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Abstract: The Deep learning (DL) network is an effective technique that has
extended application in medicine, robotics, biotechnology, biometrics and com-
munication. The unique architecture of DL networks can be trained according
to classify any complex tasks in a limited duration. In the proposed work a deep
convolution neural network of DL is trained to classify the antimicrobial activity
of silver nanoparticles (AgNP). The process involves two processing steps;
synthesis of silver nanoparticles and classification (SEM) of AgNP based on
the antimicrobial activity. AgNP images from scanning electron microscope are
pre-processed using Adaptive Histogram Equalization in the networking system
and the DL classification model Deep convolution neural network (DCNN) with
modified activation function Leaky ReLy is designed particularly to classify the
antibacterial activity of AgNP in various concentrations. DCNN analyses the
absorption maxima AgNP and categorizes the activity of microbes. The experi-
mental analysis of the proposed method shows that the AgNP shows the maxi-
mum absorption value of 0.56 at 450 nm. The overall technique yields an
accuracy of 94% through the DCNN technique. The methodology used here to
develop silver particles at the nanoscale is easy and economic.

Keywords: Networking; green extract; silver nanoparticles; adaptive histogram
equalization; deep convolution neural network; anti-bacterial activity

1 Introduction

Green nanotechnology has recently developed novel and sustainable methods for the production of
nanoparticles. Nanoparticles (NP) are current and distinct in terms of size, distribution and shape.
Nanoparticles provide significance in diagnostics, antagonistic studies, nano electronics and the detection
of extremely sensitive biomolecules due to their unique properties. Modern bio nanotechnology may
create unique distinctive nanoparticles. Nanoparticles are used in huge quantities in biomolecule labels,
cell labels and cancer treatment. The nanoparticles display unique optical, magnetic and catalytic
properties [1]. To develop and synthesize the nanoparticles with the required size, form and operations,
one requires a detailed investigation of the chemical, physical and biological properties of a particular
component [2]. The usage of natural plant and micro-organisms contains plenty of hydrogen atomic
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particles which is helpful in the synthesis of nanoparticles [3]. Moreover, the process is biocompatible,
natural reductive and low cost in comparison to the conventional process. The synthesis of nanoparticles
is allowed to interact with the natural microorganism to produce the anti-bacterial agents [4]. The
majority of antibacterial drugs are chemically modified natural substances. These genetically modified
antibacterial agents resist the recurrence of infection caused by particular micro-organisms.

Microorganisms are generally single-celled or multicellular (dense group) living organisms known as
biofilms that are invisible to the naked eyes [5]. The biofilm gives motorized integrity and adherence to
biotic and abiotic surfaces, including human tissue, surgical equipment, industrial equipment and implants
[6]. Considering the significance of biofilm in antibiotic resistance, eliminating bacteria requires multiple
medicines which may have possible adverse effects on people and surroundings, the increased toxicity,
expense and length of therapeutic drug therapies are due to the requirement for high levels of common
disinfectants and antibiotics [7].

NP is extensively utilized in medical drugs because of its peculiar physical, size and chemical (p-chem)
features [8]. The improvement of antibacterial properties makes them a viable antibiotic substitute [9]. NPs
have been investigated on their ability to suppress microbial infections and prevent bacterial colonization by
eliminating biofilms in different surface devices including catheters and prostheses [10].

Fig. 1 shows the SEM image of agglomerated silver nanoparticles. Silver and silver oxides (AgO) are
auspicious antimicrobials against a wide range of bacteria, including drug-resistant types. Surface
modification, intrinsic features, content and bacterial species all influence the toxify mechanism of NP
against microbes [11]. Some of the major influence mechanism includes: (1) electrostatic contact causes
mechanical damage to the cell wall; (2) production of reactive oxygen species induces oxidative; and (3)
metal cation release causes disruption of cell and protein structures. Among the silver nanoparticles (Ag-NP),
silver nitrate (AgNOQOs) is more suitable for the study of green nanoparticles [12]. It has an oligodynamic
effect which can accumulate the bacterial cell walls and bind with biomolecule membranes [13]. It produces
free radicals and reactive, oxygen species and acts as a signal modulator for microorganisms. Bacterial type
and its P-chem property decide the antibacterial property of nanoparticles [14].

Figure 1: SEM image of agglomerated silver nanoparticles

For a better analysis of nanoparticles, computational assist deep learning (DL) tools can be implemented to
decrease the error rate and experimental trials [15]. Deep learning, the branch of artificial intelligence that learns
multiple algorithms and data to solve a complex problem without humans indeed [16]. The main capability of
DL includes decision-making, problem-solving and object recognition [17]. Furthermore, these technologies
are efficient and low-cost and they rely on data input. They can also estimate the impact of materials that
haven't been synthesized yet, leading to safe-by-design approaches [18]. The use of deep learning for the
prediction of NP toxicity profiles and the development of novel antibiotics has been successful.
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Based on our study on deep learning, there is no detailed study for the prediction of the Antagonistic nature
of silver nanoparticles. In the proposed work, we develop Convolution neural network model to analyze the
antibacterial activity of pathogenic organisms such as FEscherichia coli, Proteus vulgarizes, Klebsiella
pneumonia, Pseudomonas aeruginosa. The objective of the proposed work is to design a deep learning
model to evaluate the antimicrobial activity of silver nanoparticles. The extract is collected from four
different species such as Cocos nucifera, Emblica officianalis, Carica papaya and Azadirachta Indica and
mixed with AgNO; at different concentrations for the synthesis of nanoparticles. The SEM (scanning
electron microscope) output of nanoparticles is processed and classified using a deep learning algorithm to
test the Antagonistic nature of silver nanoparticles. The main need and objective for this study are to
develop a deep learning technology to synthesize nanoparticles eco-friendly. The physical and chemical
modes of synthesizing silver nanoparticles need very high temperature and pressure as operating conditions.
To agglomerate the synthesized nanoparticles, a stabilizer needs to be added. This biological method needs
no toxic chemicals and energy-intensive methods.

2 Materials and Methods

The proposed study focuses on the detection of anti-bacterial, anti-fungal, anti-malarial and anti-oxidant
activity of the micro-organism in different concentrations of AgNO; The process of the proposed method
involves two main steps (i) Data collection and synthesis of silver Nanoparticle, (ii) classification of
Scanning Electron Microscope (SEM) Nanoparticle images using Deep convolution Neural network
(DCNN). The classification of SEM images includes several steps such as pre-processing, model
development, validation and classification. The overall block diagram of the proposed work is shown in Fig. 2.
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Figure 2: Overall block diagram of proposed work based on DCNN network

2.1 Data Collection

The SEM images of silver nanoparticles in the proposed method are produced at a specialized
microbiology laboratory of the biotechnology department. The description of materials is given in the
following steps. The chemical silver nitrate prepared by High Purity Laboratory Chemicals, Mumbai with
99.8% purity is used in the experiment. Leaves of Azadirachta indica, fresh fruits of Carica papaya,
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Emblica officianalis and the seed of Cocos nucifera are collected and confirmed by an official from the
Department of Horticulture for the scientific nomenclature.

2.2 Extraction and Synthesis of Nanoparticle

The plants extracts were collected and filtered from A. indica and C. nucifera for the synthesis of the
nanoparticle. All the plant extracts are mixed with silver nitrate solution individually in the ratio 9:1, 8:2,
7:3, 6:4 and 5:5 to analyze and optimize the concentrations. Then the solution is kept separately at the
optimized condition for 5 h. Then the solution is tested in different medium such as SEM, TEM
(Transmission electron microscope), Ultra Violet and XRD (X-ray powder diffraction). The detailed
description of nanoparticles extraction is shown in Fig. 3.
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Figure 3: Extraction of silver nanoparticles (AgNO;) from the plant extract

2.3 Data Pre-Processing

The output image of the SEM image is processed in the DCNN network to detect the anti-bacterial
activity of AgNP’s. In this step, the SEM image is processed to remove the artifacts and to enhance the
quality of the image. The size of the SEM image is reduced to 256 x 256 pixels and enhanced using
Contrast Limited Adaptive Histogram Equalization. It is the contrast augmentation technique, broadly
used in microscopic image analysis because of its ability to progress the contrast and brightness of the
input image. Microscopic image analysis is not similar to the normal image analysis as it has a limited
number of datasets. It causes over-fitting and irregular classification. To decrease the mentioned impacts,
information extension has been performed through grouping; zooming multiple times. The mathematical
expression of histogram equalization (HE) is given in Eq. (1).
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CorreHis(ROI (win,,(C))),
HE = ZZ ROI(win,,(ng) + 1) (1)

Here n;, denotes the number of adjacent pixels and w is denoted as 1 in the correlation position of the
relationship histogram; or else, w is denoted as 0 and gathered constantly. The Processed image is directly fed
into the DCNN network to detect bacterial activity. Fig. 4 Shows the Contrast-enhanced SEM image of silver
nanoparticles.

Figure 4: Contrast-enhanced SEM image of silver nanoparticles

3 Proposed Deep Convolution Neural Network (DCNN)

The deep learning convolution architecture is widely recommended in medical imaging because of its
outstanding classification accuracy. The proposed DCNN consists of 10 layers: 1 input, 8 hidden
(3 convolution layers, 2 pooling layers, 2 fully connected layers and 1 softmax layer) and 1 output. The
SEM image of AgNO; fed into the convolution layer. The dataset has different images of AgNP at
different concentrations and to detect the antibacterial properties. Here the target class of AgNP is
classified into four categories such as anti-bacterial, anti-fungal, anti-malarial and anti-oxidant activity. In
this work, we developed a novel DCNN architecture with a modified additional feature map and
activation layer to classify agglomerated silver nanoparticles. The detailed description of the proposed
work along with its architecture is shown in Fig. 5.
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Figure 5: DCNN architecture
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3.1 Architecture Design of DCNN

Fig. 5 illustrates the basic function steps of a deep convolution neural network. The DCNN architecture
used in the proposed study is explained in the following locution. The input layer first transforms the 28 x
28 pixel into a vector, resulting in a 784-pixel-wide feature space. This DCNN’s first layer contains
256 neurons linked to 512 weights, resulting in 512 * 256 + 256 = 1,31,328 weights to compute,
including the bias. In total, there are 1,31,328 coefficients. The leaky ReLU function was employed for
activation. There are now two convolutional layers based on 3 x 3 filters with average pooling. As a
result, the feature space is decreased from 32 X 32 to 6 x 6. The probabilities are computed using the
softmax layer, which is followed by two hidden and deep layers of 60 and 42 neurons. Through a thick
convolution route, the convolution process separates background information in many scales. The
softmax layer that distributes the class label numbers has received the output of the final linked layer. To
perform the layer transformation, the transition block is provided. All nanoparticles were standardized
and statistics were generated on the training set.

3.2 Classification Procedure of DCNN

The target class identification of the SEM images is labelled in each image. Each variable is labelled with
a predetermined length (22 ms) as specified in the design. The input target is a vector probability of the target
classes and the output target is an audio signal frame (x) from the sample of length (I). In the DCNN, there are
25 filters of size 3 X 3 and stride = 2. The Leaky RELU (Rectified Linear Unit) is used to convert
characteristics from a linear to a non-linear space. The size of the product is unaffected by the feed-in
size. When the input is negative, it may be thought of as a threshold function with a zero product.

Classification of Sub segments: The feature map F,,, 1s sectioned into x overlapping sub-segments with

Time frames (T) where T = %
Sl(h) = leog[Shi + b] (2)

Herei c {0,....... x — 1} is the sub segment index of the time frame. Thus, subsumes are spread equally
throughout input length. The output softmax layer of CNN processes each sub-segment separately. The
likelihood of a full input SEM image in DCNN outputs determines the final target class output.

The hyper parameter setting of the proposed work is given in Tab. 1.

Table 1: Hyper parameter setting

Parameter Value
Number of neurons in each layer 512
Learning rate 0.01
Activation function Leaky ReLu
Number of epochs 12-30

Drop out 0.2

According to some estimation, this study necessitates a spatially-alternating activation function that
alternates between space coordinates and serves as a space activation function for the content in the
first half and as Wavelet domain activation in the second half. Using conventional 2D max-pooling
lowers the volume sizes of the convolutional feature maps. This network classifies the four target class
of silver nanoparticles based on the level of microbial activity. The experimental result of the SEM
image is given in Section 3.
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4 Results and Discussion

The AgNP activity of micro-organism is trained and tested using Matlab 2019b. The process includes
two major steps such as synthesis of silver nanoparticles from Different plants extract and classification of
nanoparticles based on the activity of microbes using the DCNN network. This section elaborates the
experimental analysis of the proposed technology and provides a comparative analysis for the proposed
DL technique.

4.1 Data Collection and Extraction of Nanoparticle

Antagonistic nature of silver particles at nano scale is studied using E. coli, P. vulgaricus, K. pneumoniae
and P. aeruginosa. The Study is conducted using spread plate, pour plate, disc diffusion method. The
inhibition zone is measured only after it is kept for 24 h in incubation The respiration function and
permeability of microbes are drastically affected by the silver nanoparticles of size 1-10 m. Cell wall of
microbe is penetrated by silver nanoparticles and the growth of microorganism is inhibited by silver
nanoparticles. Further these attached silver nanoparticles, penetrate inside the cell and interact with
compounds. Finally, the silver nanoparticles destroy microbe by releasing silver ions which are fatal. The
signal transduction of bacteria gets affected by modulating phosphor tyrosine of peptides which lead to
prevention in the growth of microorganisms. The Ultra Violet-Visible spectra reading indicates that the
plant extract added at different concentrations shows the maximum absorption values at 450-550 nm.
Fig. 6 shows the maximum absorbance of silver nanoparticles synthesized from different plant extract at
various concentrations.

In the 60 + 40 concentrations, the absorbance maximum of silver nanoparticles from C. papaya is
produced at 450 nm. When compared to other concentrations, silver nanoparticles produced from F.
officianalis had the greatest absorbance of 0.59 at 550 nm. Absorption shows that the maximum peak for
50 + 50 concentrations with silver nitrate solution is 0.56 at 450 nm is found to be the maximum
absorption found in silver nanoparticles synthesized by A. indica. The highest absorption at 450 nm is
determined to be 0.42 at 50 + 50 concentration.

The absorption spectra of silver nanoparticles from plant extract at 450 nm reveal that the C. papaya fruit
extract has the highest peak at 60 + 40 concentration. At 50 + 50 concentration, E. officianalis fruit extract
outperforms C. papaya in terms of absorption. Fig. 7 reveals that C. Papaya and E. officianalis had high
absorbance of about 0.612 and 0.61 at 450 nm respectively. When the silver nitrate solution and extract
are in equal amounts, it is evident that silver nanoparticles can form quickly.

The development of microbial colonies on plates of Muller Hinton agar gets decreased and the efficiency
of silver nanoparticles antagonistic nature against microbes is analyzed by dispersion of particles using a
disc. The silver particles of nanoscale attach on the surface of bacteria is based on the availability of
surface area. When the silver molecules get reduced to the nanoscale, the surface area of silver
nanoparticles gets increased and hence this leads to the attachment of more silver nanoparticles on the
cell membrane of bacteria and disturbs its function. The bactericidal quality of silver nanoparticles
increases with an increase in the surface area of nanoparticles. Fig. 8 shows Antagonistic action by silver
particles at nano-scale against pathogenic organisms.

4.2 Performance Analysis

In this section, we evaluate the performance of the DCNN network for detecting the micro-bacterial
activity of silver nanoparticles. The SEM images of the silver nanoparticles are evaluated individually to
measure the accuracy of the proposed DCNN technique to detect bacterial activity. Each dataset's output
is compared to the ground truth images. For performance evaluation, the most commonly utilized
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evaluation criteria such as accuracy, selectivity and sensitivity were used. These figures are influenced by the
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Figure 6: Maximum absorbance of silver nanoparticles synthesized from (a) 4. indica, (b) C. nucifera milk,
(¢) C. papaya, (d) E. officianalis and (e) C. nucifera water

Here, TP implies the True Positive, TN-True Negative, FP-False Positive and FN-False Negative
respectively. Tab. 2 describes the performance efficiency of the proposed method.

Tab. 2 elaborates the performance efficiency of the proposed Deep convolution neural network in
detecting the microbial activity of silver nanoparticles. The proposed model calculate the four different
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microbial activity from the selected microorganism in the silver nanoparticle interaction. The microbial activity
such as anti-bacterial, anti-fungal, anti-malarial and anti-oxidant. Herein, the performance measures such as
accuracy, sensitivity and specificity values are calculated for the different activity medium. From the table
analysis, it is observed that the proposed network had shown an overall accuracy of 92.875,
90.128 sensitivity, 92.268 specificity in detecting the microbial activity using the silver Nanoparticles.
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Figure 7: Absorbance maxima of silver nanoparticles synthesized from various plant sources at 450 nm
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Figure 8: Antagonistic action by silver particles at nano-scale against pathogenic organisms

Table 2: Performance efficiency of proposed DCNN in detecting AgNP

Microbial activity Accuracy Sensitivity Specificity
Anti-bacterial activity 95.15 88.25 93.45
Anti-fungal activity 92.36 90.12 92.01
Anti-malarial activity 90.78 91.12 90.54
Anti-oxidant activity 93.21 91.025 93.074

4.3 Comparative Analysis

Figs. 9—11 show the comparative analysis of the proposed technique with the existing machine learning
techniques. The comparison graph of the accuracy, specificity and sensitivity projects that the proposed
method has better efficiency in detecting the microbial activity of silver nanoparticles.
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Figure 11: Sensitivity of proposed DCNN compared to existing techniques

In Tab. 3, the average DCNN values obtained has been compared with the existing technique to evaluate
the improvement percentage.
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Table 3: Performance comparison of the proposed DCNN with state-of-the-art technique

Methods Accuracy Recall Specificity Precision F1 Score

(%) (%) (o) (o) (%)
RNN 88.21 83.22 84.36 86.32 80.36
DNN [16] 89.23 85.21 89.25 88.47 83.92
CNN 90.36 89.34 90.32 89.82 97.36
DCNN 94.171 92.36 94.36 93.98 91.65
(Proposed)

Tab. 3, denotes the comparative analysis of the proposed technique with the existing State-of-the-art
Technique such as CNN, RNN and DNN. The methodology used here to develop silver particles at the
nanoscale is easy and economic. The nanoparticles thus produced are constantly stable, reproducible and
also eco-friendly. The overall technique yields an accuracy of 94.171%, 92.36% sensitivity and 94.36%
specificity through the DCNN technique.

5 Conclusions

The proposed work focuses on the synthesis of silver nanoparticles from the green extract and
determines its antibacterial activity. Silver nanoparticles show the absorbance maxima at 450 nm and
when the concentration of silver particles in the nanoscale gets increased, the growth of bacterial colonies
on agar plates gradually declined. The quantity of silver nanoparticles increases with an increase in the
amount of silver nitrate solution added. In addition, the microbial activity of nanoparticles is determined
using a deep convolution neural network by classifying the absorption activity. The deep learning
network DCNN is designed with leaky ReLU activation function is designed to reduce the dying pixels.
The experimental result of the DCNN network indicates that the extract of 4. indica. C. papaya and E.
officianalis showed the maximum absorption spectra 0.56 at 450 nm in 60 + 40 concentration and 50 +
50 concentrations respectively. 0.32 at 420 nm is the maximum absorbance of C. nucifera. The DCNN
technique yields accuracy of 94.171%, 92.36% sensitivity and 94.36% specificity in detecting microbial
activity. From the research, we detected that the growth of Escherichia coli and Klebsiella pneumoniae
are very effectively controlled and the application of these silver nanoparticles synthesized is tremendous.
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