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This study presents the preparation and application of a perlite/calcium
alginate/single walled carbon nanotubes-Glucose composite for the cum-
in encapsulation as an essential oil using a simple method. The as-pre-
pared composite was analyzed using Fourier transformed infrared (FTIR),
field emission scanning electron microscopy (FESEM), X-ray diffractome-
ter (XRD), dynamic light scattering (DLS), and thermo gravimetric analysis
(TGA). The effect of important factors was determined by evaluating pH,
cumin concentration, perlite/calcium alginate/single walled carbon nano-
tubes-Glucose dosage, and time. Based on the data, the high percent-
age of cumin encapsulation was achieved at low pH. The release profile
of cumin was studied at pH=7, and the maximum release was obtained
after 48 h. The antibacterial and antifungal properties of cumin-loaded
perlite/calcium alginate/single walled carbon nanotubes -Glucose were
also evaluated against Candida albicans, Gram negative (Escherichia coli)
and Gram positive (Staphylococcus aureus) bacteria, which represented
more photogenic detection compared to that of cumin. Finally, this work
demonstrates the efficient application of perlite/calcium alginate/single
walled carbon nanotubes-Glucose for the encapsulation of cumin and
pathogen detection.
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INTRODUCTION

Essential oils are interesting molecules with
a variety of applications, including antifungal,
antibacterial, and natural additives of food products
[1]. They are extensively used in food chemistry
for decreasing oxidative reactions, as opposed to
synthetic additives [2].

Cumin as an essential oil is widely used
in aromatherapy applications, food, and
pharmacology systems, and it is applied as a
medicine in many cultures. Further, studies have
shown that cumin can be effective in decreasing
pain without side effects. However, its hydrophobic
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and volatility properties can limit its use in food,
cosmetic, and pharmacologic industries [3].

To overcome the problem of using essential
oils (Eos), encapsulation is suggested as a viable
approach to modify their characteristics. A large
number of materials have been reported for loading
drugs and essential oils such as cyclodextrins
[4], sodium alginate [5], porous silica and MOFs
[6], chitosan [7], modified dextran-coated
superparamagnetic iron oxide [8], and liposomes
[9]. However, some of the reported methods have
been found to have issues including low solubility,
oxidation, and low efficiency [7]. Thus, the design of
more efficient compounds is necessary to improve
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loading. Polymer nanoparticles have been gaining
attention from researchers for loading of Eos due
to their high yield.

In recent years, the development of green
chemistry has led to the use of natural materials as
efficient and low-cost compounds for the synthesis
of novel system materials. Furthermore, researchers
have introduced biocomposites as a new class of
materials and applied in various fields. Biopolymers
are an important category of compounds that
can be used in different industries with minimal
environment impact. While biopolymers have
been reported to have several advantages, they have
been found to have some limitations in chemical
stability and mechanical properties. To address
these problems, the addition of fillers can be used
to modify the structure of biopolymers.

Polysaccharides are an attractive class of
biopolymers due to their low-cost, biodegradablity
and sustainability, making them suitable for use
in many industries such as food, textile, and
pharmaceuticals. To improve the mechanical
properties of polysaccharides, many materials have
been used including polycaprolactone/starch [10],
starch-chitosan [11], starch-chlorogenic acid [12],
dicarboxylic acid modified starch-clay composite
[13], and graphene oxide/Bi,WO/starch composite
[14]. Thus, the selection of a suitable filler is essential
for optimizing the performance of biopolymers.

Alginate, a biopolymer obtained from algae,
has been of great interest due to its ability to form
hydrogels by replacing cations, as demonstrated by
the “egg box” model [15]. Its stability and existence
of functional groups have enabled its use in a
variety of applications, such as metal ion support
[16], tissue engineering [17], drug delivery [18],
3D bioprinting [15], food chemistry [19], and
adsorption [20].

The use of carbon nanotube (CNT) can be an
attractive option as a filler due to its advantageous
characteristics. CNTs have been used in many
fields such as biomedicine, electronics, catalysis,
drug delivery, and ceramics [21]. However, the
van der Waals force present in CNT can lead to
low solubility and biocompatibility, which can
negatively impact the performance of polymers.
To address this issue, several biomolecules were
applied such as glucose [22], calcium alginate [23],
and vitamin C [24].

In addition, clay can be employed as an effective
filler to obtain the most favorable interaction
with various compounds. Perlite can be achieved
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from natural resources composed of alumina and
silanol groups with high surface area, ion exchange
capability, and low weight. The functional groups of
perlite surface can bond with other materials and
improve the properties of compounds. Perlite as
a volcanic glass has been applied in several fields
such as construction [25], catalysis [26], adsorption
[27], and drug delivery [28], and its advantages can
offer new perspectives for modifying composite
properties.

Based on the reported literature, calcium
alginate/SWCNT-Gl has been used as a nanocarrier
for drug delivery [23]. To improve its properties and
enable encapsulation of essential oils, perlite was
added to the as-prepared nanocomposite and the
components were attached via various interactions
such as ester and hydrogen bonds. The formation
of the as-prepared biopolymer was confirmed by
X-ray diffractometer (XRD), Fourier transformed
infrared (FTIR), dynamic light scattering (DLS),
thermo gravimetric analysis (TGA), and field
emission scanning electron microscopy (FESEM)
analysis. The obtained biopolymer was then
evaluated for the encapsulation of cumin as
an essential oil, and the effects of pH, cumin
concentration, biocomposite dose, and time were
examined. The pathogenicity of cumin-loaded
on perlite/calcium alginate/SWCNT-GI (P/CA/
SWCNT-GI) was studied against Escherichia coli
(E. coli), Staphylococcus aureus (S. aureus), and
Candida albicans. This work reports the ability of as-
prepared composite for the encapsulation of cumin,
which can be used to overcome the limitation of
cumin-loaded in drug delivery and food chemistry.
The process uses simple, inexpensive, and natural
compounds.

EXPERIMENTAL METHOD
Materials and methods

Sodium alginate, N,N'-carbonyl diimidazole
(CDI), calcium chloride (CaCl,), hydrochloric acid
(HCl), sodium hydroxide (NaOH), and phosphate-
buffered saline (PBS) were purchased from Merck
and Sigma-Aldrich Chemical Companies, and
were used without any purification. In addition,
carboxyl-modified SWCNTs (diameter 8 nm,
length 10-30 nm) were purchased from Neutrino
Co. (Tehran, Iran), and perlite was obtained from
Mashhad mine, Iran.

Cuminum Cyminum L was supplied from Barig
Essence Pharmaceutical Co, Iran. The Cuminum
Cyminum L contained a-pinene (1.63%), cumin
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Scheme 1. Chemical composition of Cuminum Cyminum L.

aldehyde (29.84%), f-pinene (15.05%), limonene
(0.82%), and p-cymene (16.08%), that their
structures are shown in Scheme 1, and cumin
aldehyde was the major compound of Cuminum
Cyminum L.

The functional groups of compounds were
determined by Unicam-Galaxy 5000 with KBr
pellets, and the morphologies were determined
by field emission scanning electron microscopy
(FESEM, TescanMira3-Lmu). The crystal phase of
compounds was obtained by Panalytical Xpertpro
diffractometer using Cu Ka radiation (A=1.54178
A). The thermo gravimetric analysis (TGA) was
studied by the use of Q600-TA (Unit State) with
the scan range from 25 °C to 800 °C under N,
atmosphere with the constant heating rate of 20
°C/min. A Zeta-sizer Zen 3600 instrument was
achieved by Horiba, SZ100, Japan.

Preparation of perlite/calcium alginate/SWCNT-GI
composite

The calcium alginate/SWCNT-GI was prepared
according to Ref [28]. Initially, 0.002 g of CDI

was dissolved in distillated water, followed by the
addition of 0.024 g carboxyl-modified SWCNTs
and stirred for 2 h, and 0.045 g D-glucose was mixed
and ultrasonicated for 2 h. Sodium alginate was
then added to the obtained precipitation (SWCNT-
Gl), and was ultrasonicated for 1h. To achieve the
calcium alginate/SWCNT-GI, CaCl, (1 % w/v) was
dropped granularly, and pure perlite was added
to the obtained mixture with the ratio of 1:2. The
solution was stirred for 1h and ultrasonicated for
2h. Finally, the precipitation was characterized by
several analyses.

Cumin-loaded in the perlite/calcium alginate/
SWCNT-GI composite

To demonstrate the yield of cumin loading in
perlite/calcium alginate/SWCNT-GI, 0.005 g P/CA/
SWCNT-GI was added to 6 ppm of cumin at pHs
(2-7) for 90 min, and the solution was stirred for
1h, then the mixture was centrifuged. The cumin
concentration was measured by UV spectroscopy
at 255.5 nm, and entrapment efficiency (EE) was
calculated by Equation (1).

(Total amount of cumin)—{Free amount of cumin) +100 Eq (1)

Entrapment Efficiency (%) =
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(Total amount of cumin)
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Cumin release study

The release profile of cumin was evaluated
at pH=7 and 37 °C in aqueous solution, and the
concentration of cumin was obtained by UV-Vis
spectrophotometer at 255.5 nm.

Pathogen activity

The paper disk method was applied to study the
activity of P/CA/SWCNT-GI against Escherichia
coli (E. coli, ATCC 10536) and Staphylococcus
aureus (S. aureus, ATCC 29737), and Candida
albicans (ATCC 10231).

RESULTS AND DISCUSSION
Structural properties

The perlite/calcium alginate/SWCNT-Gl was
prepared by a simple strategy, and the cumin was
encapsulated as an essential oil. Several techniques
were applied to illustrate the preparation of the P/
CA/SWCNT-GI composite.

Fig. 1 presents the functional groups of CA,
perlite, D-glucose, CA/SWCNT-GI, and P/CA/
SWCNT-GI composite. In perlite, the peaks at
3445 and 1063 cm! are assigned to the stretching
mode of hydroxyl groups and Si-O-Al (Si-O-Si)
bonds. The peak positioned at 3417 cm™ indicates
the stretching vibration of hydroxyl groups, as
shown in CA spectrum, and the -C-H and C-O
bonds are ascribed to the peak at 2930 and 1018
cm’, respectively. The D-glucose FTIR spectrum
shows the peaks at 3270, 1437, and 1018 cm’,
which belong to -OH, -C-O-H, and C-O stretching
vibrations. The spectrum of CA/SWCNT-GI
provides the bond hydrogen by the peaks at 3000-
3500 cm™. Further, the peaks at 1731, 1404, 1014
cm! evidence the ester, carboxylate salt, and C-O
bonds. Furthermore, the peaks at 3438, 1725,
1392, 1038, 575 cm™ indicate the presence of
hydroxyl groups, ester bonds, carboxylate salt, C-O
vibration, and Si-O bonds in P/CA/SWCNT-GI
composite. The interactions between components
were confirmed by the decrease of wavenumbers
intensity.

The X ray diffraction patterns of perlite,
SWCNT-Gl, and P/CA/SWCNT-GIl are seen
in Fig. 2. The amorphous structure of perlite is
shown by presenting the peaks from 20=16.8° to
20=28.2°. The pattern of SWCNT-GI is ascribed
to the graphitic carbon peak at 26 =27.9° and (0 0
2). Bragg reflection can be seen in P/CA/SWCNT-
Gl pattern. The peaks at 20=26.2°, 26 =43.0°, and
20=43.0° are observed in the P/CA/SWCNT-GI
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composite which demonstrate the presence of
alginate and perlite.

Fig. 3 provides the morphologies of CA/
SWCNT-GI, and P/CA/SWCNT-GI using FESEM.
As seen in Fig. 3a, the CA/SWCNT-GI images
are shown by beads of alginate and D-glucose as
a white spot on SWNT-COOH. In Fig. 3(b-d),
the morphologies of P/CA/SWCNT-GI and the
interaction between components are presented.
In addition, the size of P/CA/SWCNT-GI was
increased from 29-43 to 57-76 nm, which confirms
the formation of bonds between perlite and CA/
SWCNT-GI composite.

The stability of P/CA/SWCNT-Gl was evaluated
by TGA analysis from 25 to 800 °C (Fig. 4). The
first region of weight loss is obtained under 180 °C,
which was attributed to the presence of H,O. The
second region of TGA, between 200 and 600 °C,
showed a 20 % wight loss. Based on the obtained
data, 41.33% of CA/SWCNT-GI weight decreased
during degradation [28], while 37.30 % weight loss
of P/CA/SWCNT-GI occurred, suggesting that
the as-prepared composite was more stable due to
intra- and intermolecular hydrogen bonding.

The DLS analysis of the as-prepared
biocomposite revealed a mean diameters (MD)
of 211.34 nm and a polydispersity index (PDI)
ranging from 0.364 to 0.369 (Fig. 5). This indicates
a good distribution of the cumin-loaded P/CA/
SWCNT-GI particles.

The effective parameters, such as pH, cumin
concentration, biocomposite dose, and time, were
evaluated for the encapsulation of cumin. The
zeta potential values were obtained to determine
the effect of pH for loading of cumin by P/CA/
SWCNT-GI composite. Based on the results, the
-28.4, -38.76, and -46.7 mV values were evaluated
for cumin, P/CA/SWCNT-GI, and cumin-loaded
P/CA/SWCNT-GL. Additionally, the experiments
demonstrated the high yield of cumin loading at
low pH compared to that of high pH, because the
positive charge can increase the interaction between
components. Furthermore, the concentrations of
cumin (2-18 ppm), composite dosage, and time
(1-9 h) were tested, which the highest encapsulation
efficiency (EE) was determined to be 66% at 6 ppm
of cumin, 0.005 g P/CA/SWCNT-GI composite,
and 8 h.

The release of cumin from the P/CA/SWCNT-
Gl composite was performed at 8-48 h, pH=7, and
37 °C similar to the physiological condition of the
human body. The highest release was observed
after 48 h.
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Fig. 1. FTIR spectra of CA, perlite, D-glucose, CA/SWCNT-GI, and P/CA/SWCNT-GI composite.
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Fig. 2. XRD patterns of perlite, SWCNT-GI, and P/CA/SWCNT-GI composite.

Pathogen detection of cumin-loaded P/CA/SWCNT-GI

The pathogen detection of cumin and cumin-
loaded P/CA/SWCNT-GI was evaluated against
Gram negative (Escherichia coli), Gram positive
(Staphylococcus aureus), and Candida albicans.
In Fig. 6, the activities of cumin and cumin-
loaded P/CA/SWCNT-GI are presented, and
their minimum inhibitory concentrations (MIC)

168

are seen in Table 1. Further, the thick well of
Escherichia coli was observed to have higher MIC
value compared to that of Staphylococcus aureus.
Furthermore, the viable cell count method
demonstrated a reduction percentage of more
than 99% of bacteria, as shown in Fig. 7. The
results suggest that the as-prepared biocomposite
can be employed affectively against both bacterial
and fungal pathogens.
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Fig. 3. FESEM images of (a) CA/SWCNT-Gl and (b-d) P/CA/SWCNT-GI composite.
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Fig. 5. PSD curve of cumin-loaded P/CA/SWCNT-GI composite.

Fig. 6. (a,c,e) Cumin-loaded P/CA/SWCNT-G], (b,d,f) cumin against (S. aureus), (E. coli), and Candida albicans.

Table 1. The MIC values of cumin-loaded P/CA/SWCNT-GI and cumin against pathogen.

Test MIC (pg.ml?) MIC (ug.ml")
microorganism Cumin-loaded P/CA/SWCNT-GI Cumin
Escherichia coli 500 250
(ATCC 10536)

Staphylococcus aureus (ATCC 29737) 62.50 62.50
Candida albicans (ATCC 10231) 62.50 <31.25

Nanochem Res 8(3).:164-172, Summer 2023
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Viable Cell Count

2 hr

Lab Control

CONCLUSIONS

In summary, this research explains the
preparation and application of cumin-loaded on P/
CA/SWCNT-GI composite against bacteria. Cumin
has potential to treat diseases; thus, the synthesis
of cumin-carrier is a valuable strategy with positive
implications for the food and cosmetic industrials.
The ability of P/CA/SWCNT-GI composite for the
encapsulation of cumin and the effective parameters
were studied to achieve a high yield. The best
conditions for cumin encapsulation were obtained
to be a low pH, 0.005 g of P/CA/SWCNT-GI, 6
ppm of cumin, and 8 h of reaction time. Moreover,
cumin-loaded P/CA/SWCNT-GI was acted
against Escherichia coli, Staphylococcus aureus, and
Candida albicans. The excellent performance of P/
CA/SWCNT-GI suggests that it can be used as an
efficient biocomposite for the essential oil-carrier
by using green materials.
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