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Citrus sinensis peel, a major waste fraction of C. sinensis fruit, contains phytochemicals such as flavonoids, terpenoids,
saponins, tannins, etc., which find application in the wide horizon. In order to protect an active component from physical
and chemical reactions and retain its functional properties, microencapsulation is a technique that creates a functional barrier
between core and shell material. This study tailored shell material to obtain guar gum grafted acrylic acid superabsorbent
polymer (GG-g-AASAP) via microwave irradiated graft polymerisation. The effect of monomer (acrylic acid), initiator
(Ammonium persulfate), crosslinker (methylene bis acrylamide), and reaction time on grafting percentage was evaluated
and optimised. The GG-g-AA SAP was characterised by Fourier Transform Infrared (FTIR) spectroscopy and Scanning
Electron Microscopy (SEM) to confirm the grafting of acrylic acid onto guar gum. The peel of C. sinensis was extracted
using an aqueous extraction method with a yield percentage of 10.8%. Phytochemical qualitative analysis illustrates the
presence of various phytochemicals like flavonoids, tannins, saponins, terpenoids, etc.; C. sinensis was encapsulated by
coacervation phase separation method using synthesised GG-g-AA SAP, which resulted in the encapsulation efficiency of
76.8%. Release kinetics followed zero-order kinetics and the Korseymeyermodel, which approves super case II transport
with sustainable release. Encapsulated C. sinensisis tested against a gram-negative bacteria, Escherichia coli, and a gram-
positive bacteria, Bacillus subtilis, which exhibited antibacterial properties. The results depict a higher zone of inhibition for
encapsulated C. sinensis than that without encapsulation. The study suggests that encapsulation has increased the

antibacterial property of C. sinensis due to barrier protection from GG-g-AA SAP.
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Introduction

Microencapsulation has proved to be an effective
technique for protecting active ingredients. It is a
method through which the core material is protected
or covered by a continuous film called shell material.
Microencapsulation finds application in various fields
like food technology', cancer treatment®, agriculture’,
pharmaceutical’, home and personal care products’,
wastewater treatment® and many more. Many factors,
such as the type of shell material, core material,
technique applied for encapsulation, pH, etc., affect
microencapsulation’. The type of shell material is of
greater concern as non-biodegradable shell material,
despite its benefits, has adverse effects on the
environment. Non-biodegradable material such as
high-density polyethylene is used as phase change
material to  fill the paraffin  wax-based
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microencapsulated capsules. Though it exhibits a
great plasticising effect upon copious usage, it leads
to difficulty in disposal as it creates a hostile effect on
the environment®. Low-density polyethylene film is
used for laminating polyvinyl alcohol (PVA)
encapsulated onto cinnamon oil which acts as insect-
repellent’. Despite the benefits of the usage of non-
biodegradable shell materials, the risk of damage in
the longer run is countable. There comes a need for
environmentally friendly shell material that can
replace the former and provide similar benefits.
Naturally available gums, starch, cellulose, etc., are
thus modified for better stability and industrial
versatility'®'%. Various techniques of modification are
applied to naturally available materials for industrial
application, amongst which surface modification,
functionalisation, and grafting are on the front
line*'. In this study, guar gum-based superabsorbent
polymer is used as shell material and C. sinensis peel
extract as core material.
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C. sinensis, has a wide variety of health benefits.
According to the Food and Agricultural Organization
of United Nations: Economic and Social Department:
The Statistical Division, worldwide production of
C. sinensis is 73,298,838 tons per annum. Brazil takes
first, and India stands third place with 17,251,291 and
7,503,000 tons per annum, respectively'’. C. sinensis
waste comprises 50-60% w/w processed fruit, in
which 60—65% w/w is of peels and 30-35% w/w is of
internal tissue and seeds'®. Waste management of this
C. sinensis peel led to research that recognised its
antioxidant properties and essential oils and
phytochemicals like flavonoids, phenolic compounds,
and terpenoids'”'®.  This initiated numerous
sustainable solutions in various industries. The
antioxidant property of C. sinensis peel extract has
provided the benefit of corrosion inhibition of carbon
steel in an acidic medium'’. Volatile extract of
C. sinensis peel exhibits insecticidal activity against
mosquitoes, houseflies, and cockroaches®. C. sinensis
peel extract manifests antimicrobial activity when
tested against Staphylococcus aureus, Enterococcus
faecalis, Pseudomonas aeruginosa, Escherichia coli,
and Salmonella typhimurium bacterial strains, and
Candida albicans, Aspergillus niger and Penicillium
notatum fungal strains®. It is used in the green
synthesis of zinc oxide nanoparticles with enhanced
antibacterial activity”. Thus, protecting the active
component plays an important role in better
application.

Guar gum is an endosperm of guar or cluster bean
plant (Cyamopsis tetragonolobus). It belongs to the
Leguminosae family. Endosperm has galactomannan
polysaccharide upon dissolving in water, forms
hydrogen bonds and increases the viscosity
significantly. It is readily soluble in water at room
temperature and biodegradable, and hydrogen
bonding phenomena make guar gum a desirable
material as shell material”’. Guargum-based hydrogels
were synthesised, which exhibit biodegradable and
anti bacterial properties’. Thimma et al. studied the
complex coacervation of gelatin with sodium
carboxymethyl guar gum, in which clove oil and
sulphamethoxazole are microencapsulated”. Thus,
guar gum proves to be one of the best natural
polymers accustomed to hydrogel synthesis.

Recently, Ghasemi et al. deliberated the
encapsulation of orange peel oil using whey protein
pectin complex nanocomposites and its controlled
release. The work exhibited 70-88% encapsulation

efficiency under different temperatures from 30 to
90°C and pH 3,7, and 11%°. Antioxidants from the
orange peel were extracted using an ethanol solvent
via ultrasound-assisted extraction, and they were
encapsulated using an alginate-chitosan polymer
composite by Savic et al The release of
phenols/antioxidants in the extremely acidic
environment of gastric juice, kinetics followed the
Fickian diffusion model”’. The current study aims to
synthesise the superabsorbent polymer (SAP) by
grafting acrylic acid (monomer) onto the guar gum
backbone via microwave irradiation. The synthesised
SAP encapsulates the extracted C. sinensis peel
extract (OPE). The novel product is subjected to an
antibacterial test against Escherichia coli and Bacillus
subtilis strains.

Further comparison of the antibacterial activity of
SAP and SAP-e-OPE interprets that SAP developed
antibacterial properties due to the presence of acrylic
acid and OPE upon encapsulation with SAP, which
has a higher rate of antibacterial properties. The
present work finds a solution for using C. sinensis
peels and, thus, follows the waste-to-wealth concept.
Both shell and core are naturally available and
biodegradable materials with twinning advantages,
resulting in a potential product for biomedical
application.

Materials and Methods

Chemical reagents

Guar gum, AksharchemlIndia Ltd.; Glacial Acetic
acid (Qualigens), NaOH pellets R(Qualigens),
Methylene bis acrylamide (SDFCL), Ammonium per
sulfate (SDFCL), Acetone (Qualigens), Ferric
chloride anhydrous (SDFCL), copper sulphate
pentahydrate (Sigma Aldrich), Benedict’s reagent,
chloroform (Qualigens), sulfuric acid (SDFCL),
nutrient agar (HIMEDIA Laboratories).

Microwave-assisted synthesis of guar gum grafted acrylic acid
superabsorbent polymer

Synthesis of superabsorbent polymer (SAP) is
carried out similar to previous work™ with slight
modification in microwave irradiation, where
microwave oven (IFB, 20BC4) is used instead of
microwave reactor (Enerzi microwave systems,
Belgaum, India). About 1 g of guar gum powder was
dissolved in 100 mL of distilled water. Exactly 6 mL
of acrylic acid is added, followed by 90 mL of
ammonium persulphate (APS), which acts as an
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initiator, and 90 mL of methylene bis acrylamide
(MBA), which acts as a crosslinker with continuous
stirring. The reaction mixture was subjected to
microwave irradiation for 2.5 minutes at 70°C. It was
cooled to room temperature. To avoid the toxic nature
of acrylic acid, the mixture was neutralised using 1IN
NaOH till the pH reached 7. The mixture was then
precipitated using acetone. The precipitate obtained
was kept for drying in a hot air oven for 5-6 hours at
60°C.

Optimisation of parameters

Series of GG-g-AA SAPs were synthesised with
varied concentrations of parameters such as
concentration of monomer, initiator, crosslinker, and
reaction time. The optimum value was obtained at the
maximum  grafting percentage. The grafting
percentage was calculated using Eq. (1). Similar work
was observed by Sutirman et al. in the synthesis of
polymethacrylamide grafted chitosan via free radical
polymerization®.

Grafting percentage =

(Weight of grafted superabsorbent — Weight of guar gum) + 100

(1)

The effect of the crosslinker was optimised for the
highest percentage of swelling. About 10 mL of water
was added to 1.0+0.1 g of powder sample and allowed
to swell for 120 min. The weight of the swollen
sample was noted. Equilibrium swelling was
calculated using Eq. (2)

Weight of guar gum

Equilibrium swelling =

(Weight of swollen sample — Weight of dry sample) +100

Weight of dry sample

. (2)

Fourier Transform Infrared Spectroscopy

Fourier Transform Infrared (FTIR) Spectroscopic
analysis of guar gum and guar gum grafted acrylic acid
SAP was performed using FTIR spectroscope (Thermo
Scientific - Nicolet) between 400 to 4000 cm™. Sample
preparation includes finely powdered SAP (~ 10 p)
mixed with potassium bromide (KBr) powder. Sample
percentage in a mixture was desirable between 5-10%
for best results.

Scanning Electron Microscopy

Scanning Electron Microscopy was carried out to
study the morphology of guar gum grafted acrylic
acid superabsorbent polymer and encapsulated beads
using Scanning Electron Microscope (VEGA3

TESCAN).
conductivity.

Samples were gold sputtered for

C. sinensis peel sample collection and preparation

C. sinensis (sweet oranges) was purchased in South
Bengaluru where it was imported from Ananthapuram,
Andhra Pradesh. Sweet orange fruits were peeled
carefully to separate fruit, peel and fibres. C. sinensis
peel was washed and dried in sunlight. Dried peel was
powered using a table top domestic flour mill. The peel
powder was sieved through 60 mesh.

Aqueous extraction of C. sinensis peel extract

Solid-liquid extraction was initiated by mixing
C. sinensis peel powder with water in a ratio of 1:10.
It was kept for continuous stirring for 48 hours®. The
extract was filtered using Whatman filter paper No. 1.
The residue was re-extracted following the same
procedure. The extract obtained was allowed to settle
if any residue present would get settled at the bottom.
It was refiltered using Whatman filter paper No. 1,
and the extract obtained was dried by evaporation of
the solvent. The extract was stored at 4[1. The weight
of the extract was measured to obtain the yield of
extraction. Yield of Extraction was calculated using

Eq. (3)

Yield of extraction =
(Weight of dried extract)

(Weight of dry orange peel powder)

«100 (3

Phytochemical analysis of C. sinensis peel extract
Phytochemical analysis was carried out to identify
the bioactive present in the extract by a similar
protocol followed by Arora et al. in their work on
phytochemical screening of C. sinensis peel and

pulp®.

Test for flavonoids (Alkaline reagent test)

To 0.2 mL C. sinensis peel extract, 0.1 N sodium
hydroxide solution was added. The solution turned
deep yellow or C. sinensis colours, which indicated
the presence of flavonoids.

Test for tannins (Braymer’s test)

Exactly 0.2 mL C. sinensis peel extract was diluted
to 2 mL using distilled water, to which a pinch of
ferric chloride was added. A dark green colour
solution obtained indicated the presence of tannins in
the obtained extract.

Test for proteins
4% sodium hydroxide was added to 3 mL of
C. sinensis peel extract, followed by a few drops of
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1% copper sulphate solution. The solution turned to
pink or violet, indicating the presence of proteins.

Test for saponins (Froth test)

Exactly 1 mL of C. sinensis peel extract was
diluted to 10 mL using distilled water. The sample
was boiled for 5 minutes and cooled. It was filtered
using Whatman filter paper. 2.5 mL of filtrate was
taken in a test tube to which 10 mL distilled water
was added; it was shaken for 30 seconds and allowed
to stand. A honeycomb-like froth formed, indicating
the presence of saponins.

Test for reducing sugar (Benedict’s test)

A small amount of Benedict’s reagent was added to
2 mL of C. sinensis peel extract. The solution turned
blue. It was allowed to stand for 10 minutes. Change
in colour from blue to dark red or brown indicated the
presence of reducing sugar.

Test for terpenoids (Salkowski’s test)

To 5 mL of C. sinensis peel extract, 2 mL of
chloroform was added, followed by a few drops of
concentrated sulphuric acid. It formed a phase
separation layer, and the formation of a reddish-
brown ring at the interface indicated the presence of
terpenoids.

Microencapsulation of C. sinensis peel extract - Preparation of
beads

Microencapsulation of OPE was carried out using
the coacervation phase separation technique®. A
similar protocol of coacervation phase separation
technique was followed, as mentioned by Stassen
et al. in their study on protein encapsulation by poly
(lactide-co-glycolide)®. The grafted superabsorbent
polymer was dissolved in water, followed by a known
quantity of C. sinensis peel extract. The reaction
mixture was stirred well and left to stand overnight to
remove air bubbles. The above solution was then
dropped into acetone using a 25 mL hypodermic
syringe with a 1 mm diameter and constant stirring.
The beads thus formed were then crosslinked using
1% (v/v) glutaraldehyde solution by stirring the beads
in the solution. Later, the crosslinked beads were
rinsed with distilled water and dried. Fig. la and
b showed wet encapsulated beads in acetone solvent
and dried encapsulated beads, respectively.

Encapsulation efficiency
The content uniformity of C. sinensis peel extract
for the beads was evaluated®*. A known quantity of

Fig. 1 — a) Encapsulated beads in acetone solvent; and
b) Dried encapsulated beads.

beads with C. sinensis peel extract was refluxed using
hexane at 60°C. Refluxing initiates the extraction of
C. sinensis peel extract from the superabsorbent
polymer shell and continues till complete extraction
of peel extract. Using a UV spectrophotometer, the
absorbance of C. sinensis peel extract was recorded at
250 nm. Encapsulation efficiency was calculated
using Eq. 4

Encapsulation efficiency =
(Total concentration of OPE—Free concentration of OPE)

* 100
. (4

(Total concentration of OPE)

Release kinetics

Release kinetics plays a vital role in understanding
the efficacy of the active component. Several models
are developed to understand the pattern of release and
factors affecting the release kinetics. The release
kinetics of the beads containing C. sinensis peel
extract was carried out by taking a known mass of
beads in PBS and shaking them well. The absorbance
of PBS containing C. sinensis peel extract is noted at
definite time intervals at 250 nm wavelength. Further,
the release model of C. sinensis peel extract from
shell GG-g-AA SAP was analysed using various
kinetic models like the Korseymeyer-Peppas model,
the Higuchi model, Zero-order release kinetics, and
First-order release kinetics.

Antimicrobial activity of encapsulated C. sinensis peel extract
- Media preparation and inoculation

Nutrient Agar media was prepared by dissolving
28 g nutrient agar powder in 1000 mL of distilled
water. The media was heated to a boil. It was
sterilised by autoclaving at 15 psi pressure and 121°C.
Sterilised media was cooled around 45°C, mixed well,
and poured onto sterile Petri plates inside the
sterilised laminar airflow chamber to avoid
contamination. The bacterial culture of Escherichia
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coli and Bacillus subtilis was spread onto the nutrient
agar media by gliding the top of Petri plates. It was
covered by paraffin and incubated at 40-45°C. The
culture growth was observed between 24-48 hours™.

Antimicrobial activity by well diffusion method

The agar well diffusion method was extensively
used method to study the antimicrobial activity of
plants or microbial extracts. A hole was bored on the
inoculated Petri plates with a diameter of 6 to 8 mm
using a sterile cork borer or a tip, and a known volume
(20-100 pL) of the testing sample, i.e., SAP and
OPE-e-SAP at the desired concentration was
introduced into the well. Agar plates were incubated at
37-40°C. The antimicrobial solution gets diffused in the
agar media to inhibit the growth of the micro-organism,
which was observed between 24-48 hours*®.

Results and Discussion

Optimisation of reaction parameters for microwave-assisted
synthesis of guar gum grafted acrylic acid superabsorbent
polymer

The reaction parameters, such as reaction time,
concentration of monomer, and initiator, were
optimised for the highest grafting percentage.
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Monomer (acrylic acid) optimisation was carried
out by synthesising superabsorbent polymers with a
series of different volumes of acrylic acid, i.e., from
2 to 8 mL. Fig. 2a depicts that the GG-g-AA
superabsorbent with 6 mL of acrylic acid showed the
highest grafting percentage; later, the plot maintained
a constant trend. This behaviour was attributed to,
initially, free radical sites being available abundantly;
upon increasing the concentration of acrylic acid, the
grafting percentage also increased. Once it reached
equilibrium, homopolymers of acrylic acid were
formed, which led to a decrease in the grafting
percentage. A similar observation has been recorded
by Biswal et al.*” for the synthesis of carboxy methyl
cellulose grafting with polyacrylamide.

Ammonium persulfate acts as the strong initiator in
the polymerisation reaction. Initially, an increase in
the concentration of the initiator led to an increase in
the number of free radicals. Thus, the grafting
percentage increased due to the high polymerisation
rate. From Fig. 2b, maximum grafting of 90% was
observed at 90 mg/mL concentration of ammonium
persulfate. Above this level, grafting was unfavorable
due to formation of large number of free radicals
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Fig. 2 — a) Effect of monomer (acrylic acid) on grafting percentage; b) Effect of initiator (APS) on grafting percentage; c) Effect of
crosslinker on equilibrium swelling; and d) Effect of reaction time on grafting percentage.
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which routed to shorter polymer chains. Identical
results have been observed by Thakur ez al.*® for graft
copolymerisation of the Grewiaoptiva plant, where
potassium persulfate (KPS) was used as an initiator.

Crosslinker  concentration influences the
equilibrium swelling of the polymer. This
characteristic feature relates to its capacity to form a
three-dimensional network during polymerisation.
Initially, as the concentration of crosslinkers
increased, the equilibrium swelling also increased
because the polymer network formed increased water
penetration capacity. Higher equilibrium swelling of
7.5 g/g was observed at 90 mg/mL concentration of
methylene bis acrylamide, as shown in Fig. 2c. At
higher concentrations, with an increase in the
crosslinking point, the density of the polymer network
increases, which in turn reduces the water
absorbency/selling capacity. Analogous results were
obtained by Mudiyanselage et al. for their studies
using N,N -methylene bisacrylamide as a crosslinker
on highly absorbing acrylic acid-acrylamide-based
superabsorbent polymer’’.

The time taken for irradiation of the microwave
was considered as reaction time. When the microwave
is irradiated on the sample, the atoms are excited,
which speeds up the polymerisation reaction. From
Fig. 2d at the outset, on increasing reaction rate, the
grafting percentage increased drastically. At
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N
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2.5 minutes, the rate of reaction reached its peak value
with 303% grafting percentage. Further increase in
reaction time decreased grafting percentage. This
reaction was attributed to the formation of short
polymer chains due to the high availability of free
atoms. Likitha er al. have deliberated similar
observations upon microwave-assisted synthesis of
guar gum-based SAP nanocomposite™.

FTIR analysis

Fig. 3 represents FTIR spectra of pure guar gum and
guar gum grafted acrylic acid superabsorbent polymer.
The spectra depict a broad absorption band in the range
of 3252-3575 due to the hydrogen-bonded OH stretch
of the grafted copolymer. Followed by a series of
spectra at 1661, 1000, and 815 confirms the presence
of hydroxyl group (-OH) on the polysaccharide
backbone*'. Spectra at 2913 indicate vibration of axial
deformation of C-H from a large number of methyl
groups (CH,). A sharp peak at 1662 indicates the C=0
(carbonyl group) of amide and water. The peak at 1000
represents the single bond stretching of hydroxyl C-O
from the C-O-C group”. This confirms the
characteristic features of pure guar gum.

FTIR spectra of guar gum grafted acrylic acid SAP
have a characteristic peak at 1418, confirming the
stretch due to the carboxylic acid group of acrylic
acid. The sharp peak at 1728 confirms the formation

——pure GG
——GG-g-AA SAP

3446

500 1000 1500 2000

2500 3000 3500 4000

Wavenumber (cm!)

Fig. 3 — FTIR spectra of pure guar gum and guar gum grafted acrylic acid SAP.
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Fig. 5 — SEM micrographs of OPE encapsulated SAP beads at a) 50X magnification; and b) 150X magnification

of the ester group by the esterification reaction
between acrylic acid and guar gum®. A peak at 3446
confirms OH vibrations due to the reaction between
acrylic acid and guar gum. This confirms the grafting
of an acrylic acid monomer onto the guar gum
backbone.

SEM Morphology

SEM analysis of pure guar gum, GG-g-AA SAP,
and encapsulated beads was carried out using a
VEGA3 TESCAN electron microscope. Fig. 4a and
b represent SEM images of pure guar gum and GG-
g-AA SAP at 2kX and 10kX, respectively.
Comparing the surface morphology between pure
guar gum and GG-g-AA SAP, the latter with a
highly porous surface confirms the grafting of
acrylic acid onto guar gum backbone; similar

541
SEM HV: 10.0 kV WD: 9.08 mm
SEM MAG: 10.0 kx Det: SE
WO: 12.22 men | i
Det: SE
observations are found by Sen et al. in

their research on the synthesis and characterisation
of novel flocculant-based  polyacrylamide
grafted carboxymethyl starch®. Fig. 5a and b at
50X and 150X, respectively, depict that beads
formed are nearly spherical with a diameter of
around 1 mm.

Phytochemical screening of C. sinensis peel extract

Aqueous extraction of C. sinensis peel resulted
in a yield percentage of 10.8%. Upon performing a
phytochemical analysis of C. sinensis peel extract,
it ensued the presence of flavonoids, terpenoids,
and saponins reduced sugar and tannins. It affirmed
the absence of proteins in the extract obtained.
Table 1 clearly illustrates the same. Similar
observations are found in Gotmare et al. work™®.



542 INDIAN J NAT PROD RESOUR, DECEMBER 2024

Table 1 — Phytochemical analysis of C. sinensis peel extract

Phytochemicals Result
Flavonoids Positive
Terpenoids Positive
Saponins Positive
Protein Negative
Reducing sugar Positive
Tannins Positive
12
R?=0.9994
1
g
S 0.8
w)
Qe
8 06
=
«®
=
5 04
<
0.2
0
0 0.02 0.04 0.06 0.08 0.1 0.12

Concentration of orange peel extract (mL/mL)
Fig. 6 — Standard calibration plot of C. sinensis peel extract.

Encapsulated bead size measurement

A digital vernier calliper was used to measure
the size of beads formed from superabsorbent
encapsulated with C. sinensis peel extract. For
50 beads, the average size was found to be
0.89 mm. The beads size range varies from
0.58 to 1.19 mm.

Encapsulation efficiency

The encapsulation efficiency of C. sinensis extract
was evaluated using UV spectroscopy. Fig. 6 is the
standard calibration for different concentrations of C.
sinensis peel extract at 250 nm with R* value 0f 0.999.
The total concentration of C. sinensis peel extract
encapsulated was 0.154 mg/mL, and the release
concentration was 0.115 mg/mL. The encapsulation
efficiency of beads was calculated to be 74.6%. Similar
results were obtained in the study of encapsulation and
controlled release characteristics of crosslinked
polyacrylamide particles by Sairam ez al.*.

Release Kinetics of C. sinensis peel extract

Mathematical models studied for the release
kinetics of C. sinensis peel extract are the Higuchi
model, Korseymeyer-Peppas model, zero-order
release kinetics and first-order release kinetics. The
characteristic equations are as follows.

Korseymeyer-Peppas model (Power 1aw):% =kpt" ()

. . M
Higuchi model: ﬁ = ky/[t] (b)
Zero order release kinetics:C = Cy — kot (©)
First order release kinetics:% =—k,C (d)

where My/M,, is the fraction of drug release at time
t. Co and C are the initial and final concentrations of
the drug, respectively. ko, ki, kg and kpare rate
constant of zero order, first order, Higuchi model, and
Korseymeyers-Peppas model, respectively.

Fig. 7 exhibits the relation between the drug release
concentration vs reaction time. The results of
equations (a) to (d) tabulated in Table 1 for n and rate
constant values indicate that the release kinetics fits
best for Zero order and the Korseymer-Peppas model
best with an R value of 0.999. This indicates that the
release rate is independent of the concentration of the
C. sinensis peel extract. The korseymeyer-Peppas
model describes the release of the active components
from a polymeric system. This empirical equation
analyses both fickian and non-fickian release of
drugs. In this casen=1.09, n value >1 indicates that the
drug transport mechanism follows super case Il
transport, and the drug release mechanism is through
relaxation associated with state transition and stress
via water-swellable hydrophilic polymers, and
geometry is thin planar film. The core GG-g-AA
super absorbent polymer material is a water-swellable
glassy hydrophilic polymer, which proves that the
release of C. sinensis peel extract follows the
Korsemeyer-Peppas model”’.

Antimicrobial studies

The antimicrobial activity of C. sinensis peel
extract and encapsulated GG-g-AA SAP is tested
using the agar well diffusion method against
E. coli and B. subtilis, a gram-negative and gram-
positive bacterium, respectively. Fig. 8 illustrates that
the zone of inhibition is higher for C. sinensis
encapsulated GG-g-AA SAP than for C. sinensis
extract alone. This indicates that due to encapsulation,
the release is sustainable, which is why the active
component exhibited higher antimicrobial activity.
Comparative data from Fig. 9 can be interpreted as a
zone of inhibition for the gram-positive bacteria being
higher than that of gram-negative bacteria in both
cases. Similar observations were found by Dubey
et al. in evaluating the antibacterial activity of
methanolic and hydroethanolic extracts of sweet
orange peels™.
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Fig. 7 — Release kinetics of encapsulated C. sinensis by a) Korseymeyer model; b) Higuchi model; ¢) Zero order release kinetics; and

d) First order release kinetics.

Fig. 8 — Zone of inhibition a) E. coli by C. sinensis extract,
b) E. coli by C. sinensis encapsulated GG-g-AA SAP; c) B. subtilis
by C. sinensis extract; and d) B. subtilis by C. sinensis
encapsulated GG-g-AA SAP.
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Fig. 9 — Comparison of zone of inhibition of E. coli and
B. subtilis between C. sinensis and C. sinensis encapsulated
GG-g-AA SAP.

Conclusion

Guar gum grafted acrylic acid superabsorbent
polymer was synthesized using the microwave
irradiation grafting technique. Reaction parameters
were optimised at a higher grafting percentage.
Characterisation via FTIR spectra and SEM
morphology of GG-g-AA SAP proves the successful
grafting of a monomer onto the guar gum backbone.
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C. sinensis peel extract is obtained by conventional
aqueous cold extraction method with a yield
percentage of 10.8%. Phytochemical tests prove the
presence of flavonoids, terpenoids, saponins, tannins
and reducing sugar. Encapsulation of C. sinensis peel
extract with synthesized GG-g-AA SAP was
accomplished by the coacervation phase separation
technique. It resulted in encapsulation efficiency of
74.6%. SEM analysis of encapsulated beads
illustrated that to be round with =Imm diameter.
Release kinetics hold good for Korseymeyer model
and Zero order release kinetics with R* of 0.9999 and
0.9993 respectively. The befitting models rationalised
that the release of active components is case Il
transport with erosion transport. Antimicrobial
analysis of C. sinensis peel extract and encapsulated
GG-g-AA SAP was performed for gram-negative
E.coli and gram-positive B.subtilis bacteria. Results
outlined that the zone of inhibition was higher for
C. sinensis encapsulated GG-g-AA SAP compared to
C. sinensis alone in both cases. It was found that the
zone of inhibition was higher for gram-negative than
that of gram-positive bacteria. Thus, it was concluded
that C. sinensis encapsulated GG-g-AA SAP
exhibited a higher potential to inhibit bacterial growth
due to its sustainable release. This resulted in a
sustainable product that finds application in fields like
the cosmetic, pharmaceutical, and food industries.
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