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ABSTRACT

As cyber threats become more advanced, there is a greater need for proactive security measures, and
ethical hacking and penetration testing play an important role in modern cybersecurity. This study
examines the critical role of penetration testing in cybersecurity, with a particular emphasis on SQL
Injection (SQLi), a prevalent and severe threat to database security. The research explores the
methodologies involved in penetration testing, including reconnaissance, vulnerability identification, and
exploitation, while also assessing the efficacy of automated tools such as SQL map in detecting and
mitigating SQLi vulnerabilities. By examining penetration testing methods and real-world examples, this
study shows the importance of combining automated and manual approaches to achieve strong security
assessments. The results emphasize that organizations should include penetration testing in their
cybersecurity practices to better protect against new and evolving threats. By leveraging structured testing
methodologies and advanced automation tools, security professionals can proactively fortify systems
against malicious attacks, ensuring compliance with cybersecurity standards and protecting critical digital
infrastructures.
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1. INTRODUCTION

The rapid evolution of technology and the proliferation of interconnected devices have
fundamentally transformed the modern world, brought significant advancements but also
introduced a new spectrum of vulnerabilities. Cyberattacks are happening more often and are
becoming more advanced, affecting organizations of all sizes. These attacks can lead to
catastrophic outcomes, such as financial losses, data breaches, reputational damage, and the
disruption of critical services. For instance, power information systems, which play a pivotal role
in national infrastructure, have increasingly become high-profile targets for hackers. Exploiting
vulnerabilities in these systems poses severe risks to public safety and operational stability [1].
Consequently, the need for robust cybersecurity measures has never been greater.

To address these growing threats, ethical hacking has become an important way to protect digital
assets. Ethical hackers, often referred to as white-hat hackers, are professionals who simulate
cyberattacks to identify and address security vulnerabilities proactively. Unlike malicious actors,
ethical hackers operate within the bounds of legality and organizational consent, aiming to fortify
systems against potential breaches. This proactive approach helps reduce the risk of cyberattacks
and allows organizations to meet changing cybersecurity and regulatory requirements [2]. By
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adopting ethical hacking practices, organizations are better equipped to navigate the challenges of
the modern threat environment.

One of the specialized practices within ethical hacking is penetration testing, which focuses on
actively exploiting vulnerabilities to assess their exploitability and impact. Penetration testing
follows a structured process that includes information gathering, identifying weaknesses,
exploiting vulnerabilities, and reviewing the results. This helps organizations understand how
their systems might behave during a real cyberattack [3]. For ex-ample, SQL Injection (SQLI)
vulnerabilities, one of the most common and dangerous attack vectors, can be identified and
mitigated through penetration testing. Tools like SQLmap are designed to automatically detect
and exploit SQL injection vulnerabilities, making security testing faster and more accurate [2].

The increasing reliance on automated tools and frameworks in penetration testing highlights the
critical role of technology in modern cybersecurity practices. SQLmap, for instance, not only
identifies SQL.i vulnerabilities but also demonstrates how attackers could exploit them, providing
actionable insights for remediation. Additionally, SQLmap integrates into broader security
frameworks by offering compatibility with continuous integration/continuous deployment
(CI/CD) pipelines, enabling automated vulnerability assessments during software development.
This integration helps organizations maintain a secure development lifecycle and ensures timely
mitigation of risks. By using these tools in their security plans, organizations can make
vulnerability management easier and use their resources better. This study highlights how
automation helps solve difficult security problems and improves the overall strength of
organizational systems [1].

Ultimately, the purpose of this study is to explore the intersection of ethical hacking, penetration
testing, and automation, with a specific focus on addressing SQLi vulnerabilities. SQL injection
(SQL.) is very important because it attacks databases that hold sensitive information like user
passwords and financial details. This makes it a top concern for organizations trying to protect
their important data. This research looks at the methods and tools used in penetration testing to
help organizations improve their cybersecurity. It also highlights how ethical hacking is a useful
way to prevent cyberattacks, so organizations can keep their digital information safe and continue
working smoothly in today’s risky online world [2].

2. ETHICAL HACKING: AN OVERVIEW

Ethical hacking is the approved practice of testing computer systems to find weaknesses and stop
unauthorized access. It is a legal and structured approach to enhancing cybersecurity, conducted
with the explicit consent of the system owner. Unlike malicious hacking, ethical hacking focuses
on protecting systems and data from unauthorized access [3]. It uses similar tools and methods as
hackers, but the goal is to make systems more secure.

2.1. Objectives of Ethical Hacking
The primary objectives of ethical hacking include:

1. Identifying Security Vulnerabilities: Ethical hacking finds weaknesses in systems early,
S0 organizations can fix them before hackers take advantage of them [2]. This includes
testing both technical vulnerabilities and hu-man factors, such as susceptibility to
phishing.

2. Ensuring Regulatory Compliance: Ethical hacking helps organizations follow
cybersecurity rules like GDPR, PCI-DSS, and ISO 27001 by showing they are taking

18



International Journal of Computer Science & Information Technology (IJCSIT) Vol 17, No 6, December 2025

proper steps to protect their systems [1]. Penetration tests can also serve as documented
evidence of compliance during audits.

3. Building a Robust Security Posture: Ethical hacking strengthens an organization’s
defences, making it resilient against evolving cyber threats [2]. This includes
implementing layered security measures and fostering a culture of security aware-ness
among employees.

2.2. Core Principles
Ethical hacking is guided by the following core principles:

e Authorization: Ethical hacking is done with the system owner’s permission, making sure
all actions are legal and support the organization’s goals [3]. The system owner is the
person or organization legally responsible for the system being tested, such as a
company, government agency, or application administrator. The system owner sets the
testing scope, gives legal permission, and makes sure ethical hacking follows
organizational rules and regulations. This principle establishes trust and defines the scope
of testing activities.

e Reporting: Findings from ethical hacking are documented and communicated to
stakeholders, along with actionable recommendations to address identified vulnerabilities
[2]. Clear reporting ensures that organizations can prioritize remediation effectively.

e No Harm: Ethical hackers make sure their work does not damage systems, data, or
operations, protecting the organization’s important assets [1]. This includes avoiding
system downtime and protecting sensitive data during testing.

Figure 1 shows a comparison between ethical hacking and malicious hacking, highlighting the
main differences in purpose, permission, and effects.
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Figure 1. Ethical vs Malicious Hacking: Intent and Impact

The figure shows that ethical hacking is done with permission to improve security, while
malicious hacking is illegal and aims to cause harm or gain unauthorized access.

2.3. Components of Ethical Hacking

Ethical hacking includes several parts that together provide a complete security check:
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The primary objectives of ethical hacking include:

1. Reconnaissance: This involves collecting information about the target system to
understand how it works, where its weaknesses are, and how it could be accessed.
Reconnaissance can be passive (e.g., examining publicly available information) or active
(e.g., probing the target system directly) [1]. Tools like Nmap and Shodan are commonly
used for this phase.

2. Vulnerability Scanning: Ethical hackers use tools and methods to scan systems for
known weaknesses, helping them find points that attackers could exploit [2]. Automated
scanners like Nessus and OpenVAS are frequently utilized for efficiency.

3. Penetration Testing: This means simulating real attacks to check how well a system’s
defences work. Penetration testing shows how attackers could exploit weaknesses and
gives advice on how to fix them [2]. Frameworks like Metasploit assist in this phase by
automating complex exploit scenarios.

4. Exploitation and Reporting: Ethical hackers carefully exploit identified weaknesses to
show their impact. The results are then recorded in a report that provides clear
recommendations on how to fix the vulnerabilities [3]. The reports often categorize
vulnerabilities by severity, helping organizations prioritize fixes.

Figure 2 illustrates the main phases involved in the ethical hacking process.
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Figure 2. Components of Ethical Hacking

These phases reconnaissance, vulnerability scanning, exploitation, and reporting show a
structured method that helps security professionals find and evaluate security weaknesses step by
step.

3. WHERE PENETRATION TESTING FITS IN ETHICAL HACKING

Penetration Testing, also referred to as "Pen Testing," is a simulated cyberattack designed to
identify and exploit vulnerabilities within systems, applications, or networks [2]. It is a structured
process that identifies security weaknesses by imitating the actions of real hackers [3]. Unlike
real attacks, penetration testing is conducted in a controlled environment with prior authorization
to ensure legal compliance and minimal impact on operations [6].

The main goal of penetration testing is to check how well current security measures work and
find areas that need improvement. It combines automated tools and manual techniques to
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simulate potential attack scenarios, offering organizations insights into their security posture [5].
This process is important for following industry rules and reducing the risks from new and
evolving threats [4].

3.1. Role in Ethical Hacking

Penetration testing serves as the practical phase of ethical hacking, where vulnerabilities
identified during initial assessments are actively exploited to assess their real-world impact.
Ethical hackers employ penetration testing to:

o ldentify Weaknesses: Find weaknesses that attackers could take advantage of [7].

e Simulate Real Cyberattacks: Test security defenses by replicating tactics used by
malicious hackers [6].

e Validate Security Controls: Ensure that implemented security measures effectively
protect critical assets [2].

e Assess Risk and Impact: Evaluate the potential consequences of successful exploitation
[3].

e Recommend Mitigations: Provide actionable recommendations to address identified
vulnerabilities [5].

Penetration testing not only evaluates technical vulnerabilities but also examines organizational
processes, policies, and employee awareness to create a holistic security assessment [4].

3.2. Types of Pen Testing

3.2.1. Black Box Testing
e Simulates an outside attack where the tester knows nothing about the system beforehand
o I[Zso]éuses on finding weaknesses by gathering information and scanning the network [7].
e Useful for testing outer security defences, but it needs a lot of information gathering [2].

3.2.2 White Box Testing

¢ Involves complete access to source code, configurations, and internal documentation [6].
e Enables detailed analysis of code-level vulnerabilities and logic flaws [5].
o Ideal for testing systems during development or prior to deployment [4].

3.2.3 Gray Box Testing

e Combines black box and white box testing by giving the tester some, but not all,
information about the system [2].

e Tests attacks from someone inside the system with limited access [6].

e Combines efficiency and realism, letting testers focus on important areas without
spending too much time gathering information [5].

Steps in a Penetration Test:
1. Planning and Scoping:

e Define objectives, scope, and rules of engagement.
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o  Obtain necessary permissions and identify key assets to test [6].
2. Reconnaissance:

e  Gather information using passive techniques (e.g., DNS lookups) and active
techniques (e.g., port scanning) [5].

3. Scanning and Vulnerability Analysis:

e Scan the system for weaknesses using tools like Nessus and OpenVAS [7].
e  Look at the system’s weaknesses and decide which ones are most serious [2].

4. Exploitation:

e  Perform test attacks to use weaknesses and see how serious they are [3].
e Usetools like Metasploit and Burp Suite to run automated security tests [6].

5. Reporting and Recommendations:

e Document findings, including exploited vulnerabilities and their impacts.
e Provide detailed mitigation strategies to address identified issues [5].

4. PENETRATION TESTING TOOLS AND SQL INJECTION

Ethical hacking is a broad concept that includes many security assessment activities, but
penetration testing is its most hands-on and technical part. Penetration testing focuses on actively
exploiting found vulnerabilities to see their real-world effects, while ethical hacking also covers
checking policies, testing awareness, and ensuring compliance. Therefore, Penetration testing
also called ethical hacking, is used to check how secure web applications are by simulating real-
world attacks. It focuses on identifying vulnerabilities that could be exploited by malicious actors
to compromise systems. The OWASP Top 10 shows the biggest security risks for web apps, like
SQL Injection (SQLi), Cross-Site Scripting (XSS), and Cross-Site Request Forgery (CSRF)

[8][3].

Penetration testing tools are important for automating the discovery of vulnerabilities, creating
payloads, and validating exploits. Tools like SQLmap, Burp Suite, and OWASP ZAP make
testing faster and more consistent, but manual analysis is still needed to find complex logic-based
vulnerabilities and reduce false positives.

SQL Injection (SQLIi) remains one of the most critical vulnerabilities in web applications due to
its ability to manipulate database queries through poorly validated inputs. It allows attackers to
bypass authentication, access sensitive data, modify or delete database records, and execute
administrative commands. SQL.i vulnerabilities arise from insufficient input validation, improper
parameterization of queries, and lack of secure coding practices. This type of attack is especially
dangerous because it can be carried out through web forms, URL parameters, and cookies,
making it highly flexible and effective. [2].

Black-box testing is commonly used to simulate external attacks without requiring prior

knowledge of the application's internal structure. It is particularly effective for identifying
injection vulnerabilities, broken authentication mechanisms, and insecure configurations [9].
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4.1. Introduction to SQL Injection (SQL1i)

SQL Injection is a code injection technique that exploits vulnerabilities in web applications to
manipulate database queries. It happens when input data is not properly checked, letting attackers
insert harmful SQL code into database queries [10].

Impact of SQL Injection:

1. Accessing sensitive information without permission, like customer records or financial
data [11].

2. Manipulation or deletion of database contents, disrupting business operations [12].

3. Privilege escalation, granting attackers administrative access to the system [13].

4. Full system compromise through remote code execution or malware installation [14].

Types of SQL Injection Attacks:

Error-Based SQL.i: Exploits database error messages to extract data.

Union-Based SQL.i: Uses the UNION SQL operator to fetch data from different tables.
Boolean-Based SQLi: Evaluates true/false conditions to infer information.

Time-Based SQL.i: Introduces delays in query execution to detect vulnerabilities.
Out-of-Band SQLi: Relies on alternative communication channels, such as DNS, to
exfiltrate data [15].

SQL Injection in Penetration Testing:

Penetration testing for SQL Injection involves assessing the security of database interactions to
identify vulnerabilities and mitigate risks. This process typically combines manual testing and
automated tools for comprehensive evaluation [16].

Manual Testing: Manual testing provides flexibility to craft custom SQL queries and analyze
database behavior. It is particularly useful for detecting logic-based vulnerabilities that automated
tools may overlook. However, it is time-consuming and requires significant expertise in SQL
syntax and database systems [17].

Automated Tools: Automated tools streamline the detection process by generating and executing
SQL Injection payloads. While these tools improve efficiency, they may produce false positives
or fail to detect complex vulnerabilities, necessitating manual validation [18].

4.2. Penetration Testing Tools for SQL Injection

Several commonly used tools help penetration testers find and exploit SQL injection
vulnerabilities:

4.2.1. SQLmap

¢ An open-source and highly versatile tool designed specifically for automating SQL
Injection attacks.

e Supports multiple types of SQL Injection attacks including boolean-based, union-based,
time-based, error-based, and out-of-band SQL.i techniques.

e Works with many database systems, including MySQL, Oracle, Microsoft SQL
Server, PostgreSQL, and SQL.ite.
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e Offers advanced features like identifying database types, extracting data, and
gaining higher access privileges.

e Capable of detecting blind SQL Injection vulnerabilities where errors or outputs are not
explicitly revealed.

e Incorporates features to bypass web application firewalls (WAFs) and perform brute-
force attacks on login pages.

e Can be integrated with other tools and supports scripting for customized testing, making
it more useful in penetration testing tasks [16].

Figure 3 depicts the different types of SQL Injection attacks commonly observed in web
applications.

Figure 3. Penetration Testing tools

The figure shows that SQLmap supports many SQL Injection techniques, such as error-based,
union-based, boolean-based, time-based, and out-of-band attacks. It also highlights compatibility
with databases like MySQL, PostgreSQL, Oracle, Microsoft SQL Server, and SQLite. In
addition, the figure presents advanced features including database identification, data extraction,
privilege escalation, blind SQL Injection detection, and Web Application Firewall (WAF)
bypass, showing SQLmap as a powerful and complete penetration testing tool.

4.2.2. OWASP ZAP

OWASP ZAP is an open-source web vulnerability scanner specifically designed to detect SQL
Injection (SQLIi) and Cross-Site Scripting (XSS) vulnerabilities. It provides quick scanning
capabilities suitable for identifying common weaknesses in web applications. While it supports
both automated and manual testing options, its detection accuracy has been shown to vary
significantly based on configurations and environments, with reported rates ranging from 0% to
100%. Despite this variability, OWASP ZAP remains a widely used tool due to its user-friendly
interface, integration with CI/CD pipelines, and active community support, making it suitable for
both beginners and experienced penetration testers [17].

4.2.3. Acunetix Web Vulnerability Scanner

Acunetix Web Vulnerability Scanner is a paid tool known for its high accuracy, detecting up to
80% of SQL Injection (SQLi) vulnerabilities. It provides features like automated scanning,
customizable tests, and integration with CI/CD pipelines. Moreover, it provides detailed
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vulnerability reports with remediation guidance, making it suitable for both small businesses and
large enterprises. Its ability to detect complex SQL.i attacks, coupled with features like proof-of-
exploit evidence, ensures comprehensive assessment and mitigation of vulnerabilities [18].

4.2.4. Burp Suite Pro

Burp Suite Pro is a comprehensive testing framework widely recognized for its advanced
features, supporting both manual and automated testing for web vulnerabilities, including SQL
Injection (SQLi) and Cross-Site Scripting (XSS). It is highly effective in identifying SQLi
vulnerabilities, boasting detection rates above 88%. Burp Suite Pro enables security professionals
to intercept and modify requests, automate scanning for vulnerabilities, and perform extensive
payload-based testing. Its modular design includes tools like the Spider for mapping application
content, Scanner for identifying flaws, and Intruder for testing input validation through
automated attacks. It also works with other tools and can analyse encrypted traffic, making it a
valuable tool for penetration testers who need accurate and scalable vulnerability assessments.

Effectiveness of SQL Injection Tools:

Studies evaluating the performance of penetration testing tools highlight a wide range of
detection accuracy for SQL Injection (SQLi) vulnerabilities. OWASP ZAP, an open-source
scanner, demonstrated variable detection rates, ranging from 0% to 100%, based on
configurations and test environments. Acunetix and IBM AppScan, commercial tools,
consistently outperformed others, achieving SQLi detection rates above 80%. These results
emphasize the importance of selecting the right tool based on the application environment and
testing requirements.

To test how well these tools work, frameworks like WAVSEP (Web Application Vulnerability
Scanner Evaluation Project) and DVWA (Damn Vulnerable Web Application) are used. These
frameworks simulate vulnerable systems to evaluate scanner accuracy, revealing discrepancies in
performance across different tools. The studies underline the need for hybrid testing strategies
that combine automated tools with manual verification to address gaps in detection and minimize
false positives.

SQLmap has emerged as a highly effective tool for automating SQL Injection detection and
exploitation. Its advanced capabilities include database fingerprinting, data extraction, privilege
escalation, and bypassing web application firewalls (WAFs). Despite these strengths, manual
testing remains essential for identifying logic-based vulnerabilities and ensuring comprehensive
assessments. Evaluations further highlight the necessity of standardized testing environments and
consistent methodologies to benchmark tools effectively and improve their reliability in real-
world applications.

Compared to general scanners like OWASP ZAP, SQLmap offers more detailed exploitation and
better accuracy for detecting SQL Injection. While commercial tools like Acunetix provide high
detection rates and easy-to-use reports, SQLmap is preferred in academic and controlled settings
because it is flexible, open-source, and has advanced features. However, automated tools can
miss logic-based vulnerabilities, which is why combining them with manual testing is important.

5. SQL MAP: A SPECIALIZED TOOL FOR SQL INJECTION TESTING

SQLmap is a popular open-source penetration testing tool used to find and exploit SQL Injection
(SQLi) vulnerabilities in web applications. SQL Injection is one of the most common web
security issues and allows attackers to interfere with backend databases by inserting malicious
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SQL commands through user input fields. SQLmap automates this otherwise complex and time-
consuming process, enabling security professionals to identify vulnerabilities with greater
efficiency and precision. Integrated into the Kali Linux framework, SQLmap supports various
database management systems, including MySQL, PostgreSQL, MSSQL, Oracle, SQL.ite, and
more, making it a versatile and indispensable tool for penetration testers [19][20].

5.1. Features of SQLmap

SQLmap’s wide range of features makes it one of the top tools for finding and exploiting SQL
Injection vulnerabilities. Below are its key capabilities:

5.1.1. Automated SQL Injection Detection

SQLmap automatically detects SQL Injection vulnerabilities in web applications using different
attack techniques. These techniques include error-based, boolean-based, time-based blind,
UNION-based, and out-of-band injection methods. Each technique focuses on a specific type of
SQL injection vulnerability, providing thorough testing and reducing the need for manual work
[19][18].

5.1.2. Database Enumeration

One of SQLmap’s critical functionalities is its ability to enumerate databases. This feature
enables penetration testers to identify and map out the database systems behind the application. It
extracts database, table, and column names, helping users understand the structure of the target
database. Database enumeration is an essential step in assessing the extent of vulnerability and
planning subsequent exploitation strategies [19][21].

5.1.3. Data Extraction

SQLmap helps extract sensitive data from compromised databases, such as usernames,
passwords, email addresses, credit card details, and other important information. The tool
automates the generation of SQL queries required for data extraction, expediting the process and
ensuring accuracy. By providing direct access to sensitive information, SQLmap highlights the
severity of the vulnerability and its potential impact [19][22].

5.1.4. Advanced Exploitation

In addition to detecting and extracting data, SQLmap offers advanced exploitation capabilities.
These include:

e Privilege Escalation: The ability to escalate privileges within the database system,
allowing testers to gain administrative rights and perform higher-level operations.

e File System Access: Access to the target’s file system, enabling testers to retrieve or
manipulate files stored on the server.

e Lateral Movement: Movement within the compromised network, allowing testers to
explore and exploit other systems connected to the target [19][23].

5.1.5. Bypassing Security Mechanisms

SQLmap incorporates techniques to bypass various security measures, such as Web Application
Firewalls (WAFs), Intrusion Detection Systems (IDS), and Intrusion Prevention Systems (IPS).
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By evading these defenses, SQLmap enables realistic attack simulations, providing valuable
insights into potential weaknesses in an organization’s security infrastructure [19][24].

5.1.6. Customization and Optimization

SQLmap is highly customizable, allowing penetration testers to tailor their attack payloads and
injection techniques to suit specific environments. It also provides optimization options to
improve the speed and efficiency of vulnerability detection and exploitation, making it adaptable
to both controlled testing environments and live production systems [19][25].

5.2. Steps for Using SQLmap in Penetration Testing

The application of SQLmap in penetration testing typically follows a structured process, aligned
with industry best practices:

5.2.1. Information Gathering

The first step involves gathering information about the target application. This includes
identifying input fields, forms, URLSs, and other entry points where SQL Injection attacks may be
feasible. Tools like Nmap and Burp Suite are often used in conjunction with SQLmap to gather
comprehensive reconnaissance data [19][10].

5.2.2. Vulnerability Detection

In this phase, SQLmap is employed to identify SQL Injection vulnerabilities in the target
application. By targeting specific entry points, SQLmap attempts to inject malicious SQL
statements to determine whether the input is improperly sanitized or validated. The tool’s ability
to automate this process significantly reduces the time required to detect vulnerabilities [20][18].

5.2.3. Exploitation

Once a vulnerability is confirmed, SQLmap is used to exploit it. This involves enumerating
databases, extracting sensitive data, and performing advanced operations like privilege escalation.
The exploitation phase demonstrates the potential impact of vulnerability, helping organizations
understand the risks associated with it [19][21].

5.2.4. Reporting and Documentation

The final phase involves documenting the findings. SQLmap generates detailed logs and reports
that help create clear vulnerability assessments. These reports show the identified vulnerabilities,
extracted data, and recommended steps to fix the risks [19][22].

5.3. Integration with Kali Linux

SQLmap is included in the Kali Linux penetration testing toolkit, allowing it to work smoothly
with other security tools. Kali Linux is a popular platform for security testing and comes with
SQLmap as a core tool. This setup allows testers to use SQLmap together with tools like Burp
Suite, OWASP ZAP, and Metasploit for more complete testing. Additionally, the command-line
interface of SQLmap aligns well with the Linux environment, ensuring ease of use and
compatibility [20][18].
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5.4. Benefits of Using SQLmap

SQLmap offers numerous advantages for penetration testers and security professionals:

1.

n

Efficiency: The automation provided by SQLmap reduces the time and effort required to
detect and exploit vulnerabilities, enabling faster assessments.

Accuracy: SQLmap minimizes false positives by validating the vulnerabilities it detects.
Flexibility: Its support for various database systems and injection techniques makes it
adaptable to a wide range of testing scenarios.

Comprehensiveness: SQLmap’s advanced features, including data extraction and
privilege escalation, allow for thorough security evaluations.

Realism: By bypassing security mechanisms, SQLmap provides realistic attack
simulations, helping organizations identify and address vulnerabilities effectively
[19][23].

5.5. Limitations of SQLmap

Despite its many advantages, SQLmap has certain limitations that must be carefully understood
and managed during its use:

1.

Dependency on Input Points: SQLmap requires the presence of vulnerable input points,
such as URL parameters, form fields, or headers, to identify SQL Injection
vulnerabilities. If the target application implements robust input validation and
sanitization, SQLmap may fail to detect vulnerabilities. This shows that developers need
to use secure coding practices to make systems less vulnerable to attacks. [19][22][24].
Risk of Detection: SQLmap’s activities can be detected by advanced security systems
such as Web Application Firewalls (WAFs) and Intrusion Detection Systems (IDS).
These systems are designed to monitor and block suspicious behavior, including SQL
Injection attempts. In live environments, triggering such detections can result in testing
interruptions or even legal complications if proper authorization is not obtained
[20][23][25].

Limited Scope for Complex Vulnerabilities: Although SQLmap automates many aspects
of SQL Injection detection, certain complex or uncommon vulnerabilities may require
manual analysis and custom exploitation techniques. For instance, chained injection
scenarios or databases using rare query configurations might not be fully exploited by
automated tools. Therefore, SQLmap is most effective when complemented with manual
expertise [18][23].

Potential for Misuse: As an open-source tool, SQLmap is freely accessible, which
unfortunately makes it a potential resource for malicious actors seeking to exploit
vulnerabilities in unauthorized systems. To reduce this risk, organizations should set
clear ethical rules and make sure the tool is used only for approved security testing
[21][10].

Resource Consumption: Extensive scans or advanced exploitation attempts using
SQLmap can be resource-intensive, leading to potential performance degradation in
target systems. This is particularly critical in live production environments, where such
operations may disrupt normal system functionality. Proper planning and the use of test
environments are essential to avoid unintended impacts [24][26].

Steep Learning Curve for Advanced Features: While SQLmap’s basic functionality is
user-friendly, its advanced features, such as crafting tamper scripts, out-of-band injection
techniques, and privilege escalation, require in-depth knowledge. Users without
sufficient expertise may find it challenging to fully utilize these advanced capabilities,
which underscores the importance of training and experience [19][23][10].
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Figure 4 shows the main limitations of using SQLmap in penetration testing.

Limitatiens of SQLmap

®

Dependency on Risk of Detection
Input Points

Figure 4. Limitations of SQLmap

The figure shows main challenges of SQLmap, including reliance on detectable input fields, risk
of false positives, limited ability against complex or logic-based vulnerabilities, and possible
slowdowns during large tests. These limitations mean that even though SQLmap is a powerful
tool, it should be combined with manual testing and other techniques for a complete vulnerability
assessment.

5.6. Case Studies and Practical Applications

SQLmap has been extensively utilized in various penetration testing scenarios to uncover and
address critical vulnerabilities. These practical applications highlight its versatility and impact:

1.

E-Commerce Applications: SQLmap has been instrumental in identifying weaknesses in
payment gateways, customer databases, and user authentication mechanisms. Its
capability to access sensitive data in compromised systems supports safer online
transactions and better protection of customer information. [19][18].

Government Systems: Security experts use SQLmap to test the security of government
websites and databases, often finding serious wvulnerabilities that could allow
unauthorized access or data changes. These assessments have been pivotal in
strengthening public sector cybersecurity [19][21].

Educational Institutions: SQLmap has been deployed to evaluate and secure student
information systems, administrative databases, and learning management platforms. By
detecting vulnerabilities in these systems, institutions have been able to prevent data
breaches and unauthorized access, ensuring compliance with privacy regulations
[20][22].

Healthcare Systems: In healthcare, SQLmap is used to protect sensitive patient
information in electronic medical records and hospital databases. This helps meet
standards like HIPAA and reduces the risk of data theft or tampering [19][23].

Financial Institutions: SQLmap has played a crucial role in evaluating the security of
banking applications, investment platforms, and financial transaction systems. By
exposing vulnerabilities, it has aided in safeguarding financial data and preventing
fraudulent activities [18][24].

These examples underscore SQLmap’s broad applicability across industries, demonstrating its
effectiveness in mitigating risks and enhancing the security of critical systems [19][20][21][23].
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6. SQL INJECTION TESTING WITH SQLMAP

SQL Injection (SQLi) is a vulnerability that lets attackers interfere with a web application’s
database queries, potentially exposing sensitive data like user credentials and financial records.

6.1. Basic Workflow

Identify a vulnerable URL.:

Google Dorks to locate potential SQLi vulnerabilities: inurl: php?id=

Test the vulnerability by injecting a single quote: id=1'

If the website returns an SQL error, it is vulnerable to SQL Injection.

6.2. Confirm SQL Injection using SQLmap

SQLmap is a powerful tool that automates SQL.i detection and exploitation.

6.2.1. Command Demonstrations

1. Detect SQLi vulnerabilities:
sglmap -u "http://examplewebsite.com/item?id=1" —dbs

e Tests if the website is vulnerable and retrieves the available databases.

2. Lists available databases:
sglmap -u "http://examplewebsite.com/item?id=1" --dbs

¢ Displays all databases hosted on the server.

3. Extract tables from a database:
sglmap -u "http://examplewebsite.com/item?id=1" -D database_name --tables

e Extracts table names from the specified database.

4. Retrieve columns from a table:
sglmap -u "http://examplewebsite.com/item?id=1" -D database_name -T table_name --
columns

e Lists the columns available in the target table.

5. Extract data from a table:
sglmap -u "http://examplewebsite.com/item?id=1" -D database_name -T table name —
dump

e Dumps the stored data, including sensitive records like usernames and
passwords.

7. CONCLUSION

Penetration testing and ethical hacking are now essential parts of contemporary cybersecurity
frameworks in a time when cyber threats are changing quickly. This study has highlighted the
critical role of penetration testing in identifying and mitigating security vulnerabilities, with
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special focus on SQLi and the use of automated tools such as SQLmap. In this study, | evaluated
SQLmap’s effectiveness in automated SQL Injection detection within an ethical hacking
framework. | demonstrated its practical use, discussed its limitations, and proposed best practices
for organizations. By bridging academic theory with hands-on testing, | contributed to both
research and practice showing how structured methodologies, automation, and human analysis
together create stronger, more reliable cybersecurity assessments. By carefully analysing methods
like reconnaissance, vulnerability assessment, and exploitation, this research shows the
importance of combining automated and manual approaches to provide a complete security
evaluation.

The results highlight that, although automation boosts effectiveness in identifying vulnerabilities,
human verification is still crucial for tackling intricate attack methods and reducing false alarms.
Organizations should take a proactive approach by including penetration testing in their
cybersecurity plans to better protect against new and emerging threats. Furthermore, continuous
advancements in penetration testing tools and methodologies are essential to keeping pace with
evolving attack techniques.

This study highlights the importance of ethical hacking as a proactive security measure, helping
organizations find and fix vulnerabilities before attackers can exploit them. By using organized
penetration testing methods and strong automation tools, organizations can improve their
security, meet regulations, and protect important information systems from cyberattacks.
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