ml, and
2.5 ml) were added to fabricate nanocomposite films by solvent casting. Transparent films were obtained,

and their morphology was analysed using scanning electron microscope (SEM). The incorporation
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of Aloe vera was confirmed in various spectroscopic studies, which clearly show reduction in light
transmittance for the nanocomposite films containing Aloe vera. The contact angle study showed an
increase in hydrophobicity initially. Maximum tensile strength was obtained with 0.25 ml of Aloe vera.
The potential use of nanocomposite solution as edible films was demonstrated in green chillies, which
showed lower weight loss after 3 days when compared with uncoated chillies. In the first phase of this
study, chitosan/nanocellulose nanocomposites enriched with Aloe vera have been proposed as a potential

edible food coating material.
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I'mOpuaHbIe HAHOKOMIIO3UTHI XM TO3aH/HAHOLEJLJII0JI032
¢ BRJIIO4YeHueMm Aloe vera kak noTeHUUAJIbHBIN MaTepuaJ
JJISl M3TOTOBJICEHUS CbheJOOHBIX MOKPBHITHH, IPUMEHSAEMBbIX

B YCJIOBUSIX NMOBBLINIEHHON BJIAXKHOCTH
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AHHoTanus. VIHHOBaIlMOHHBIE TEXHOJIOTUH MTEPEPa0OTKH M XPAHEHHS CEJIbCKOX035HCTBEHHOM
MIPOAYKIIMH IIHPOKO BOCTPEOOBAHBI B CENIBCKOXO3SHCTBEHHON OTPACIH U HAIleJIeHbI Ha o0ecredeHne
r100aabHOM MPOJOBOJIBCTBEHHOIN 0€30IIaCHOCTH U CHHIKEHHE MTOTEPh NPOJYKTOB NuTaHus. Bee

O0JIBITY IO 3HAYMMOCTH IIPHOOpPETaeT pa3padoTKa CheJOOHBIX MUIIEBBIX MOKPHITHH, KOTOPHIE MOTYT
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IPEIOTBPATUTh OPYY HMHUIIEBBIX MPOAYKTOB U / HIIU MPOJTUTH CPOK X XPAHCHUS. ITO UCCIICIOBAHNE
MOCBSIILIEHO CO3/1aHuI0 AP (HEKTUBHOrO MaTepHaa JIIsl U3rOTOBJICHHS CheIOOHBIX MTOKPBITHI HA OCHOBE
JIETKOJIOCTYITHBIX OMOPECYPCOB C YHHKAIBHBIMUA CBOMCTBAMH — XUTO3aHA U HAHOLICILITIONO03bI. Aloe vera,
M3BECTHBII CBOMMH aHTHOKCHUIAHTHBIMU H AaHTUMUKPOOHBIMU CBOUCTBAMHU, MPEIJIOKEH B KAUECTBE
AKTUBHOTO MHI'PEIMEHTA, KOTOPBIH MOXKET OBITh BKJIIOYCH B OMOpasjaraeMyro IjeHKy. Pazindnbie
00bembl okcTpakTa Aloe vera (0,25 mi, 0,35 mu, 0,5 Mt 1 2,5 MiT) 106aBISITH TIPH U3TOTOBICHUHU
HAHOKOMIIO3UTHBIX TJICHOK METOIOM JINThsI M3 pacTBOpa. Mop(oIOrust MoTyYeHHbBIX TPO3PAYHBIX MIICHOK
M3ydYeHa C MOMOIIBIO CKAHUPYIOIIEH IIEKTPOHHON MUKpOcKonu. Britouenue Aloe vera B KOMIIO3UT
MOATBEPIKICHO PA3TUIHBIMHU CIICKTPOCKOIMUYSCKUMH HCCIICI0OBAHUIMU, KOTOPBIC TIOKA3aJIH CHUKCHHE
CBETONPOIYCKAHUS TUIEHOK HAHOKOMIIO3UTOB, cojepikaiiux 4loe vera. iccnenoBaHust KpaeBoro yria
BBISIBUJIM YBEJIUYCHHE THAPOPOOHOCTH KOMITO3UTA. MaKCHMaIbHOC 3HAYCHHE IIPOYHOCTH Ha Pa3pPhiB
MOJIYYEHO MPHU BKIIOYCHUH B cocTaB komio3uTa 0,25 mi Aloe vera. BO3MOXHOCTD HCIIOJIb30BAHHUS
MOJIyYCHHOT'0 HAHOKOMITO3UTA B KAUECTBE ChEAOOHOMN MIJICHKH OI[CHEHA B OKCIIEPUMEHTE C 3EJICHBIM
nepieM dniid. [ToKphIThIe MIIEHKO#H 00pasiibl mepiia nokasaiu 0oj1ee HU3KYO MOTEPIo Beca uepes 3
JIHsI TI0 CPaBHEHHIO ¢ 00pa3iiamu 0e3 mokpeITHs. McciaenoBanue MpoaeMOHCTPUPOBAJIO MOTEHIIHAAI
pa3paboTaHHOTO HAHOKOMIIO3UTA XUTO3aH/HAHOIIEITI0I03a, 000ralleHHOr0 JOOABKAMU IKCTPAKTA

Aloe vera, B kauecTBE MaTepHaIa sl U3TOTOBJICHUS ChEIOOHBIX MUIEBBIX MTOKPHITHH.

KiioueBbie ¢J10Ba: Che00HOE MOKPHITHE, XMTO3aH, HAHOLIEIII0J103a, OHOHAHOKOMIIO3HT, Aloe vera.
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Lintuposanne: Canu, A. K. T'uOpnHbIc HAHOKOMIIO3HTHI XHTO3aH/HAHOLEIITIONO03a C BKIIFOYeHHEM Aloe vera KaKk MOTEHINATbHBIH
MaTepHa s U3TOTOBICHUS Chel0OHBIX MOKPBITHH, IPHMEHSIEMBIX B YCIOBUSAX MOBBIIIEHHON BrakHOCTH / A. K. Camwy,
ALIL Pagu, II.T1. Hlamcynun, C.C. MaTsto, b. [l)xo3ed, A. Tapawn, P. Bumpkasmma, X. k. Mapus, I1. Cnatenka, H. Kanapukkau,
C. Tomac // Kypn. Cub. penep. yn-ta. buonorus, 2021. 14(4). C. 475-497. DOI: 10.17516/1997-1389-0366

Introduction microorganisms. As a major constituent of food

Consumer demands for high quality food are
increasing day by day. Different kinds of synthetic
materials or preservatives are used to enhance
the food quality, which in turn improves the shelf
life of the fresh food products by incorporating
substances that have strong antimicrobial and
antibacterial properties (Arvanitoyannis, 1999).
Food products are vulnerable to the attack of
microbial and bacterial microorganisms that will
reduce the nutritional value of food commodities.
There are many synthetic materials available in
the market like fungicides or insecticides that

protect the food commodities from harmful

coatings, chemicals are potential sources of food
adulteration. Chemicals usually enter into the
food supply chain in the form of antioxidants,
stabilizers, preservatives, and so on. It should be
emphasized that such chemicals can be malicious
in the long run. Nowadays most of the research
is aimed at developing bio based antibacterial
coatings that can be consumed without any side
effects (Geueke et al., 2018; Aloui, Khwaldia,
2016). Significance of edible coatings increased
due to their environment friendly nature and
their potential use in the food industry. Edible

films or coatings based on natural polymers or
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biopolymers cause no environmental issues,
as they are biocompatible and obtained from
agricultural and animal products like proteins,
gums, lipids, etc. They improve the quality of
food by limiting the migration of moisture,
lipids, flavours /aromas, and colours between
food components, carrying active ingredients
(e. g., antioxidants, antimicrobials, flavour), and
improving the mechanical integrity or handling
characteristics (Khwaldia et al., 2004; Joshy et al.,
2020b). Bioactive compounds such as essential
oils (EOs) are added into such coatings to improve
shelf life, prevent the growth of microorganisms,
and preserve nutritional value of food. EOs have
been found to exhibit excellent antimicrobial and
antifungal properties, which makes them a natural
alternative to fight against foodborne pathogens
and normal food decay caused by bacterial and
mould growth. The immobilization of the active
compounds in polymer can result in their high
concentrations on the surface of food in order to
achieve a longer storage time (Ju et al., 2019; Vu
et al., 2011). The prepared film coating should
be non-toxic and possess high barrier properties
to moisture, antibacterial properties, and high
transparency. Bio polymers such as chitosan are
easily available and are well known for their
antimicrobial, biodegradable, biocompatible,
and cost-effective properties (Joseph et al.,
2020b; Ramadan et al., 2020; Dutta et al., 2019).
Chitosan based films were produced by blending
with biopolymers such as polysaccharides or
proteins, by adopting solution-casting, layer-by-
layer, extrusion, and other techniques (Kumar et
al., 2020; Mohammadi et al., 2018; Fitch-Vargas
et al., 2016; Ribeiro et al., 2020).

Nanocellulose has gained increasing interest
for a wide range of applications in different fields
of engineering due to its renewability, anisotropic
nature, excellent mechanical properties, good
biocompatibility, tailorable surface chemistry,

and interesting optical properties (Iwamoto et al.,

2009; Joseph et al., 2019); moreover, nanocellulose
based edible coatings have been found to have
anticancer properties (Joshy et al., 2020a). The
most beneficial attributes of nanocellulose are
the green nature of the particles, their physical
and chemical properties, and the diversity of
applications that can be derived from this material
(Sultana et al., 2020; Joseph et al., 2020a). It is a
natural nanoscale product, and it also possesses
characteristics like special morphology and
high

specificsurfacearea, rheological properties, liquid

geometrical dimensions, crystallinity,
crystalline behaviour, alignment and orientation,
mechanical reinforcement, barrier properties,
surface chemical reactivity, biocompatibility,
biodegradability, lack of toxicity, etc. (Lin,
Dufresne, 2014). Nanocellulose can be extracted
from natural sources and has antimicrobial
properties. Paper coatings with cellulose
nanofibrils have been shown to have resistance
to air permeance and enhanced tensile properties
(Azeredo et al., 2017). Films made of cellulose
nanofibrils (CNF) and cellulose nanocrystals
(CNC) have high mechanical strength and
outstanding oxygen barrier properties (Cherpinski
et al., 2018). Poor water barrier properties of
biopolymers like nanocellulose can be controlled
by combining with edible oils or essential oils
(Joshy et al., 2020b).

Aloe vera is well known for its medicinal
and therapeutic properties (Valverde et al,
2005). The predominant medical uses of the
orally ingested gel juice are against ulcerous,
gastrointestinal, kidney, and cardiovascular
problems and also to reduce the cholesterol and
triglyceride levels in blood. Due to its other
properties like anti-inflammatory and antibiotic
activities, it is also used against some diseases
(diabetes, cancer, allergy, AIDS) (Eshun, He,
2004). Aloe vera extract is tasteless, odourless,
and colourless, and, therefore, it can be used in

edible coating as an additive. Aloe vera contains
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many constituents, which results in anti-microbial
properties. Due to the presence of carbohydrates,
saccharides, etc., Aloe vera can form a barrier on
the fruit surface, which will considerably reduce
the respiration rate, decay rate, and water loss
(Misir et al., 2014). Aloe vera based coating was
used for enhancement of storage life and quality
maintenance of papaya fruits due to its antifungal
activity (Marpudi et al., 2011). Inner gel extract
of Aloe vera was shown to be effective against
Gram positive and Gram negative bacteria
(Habeeb et al., 2007; Sanchez et al., 2020b). A
study by Hazrati et al. (2017) showed that Aloe
vera gel was an effective coating material for
peach fruits during cold storage period. The
coating was effective against weight loss and
colour change (Hazrati et al., 2017). Strawberries
coated with banana starch-chitosan and Aloe
vera gel showed decreased decay rates under
commercial refrigerated conditions and shelf life
was found to increase up to 15 days (Pinzon et
al., 2020).

Films based on chitosan and nanocellulose
crystals have shown superior antimicrobial
characteristics (Amirabad et al., 2018; Naseri
et al., 2015). It is also reported that reinforcing
nanocellulose with other long-chain polymers,
such as chitosan, improves the quality of the
packaging material as well as ensures long
storage life (Sundaram et al., 2016). Chitosan/
polycaprolactone based bilayer films containing
grape seed extract and nanocellulose were used
to enhance the quality of chicken breast fillets.
The modified films showed antioxidant activity
and higher antimicrobial effect and further
restricted the growth of mesophilic aerobic and
coliform bacteria in fresh chicken breast fillets
(Sogut, Seydim, 2019). The effect of chitosan
based edible coating on post harvested fruit
quality of strawberry fruits showed that chitosan
treatment could inhibit oxidative enzyme activity

in strawberries during storage, and decay did not

begin in chitosan treated fruit 9 days longer than
in untreated fruit (Wang, Gao, 2013). A recent
study on chitosan/4loe vera combination for
extending shelf life of blueberries demonstrated
that addition of chitosan and Aloe vera enhanced
the shelf life of the fruits and showed the potential
to fight against fungi (Vieira et al., 2016). To the
best of our knowledge, rather few studies reported
the effectiveness of chitosan based nanocellulose
films as edible coatings incorporating Aloe vera
as an additive.

The right combination of new bio-materials
and preparation methods is significant for
improving the effectiveness of coating material to
preserve fruit and vegetables. This study details
the preparation of chitosan/nanocellulose based
films containing Aloe vera by solvent casting
method. The study was focused in this initial
phase on investigating the physicochemical
characteristics of the coating material along with
its effectiveness as an edible coating material for

vegetables stored in humid conditions.

Materials

Chitosan (Sigma Aldrich), nanocellulose
suspension (extracted from 1000 g of pineapple
leaf fibres and processed using an autoclave),
glycerol (Sigma Aldrich), Aloe
(AL KAMIL Factory for Natural Products),
glacial acetic acid (Emplura 99-100 %)).

vera oil

Preparation of chitosan
based nanocellulose film

Synthesis of nanocellulose suspension

Cellulose is obtained from raw material
taken for alkali treatment and bleaching, as this
will break the intermolecular and intramolecular
hydrogen bonding between the hydroxyl group of
cellulose and hemicellulose and can increase the
hydrophilicity of fibres (Abraham et al., 2011).

Nanocellulose was extracted from pineapple

leaves using the following procedures.
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(a) Alkaline treatment of pineapple fibre:
About 1000 g pineapple leaf fibres were collected
and processed using an autoclave set at 100 °C
for 1 hour (Mahardika et al., 2018; Cherian et al.,
2011). After that, steam explosion was done and
then the alkali treated fibres were exposed to water
until it reached neutral pH. The alkali treatment
process was repeated five more times and then
the treated fibres were completely neutralized
by washing with water and were subjected to
bleaching process (Cherian et al., 2010).

(b) Bleaching process: For bleaching
process, 1:1 mixture of the two solutions was
used. The solution A (1000 ml) consisted
of sodium hydroxide, acetic acid, and water
(26.5 g, 73.3 ml, and 900 ml, respectively) and
solution B (1000 ml) consisted of 1:3 mixture
of sodium hypochlorite and water (250 ml
and 750 ml, respectively). The bleaching was
carried out in an autoclave at a pressure of
1.5 kg/em? at 100 °C for 1 hour. Fibres were
subjected to washing after the steam explosion
and the process was continued until the fibres
became clear white (the process was repeated
four times). Finally, the bleached fibres were
thoroughly washed using distilled water until
the odour of the bleaching agent had been
removed completely. The bleached fibres were
then subjected to oxalic acid treatment (Cherian
et al., 2011; Asrofi et al., 2017).

(c) Oxalic acid treatment: Acid hydrolysis
treatment was found to increase the crystallinity
and reduce the diameter of the fibres. 11 % oxalic
acid was used, and the bleached fibres were
treated with oxalic acid in an autoclave (1.5 kg/
cm?, 100 °C). The process was repeated six times,
and the treated fibres were washed with distilled
water. After neutralization, the fibres were
subjected to homogenization (Asrofi et al., 2017,
Fahma et al., 2011).

(d) Mechanical treatment: The extracted

fibres were suspended in distilled water and

stirred using homogenizer (10000 rpm for 5
hours), which resulted in 3.33 wt.% nanocellulose
suspension formation. The obtained nanocellulose
was analysed using FTIR, SEM, and TEM
(Chandra et al., 2016; Santos et al., 2013).

Preparation of solution
for edible coating film

For  preparing  nanocellulose/chitosan
solution (Sample 1, presented as NC/CH), varied
compositions of chitosan were weighed (0.5 g,
1.0 g, 1.5 g, 2.0 g) and kept in a beaker. Weighed
chitosan was dissolved in 3 % acetic acid solution
and kept overnight to get maximum solubility.
Nanocellulose suspension containing 3.2 g
solids in 100 ml water was added to the chitosan
solution at a 1:1 ratio. Then, around 30 ml of
water was added to the mix along with 2 drops of
glycerine. Water and glycerol acted as plasticizer.
The mixture was then stirred for 1 hour using
a magnetic stirrer. After that, the mixture was
homogenized for 10 minutes using a probe
homogenizer at 10,000 rpm. The homogenized
mix was sonicated in a probe sonicator for 10
minutes. After sonication, solution was cast.
Sample 2 (presented as NC/CH/V) was prepared
at a 1:0.25 ratio of chitosan and nanocellulose.
The procedure described above was used to
prepare Sample 2 except that different volumes
of Aloe vera extract (0.25 ml, 0.35 ml, 0.5 ml,
and 2.5 ml) were also added to the solution as an

additive before homogenization.

Characterization techniques

Scanning electron microscopy (SEM)

The morphology of the nanocellulose/
chitosan composite surface was examined at 15
kV under high vacuum conditions. A small part
of the sample was cut and kept on the aluminium
stage covered by carbon tapes, and then the
samples were coated with an ultrathin gold layer

(Au) using an ion sputtering machine.

— 480 —



Anjumol Kidangayil Sali, Aiswarya Payyapilly Ravi... Aloe vera Incorporated Chitosan/Nanocellulose Hybrid...

Fourier transform infrared spectrometry (FTIR)

FTIR spectra were collected using a Nicolet
6700 Fourier Transform infrared spectrometer
and measured over a 4000—650 cm™ range. Both
sets of samples (Samples 1 and 2) were examined.
For each sample, 200 scans were averaged with a

spectral resolution of 4 cm™.

Contact angle measurement

The hydrophilicity of edible coating films
before and after adding Aloe vera was measured
using digital contact angle analyser equipped
with a CCD camera (Pheonix-KGV-5000) at room
temperature. The films were placed on the stage
of the machine. The contact angle was measured
after carefully adding a water droplet (Milling-Q-
Water) on the surface of the scaffold by using the
software-controlled system. A series of images of
the solution droplet was taken and the contact angle
was measured accordingly. The measurements

were taken at 3 different portions of the sample.

Tensile properties

Tensile measurements were done on a
universal testing machine (Tinius Oslen H50K)
by setting a crosshead speed of 50 mm/min
and gauge length of 50 mm. Measurements
were performed at ASTMDS882 standard by
using rectangular specimens. Average values
were obtained from at least three successful
determinations. The testing was conducted at
23+2 °C and 50+5 % relative humidity.

UV-visible spectroscopy

UV-Vis spectroscopic studies of the samples
were carried out using a Shimadzu UV-2600 UV—
Vis spectrophotometer. For the study, 1 ml solution

of each sample was taken in a sample vial.

Weight loss study

The nanocomposite solution was applied on

green chillies purchased at a local market with

the objective of prolonging their shelf life during
storage. The assessment was based on weight
loss. The weight loss was measured for three days
with a three decimal precision weighing balance.
The value was expressed as a relative percentage
and calculated as weight loss (%) = (Wi— Wt)/Wi
*100 (where Wi is the initial weight and Wt is the

weight measured during storage).

Results and discussion

Solvent casting method was used for
fabrication of films (Saldanha, Kyu, 1987; Suh
et al., 2002; Kuila, Nandi, 2004). It included
solubilizing polymer in a suitable solvent
followed by casting the solution in a Petri dish
and then drying (Rhim et al., 2006). Suitable filler
materials like plasticizers, cross linking agents,
etc. were added prior to casting. Furthermore,
solution filtration, sonication, or centrifugation
for removing insoluble particles and air bubbles
were also performed. Solution casting method is
mainly used at laboratory scale to prepare films,
and further research is needed in order to analyse
its feasibility on commercial scale. The protocol
for preparation of Sample 2 is given in Fig. 1.

The films were dried at 40 °C for about 24
hours. The films were transparent and exhibited
uniform appearance and plastic-like properties
(Fig. 2, 3). All films were easily peeled off
from Teflon covered Petri dish. Increase in
the plasticiser amount made the films stickier.
Transparency of the prepared film will depend
on the amount of nanocellulose, as an increase in
nanocellulose content decreases the transparency
of the film (Xu et al., 2019; Cazon et al., 2018).
It can be safely assumed that chitosan is the
material that is responsible for better film forming
property.

SEM
composite films with 0.5 g, 1 g, 1.5 g, and 2 g

images of chitosan-nanocellulose

chitosan, respectively, are shown in Fig. 4 (a-d).

The nanocellulose fibres are clearly visible and
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Nanocellulose
solution -
water —
and 2 drops -

Chitosan in acetic acid

solution glycerol Aloe vera oil added to Obtained
solution at different solution
Chitosan : volumes sﬁrred well
Nanocellulose
=1:0.25
Solvent cast and Sonicated for Homogenized
Esepared filim. kept in oven for 24 10 mins 2 times for 10 mins 2
hrs at40° C times

Fig. 1. Flowchart for the preparation of edible coating films of sample NC/CH/V (sample 2)

-

Fig. 2. Transparency of (a) NC/0.5 CH, (b) NC/1CH, (c) NC/1.5 CH, and (d) NC/2CH films

Fig. 3. Transparency of (a) NC/CH/0.25V, (b) NC/CH/0.35V, (c) NC/CH/0.5V, and (d) NC/CH/2.5V films
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X800 20pm

X800  20pm

Fig. 4. SEM images of films of sample NC/CH with (a) 0.5 g, (b) 1 g, (c) 1.5 g, and (d) 2 g chitosan, respectively

Fig. 5. SEM images of films of sample NC/CH/V with (a) 0.25 ml, (b) 0.35 ml, (c) 0.5 ml, and (d) 2.5 ml Aloe vera

are distributed throughout the chitosan matrix,
and the fibre diameter varies from 3.96 um to
7.26 pm. These images clearly show that the
amount of nanocellulose fibre as filler is very
high in these compositions. Fillers are dispersed
in the matrix as multilayers and these contribute
to the high strength of the film and its stiffness.

It can be seen that the length of the fibres varies
in the nanocellulose suspension. Mechanical
properties of the film completely depend on the
amount of filler (Corsello et al., 2017; Khan et al.,
2012; Rubentheren et al., 2015). Fig. 5 shows SEM
images of films with varied compositions of Aloe

vera. The incorporation of Aloe vera made the
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film surface smooth. A coating-like appearance
is also seen on the substrate.
The FTIR

characterise the specific chemical groups present

spectra were recorded to
in each one of the materials and to analyse the
effect of chitosan addition on nanocellulose films.
The spectra of pure nanocellulose and chitosan
were used as the reference. Fig. 6A shows the
FTIR spectra of chitosan nanocellulose composite
films with 0.5 g, 1 g, 1.5 g, and 2 g chitosan.
The nanocellulose spectra contain typical bands
for cellulose. The region between 3600 and
3200 cm! is assigned to OH stretching vibrations
with the maximum at 3343 cm!, which is related
to OH vibration due to hydrogen intramolecular
bonding (Salari et al., 2018). Absorption peak
in this range shows an increasing trend with the
molecular weight of chitosan. This increase is
due to the increase in hydrogen bonding between
chitosan and nanocellulose. The 30002800 cm'
region is related to CH and C-H, stretching
vibrations. This peak also shows an increase
in intensity with increased molecular weight of
chitosan (Balti et al., 2017). The 1500—1250 cm'!
region is related to CH deformation and OH out-
of-plane bending vibrations. The 1180-800 cm'

region has the same pattern for the nanocellulose

and chitosan samples due to their similar
structure. This region is also sensitive to the
C-O and C-H stretching vibrations. Moreover,
there was a drastic increase in the intensity of
the absorption bands at 1054 and 1032 cm™ with
increasing molecular weight of chitosan (Khan et
al., 2012). This is due to the increased interaction
of nanocellulose with chitosan. However, other
changes, which occurred due to the increased
molecular weight of chitosan, were minor at 1538
and 1340 cm!, and their intensity increased with
increasing molecular weight of chitosan. The
main characteristic feature is the presence of
bands at 1610 cm™, which is related to stretching
of carbonyl group, while bands at 1740 cm™ are
related to ester-stretching (Salari et al., 2018).
Fig. 6B shows the FTIR spectra of chitosan-
nanocellulose composite films with different
amounts of Aloe vera. For comparative study,
spectra of neat chitosan (I g) and chitosan-
nanocellulose (1 g chitosan) without Aloe vera
are also included. Except chitosan-nanocellulose
film without Aloe vera, all other films show a
band at 3000-3600 cm’, which is attributed
to the hydroxyl groups of the adsorbed water
(Bajer et al., 2020). This band is broad in the
case of plain chitosan film. In composites with
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Fig. 6. (A) FTIR spectra of films of sample NC/CH with (a) 0.5 g, (b) 1 g, (c) 1.5 g, and (d) 2 g chitosan, respectively
and (B) FTIR spectra of samples with (a) 1 g chitosan only, (b) sample NC/CH with 1 g chitosan and then spectra
of samples NC/CH/V with (c) 0.25 ml, (d) 0.35 ml, (¢) 0.5 ml, and (f) 2.5 ml Aloe vera, respectively
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Aloe vera, these bands become narrower. A
clear assignment of characteristic modes in this
spectral range is not trivial because the hydroxyl
stretching vibration bands overlap with the
vibrations of N—H stretching of chitosan. This
band can also be assigned to —OH stretching
groups of Aloe vera constituents (e. g. uronic
acid, mannonse or galactruonic acid) or phenolic
groups in traquinones such as aloinand emodin
present in Aloe vera (Torres-Giner et al.,
2017). Such a wide range may also indicate the
formation of intermolecular hydrogen bonds
caused by dipole — dipole attraction forces. It
can be assumed that in the studied systems, this
type of bonds may be formed between the same
(i. e., chitosan-chitosan) or various (4loe vera-
chitosan) molecule interactions.

Spectral region between 900 and 1200 cm™
has an intense absorption band. This band is
predominantly visible in the case of composites
with Aloe vera and in the plain chitosan sample.
These are present due to the C-O—-C bond
(in anhydrase glucose ring) stretching vibration
of polysaccharide in Aloe vera gel but also in
chitosan. This moiety, called «saccharide bandy,
is sensitive to some conformational changes and
is directly related to the crystal and amorphous
phase in samples. It has been reported that a small

band at ~ 1200 cm! is assigned to C—O stretching

vibration and intramolecular hydrogen bonding of
OH groups in chitosan (Arias et al., 2018; Anicuta
et al., 2010; Pawlak, Mucha, 2003). The band at
1200 cm™ in plain chitosan sample is shifted to
higher frequencies (1210 cm™) in the spectra of the
sample with 0.25 ml, 0.35 ml, 0.5 ml, and 2.5 ml
Aloe vera addition. It is probably due to some
interactions between chitosan and glycerol with
Aloe vera macromolecules through H-bonding,
which facilitates the mutual intercalation of
substrates. This characteristic band is also
sensitive to water content, and it shifts into higher
frequencies when water content increases (Bajer
et al., 2020, El Fawal et al., 2019).

UV-Vis adsorption spectra were recorded
to determine the optical properties of chitosan-
nanocellulose films as shown in Fig. 7A. Film
opacity is one of the important factors that
determine the quality of nanocomposite films.
Transparency/light transmittance of composite
films was measured between 200 and 800 nm,
using a UV-Vis recording spectrophotometer.
The films obviously showed transmittance values
in the range of both visible light (400—800 nm) and
ultraviolet light (200—400 nm) (Salari et al., 2018).
As we increased the molecular weight of chitosan,
the films showed an increase in absorbance and
therefore a decrease in transmittance (Fig. 7A)
(Valencia-Chamorro etal.,2011; Kayaetal., 2018).
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3.0- A N :g: g:H B —— NCICHI0.35V
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Fig. 7. UV—Visible spectra of (A) samples NC/CH and (B) samples NC/CH/V
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Fig. 7B shows the UV—Vis absorption spectra
of chitosan-nanocellulose films with different
quantities of Aloe vera extract. An adsorption
band between 250 and 350 nm is shown for the
films containing Aloe vera. However, no such
band was seen in the given range for chitosan-
nanocellulose films without Aloe vera. The
absorbance of nanocomposites near UV region
of 250 nm to 350 nm increases with an increase
in Aloe vera content (Fig. 7B). This absorbance
is notably higher in the case of 0.5 ml Aloe vera
incorporated film. In this region, the transmittance
decreases significantly. This reduction in the light
transmittance value in the UV region compared
to the chitosan-nanocellulose films without Aloe
vera confirms the UV absorption potential of
Aloe vera incorporated in the matrix. This will
certainly help to protect the food items from UV
degradation (Nieto-Suaza et al., 2019; Sanchez et

al., 2020a).
Contact  angle  measurements  give
the information about hydrophobicity or

hydrophilicity of materials. This property is

very important for their application as edible
coating materials, especially in food industry,
where the use of limited water permeability is
crucial to maintaining the durability of food
products (Noorbakhsh-Soltani et al., 2018). In
this work, wetting characteristics of chitosan
based nanocellulose composite films with
different compositions were studied. Wetting
characteristics such as work of adhesion, total
surface free energy, and spreading coefficient
were studied in detail.

Fig. 8 shows the contact angle images
of 0.5 g, 1 g, 1.5g, and 2 g chitosan films. All
the samples show contact angle less than 90
degrees, indicating its hydrophilic nature.
The contact angles increase with an increase
in chitosan concentration up to 1.5 wt% and
after that, they are reduced. This may be due
to better interaction between nanocellulose and
chitosan through hydrogen bonding. However,
at a higher concentration of nanocellulose, the
presence of OH groups in nanocellulose makes

it more hydrophilic. A detailed analysis of the

(a)

©6=77.72°

Fig. 8. Contact angle images of films of sample NC/CH with (a) 0.5 g, (b) 1 g, (c) 1.5 g, and (d) 2 g chitosan,

respectively
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Fig. 9. Graph shows (a) contact angle v/s composition, (b) wetting energy v/s composition, (c) work of adhesion
v/s composition, and (d) spreading coefficient v/s composition of sample NC/CH

films was done by plotting other parameters like
wetting energy, work of adhesion, and spreading
coefficient (Fig. 9). It is evident that the maximum
contact angle is observed in the case of 1.5 g
chitosan composite and, thus, this composition
will have the highest hydrophobicity and lowest
surface energy.

According to the theory of wetting process,
if the solid—vapour interfacial energy is low, the
tendency of liquid for spreading will be less and,
thus, the system will be more hydrophobic. The solid
surface is rich in hydrocarbon molecules. The forces
that hold hydrocarbons together are much weaker
than the force that acts between water molecules.
A higher value for wetting energy means the liquid
will spread over the surface. So, the film with the
lowest wetting energy is less hydrophilic in nature.
This is a favourable characteristic for edible coating
application. The lowest wetting energy is shown by
1.5 wt% of chitosan, indicating more hydrophobic

nature as explained.

The work of adhesion (WA) is the work
required to separate the composite surface and
the liquid droplet. It is evident that film with 1.5 g
of chitosan will have the lowest value for work
of adhesion. Generally, the work of adhesion
is found to decrease with an increase in the
complexity of the composite and with a decrease
in interfacial bonding. The polar and non-polar
interactions across interface are a measure of
adhesion between the test liquid and composite
surface. Work of adhesion can be correlated to the
nanocellulose-chitosan interaction. The effective
dispersion of nanocellulose into the chitosan
matrix decreases the work of adhesion, and,
thus, an increment in the hydrophobic nature of
the composite can be seen. Spreading coefficient
gives the idea about the wetting and spreading of
a liquid on the surface of a solid. A positive value
of spreading coefficient indicates spontaneous
wetting and spreading of the liquid on the surface

of a solid, and a negative value indicates poor

— 487 —



Anjumol Kidangayil Sali, Aiswarya Payyapilly Ravi... Aloe vera Incorporated Chitosan/Nanocellulose Hybrid...

wetting. It also depends on the surface tension
of the test liquid: a liquid with high surface
tension would not spread much. Spreading
coefficient (Sc) values indicate that a liquid
will spontaneously wet and spread on the solid
surface if the value is positive, whereas a negative
value of spreading coefficient implies the lack of
spontaneous wetting. This means that there is a
finite contact angle (i. e., u>0). The polar—polar
interactions across the interface are a measure of
wetting. Spreading coefficient increases with the
amount of chitosan and, thus, hydrophobicity of
nanocomposites will be enhanced.

Fig. 10 presents the contact angle images
of chitosan-nanocellulose composite film with
0.25 ml, 0.35 ml, 0.5 ml, and 2.5 ml Aloe vera,
respectively. The contact angle shows an initial
increase, and above 0.5 ml of Aloe vera, it is
reduced. The quantified data of contact angle,
wetting energy, work of adhesion, and spreading
coefficient for Sample NC/CH/V are given in
Fig. 11. The data suggest that film containing
0.5 ml Aloe vera has favourable properties for
edible film such as high contact angle, low wetting

energy, low work of adhesion, and high spreading

coefficient, which results in hydrophobic nature.
It is evident from the analysis that addition of
Aloe vera oil enhanced hydrophobic nature of
films.

Fig. 12 shows the stress-strain graph of
chitosan-nanocellulose films with 0.5 g, 1 g,
1.5 g, and 2 g chitosan. From the graph, it is
clear that film containing 1 g chitosan has the
maximum strength, which indicates that this
particular composition has good dispersion of
nanocellulose.

Successful coating should provide adequate
mechanical strength to fruit and should be
free from minor defects. This attribute can be
accomplished by having a flexible coating that
is resistant to breakage and abrasion. Tensile
strength and elongation at break are parameters
that affect this property. Factors that are critical
to mechanical properties include polymer
structure, type of plasticizer, concentration of
plasticizer, molecular weight of coating forming
materials, types of solvent, and thickness of
coating. The tensile strength of chitosan-based
bio composite increased with molecular weight

of chitosan (Fig. 13). The increase in the TS

©6=71.03"
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Fig. 10. Contact angle images of films of sample NC/CH/V with (a) 0.25 ml, (b) 0.35 ml, (c) 0.5 ml, and (d) 2.5 ml

Aloe vera, respectively
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Fig. 12. Stress v/s Strain graph of films of sample NC/CH

values of the nanocellulose reinforced chitosan  effective stress transfer at the nanofiber—chitosan
films can be attributed to two factors such as (1) interface (Valencia-Chamorro et al., 2011). The
the favourable nanofiber-chitosan interactions interaction between the anionic sulphate groups

and (2) the reinforcing effect occurring through  of nanocellulose and the cationic amine groups of
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chitosan might favour a good interface between
the matrix and the filler. This may lead to high
tensile strength values of the nanocomposite films.
The elongation at break of chitosan-based
bio composite increased with molecular weight
of chitosan (Fig. 13). Elasticity of composite
films is influenced by interaction of plasticizer
with chitosan matrix. Thus, as molecular weight
of chitosan increases, the interaction of chitosan
with glycerol and water increases, which will
result in increased elasticity or elongation at break
with increasing molecular weight of chitosan.
Fig. 14 shows the stress-strain curve of
composite film with 0.25 ml, 0.35 ml, 0.5 ml, and
2.5 ml Aloe vera and pure chitosan film (1-CH).

The mechanical properties were enhanced by

the addition of Aloe vera into the composite.
Maximum ultimate stress is exhibited by the film
with 0.25 ml Aloe vera (Fig. 14). The curve of this
particular composition is ideal and film with this
particular composition will have better strength
for the application of edible coating.

For  further clarification plots of
composition v/s modulus, elongation at break,
and tensile strength graphs were analysed (Fig.
15). Tensile strength (TS, in MPa) indicates the
maximum tensile stress that the film can sustain;
elongation at break (E, in%) is the maximum
change in the length of a test film before being
broken; and elastic modulus (EM, in MPa) is a
measure of the stiffness of the film as a function

of Aloe vera incorporation. These mechanical
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Fig. 14. Stress v/s Strain graph of films of sample NC/CH/V
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characteristics showed that by the addition of
Aloe vera when compared to the plain composite
film, a decrease in tensile strength was observed.
However, it is quite clear from the graph (Fig.
14) that the modulus of the material is enhanced
initially and tends to decrease with further
addition. The tensile strength and elongation at
break decrease with an increase in the amount
of Aloe vera added. But data of plain composite
films reveal that the tensile strength increases
with the addition of Aloe vera. Results suggest
that the optimum amount of Aloe vera needed
to get an ideal film with maximum strength and
elasticity is 0.25 ml.

The water content of fruits and vegetables
is a major factor in maintaining quality of
horticultural products. Low weight loss is
important in maintaining the fruit quality
over longer time. Weight loss is associated
with respiration and transpiration of moisture.
According to Lin et al. (2002), water loss in longan
fruit was mainly from the pericarp rather than
the aril (pulp). The water loss was also known to
positively correlate with the pericarp browning of
longan fruit (Lin et al., 2002; 2005). In this study,
weight loss of nanocellulose (NC)/chitosan (CH)/

Aloe vera coated samples and uncoated chillies

was determined for a period of three days
(Fig. 16).

NC/CH/0.25 V treated chillies were noted
to have relatively lower weight loss throughout
storage days, as compared to standard chillies
without any treatment and chillies treated with
NC/CH/0.35V. By Day 3, the weight loss of
uncoated chillies was 43.7 % and that of NC/
CH/0.25V coated chillies was 39.1 %. The weight
loss of chillies coated with NC/CH/0.35 V was
40.3 %. Incorporation of nanocellulose and Aloe
vera in the coating solutions shows a decrease in
the weight loss percent. The barrier properties
of coating film formed on the surface could
be increased by the addition of nanocellulose,
chitosan, and Aloe vera to coating solutions.
Chitosan/nanocellulose/4loe vera coated chillies
show that the prepared film is effective, and it
helps to enhance the storage life of chillies under

humid condition.

Conclusions

An bio

nanocomposite edible coating material was

environmentally  friendly
successfully fabricated utilizing chitosan and
nanocellulose with the addition of Aloe vera

as an antimicrobial agent, via solvent casting
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Fig. 16. Weight loss studies of uncoated and NC/CH/A4loe vera coated chillies for 3 days

technique. Due to the fibrous structure and
fine dispersion of nanofibers over the chitosan
matrix, there is an enhancement in properties
of nanocomposites after reinforcement. But at
higher filler loading, the properties decrease
probably due to agglomeration of these
nanofibers. Dispersion of nanocomposite is
visible from the SEM images. Also, optical
studies and UV visible studies show a nanoscale
Mechanical

dispersion in the composite.

analysis guarantees the strength of the
composite. Contact angle analysis demonstrates
that the material is water repellent, which is a
favourable property of edible coating materials.

Transparency of the film is a great advantage, as

we can provide a natural appearance to the fruits
or vegetables to be coated. Coating application
study using chilli gives a satisfying result, but
further modifications are needed to prepare a
better and promising material.

Chitosan based nanocellulose composite can
be effectively used as an alternative to synthetic
fruit coating. It can be used to increase the shelf
life and freshness of fruit as well. Moreover,
biodegradability is the main advantage of edible
over polymer traditional synthetics, as they can be
consumed with the products. Even if the films are
not consumed, they are completely biodegradable
and will not produce any detrimental effect on

the environment.
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