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ABSTRACT
Received: May 25-2022 ZnO nanoparticles (ZnO NPs) were in situ mixed with carboxymethyl tamarind kernel
Accepted: July 22-2022 gum to generate the new biocomposite. High-resolution transmission electron microscopy

(HR-TEM)), field emission scanning electron microscopy (FE-SEM), Fourier transform
infrared (FTIR), x-ray diffraction analysis (XRD), and dynamic light scattering
(DLS)were used to characterize the CMTKG/ZnO nanocomposites. Numerous
characterizations were utilized to prove that ZnO NPs had been integrated into the
biopolymer matrix. The standard size of the CMTKG/ZnO nanocomposites was
developed to be greater than 32-40 nm using high-resolution transmission electron
microscopy and x-ray analysis de-Scherer methods. Chromium (VI) was removed from
the aqueous solution using the nanocomposite (CMTKG/ZnO) as an adsorbent. The
nanocomposite reached its maximum adsorption during 80 minutes of contact time, 30
mg/L chromium (VI) concentration, 2.0 g/L adsorbent part, and 7.0 pH. Further research
into the antifungal activity of CMTKG/ZnO nanocomposites against Aspergillus flavus
MTCC-2799 was conducted.
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1. INTRODUCTION effective, and non-toxic. [10]. ZnO NPs showed distinctive
chemical and physical characteristics. [11]. Due to their novel
uses in adsorptions [12], sensor activity [13], heat treatment
[14], antimicrobial activity [15], antifungal activity [16],
wound healing [17], ultra-violet filtering [18], and excessive
catalytic and photochemical activity [19-20], ZnO NPs have
attracted the attention of researchers. Nearly all researchers
concur that it's critical to create green nanomaterial in an
aqueous medium. This is due to the fact that it is simple to
conduct and has no effect on the environment.

Natural, non-toxic, renewable, and sustainable polymer
alternatives include biopolymers. They are extensively
employed in industry, medicine, agriculture, and the
environment. Some of the biopolymers that find use in the
biomedical and pharmaceutical sectors include chitin,
chitosan, cellulose, tamarind, starch, and pectin [21].
Biopolymers such as alginate, chitosan, and starch provide
excellent alternatives for matrix polymers because they
contain a high concentration of hydroxyl groups in their
chains, which offer a favorable environment for the formation
of nanoparticles. [22] Biopolymers have also been
demonstrated to be bio and mucoadhesive, biocompatible,
biodegradable and non-aggravating hence explored in
biomedical applications such as drug delivery, bio
nanoreactors, nanofiltration, biosensors, and antibacterial
activity. In two other studies [26, 27], polysaccharides
extracted from Tamarindus indica seeds were modified to
carboxymethyl tamarind seed kernel polysaccharide (CMTSP)
and then used for drug delivery [26] and as enzyme [27].

In recent years, aquatic contamination has gained
international attention as a deliberate environmental concern,
particularly for a number of pollutants that are entering aquatic
systems as a result of the unplanned rapid rise in the world's
population, industrialization, urbanization, and the excessive
use of agricultural fertilizers and chemical hazards [1].
Chromium is a substance that is used in paints and the
chemical industry that poses a serious risk to the atmosphere
[2]. It results in water supply contamination. Chromium exists
in two oxidation states in hydrated situations: one is trivalent
Chromium (IIT) and the other is hexavalent Chromium (VI)
[3]. Due to the fact that ionic compounds containing
Chromium (VI), like CrOs and H,CrOs, are more
transportable and soluble than Cr (IIT). While chromium (III)-
containing phases form a feeble cell barrier, chromium (VI)-
containing phases more easily penetrate through cell
membranes [4-5]. In fluid conditions, Cr (VI) is thought to be
100 times more dangerous than Cr (III) [6-7]. Cr (VI) has
significantly higher mobility in water and so it can be
converted into a variety of reactive and hazardous
intermediates, eventually compromising human health due to
its accumulating properties /8-9/.

Chromium can be taken out of contaminated water through
co-precipitation, chemical reduction, coagulation, ion
exchange, and adsorption methods. Most of these techniques
are often expensive. On the other hand, adsorption techniques
are a good choice because they are safe for the environment,
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In this study, precursor ZnO nanoparticles are combined with
a matrix of carboxymethyl tamarind kernel gum to generate a
CMTKG/ZnO biocomposite. The synthesized biocomposite
showed remarkable stability, maximal accessibility, and
intriguing enhancement brought on by nanoparticle-matrix
interaction. The proposed study aimed to evaluate the
performance  of novel synthesized CMTKG/ZnO
nanocomposite as an adsorbent for the removal of Chromium
(VI) and also as an antifungal agent.

2. EXPERIMENTAL
2.1 Chemicals and reagents

Carboxymethyl tamarind kernel powder gum (CMTKG)
(Courtesy Hindustan Gums Limited, India), Zinc acetate
(CDH), Potassium dichromate (CDH), Acetone (CDH),
Absolute alcohol (CDH), and double distilled water.

2.2. Synthesis of Cr (VI) solution

The solutions of Chromium (VI) (100 mg L") used were
prepared by dissolving K,Cr,07 in de-ionized water, which
was weakened to desired focuses (10 - 80 mg/L).

2.3. Synthesis of nanocomposites

ZnO NPs were synthesized by the co-precipitation method.
0.05M zinc acetate solution was treated with 10 mL 0.05M
alcoholic NaOH solution to reduce zinc acetate to ZnO NPs.
At 60°C, this solution was continuously magnetically agitated
to achieve homogeneity. To this solution, 1 g carboxymethyl
tamarind kernel gum uniformly dispersed in 150 mL double
distilled water was added and the mixing proceeded till a
homogeneous solution was gotten for 24 hr. The final product
obtained was immobilized ZnO NPs within the polymeric
CMTKG (i.e. CMTKG/ZnO nanocomposite) precipitate. To
get rid of any loose debased particles, the precipitate was
sonicated at 10,000 rpm for 20 min. It was then washed with
acetone. To obtain a dry powder of CMTKG/ZnO
nanocomposite, the precipitate was then dried at 50 °C in the
hot air oven after being washed with ethanol.

2.4 Characterization

2.4.1 Dynamic light scattering (DLS)

By analyzing the dynamic disparity in light scattering
intensity caused by the Brownian velocity of the nanoparticles,
the dynamic light scattering (DLS) Zetasizer was used to
detect the size distribution of particles.

2.4.2 Fourier transform infrared (FTIR)

The Perkin Elmer FT-IR BX2 Instrument was used to study
the infrared spectra (4000-400 cm™) for evaluations. The
pellets were created by mixing 200 mg of KBr spectroscopic
grade with 10 mg of the test sample.

2.4.3 Field Emission-Scanning electron microscopy
(FE-SEM)

Scanning electron microscopy investigation of the surface
morphology of CMTKG/ZnO nanocomposite was performed
using Model: JEOL JSM-6610LV.

2.4.4 High-resolution transmission electron microscope
(HR-TEM)

Using an ultrasonicator, 5 mg of dried CMTKG/ZnO
nanocomposites were diluted in 25 mL of ethanol and
subjected to a high-resolution transmission electron
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microscopy test. A 10 mL dispersion of nanocomposites was
applied to a copper grid that was permanently coated.

2.4.5 X-ray diffraction (XRD)

X-ray diffraction studies of prepared CMTKG/ZnO
nanocomposites were carried out using an X-ray
diffractometer (P Analytical X Pert Pro) at the current and
voltage of 40 mA using Cu K a radiations (k = 1.5406 nm and
A=1.5406 A) and scanning angle 26 in the range of 0-80°.

2.5. Adsorption studies

Adsorption investigations were carried out using the batch
method at room temperature. In a water-bath shaker, 10 mL of
varied Chromium (VI) concentrations (ranging from 10 to 50
mg/L) were equilibrated with varying doses of CMTKG-ZnO
nanocomposite (0.5 to 3.0 g/L) for durations of 10 to 100
minutes. The adsorbent was isolated from the solutions by
centrifugation and the left-over convergence of chromium (VI)
particles in the supernatant fluid. The left-over concentration
of Cr (VI) in the filtrate was investigated by using a UV-Vis
spectrophotometer. The adsorption tests were conducted with
variable adsorbent doses and varying contact times at different
concentrations of chromium (VI) for dynamic estimations.
Additionally, the impact of changing pH from 2 to 10 on
adsorption was investigated. Using diluted HCl or NaOH
solutions (both 0.01 M), the various pH solutions were created.
The average value is reported after each test was performed in
triplicate. The amount of chromium (VI) absorbed per unit
mass of adsorbent (qe, mg. g') was then calculated using
Equations 1 and 2.

o
@

Je = (Co_Ct)X%
—‘C"C‘C” x 100

o

% Adsoption =

Where, q. is the equilibrium absorption capacity of
chromium (VI) (mg g™'), C, is the initial concentration of
chromium (VI) (mg L), C, is the concentration of chromium
(VD) (mg L") at time t, v is the volume of chromium (VI)
utilized (L) and w is the weight of adsorbent (g) utilized.

2.6 Antifungal Activity

The antifungal efficacy of the synthesized nanocomposites
was tested on Aspergillus flavus MTCC 2799. The standard
culture of Aspergillus flavus MTCC 2799 was used to test the
antifungal activity of a sample of CMTKG/ZnO
nanocomposites using the poisoned food method [30].
Specifically, different concentrations of nanocomposites
(1000 ppm, 2000 ppm, and 3000 ppm) were prepared by
adding the appropriate amount into cooled molten Potato
Dextrose Agar (PDA) media except the control plate (i.e.
without nanocomposite), and after solidifying, 6 mm well was
created accordingly with the help of sterile cork borer. Each
well received 100 pl of spore suspension of 4. flavus
MTCC2799. Petri plates used for the test and control were
incubated at 28 °C for 5 days while the fungus growth was
continuously observed. Following incubation, the percentage
of inhibition was estimated using the following formula:

(Ac-Ap  (3)

Inhibition of mycelial growth (%) = "

x 100
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where Ac is the mean diameter of the colony in the control
sample, and 4¢ is the mean diameter of the colony in the treated
sample. [30-31]

3. RESULTS AND DISCUSSION
3.1 Synthesis of CMTKG/ZnO nanocomposites

It is presumed that the ZnO NPs are attached to the CMTKG
biopolymer matrix through H-bonding between the hydroxyl
and ZnO NPs, as proposed in Scheme S;.

Optimized structure of CMTKG Molecule

(a)

Optimized structure of CMTKG/ZnO

(b)

Scheme 1. Schematic presentations of Interaction of
Solution with (a) CMTKG (b) CMTKG/ZnO biocomposite

3.1.1 Dynamic light scattering (DLS)

Using the Dynamics Light Scattering method, the particle
size of manufactured ZnO NPs generated in-situ in CMTKG
aqueous solution was measured. Figure 1 shows the size
distributions of produced ZnO NPs. As can be observed, the
majority of the particles have sizes between 56 and 76 nm,
with 66 nm having the biggest size distributions. [32]
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Figure 1. DLS analysis of CMTKG-ZnO NPs

3.1.2 Fourier transform infrared (FTIR)
FTIR spectra of CMTKG and CMTKG/ZnO composites
are compared in Figure 2. Results showed that all
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characteristic peaks of CMTKG remained present in the
CMTKG/ZnO nanocomposite, which indicates that the
presence of ZnO NPs does not affect the chemical structure of
CMTKG. However, peaks of 1110 and 1241 cm’! indicate
chemical interaction between CMTKG and ZnO NPs [25]

[———CMTKG/ZNO|
—— CMTKG

Transmrittance %)

T T T
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Wavenumber(cm—1 )

Figure 2. FTIR spectra of CMTKG & CMTKG/ZnO nano-
composite

T
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3.1.3 X-Ray diffractions (XRD)

Figure 3 illustrates the XRD spectra of CMTKG and
CMTKG/ZnO nanocomposite. Results show that CMTKG
crystal peaks are identical in both samples, which indicates
that ZnO NPs do not interfere with the CMTKG. However,
two distinct peaks of ZnO at 26° and 33° were found in the
XRD spectra of the CMTKG/ZnO nanocomposite. Here, the
crystal particle size was calculated by using Debye —Scherrer
Equation as mentioned below

KA
b= BcosH

Here k=0.9, A is the wavelength of source (1.54) B is the
FWHM, and 0 is the angle of diffraction. Based on XRD
spectra, the average size of ZnO particles was found 31.69 nm.
A similar observation was also reported in [32].
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Figure 3. XRD spectra of CMTKG & CMTKG/ZnO
nanocomposite
3.1.4 Field emission scanning electron microscopy (FE-
SEM)
Scanning Electron Microscope (SEM) images of CMTKG
and CMTKG/ZnO nanocomposite are shown in Figure 4.
Figure 4 (a) shows the homogeneous morphology of the
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CMTKG sample surface. ZnO particle shape and size are
shown in Figure 4 (b). ZnO particles were rectangular in shape
with an average cross-section area of 120 nm x 220 nm and 10
to 15 nm thickness. SEM image (Figure 4 (b)) also shows the
intercalation and exploration of nanoparticle layers. A
comparable finding was also reported in [33].

Figure 4. SEM images (a) CMTKG; (b) CMTKG/ZnO nand—
composite

3.1.5 High resolution transmission electron microscope
(HR-TEM)

The transmission electron microscopic (TEM) image of the
CMTKG/ZnO nanocomposite is shown in Figure 5 (a). ZnO
NPs are visible as dark spots in the TEM image. The image
shows that the ZnO NPs are well dispersed throughout the
polymeric matrix. The average particle size was found 40-90
nm in TEM study (Figure 5 (b). A similar observation was also
reported in [35].

Count %

] a0 L]
Diameer jnm|

Figure 5. TEM Analysis (a) HR-TEM image of
CMTKG/ZnO sample; (b) Particle size analysis

3.2. Adsorption Studies

3.2.1 Effects of Contact Time

The effects of contact time of Chromium (VI) extraction
are reported in Figure 6 (a). These experiments were
performed with the constant initial concentration of
Chromium (VI) in feed (30 mg/L), and a constant amount of
adsorbent CMTKG/ZnO nanocomposite (2 mg/L), with
varying contact times of 10 minutes of 80 minutes.
Performance of adsorbent is analyzed in terms of percent
Chromium (VI) extraction and g, as defined in Equations (1)
and (2). Results show that values of percent extraction and
q. both increased with increasing contact time during
adsorption experiments and reached a maximum value
between 70 to 80 minutes, which is found as the optimum
contact time to achieve maximum Chromium (VI) removal.
The maximum percent extraction of Chromium (VI) was
found at 95.5% in these experiments. The rapid rise in
percent adsorption and adsorption efficiency at the beginning

\. ;e
Hitachi-PU 5.0kV 8 Omm x20k SE(UL) 2
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is due to the concentration gradient between Chromium in
solution and in adsorbent and also attributed to the available
vacant sites. [36]

3.2.2 Effects of adsorbent dose

Effects of adsorbent dose on chromium removal are shown
in Figure 6 (b). These experiments were performed at a
constant contact time of 80 minutes, at constant initial
Chromium (VI) concentration in feed (30 mg/L), and with
varying adsorbent amounts from 0.01 mg/L to 3.0 mg/L.
Results showed that values of percent extraction of Chromium
(VD) ions were increased with increasing adsorbent dose.
However, values of g, decreased with increasing adsorbent
concentration. g, is defined as the removal of Chromium (VI)
ions per unit weight of adsorbent (Equation (2)). Thus, g,
represents the efficiency of the adsorbent in a particular
experiment. Therefore, these results indicate that although the
percent removal of chromium increases with increasing
adsorbent concentration but the efficiency of adsorbent
decreases with increasing its concentration. The maximum
percent extraction of Chromium (IV) (93.40%) was found with
a 3 mg/L adsorbent concentration. Greater availability of
adsorption sites and sorptive surface area may be the cause of
the increase in the percentage of adsorbate ions removed with
an increase in adsorbent dosage.[9]

3.2.3 Effects of initial Chromium (VI) concentration

Effects of initial Chromium (VI) concentration on percent
extraction and g, are shown in Figure 6 (c). These
experiments were performed at constant contact time (80
minutes), at a constant adsorbent dose (2 mg/L), and with
varying initial Chromium (VI) concentrations from 18 mg/L
to 32 mg/L. Results show that g, of Chromium was increased
with increasing its initial concentration, which suggests that
adsorbent particles were not saturated with chromium ions and
more chromium can be removed with the same amount of
adsorbent. On the other hand, values of percent extraction
decreased with increasing initial ~Chromium (VI)
concentration in the feed. Maximum percent extraction of
Chromium (VI) (93%) was found at 18 mg/L initial Chromium
(VD) concentration in the feed. This was expected given the
initial Cr (VI) concentrations, which served as the primary
impetus to overcome the barriers to the mass transfer of Cr
(VI) between the bulk and reactive sites.[44]

3.2.4 Effects of feed pH

The effects of feed pH on the adsorption capability of
adsorbent (CMTKG/ZnO nanocomposite) are shown in Figure
6 (d). These experiments were performed at constant contact
time (80 minutes), constant adsorbent dose (2 mg/L), constant
initial concentration of Chromium (VI) in feed (30 mg/L), and
with varying feed pH from 2 to 10. Results show that both
percent extraction of Chromium (V1) and adsorbent efficiency
(g.) both increase with increasing pH values in the acidic
region, reached maximum values at neutral pH (7), and then
reduced with increasing pH values in the basic region. These
results confirm that the performance of synthesized
CMTKG/ZnO nanocomposite adsorbent for Chromium (VI)
extraction strongly depends on the feed pH, and maximum
extraction is achieved at 7 pH. At lower pH conditions, less
interaction of Cr (VI) with adsorbent was noted and the H"
compete with Cr (VI) hence observing less adsorption. It has
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been hypothesized that at low pH levels, species are primarily
adsorbed in their molecular form, but at higher pH levels,
species are primarily adsorbed in their ionized form [45].
These findings support the electrostatic attraction of the
anionic Cr (VI) species since the Cr (VI) species that
developed under these circumstances are most likely to be
HCrO4 and Cr,O% anions. However, if pH rises, the efficacy
of Cr (VI) adsorption and removal decreased concurrently as
the concentration of the hydroxyl (OH’) ion rose and
electrostatically competed with anionic Cr (VI) species.
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Figure 6. Adsorption of Chromium (VI) on CMTKG/ZnO
nanocomposite: (a) Effects of contact time (b) Effects of
adsorbent (CMTKG/ZnO nanocomposite) dose (c) Effects of
initial Chromium concentrations in feed (d) Effects of feed
pH

In Table 1, the performance of the synthesized adsorbent
(CMTKG/ZnO nanocomposite) are compared with previously
reported adsorbents. The performance of the CMTKG/ZnO
adsorbent was found far better than the other traditional
adsorbents reported in the literature for removal Chromium
(VI) extraction, which depicts the novelty of the present study
for the chromium removal from wastewater with prepared
CMTKG/ZnO nanocomposites.

Table 1. Comparison studies of various bio-composite for
removal of chromium (VI) ions

Adsorbent Percent Reference
Extraction
CMTKG/ZnO 95.5 Present Study
GG/ZnO biocomposite 55.56 [11]
Activated carbon 3.46 [37]
PPy/GO 9.56 [38]
Activated carbon 57.37 [39]
/magnetite
Mycelian/ carboxymethyl- 32.20 [40]
cellulose
Poly-(methyl 29.67 [41]
acrylate)guar gum
3.3. Antifungal Activities of CMTKG/ZnO
nanocomposites.

Table 2 shows the antifungal activity of CMTKG/ZnO
nanocomposites. The antifungal activity of CMTKG/ZnO
nanocomposites was determined against A. flavus
MTCC2799. The different concentration (in ppm) was
evaluated against the radial growth of 4. flavus MTCC 2799.
The result shows the highest concentration i.e., 3000 ppm was
the most effective concentration which inhibit the 50% radial
growth of tested fungi followed by 2000 ppm (Figure7).
However lower concentration i.e., 1000 ppm only inhibited
26.0 % of radial growth. As a result, CMTKG/ZnO
nanocomposites were discovered to have natural antifungal



Jagram Meena, Harish Chandra, Sudhir G. Warkar / J. New Mat. Electrochem. Systems

activity. The antifungal activity of Zinc oxide nanoparticle due
to the production of Reactive Oxygen Species (ROS) which
result in Oxidative stress [42-43]

Table 2. Percentage radial growth inhibition of Aspergillus

Sflavus MTCC2799
Conc. Growth area Aver. Area Inhibition
(mm) Growth (%)
(in mm)
Control 56.0,54.0 mm | 55.0+ 1.41lmm | 00.00%
1000ppm | 40.0,41.0mm 40.5+0.70 26.36%
mm
2000ppm | 34.0,37.0mm 355+2.12 35.45%
mm
3000ppm | 27.0, 28.0 mm 27.5+0.70 50.00%
mm

Figure 7. Percentage radial growth inhibition of
CMTKG/ZnO nanocomposites against Aspergillus flavus
MTCC-2799 at different concentrations (A) Control, (B)

1000 ppm, (C) 2000 ppm, and (D) 3000 ppm
4. CONCLUSION

In the present study, a novel CMTKG/ZnO nanocomposite
was synthesized by using the in-situ method. FTIR and XRD
characterizations indicated the presence of ZnO NPs which did
not affect the chemical structure of CMTKG. However,
chemical interaction between polymeric matrix and
nanoparticle was found in FTIR spectra. SEM and TEM
images confirm the homogeneous distribution of the ZnO NPs
in a polymeric matrix with an average nanoparticle size of 40
to 90 nm. The prepared nanocomposite was then analyzed as
an adsorbent for Chromium (VI) removal. Contact time 80
minutes, adsorbent loading 2 mg/L, initial Chromium (VI)
concentration 30 mg/L and feed pH 7 was found as optimum
operating parameters for maximizing percent extraction of
Chromium (VI) ions (95.5%) from wastewater. The prepared
composite was then examined as Antifungal material. A.
flavus MTCC 2799 growth was successfully prepared by
CMTKG/ZnO nano-composites.
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