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ABSTRACT

In  today’s digital
era, global internet
usage is rising,
driving a surge in
online transactions and making e-commerce a dominant market force. Consumers increasingly prefer online shopping for its convenience and
accessibility. This paper explores the development of a comprehensive e-commerce platform using the MERN stack: MongoDB, Express.js,
React.js, and Node.js is one of the most robust technology stacks for full-stack web applications. Our design presents a feature-rich e-commerce
platform offering a seamless user experience, fast loading, multiple payment options, and high-resolution visuals. Users can effortlessly browse,
select, and purchase products. Key features include a shopping cart, wish list, integrated payment gateway, and distinct user and admin interfaces
for efficient product, category, and order management. By leveraging the MERN stack, we demonstrate its potential in building scalable, secure,
and high-performance e-commerce platforms. This research systematically reviews existing literature on technological implementations, feature
integration, performance evaluation, and future advancements in e-commerce development. We analyse prior studies to showcase how the
MERN stack effectively addresses challenges like scalability, security, and user experience. Our findings underscore its role as a vital enabler in e-
commerce, offering valuable insights for researchers, developers, and industry professionals exploring innovative solutions in online retail
technology.

Keywords: MERN Stack, Express.js, Node.js, MongoDB, React.js, Digital Transformation, Framework, E-Commerce, Online shopping.

1. INTRODUCTION web applications that meet evolving business and customer

With the rapid development of e-commerce as more businesses needs®"®. Fig.1 illustrates the significant rise in e-commerce usage
move their operations online, the e-commerce sector has become ~ OVer the past few years>*.
more competitive, pushing companies to look for innovative ways Our web platform uses the following two entities: There will be
to provide their clients with a more efficient, secure, exclusive, and @ registered user and an administrator present. The administrator
fascinating shopping experiencel23 Recently, online platforms are has access to order details, product sales tracking, modification of
growing into popular options for buying and trading goods and ~ €Xisting products, uploading of new things, and removal of
services, but their ease of use, assurance, and scalability remain ~ Products that aren't appropriate. The other entity is the user
hampered, requiring users to create separate accounts and manage ~ interface*’. Here, logged-in customers can browse and purchase
different payment systems, which can be complicated and time-  generic products by applying various filters, and they can complete
consuming®®. In order to get over these challenges, we developed ~ transactions by choosing the best possible payment method. We
an e-commerce platform utilizing MERN stack technology with the also included voice search, allowing users to effortlessly navigate

aim of delivering easier-to-use, more secure, and better-performing ~ through products using voice commands, catering to a diverse range
of consumer choices. Moreover, the direct messaging capabilities

facilitate seamless communication between sellers and buyers,
fostering trust and personalized interactions.

The e-commerce website is designed with the MVC (Model-
View-Controller) structure, which is an effective design paradigm
in software development!2. The main element of MV C is the model,
which maintains information about the application and its business
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reasoning distinct from the user interface. By collecting user input
and transforming it into commands for the system, the controller
functions as an interface between the model and the system.

We organised a research paper as follows: Sec. 2 describes the
literature review on related works. Sec. 3 discusses the proposed
design. Sec. 4 illustrates the proposed methodology for web design.
Sec. 5 describes MVC architectural pattern. The implementation
and experimental results are explained in Sec.6 followed by the
conclusion and future scope in Sec.7. The research will focus on
the usability, security, and scalability of the platform, drawing on
relevant literature and best practices in software development to
inform our evaluation. Ultimately, our goal is to provide a more
efficient and user-friendly e-commerce platform that can benefit
both buyers and sellers in the online marketplace.
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Figure 1. E-Commerce Growth Global vs India — Past 10 Year and
Forecast.

RELATED WORK

The MERN stack technology has recently become fairly popular
in the development of the e-commerce arena. Judging by the
amount of effort required in building an e-commerce web store
using it, Over the past few years, many different research studies
and other works have been published, covering an array of topics
associated with e-commerce development. The approaches,
technologies, resources, and results have been covered in detail in
the documents.

M.M. V. Sai Nikhil and Aniket Sarrin’s study aims to design the
backend of an e-commerce application, using diagrams such as
flowcharts and data flow diagrams'®. Their design covers user
login, item selection, cart addition, and order placement, along with
payment gateway and return policy integration. They use a
pushdown automaton to reverse the order flow. A database can be
implemented to store user inputs. Their challenge was building a
user-friendly and developer-efficient backend, and they concluded
that multiple databases for different functions was the most
effective approach.

In order to facilitate real-time communication through instant
messaging and brief message transmission, Kiatruangkrai P. and
Phusayangkul P. designed a content management system for e-
commerce®. Both content management system and e-commerce
features are covered. Two front office and back office styles, as
well as seven subsystems, make up the system. The Ajax approach
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is used in conjunction with PHP, CSS, and HTMP to construct it.
We have ten subjects testing this system.

Using a client-server architecture and Bootstrap 4.0 for the Ul
and Django for backend operations and APls, Shivanshu Tyagi and
Shashwat Yadav created a basic web application®. In their design,
by connecting to the interface, users can request products from the
relevant APIs, which then add the items to their shopping cart and
complete the checkout process. Secure transactions are made over
a PayPal payment gateway. Package data can be checked using an
order- ID, and updates regarding package arrival are sent via a
tracker. TimeMejs is a JavaScript library that monitors user
expenditure and grants credit points upon checkout. With the help
of this study, they concluded that businesses can flourish in large
companies by learning how to create an e-commerce web
application from the ground up?.

The research of A. B. N. Rahma Putra and A. Mukhadis focuses
on creating e-commerce with superior regional items, evaluating its
feasibility and appeal, and employing R&D techniques.
Development of the product is the first step, and then website and
design specialists test its usability and appeal. The product is
visually appealing, has demonstrated efficacy in enhancing
business acumen in rural communities, and can be used as a
benchmark for future studies, according to the findings.

An e-commerce-based online grocery store with freshly
packaged food products has been developed by Khan M. M. and
Shams-E-Mofiz M. Admin and user panels, along with Gmail login
credentials, are elements included in the system design®®.
Especially in the midst of the COVID-19 pandemic, this user-
friendly technology is meant to make life simpler, safer, and faster.
Nithin Linga and Kartikeya Vinay's paper review about an e-
commerce website using MERN stack  offering free user
registration, advanced product search, and multiple payment
options, including "Cash on Delivery," "PayPal," and various card
types®. The administrator exclusively manages product listings,
while customers can update personal data and make repeat orders
without re-entering billing details. Products are categorized by
brands, and detailed views are accessible by hovering over product
images.

Maguire, M.'s study discusses ways for enhancing the usability
and conversion rate of e-commerce websites?. Clear calls to action,
navigation support, effective layout, streamlined checkout,
responsive design, accessibility, credibility, user trust, and
customer review management are among the most important
recommendations. Designers must strike a balance between
usability and business goals.

PROPOSED DESIGN

The whole range of obligations and duties necessary for
administrating a website that sells goods are included in the
activities of e-commerce operations. This embrace branding,
placing orders, customer service, managing inventory, and logistics
planning, all of those are focused on providing a wonderfull
shopping encounter?. Figure 2 depicts the flow chart diagram
of the designed system.
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Figure 2. E-commerce Operational Flow

E-commerce websites enables users to connect with them on a
wide range of devices, but in order to take advantage of more
features, users must register. Users can quickly search for their
preferred goods using precise parameters after logging in. After
being found, a large variety will appear along with choices to
narrow down your search according to tastes. Conveniently add
purchases to the cart with preservation. Before checking out, buyers
check the details of the products and choose how they want to pay.
Users are able to reassured by the seamless interactions made
possible by integrated gateways for payment. Ecommerce

mediums, in general, simplify the buying and selling experience for
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Figure 3. Ecommerce Operations
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consumers while providing safety and convenience?>. The
developed e-commerce operations in proposed system are depicted
in figure 3.

Procedure from Placing an Order to receiving the order

In the process of e-commerce, products are first received and
then packaged before being placed on shelves. When an order is
made, the items are selected from their designated shelves and
undergo a comprehensive inspection prior to packing. Once packed,
they are labeled for shipment and dispatched. Ultimately, the
product is delivered to the customer, thereby concluding a smooth
and efficient process that guarantees customer satisfaction.

Shipping Process

Once an order gets placed by the customer, the shipping process
begins. The purchased items are picked from inventory; these goods
are carefully wrapped and put into packets, then precisely weighted
to determine delivery cost. Following this, shipping labels are
generated, and the packages undergo a final quality check to ensure
compliance with standards. The meticulously prepared packages
are then taken to the loading dock, where they are loaded onto
trucks. At the same time, the order status is promptly updated to
"shipped," enabling real-time tracking for both the customer and
the system. Furthermore, stock levels are adjusted to reflect the
shipped items, maintaining precise inventory records. The carrier is
given the necessary delivery instructions to facilitate a smooth
handover to complete the order journey. Figure 4 shows entire
shipping logistics and transportation protocol.

Retrieve Load Parcels _
. _____ > Customer > Pick Stock > on Truck
Custame \ Move Parcels
I r--> | ToLoading ~----
T o - ==t i posk i Update Order
i H H > Statusto ---
! H
Pack Print ! Inspect M
Remsinto --> > =3 > Packing -->( > -3
BB e
| .. AdjustStock ___ shigped
{ Levels
Print H
> Shipping -~
Labels
Send Delivery
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Figure 4. Shipping logistics and transportation protocol

Payment Process

To speed up the payment process, the payer starts a transaction
with the business during the checkout phasee?. After obtaining the
transaction information from the merchant, the payment processing
gateway safely transfers them to the acquiring bank for approval.
The acquiring bank and the issuing bank, where the payer has their
account, are connected by the payment system. Payment is only
accepted when the issuer bank has thoroughly reviewed the
transaction and verified that sufficient funds are available.
To ensure a stable and secure payment system for the customer and
seller, the payment system employs the payment gateway to send
the confirmation back to the seller with authorization.

METHODOLOGY

In the development of an e-commerce website, we used the
MERN stack because of its efficient development workflow,
scalability, and performance’. Figure 5 shows MERN Stack
architecture, which comprises the open-source elements, namely
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MongoDB, Express.JS, React.JS/Redux, and Node.JS. In this the
frontend is assigned by React.JS, HTML, and CSS. For the backend
runtime environment, Node.JS and web framework Express.JS,
which gives and provides various libraries?*. MongoDB is used as
a data-based system in which data is stored in documents, and a
group of documents is known as collections. We used Windows
operating system, along with Git, GitHub, and VS Code tools. The
MERN stack significantly boosts the e-commerce platform's
usability and overall functionality. Its ability to scale ensures the
platform can handle growth without compromising performance.
Node.js powers fast server-side processing, resulting in quick
response times, while React.js creates a smooth, interactive user
interface with rapid load speeds. MongoDB's flexible data
management efficiently supports large product inventories, and
Express.js  strengthens backend security. Together, these
technologies create a responsive, secure, and high-performing
platform, offering an outstanding shopping experience that evolves
with user demands.

Architectural Structure of MERN Stack

HTML/CSS,
JavaScript, Bootstrap

Node JS web server

w

Front-End Development Back-End Development Database Management

Figure 5. MERN Stack Architecture
MoNGODB

For our project, we employed MongoDB, a document-oriented
database. In this database, data is stored in documents, and a group
of documents is known as a collection?®. MongoDB, the most well-
known NoSQL database, offers a substitute for relational databases,
which store all of their data in tables with rows and columns. JSON
data is actually transformed by MongoDB into a binary version on
the server, which is essentially stored and queried more effectively.
BSON is the query language used by MongoDB. We cannot
conceive of MongoDB as a JSON database, however, as it saves
BSON format both internally and over the network. Any data can
be represented in JSON format and saved natively in MongoDB. It
can also be simply accessed in JSON format. Thus, from our study
and implementation of MongoDB, we can conclude that it is
flexible and enables users to design schema, databases, tables, and
other objects. We had the choice to use Mongo Shell after installing
MongoDB because it provides a JavaScript interface for users to
communicate and do any query-related activities. Since MongoDB
is adocument-oriented database, indexing documents is simple. and
for that reason, it processes responses more quickly. Scalability
Characterizes MongoDB. The enormous data is divided in the
MongoDB database into a nested described structure. Multiple
databases can be operated on MongoDB, a database server.
NODE]S

C++ is used in the creation of Node.js, a JavaScript operating
system. For optimal performance, it makes use of the Google
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Chrome V8 engine. Node.js is built with a single-thread
architecture and  employs  event-driven,  asynchronous
programming callback functions. Our ability to create websites
using node.js for back-end development has been aided by the
abundance of event-based and asynchronous APIs that are made
possible by the essential core notion of node.js design: event-
drivenness. In line with our web business logic, Node.js employed
the appropriate callback function?®. Using a single-threaded
architecture is the primary benefit of event-driven and
asynchronous programming.Without waiting for a specific code to
finish, the callback function code is executed, and the limited
resources were used for other tasks that were part of our web
business logic. This design was appropriate for our back-end
development, which was also our system's intended purpose.
Managing synchronous requests was a significant task in server
development, because blocking resulted in either inefficient or
wasteful use of the resources. The resource usage is increased and
enhanced website speed with single-threaded architecture and
asynchronous callback routines, which also produced the expected
testing outcomes. It is evident from the Node.js supported module
that many functions, including file operations, are performed
asynchronously, in contrast to other programming languages.
Node.js uses particularly big network components, such as HTTP,
DNS, NET, UDP, HTTPS, TLS, etc., to make server building
easier. These network modules allow developers to set up a Web
server.

EXPRESS]S

Express is a Node.js framework that we used. While constructing
the website, we learned that Express made it simpler and easier to
write the back-end code and implement it in an organized fashion,
as opposed to writing the code with NodeJS and producing a ton of
node modules. Express's support for numerous middlewares, which
results in shorter and easier-to-write code, assisted us in the creation
of the web and APIs needed for the project?®. Our design benefits
greatly from Express's single-threaded architecture and
asynchronous programming. Robust API is essential for our design.
In order to begin our Express project, we made a new folder. The
first step involved adding a command to the command prompt in
order to populate the package.json file. Following that, we had to
proceed with accepting the default settings. The command to begin
is npm init.

REACT]S

Programming in JavaScript uses the front-end package React.JS.
We built our web design user interface using React.JS because of
its fast rendering of dynamically changing data. With React,
developers can write JS code and produce User Interface elements.
We looked at the virtual DOM objects in React.JS, the framework
we used for our project. The entire user interface would re-render
the virtual DOM whenever we made modifications to our e-
commerce design. This lets us assess how the DOM object and
virtual DOM might differ from one another. We employed JSX. It
made writing our code in the React application more
straightforward and easier'®. The components with React.JS are
used while each component has a logic connected to our e-
commerce design and adds to the overall user interface of the
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project. Components are the building blocks of the user interface.
It was easier to understand our site design code and improve overall
efficiency when components could be reused.

MVC architectural pattern

Computer scientist Trygve Mikkjel Heyerdahl Reenskaug
created the Model-View-Controller (MVC) paradigm in 1979 . It
breaks down the complexity of web applications into three logical
components: the controller, view, and model. This paradigm is
followed by well-known web frameworks including Angular, Ruby
on Rails, and Laravel. React is a JavaScript, HTML, and CSS
client-side view that uses ReactJS 2. Mongoose is the server-side
model. The controllers in question are Node and Express.

EXPERIMENTAL RESULTS

Graphical results enhance the reader's comprehension and
appreciation of the research findings by providing illustrations of
user interfaces, product displays, website design, and customer
interactions.

Signup and Login

Our platform has accessible signup and login pages that make it
easy for users to browse and interact with our wide choice of items
and services. Ecommerce User SignUp and Login page is depicted in
Fig.6 (a) and Fig.6 (b)

Home Page

Our online shopping website's homepage greets users with an
eye-catching design that highlights featured goods and special deals
as shown in Fig.7. Users may quickly peruse our vast inventory
because to simple navigation and separate categories, making their
buying experience enjoyable right away?>%,

e ~
~ -~
Create a New Account .
Log in to your account
Eonail address
Email address

Password mB401219@gmailcom

Password Forgot password?

Memnbser? Log In A . Create an Account

Figure 6 (a). Ecommerce User SignUp Page. (b). Ecommerce User
Login page.

E-Commerce

All Products

Figure 7. Ecommerce Home Page for every user.
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User Profile

The e-commerce website's user profile page enhances the buying
experience by offering customized ideas, order history, and
preferences. To ensure a smooth and custom experience, users may
track deliveries, modify their account information, and interact with
customized recommendations as shown in Figure 8.

E-Commerce

My Profile

Name: New User
email address ; admin@gmail.com

role : admin

Mabh

Figure 8. User Profile

Order Details

An online shopping platform's order detail page provides
thorough insights into previous transactions, including order status,
tracking details, and itemised summaries as depicted in Fig. 9.
Transparency and convenience are ensured throughout the buying
process by the ease with which users can review transaction
data,print invoices, and easily do refunds or exchanges.

E-Commerce

My Orders

Order # af73

[t r—

i B » 2u02-00@¢x@® Ao ean e

Figure 9 Order Details Page.

Checkout Page

Our e-commerce platform's checkout page simplifies the
ordering process by leading customers through the payment,
shipping, and order confirmation steps. Customers may evaluate
their items, enter delivery information, and complete their orders
quickly and easily as shown in figure 10 with the help of clear
prompts along with safe transaction options, assuring a smooth and
enjoyable shopping experience.®

J. Integr. Sci. Technol., 2025, 13(5), 1116 Pg 5



O R i S S e e (A Sl
Personal Information Cart
e sewia
==
Rey Mok
i

Figure 10. Checkout Page

Order Successful page

Our e-commerce platform's order successful page provides the
user with a confirmation that their order has been placed as shown
in Fig. 11. Users are also given their Order number for future
tracking. An option for returning to the Home Page is also available
in case any user wants to return to the home page.

Order Number #af73

Figure 11. Order Successful Page

The MERN stack enhances the e-commerce platform by
providing fast performance with Node.js and a responsive, dynamic
user interface with React.js. MongoDB’s flexible data handling
ensures the platform can easily scale as traffic and product catalogs
increase. The modular architecture makes adding new features
simple, and Express.js ensures robust security for user data.
Overall, MERN delivers a faster, more scalable, and secure
platform, making it a superior choice over traditional e-commerce
websites.

This research introduces an innovative e-commerce platform
developed using the MERN stack (MongoDB, Express.js, React.js,
Node.js), which ensures high scalability, robust security, and
exceptional performance. Key developments include a tailored
shopping experience with features such as a smart shopping cart,
wish lists, and an Al-driven recommendation system. Additionally,
the platform provides separate interfaces for users and admins,
facilitating efficient management. It also supports secure payment
integrations, fast loading speeds, and high-resolution visuals.
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CONCLUSION

The internet-based trading platform functions as an innovative
hub for worldwide commerce, promoting firms and propelling
economic growth. Leveraging cutting-edge tools such as
MongoDB, Node.js, Express.js, and React.js, it promises
scalability, flexibility, and flawless user experiences.?® By putting
an emphasis on user-focused design, the platform tackles obstacles
like safety risks and provides reliable payments together with
intuitive interfaces. It alters offerings, improves consumer
interactions, and increases vendor gains by deploying big data
analytics. By using MERN stack, this research offers a cutting-
edge, scalable solution that overcomes common e-commerce
challenges and provides valuable insights for future progress in
online retail technology. Following that, innovations aim to
improve data security, accuracy, and availability in order to foster
prosperity and concurrence.
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