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ABSTRACT

Pesticides play a vital part in crop production. The present study
intends to develop a bioactive membrane-based sensor based on
enzyme inhibition for determining pesticide residues. The absorbance
(AU) of samples is determined by UV-Vis spectrophotometry.
It also aims to study the stability of the enzyme extract at various
concentrations. To immobilize the enzyme, different mediums like
cellulose, chitosan, guar gum, and cellulose with guar gum are
considered for finding an effective membrane. Findings reveal the
efficiency of the biosensor in detecting the pesticide residues from
tomatoes and mushrooms by finding tomatoes with 0.01M Malathion
showed a high absorbance rate of 0.97, 20 times diluted Tyrosinase
extract from mushrooms showed maximum absorption of 0.55, and
aluminum oxide in tomatoes has explored an absorbance rate of
0.96 at 0.1M concentration. So, the aluminum oxide in tomatoes
has explored a high absorbance rate. The LOD, LOQ, RSD, linear
range and sensor recovery were obtained for different pesticides. The
RSD (%), LOD, and LOQ for these pesticides are obtained at (1.155,
1.81,2.09 mmol L), (3.81, 5.973, 6.897 mmol L"), and (11.55, 18.8,
and 20.9 mmol L), respectively. The linear ranges are 2, 6, and 20
mmol L. Then, the outcomes of Tyrosinase activity inhibition were
obtained through absorbance of different pesticides.

1. Introduction

with more environmental costs. Recently, the

Pesticide is the common term for the substances
utilized for poisoning pests like insects, rodents,
weeds, etc. Pesticides that are harmful to
human beings are rodenticides and insecticides.
Farmers generally use synthetic pesticides
due to their simple application, widespread
availability, efficiency, and economic returns
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residues of toxic pesticides in food samples and
groundwater have enhanced public concerns,
particularly in association with children’s health
[1]. Due to the increased utilization of pesticides
over the last few years, the possibility of
disclosing these toxic chemicals has also found
considerable improvement. Currently, the use of
pesticides has found significant enhancements
in satisfying the demands of people due to rapid
population development. This is because more
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food has to be produced due to an increase in
the number of pesticides used in agriculture
in the community It resulted in high farm
productivity for which the farmers employed
pesticides. Various reports stated the prime
pesticide levels in the food could lead to the
improvement of diseases such as kidney, lung,
and cancer ailments. Based on the reports of
the WHO (World Health Organization), every
year, nearly 30,00,000 cases of people are
getting poisoned by pesticides with 2,20,000
deaths, especially in developing countries [2].
Moreover, 2.2 million individuals, mainly
from evolving countries have been exposed
to a high risk of pesticides [3, 4]. Traditional
research tried to study the detection of pesticide
residues. Accordingly, a perspective on using
pesticides in the agricultural area has been
afforded to find the pesticide’s impact on the
environment and food production. Hence, it
has been vital to emphasize the significance of
finding the residues of pesticides in food aiming
to confirm food safety as these compounds
could indicate the risks associated with the
environment and human health [5, 6]. It has
also been exposed that the mass spectrometry
and chromatographic methods support finding
the pesticide residues for assessing the food
quality which reached customers along with
MRLs (Maximum Residue Limits) laid by each
country’s legislation, these instrumentations
turn to manage the population exposure
to pesticides [7]. Though MRL has been
utilized as the food quality parameter, global
variations in the pesticide legislation do not
guarantee the safety of consumers. For the diet
of human beings, vegetables, and fruits have
been an essential part as they possess essential
nutrients needed for a normal human to react to
several reactions within their body. Persisting
pesticide usage has resulted in several issues
including the health of humans. To maintain
losses and manage the standardization of
these vegetables and fruits, harvest pesticides
have been used. The main intention of the

conventional research has been to find the
quality of pesticides existing in these foods
by computing the normalized variation of
vegetation index through the sensor. The
process has been undertaken in two fragments.
The initial part identifies the vegetables and
fruits through the usage of a Convolutional
Neural Network (CNN) by training it with
the image feature sets like shape, texture, and
color. In the subsequent module, the pesticides
in these vegetables and fruits have been
detected through three manners for computing
its Normalized Difference Vegetation Index
(NDVI) through the usage of a gas sensor
and IR sensor. Then, the comparison has been
undertaken. Arduino program afforded the
output. Information that has been detected will
be shown on the screen. Following this, the
graph has been plotted. It has been concluded
that the gas sensor provides high accuracy
for pesticide detection [8]. Analysis has been
undertaken to review rapid pesticide detection
inhibition,
detection,
chromatographic

approaches involving

fluorescence

enzyme
sensor, biosensor
spectrophotometric  and
analysis, which has examined the progressive
status. It has been summarized that the rapid
detection method has become faster and highly
extensive [9, 10]. A Fluorometric-atrazine assay
relying on N-GQDs and Tyrosinase inhibition
has been developed. This Tyrosinase includes
a copper-comprising enzyme of the animal and
plant tissues that catalyzes melanin production
and supplementary pigments from the Tyrosine
through oxidation like the blackening of sliced
or peeled potatoes that have been exposed to
air. It has been found within the Melanosomes.
In the molecular-biology, Tyrosinase indicates
an oxidase that indicates the enzyme limited
by rate to manage melanin production [11].
Tyrosinase carries phenol oxidation, such as
pyrocatechol, using di-oxygen and Tyrosine. In
Tyrosinase existence, benzoquinone has been
formed from the Cathecol, and the structure of
Tyrosinase is shown in Figure 1.
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Fig.1. Structure of Tyrosinase
NGQDs have been synthesized through extraction, micro-extraction methods,

hydrothermal reaction by applying ammonia
and citric acid. The tyrosinase-driven dopamine
oxidation reaction produced dopaquinone, which
could effectively reduce N-GQDs fluorescence
by the dynamic quenching method. Tyrosinase
inhibitor named atrazine could alleviate enzymatic
reaction by declining the Dopaquinone generation
resulting in fluorescent recovery that depends on the
atrazine concentration. The recent identification of
the metabolite or parent compounds has impacted
the pesticide analysis rate, thus
the request for methods to compute minimum
concentration levels [12].

In addition, current knowledge regarding the
detection and isolation of pesticides in fatty

instigating

commodities has been analyzed. Several
isolation methods have been discussed such as
solvent partitioning, dispersive solid-phase, and
solid-phase, matrix solid-phase dispersion, gel-

permeation chromatography, accelerated-solvent

Soxhlet
extraction, and QuUEChERS-based methods. The
chromatographic techniques pre-dominate the
pesticide residue analysis in the fatty matrices.
Due to this, the analysis concentrates on these
methods, especially those integrated with mass
spectrometry. Still, analytical
issues in determining pesticide residues in the
fatty matrices to develop quick and simple ways
that consume minimum organic solvents. Until
now, various methods have been introduced to
extract and detect pesticides from conventional
to progressive detection methods [13-15]. A
comprehensive review of accessible traditional
methodologies (liquid chromatography integrated
with several detectors and gas chromatography)
to advanced pre-treatment (magnetic nano-
particle coated with polystyrene) and detection
(nano-technology and development)
methods utilized in pesticide residue analysis in
several vegetables and fruits have been analyzed.

chemists face

se€nsor
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Though the detection and extraction systems
options remain similar, these methods have been
expensive and time-consuming [16]. In recent
years, advanced methodologies like biosensors
[17], nanotechnology, and molecular-imprinted
polymers have been used as an alternative to detect
pesticides. Progressive enhancement of biosensors
has been explored to detect dichlorvos pesticides,

from the usage of traditional immobilizing

assistances to highly promoted composite
or hybrid nanomaterials. Further, biosensor
development has been summarized through

enzyme inhibition methodologies wherein enzymes
like Tyrosinase, AChE (Acetylcholinesterase),
etc have been immobilized on transducer by
conventional immobilization methodologies or
applying advanced nanomaterial to integrate in a
better manner [18]. A six-stage method has been
explored for designing the enzyme sensors aimed
at evaluating the complex matrix quality. This has
to be followed to accomplish maximum probable
biosensor sensitivity to probable toxic substances
for reducing the impact of uncontaminated complex
mixture elements on the biosensor activity. Testing
has been performed with the endorsed approach
to outline a bio-luminescent biosensor to integrate
rapid evaluation of vegetables and fruit safety.
Techniques and methods have been described to
attain the desired outcome in the individual stage.
It has been found that the six-stage technique to
design the bio-luminescent enzyme biosensors
could be utilized for designing the enzyme-based
sensors relying on several other enzymes [19].
Traditional studies were undertaken on biosensors
to inhibit enzymes to find the carbamate pesticides
and organophosphorus compounds, which have
been reviewed [10, 20, 21]. Biosensor sensitivity
enhanced by including
immobilization methodologies like thin-polymer
films and self-assembled monolayers. Additionally,
a computational model framed from perceived data
relies on varied inhibition approaches with diverse
inhibitors that assist to classify and find pesticides
concurrently. Likewise,
critical analysis has been emphasized between

has been effective

in real-time samples

2015 and 2019 along with to date overview of
analysis methodologies and extraction techniques
in detecting the residues of pesticides in several
food samples [22]. Theoretically, pesticide residues
existing in food might metabolize and generate new
chemical substances while processing food. Thus,
research is essential for biosensor development
that could be utilized for detecting the pesticide’s
existence during the pre-processing stage [23].
Consequently,  pesticide through
biosensor technology has been a promising area,
and efficient products are expected to be developed
for huge employment in the future [24, 25]. It has

detection

also been vital to estimate the existence of these
toxic chemicals in daily food constituents beyond
the tolerable limit. Also, the organic compounds
such as VOCs and pesticides can be determined by
different techniques such as gas chromatography,
UV-Vis and HPLC in different matrixes [26-31].
To attain efficient knowledge, the present study
aims to generate enzyme-based bioactive sensors
for sensing the existence of pesticides in fruits and
vegetables consumed regularly. To accomplish this,
the study considers extracting Tyrosinase (enzyme)
from food samples. In this study, tomatoes and
mushrooms are considered as samples and the
enzyme inhibition rate with various metal inhibitors
and pesticides is researched to find the effectiveness
of the system in the detection of pesticide residues.

2. Experimental

The research aims to develop bioactive membrane-
based sensors to determine pesticide residues.
Though conventional works attempted to detect
pesticide residues, they have been ineffective and
time-consuming. Thus, the present work performs
experiments based on the below steps to prepare the
membrane. Absorbance (AU) and transmittance
(%) are measurements used in spectrophotometry
(Cary 4000, Agilent, USA). Spectrophotometry
UV-Vis measures how much radiant energy a
sample absorbs at varying wavelengths of light
between 175-900 nm. The UV-Vis technique
determined the concentration of pesticide residues
in solutions after calibration by standards.
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2.1. Experimental procedure to prepare
membrane

In this section, tyrosinase from two detected
sources tomato and mushroom were extracted.
The stability of enzyme extraction at varied pH
and temperatures was also studied. In addition,
immobilizing the enzyme extracts on different
mediums such as chitosan, guar gum, and
cellulose was done and the integration of the two
in diverse ratios as well as its standardization to
use further. The enzyme activity with diverse
indicators utilizing the colorimeter studied and
enzyme inhibition through different metal ions
and pesticides with the utility of standardized
indicators was obtained. Casting an immobilized
enzyme membrane on ideal solid support was
evaluated.

2.1.1.Extraction of Tyrosinase
2.1.1.1.Extraction of Tyrosinase from tomato
First, 300 g of tomatoes are added to a blender
with 300 mL of sodium fluoride (NaF). Then,
a tomato is peeled and cut into 1-inch squares.
After this, it is homogenized for one minute
at high speed. The mixture (homogenate) is
poured through various cheesecloth layers into
the beaker. The volume of the obtained mixture
is measured. Following this, an equal amount
of aluminum sulphate is added. This led to
the appearance of a fluffy white precipitate as
several early soluble proteins of tomato became
insoluble. A tyrosinase enzyme is one of these
proteins, thus, it is found later in the precipitate
[32]. The above mixture is partitioned into chilled
centrifuge tubes. This is then centrifuged at
3000rpm at 4°C. Subsequently, centrifuge tubes
are carefully collected and poured off. Then,
the fluid is discarded and the pellets are saved.
All pellets are integrated into a 100ml beaker.
A citrate buffer of 60 mL is integrated into the
pellets. Contents are stirred well. Following this,
a glass rod is utilized for breaking the pellet to
preserve its coolness. This solution is again
partitioned into the centrifuge tubes. This is again
centrifuged at 3000 rpm for five minutes at 4°C.
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The supernatant is gathered and then saved. It
includes the extracts of the enzyme. This is then
positioned in volumetric flasks and the enzyme
extracts are labelled and placed in the ice bucket.

2.1.1.2. Extraction  of
Mushrooms

Mushrooms are dissected into small parts. It is
then weighed for 30 g. Each mushroom cube is
wrapped into a separate [33] Aluminium foil.
After some time all the foils are removed and the
mushrooms are put into a blending flask. 50 ml
of the Tris solution containing NaF is added and
blended for 1 minute and 3 times. The blended
mixture is filtered through a fritted funnel and

Tyrosinase  from

the filtrate is fed into a conical flask. The mouth
of the flask is covered with Aluminium foil and
immediately put into an ice bucket full of ice.

2.1.2.Study of enzyme extraction stability at
varied pH

To study the stability of enzyme extraction at
different pH and temperatures, a Tris buffer
is made with NaF solution based on the below
procedure[34]. We used this powder (0.605 g),
HCI (1 N), NaF solution (0.1 M), and distilled
water. To prepare 1 N HCI, we added 11 ml
distilled to 1 mL HCI. The preparation of 0.1
M NaF solution was done by adding 0.295 g
of NaF to 50 ml of distilled water. So, the tris
solution prepared by 2 gm of tris dissolved in
50 ml distilled water and the final tris solution
containing NaF prepared by 12 ml HCI solution
is added to the prepared Tris solution. The above
mixture is Tris buffer. Then, 25 ml of Tris buffer
and 25 ml of 0.1 M NaF solution are taken in a
conical flask and mixed correctly. This has given
50 ml of the above solution.

2.1.3.Preparation of membranes

Due to Schema 1, membranes like guar gum,
cellulose, chitosan, and a silica gel layer are
also prepared to stabilize the enzyme activity.
This preparation is achieved using the procedure
below.



10 Anal. Methods Environ. Chem. J. 7 (3) (2024) 5-20

Membranes preparation

Preparation of guar gum and

Preparation of guar )
cellulose mixture

gum

Preparation of chitosan Preparation of silicon
layer gel

Cellulose powder and guar gum ‘ ‘ Glycerin, Nylon net, Guar gum

Chitosan powder, Acetic acid,
Surgical blades

Silicon gel powder and water

Schema 1. Preparation of membranes like guar gum, cellulose, chitosan, and silica gel layer

2.1.3.1. Preparation of guar gum

The guar gum is prepared with 2 g of guar gum
powder which is weighed and put in a 400 ml beaker
and 4 ml of Isopropanol is added to it and stirred
properly. Then, 200 ml of distilled water is added
and stirred vigorously until dispersed uniformly. The
mixture is divided into two parts into two separate
beakers. One beaker is placed in a water bath for 10
minutes. After ten minutes, it is labelled as a heated
one and another mixture remains as such.

2.1.3.2. Preparation of guar gum and cellulose
mixture

In the mixtures, the cellulose powder is added and
it is mixed well so that the cellulose gets mixed
completely with guar gum. The consistency is
checked according to the below procedure.

2.1.3.3.Preparation of guar gum - cellulose
membrane

The guar gum-cellulose membrane is prepared
by a ratio of 3:2. A few glass slides are taken,
and the nylon net is cut into small pieces of slide
dimensions. Then, some glycerin is spread over the
glass slides completely. The nylon net is kept on
each slide and the guar gum and cellulose mixture
are spread over the slides containing the nylon net.
Then, it is left for 24 hours to dry, and the formed
membrane is finally removed.

2.1.3.4. Preparation of chitosan layer
The chitosan layer is prepared with 2 g of chitosan

powder is weighed and put into the beaker. Then, 50
ml of the distilled water is added and the chitosan
powder is dissolved properly in it and 1 ml of Acetic
acid is added to it which makes the mixture viscous.
At that moment, it is stirred for half an hour until all
the bubbles are removed from it. Then, the mixture
is spread in a petri dish and left undisturbed for 24
hours for drying. Finally, it is removed through
surgical blades from a Petri dish.

2.1.3.5. Preparation of silica gel layer

The silica gel layer is prepared using some amount
of silica gel powder and added to distilled water.
It has been mixed until the required consistency is
obtained. If required, silica gel or water is added to
it. Then, the above mixture has been spread over
the glass slides. It is kept undisturbed until it dries
completely. Finally, the silica gel layer is ready for
further tests [35]

2.1.4. Immobilization of the enzyme extracts

Immobilization indicates the enzyme attachment
[36] onto an inert and insoluble material that could
afford high resistance to alterations in different
conditions like temperature or pH. This permits
enzymes to hold it throughout the reaction, this is
followed by easy separation from corresponding
products that might be utilized again. It is an
effective method and is widely employed in
industries for catalyzed reactions of the enzyme.
The immobilized enzymes are highly significant
for commercial usage due to their benefits for
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processing reactions. The main advantages of these
enzymes are economy, convenience and stability. As
an economic advantage, the immobilized enzyme
could be easily partitioned from the reaction making
it easy to recycle the bio-catalysts. For convenience,
the small quantities of protein get dissolved in
reactions so that the workup could be easier. After
completion, the reaction mixture usually comprises
only the reaction and solvent products. As a stability
advantage, the immobilized enzymes possess high
operational and thermal stability in comparison
to soluble immobilization which indicates the
enzyme attachment to the inert and insoluble
material. It could afford enhanced resistance to
alterations in conditions like temperature or pH.
This permits enzymes to be detained in a position
throughout the entire reaction. Then, these are
separated easily from products and enzyme forms.
Also, three effective approaches exist for enzyme
immobilization adsorption, entrapment and cross-
linkage. Due to adsorption, attachment of enzyme
to the exterior of inert material occurred. Generally,
this methodology is slower than the entrapment

Sunita Hooda et al 11

and entrapment process. As absorption is not a
chemical reaction, the active site corresponding to
the immobilized enzyme might be blocked through
a bead or matrix greatly minimizing the enzyme
activity. The structure of Tyrosinase exploring its
active site is shown in Figure 2.

Two copper atoms within the active site of the
Tyrosinase
di-oxygen to form highly reactive chemical
intermediation that oxidizes the substrate. Tyrosinase
activity is identical to the catechol oxidase that is
associated with the copper oxidase class which is
collectively called polyphenol oxidase. The other
effective approach for enzyme immobilization
is entrapment. In the entrapment, the enzyme is
confined to the microspheres or insoluble beads,
such as a calcium alginate reaction. Nevertheless,
this insoluble material hinders the substrate arrival
and product exit. Also, cross-linkage is another
effective approach for enzyme immobilization.In
the cross-linkage, covalent bonding of enzyme to the
matrix is performed by a chemical reaction. It is more

enzymes communicate with the

Fig. 2. Active sites of tyrosinase structure



12 Anal. Methods Environ. Chem. J. 7 (3) (2024) 5-20

efficient than entrapment and absorption. Chemical
reaction confirms that the binding site does not cover
the active site of the enzyme, enzyme activity is only
impacted by immobility. Nonetheless, covalent bond
inflexibility impedes self-healing features explored
through the chemo-absorbed and self-assembled
monolayers.

2.1.5.Immobilization of the Tyrosinase extract on
the different layers

The layers prepared (chitosan, guar gum, cellulose,
and integration of two in diverse ratios) are then
embedded with Tyrosinase by pouring the enzyme
extract of the most active concentration over them
[37]. It has been left undisturbed at a low temperature
for 10 -12 hrs. The enzyme gets adsorbed over the
layer to retain its properties. So, chitosan, guar gum,
and cellulose are explained below.

Chitosan is a functional linear polysaccharide that can
be produced from the N-Deacetylation of chitin. It is
abiopolymer comprised of N-acetyl glucosamine and
glucosamine units comprised of glycosidic linkages.
Due to the amino groups on the polysaccharide
chain, the chitosan could be positively charged and
solubilized when the pH of the solution is below 6,

thus turning into a polycationic polymer. The chitosan
gets despoiled into the non-toxic product in the Vivo.
Hence, it is widely utilized for several biomedical
applications. The feasibility of using an acid solution
such as acetic acid for chitosan dissolution and the
subsequent homogeneous, membrane is
produced.

Chitosan membrane works as a very good adsorptive
platform for the enzyme Tyrosinase and is cross-
linked with it. Tyrosinase is stable in the membrane
for more than 15 days at 4°C (in the fridge). On
reacting with Pyrocatechol, the immobilized enzyme
in the chitosan membrane turned dark due to Ariel

porous

oxidation. The molecular structure of chitosan is
shown in Figure 3 and the formation of chitosan from
chitin is explored in Figure 4.

Cellulose is a polysaccharide comprised of long
chains of the linked with the units of D-glucose.
This is utilized in huge application ranges that need
a structured backbone. It is employed in preparing
the chromatographic structural media in the gels to
process like ionic separations and electrophoresis
as well as a substrate for identifying and studying
the cellulosic systems. The molecular structure of
cellulose is shown in Figure 5.

OH OH
HO O O O
HO OHO C)HO
NH, NH> NH»>
n

OH

OH

Fig. 3. Molecular structure of chitosan
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Fig. 4. Formation of chitosan from chitin
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Fig. 5. Molecular structure of cellulose

The paper-based product features usually comprise
the cellulose fibres of 90 to 99% that are the
fundamental structural component with significant
components impacting the properties of end usage.
APaper network is comprised of the laid fibrous and
non-fibrous materials that comprise complicated
cavity pore channel sets with several capillary
dimensions. Thus, it is possibly permeable to the
liquids. Nevertheless, the paper structure could be
altered during the liquid contact as it interrupts the
hydrogen bonds, and fibre relaxation and generates
dimensional alterations in the capillaries and pores.
So, cellulose can be used to make a membrane
on which enzymes can get adsorbed and can be
checked for its activity. The drawback of cellulose
powder is, that it doesn’t bind easily to form a
membrane, thus, guar gum is prepared to add
viscosity and bind cellulose powder. It makes the
formation of the membrane possible and provides
a white background to it. To make the film stiff,
guar gum and cellulose solution are transferred to
nylon mesh.

2.1.6.Inhibition of the enzyme by the pesticide

The presence or absence of the pesticide could
be tested only if the immobilized enzyme on the
membrane gets inhibited by the known pesticide
[38]. Solutions for different pesticides like
Malathion, Carbofuran, and aluminium phosphide
in different concentrations are prepared and the
membranes are dipped in these solutions for various
recorded times. These are then taken out at the

noted time intervals and tested for enzyme activity
using the indicator (developer). The inhibition of
the enzyme is more with lesser qualitative color
intensity produced with the indicator. In this
work, Pyrocatechol is utilized as an indicator for
Tyrosinase activity as it oxidizes the Tyrosinase
thereby showing the color change.

2.1.7.The casting of the membrane

The immobilized Tyrosinase on different layers is
then cast into a stable membrane by initially pouring
the solution of these inert layers on the fine nylon
mesh. It is made to dry completely and the extract of
Tyrosinase is adsorbed over the membrane for 10-12
hrs. Finally, the casted membrane [39] is ready to use.

3. Results and Discussion

Observations on absorption rate at various
concentrations of a complex formed by Tyrosinase,
enzyme activity at different concentrations, the
activity of Tyrosinase membrane with various
metal inhibitors, absorption of tomato extracts
with pesticides with Tyrosinase membrane using
Pyrocatechol as an indicator, and inhibition of
Tyrosinase activity by different pesticides absorbance
are discussed in this section. Pyrocatechol has
been used as an indicator in this context. Initially,
the results were obtained for the absorbance of
Pyrocatechol at various concentrations of 1M
Pyrocatechol solution, 0.1M Pyrocatechol solution,
0.2M Pyrocatechol solution, and 0.3M Pyrocatechol
solution are shown in Table 1 and Figure 6.
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Table 1. Pyrocatechol and its absorbance rate at various concentrations

Solutions Absorbance
IM Pyrocatechol solution au0.1
0.1M Pyrocatechol solution au0.17
0.2M Pyrocatechol solution a.u 0.06
0.3M Pyrocatechol solution a.u0.02
0.2
4
N
0.16 e
’
’ ’
I’ N
0.12 p AN
e N
@
< (4 \
< \
\
0.08 \
\\.
-
s o
0.04 .
~
Se
-
0
IM Pyrocatechol 0.1M Pyrocatechol 0.2M Pyrocatechol 0.3M Pyrocatechol
solution solution solution solution

Fig. 6. The absorbance of Pyrocatechol at different concentrations

From Figure 6, the maximum absorption was
observed for a 0.1M solution of Pyrocatechol with
the enzyme extract. Henceforth, this indicator
concentration would be used to study the enzyme
activity at several concentrations. The obtained
outcomes are shown in Table 2 and Figure 7. The
absorbance of the sensor must be checked with a
high instrument for the first time. The SD value is
1.155 and the LOD (limit of detection) and LOQ
(limit of quantity) values are 3.8115 and 11.55
mmol L,

From Figure 7, the absorbance curve for
commercial and extracted Tyrosinase gave a
better concentration estimate when extracted
from the mushroom. That is, 20 times diluted
Tyrosinase extract from mushrooms showed a

maximum absorption of 0.55 and hence it could
be considered for further use. Further, the activity
of the Tyrosinase membrane with different metal
inhibitors has been studied using the Pyrocatechol
indicator. Obtained results are shown in Table 3
and Figure 8. The SD value is 1.81 and LOD (limit
of detection) and LOQ (limit of quantity) values
are 5.973 and 18.1 mmol L!

Lead acetate, lead nitrate, and aluminum sulphate
are metal inhibitors. It has been concluded that
a major change in the colour of the Tyrosinase
indicated the inhibition of the
Tyrosinase by the salts of Aluminium and Lead.
Tyrosinase produces a brown colour when reacted
with Pyrocatechol. However, the colour formation
(activity of the enzyme) was inhibited by different

membrane
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Table 2. Study of enzyme activity at different concentrations using 0.1 M Pyrocatechol in mushroom

Tyrosinase concentrations Absorbance
Stock Solution (0.1M) 0.66 a.u
0.001M Tyrosinase(commercial) 0.6 au
0.002M Tyrosinase 0.04 a.u
0.003M Tyrosinase 0.01 a.u
Mushroom Tyrosinase (40 times diluted) 0.34au
Mushroom (30 times diluted) 043 au
Mushroom (25 times diluted) 049 a.u
Mushroom (20 times diluted) 0.55a.u
0.8
0.7 }
0.6 B
0.5 i“ - é
@ ) \ -— ‘E’
= \ 3--
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\ -
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\ ’I
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2 QO & & R Q 4 N
& S S S s & & Y
S o o o & N & &
S A~ O O L
I
Fig. 7. Absorbance rate at different concentrations of the Tyrosinase
Table 3. The activity of the Tyrosinase membrane
with various metal inhibitors using the Pyrocatechol (indicator)
Pyrocatechol + TM Dark Purple
Pyrocatechol+ TM+ lead acetate Green
Pyrocatechol +TM +lead nitrate Light green
Pyrocatechol + TM + aluminum sulphate Brown

TM: Tyrosinase Membrane*
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pesticides.
activity when it was added to the film embedded
with Tyrosinase which produced no colour with
the addition of Pyrocatechol. Moreover, outcomes
were attained through the addition of Malathion
on Tyrosinase. Carbofuran also inhibited the
activity of the enzyme as it also did not produce
any colour change with Pyrocatechol. Aluminum
oxide also inhibited the activity of the enzyme as it
also did not produce any colour with Pyrocatechol.
Further, a chitosan membrane was prepared which
proved to be a perfect immobilization material for
Tyrosinase, but the problem was the lack of a light
background. And the membrane once air-dried
became very stiff. Once the enzyme gets embedded
in the addition of Pyrocatechol it turns dark in
colour (blackish). While inhibition of enzymes with
pesticides showed no colour change. Then, silica
gel mesh was prepared on glass slides, on which

Malathion inhibited the enzyme's

Tyrosinase was embedded, it provided a very fine
background and colour change was observed with
the addition of Pyrocatechol in the immobilized
enzyme as yellow which showed brown colour
when inhibitor (pesticides) were present as shown
in Figure 8. However, the enzyme was not stable
for more than three days.

Then, attempts were made to work with cellulose,
as its light colour gives a good background and
enzyme easily and on the addition of indicator it
showed a dark purple colour. While, in the presence
of pesticides, it gives a brown colour. The drawback
of cellulose was, the inability to bind. Thus, it was
mixed with guar gum solution to make a good
quality membrane. So, the guar gum-—cellulose
membrane was found to be effective. Then, the
results of the absorption rate of tomato extracts
with different pesticides are shown in Table 4 and
Figure 8.

Table 4. Study of absorption of tomato extracts with different pesticides
with Tyrosinase Membrane using Pyrocatechol as an indicator

Solutions Absorbance
Fresh Tomato a.u0.35
Tomato in Carbofuran (0.1M) a.u 0.46
Tomato in Malathion (0.01M) a.u 0.32
Tomato in ALO, (0.1M) a.u0.96

1.2

0.8

0.6

Abs

0.4 —“'-’

0.2

Tomato m AI203
(0.1M)

Tomato in Tomato mn

Carbofuran (0.1M) Malathion (0.01M)

Fresh Tomato

Fig. 8. The absorption rate of tomato extracts with different pesticides



Determining pesticide residues in tomatoes and mushrooms by UV-Vis

The absorbance of tomato extract with different
pesticides was determined using a biosensor.
According to Figure 8, it is found that tomatoes in
aluminum oxide have explored a high absorbance
rate of 0.96 at 0.1M concentration. Then, the
outcomes obtained for inhibition of Tyrosinase
activity through absorbance of different pesticides
are shown in Table 5 and Figure 9. The SD value is
2.09 and LOD (limit of detection) and LOQ (limit
of quantity) values are 6.897 and 20.9 mmol L.
The absorbance of the sample using UV-Vis is
shown in Table 5.

The inhibition of Tyrosinase activity in different
pesticides is identified using biosensors. 0.01546
mmol L' is the value for absorbance 0.3, 0.7
absorbance attained 0.0608 mmol L', absorbance
of 0.97 wvalue has 0.05000 mmol L', 0.69
absorbance value obtained 0.03557 mmol/L and
0.66 absorbance attained 0.03402 mmol L' for cell
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length 1 and molar absorptivity 19400 for all the
absorbance.

From Figure 9, it is found that the extract of tomato
with 0.01M Malathion showed a high absorbance
rate of 0.97, while, Tyrosinase + Tomato extract
with pesticide (Malathion)+ Pyrocatechol showed a
minimum absorbance rate of 0.66. Thus, it could be
concluded that 20 times diluted Tyrosinase extract
from mushrooms showed maximum absorption of
0.55, and tomato in Aluminium oxide has explored a
high absorbance rate of 0.96 at 0.1M concentration.
The 0.01 molar value in mg L' is 980 for a density
0f 0.001 and molecular weight of 98 mg.

4. Conclusion

Theresearch aimed to develop bioactive membrane-
based sensors through enzyme inhibition for
to determine pesticide residues, especially in
tomatoes and mushrooms. The stability of the

Table 5. Inhibition of Tyrosinase activity through the absorbance of different pesticides

Solutions Absorbance
Tyrosinase + Pyrocatechol au0.3
Extract Tomato without Pesticide a.u0.7
Extract Tomato with 0.01M Malathion a.u 0.97
Tyrosinase + Tomato extract without pesticide + Pyrocatechol a.u 0.69
Tyrosinase + Tomato extract with Malathion+ Pyrocatechol a.u 0.66
1.2
1
7 % ~
os - - ~ .
. - & -~ «
< : JRg
’
’
0.4 pid
’
«
0.2
0
Tyrosinase + Extract of Extract of Tyrosinase +  Tyrosinase +
Pyrocatechol Tomato without tomato with Tomato extract Tomato extract
Pesticide 0.01M without with pesticide
Malathion pesticide + (Malathion)+
Pyrocatechol ~ Pyrocatechol

Fig. 9. Inhibition of Tyrosinase activity by different pesticides
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enzyme extract at different concentrations was
studied. Immobilization of the enzyme extract on
different mediums like cellulose, chitosan, guar
gum, and a combination of guar gum and cellulose
was tested. Due to the effective binding and stable
nature of guar gum and cellulose, it was integrated
and considered a membrane. Pyrocatechol was
used as an indicator for Tyrosinase activity as it
oxidizes Tyrosinase by showing the colour change.
The maximum absorption was observed fora 0.1M
solution of Pyrocatechol with the enzyme extract.
Thus, this concentration of the indicator was used to
study the enzyme activity at several concentrations.
Finally, the study was undertaken for the inhibition
of an enzyme by different pesticides and metal
inhibitors with the use of 0.1M Pyrocatechol. It
was found that 20 times diluted Tyrosinase extract
from mushrooms showed maximum absorption
of 0.55. Meanwhile, tomatoes with aluminum
oxide had a high absorbance rate of 0.96 at 0.1M
concentration. This maximum rate of absorption
indicates the efficiency in detecting the pesticide
residues. The LOD, LOQ, RSD%, and linear range
(LR) and recovery of the sensor were discovered
for every different pesticide. The RSD for all these
pesticides is 1.155, 1.81, and 2.09, LOD is 3.81,
5.973, 6.897 mmol L, LOQ is 11.55, 18.8, and
20.9 mmol L' respectively. The LR are 2.6 and
20 mmol L. The pesticide residues found are
accurate.
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