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Abstract 
Fingerprinting marker techniques in analytical tools involve the use of unique identifiers to 
characterize and analyse substances, materials, or processes. These markers act as specific 
indicators that allow for the precise identification and tracking of samples across various 
applications, such as forensic analysis, environmental monitoring, and quality control in 
manufacturing. In analytical tools, fingerprinting can be achieved through different methods 
such as chromatographic analysis, spectroscopic techniques, or DNA profiling. These methods 
generate a distinctive "fingerprint" that aids in comparison, classification, and differentiation of 
samples based on their molecular or physical properties. The use of fingerprinting markers 
improves accuracy and efficiency in data analysis, enabling researchers to detect anomalies, 
verify identities, and assess the integrity of substances. The implementation of these techniques 
continues to expand in fields like criminal justice, food safety, and medical diagnostics. 
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***** 
INTRODCUTION:  
Fingerprinting, also known as "Finger Marking," 
involves applying a marking or label on 
pharmaceutical products to ensure proper 
identification, traceability, and compliance with 
regulatory requirements.[1] Fingerprint analysis 
involves generating a unique profile of a known 
reference material or sample based on the presence 
and abundance of multiple compounds. The profile is 
used as a benchmark for quality control and to 
ensure consistency in future production batches, 
especially for intricate mixtures like natural 

products.[2] Quantitative determination of marker 
compounds uses analytical techniques to measure 
the number of specific compounds present in a 
sample. These compounds are selected based on 
their chemical characteristics, therapeutic benefits, 
and their presence in the plant material by 
quantifying these compounds, it is possible to ensure 
consistency and quality control in herbal 
medicines.[3] 
Over the course of centuries, fingerprinting has 
changed from being a curious practice to becoming 
an essential tool for law enforcement and personal 
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identification. Here is a quick synopsis: Original and 
Early Applications Prehistoric Babylon (around 2000 
BCE). In ancient Babylon, fingerprints were utilised 
for economic transactions on clay tablets, making it 
one of the oldest known uses of fingerprints.[4] This 
suggested a recognition of their specialness at an 
early age. China (around the third century BCE). In 

China, fingerprints were accepted as proof in court 
cases.[5] Contracts were signed with fingerprints, 
according to records from this era. Marcello Malpighi 
(1686). Early Scientific Observations from the 16th to 
the 19th Centuries One of the first anatomists from 
Italy, Malpighi, studied and described the patterns of 
ridges, spirals, and loops on fingers.[6] 

 
Analytical Techniques for Fingerprint and Marker Compound Identification in Pharmaceuticals [7-16] 

Technique Category Key Features Applications 

Raman Spectroscopy Spectroscopic 
Utilizes rotational and 

vibrational transitions; non-
destructive 

Identification of raw 
ingredients, excipients, APIs; 
quality assurance; forensic 

applications 

DNA Fingerprinting 
Molecular Biology / 

Spectroscopic 
Based on vibrations in 

1550–1900 cm⁻¹ region 

Authentication in 
pharmaceuticals; forensic 
analysis; quality control 

FTIR (Fourier 
Transform IR) 

Spectroscopic 
Detects unique IR 

absorption spectra 

Substance identification at 
microgram levels; herbal 

drug standardization 

NMR (Nuclear 
Magnetic Resonance) 

Spectroscopic 
Explains molecular structure 

using magnetic properties 

Structural elucidation; 
pharmaceutical compound 

profiling 

UV-Vis Spectroscopy Spectroscopic 
Measures light absorption 

at specific wavelengths 

Detection and quantification 
of compounds in 

formulations 

Infrared (IR) 
Spectroscopy 

Spectroscopic 
Identifies molecules via 

vibrational modes 
Detection and quantification 

in formulations 

HPLC (High-
Performance Liquid 
Chromatography) 

Chromatographic 

Separates mixture 
components based on 

interaction with 
mobile/stationary phases 

Compound identification 
and authentication 

Gas Chromatography 
(GC) 

Chromatographic 
Effective for volatile/semi-

volatile compound 
separation 

Separation and 
quantification of small 

molecules 

Mass Spectrometry 
(MS) 

Spectroscopic 
Determines molecular 

weight and structure; often 
combined with HPLC/GC 

Structural analysis; trace 
compound detection; 

enhanced fingerprinting 

TLC (Thin Layer 
Chromatography) 

Chromatographic 
Simple, cost-effective; 

separates compounds using 
a stationary phase 

Preliminary analysis and 
quality control 

Capillary 
Electrophoresis (CE) 

Electrophoretic 
Separates molecules by 

size-to-charge ratio using 
electric field 

High-resolution separation 
of ionic compounds 

Spectroscopic 
Fingerprinting 

Combined 
Analytical 

Combines NMR, FTIR, etc. 
for spectral profiling 

Herbal drug authentication 
and quality assessment 

Chromatographic 
Fingerprinting 

Combined 
Analytical 

Combines TLC, HPLC, GC 
with spectroscopic 

detectors 

Standardization of complex 
pharmaceutical and herbal 

formulations 
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FINGERPRINTING ANALYSIS IN QUALITY 
ASSESSMENT OF PHYTOPHARMACEUTICALS: 
For any herbal product or compound to qualify as a 
drug, it must undergo scientific validation, which 
includes both qualitative and quantitative analysis of 
its components. Maintaining optimal levels of 
therapeutically active ingredients is vital and can be 
achieved through advanced tools and techniques 
capable of analysing these compounds within 
complex mixtures.[17] The increasing demand for 
regulated phytopharmaceuticals, which comply with 
established standards and regulations, highlights the 
significance of quality control and standardization. 
Herbal materials are often obtained from their 
natural habitats across different geographic regions, 
which can influence their chemical composition, 
including the concentration of 
phytoconstituents.[18] Moreover, factors such as 
incorrect identification, accidental or deliberate 
adulteration, and other challenges can compromise 
the quality and effectiveness of herbal materials. As 
a result, developing robust quality control methods 
is essential to ensure the efficacy of herbal 
medicines. This involves confirming the materials' 
authenticity, purity, and the accurate levels of 
biologically active secondary metabolites of herbs, 
their extracts, and phytopharmaceuticals. These 
techniques generate unique patterns based on the 
secondary metabolites in the plant material, known 
as 'fingerprint profiles.' These profiles serve, all of 
which directly impact the safety and therapeutic 
effectiveness of the final product. Plant materials can 
be authenticated or qualified through their 
morphology, macroscopy, and microscopy, along 
with specific chemical tests designed for certain 
groups of phytoconstituents.[19] To analyse the 
chemical composition, analytical techniques are 
employed, which provide a comprehensive chemical 
profile as the identifying markers for specific plant 
materials, formulations, and more. This review 
emphasises the importance of fingerprinting analysis 
and marker-based validation through various case 
studies, highlighting issues such as the adulteration 
of plant materials, the analysis of polyherbal 
formulations, and the challenges in ensuring the 
quality of medicinal plant preparations. It also 
underscores the critical role of different analytical 
tools and techniques in achieving reliable 
outcomes.[20]. 
Marker based Standardization:  
A marker is a specific chemical substance or group of 
substances found in herbal preparations or medicinal 
products that helps evaluate their quality. It serves 
as a measure of the product's quality, with 
acceptable limits often established for its 

concentration. If the marker's level is too high, it can 
cause toxicity or harmful effects, whereas if it is too 
low, the intended therapeutic benefits may not be 
achieved. Maintaining an optimal level of the marker 
is crucial. Markers play a vital role in the quality 
control of herbal products and are generally divided 
into two primary categories. [21] 
 
MATERIALS AND METHODS:  
specific metabolites, which served as distinguishing 
markers for each cultivar. This approach provided 
valuable insights into the metabolic diversity of the 
peppers, aiding in their classification and potential 
applications in food and agriculture. The study by 
[Dujhathai Anekchai] focuses on the development of 
Thin Layer Chromatography (TLC) fingerprints for 
ensuring the quality control of Chanthalila, a 
traditional Thai antipyretic medicine. By using TLC, 
the research aims to create a standardized profile 
that can be used for the authentication and 
consistency of the herbal preparation. The findings 
contribute to maintaining the safety and efficacy of 
this traditional medicine.[22] 
The study by [Araceli Rivera-Pérez] metabolomics 
approach utilizing 1H NMR fingerprinting and 
chemometrics has been developed for quality 
control and geographical differentiation of black 
pepper. This method relies on the analysis of 
metabolic profiles to classify pepper samples based 
on their origin and assess their quality. By applying 
chemometric techniques to 1H NMR data, 
researchers can effectively distinguish between 
different geographical sources and ensure 
consistency in the product's quality.[23] 
The study by [Elideth Florentino-Ramos]1H NMR-
based fingerprinting was utilized to analyse eleven 
Mexican Capsicum annuum cultivars, offering a 
detailed profile of their chemical composition. The 
technique allowed for the identification [24] 
The study by [Mourad Kharbach] Recent 
advancements in both untargeted and targeted 
analytical methods have significantly improved the 
fingerprinting of herbal extracts and essential oils. 
These techniques enable the precise identification of 
bioactive compounds, enhancing quality control and 
standardization. As a result, they offer better insights 
into the chemical profiles and potential therapeutic 
properties of these natural products.[25] 
The study by [Quintanilla-Casas B] A fingerprinting 
technique has been developed to accurately 
determine the geographical origins of virgin olive oil. 
This method relies on analysing the unique chemical 
signatures found in the oil, which are influenced by 
factors such as climate and soil composition. It offers 
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a reliable tool for verifying authenticity and 
preventing fraud in the olive oil industry.[26] 
The study by [Shivangi Srivastava] Recent 
advancements in detection technologies have 
greatly enhanced the authentication of vegetable 
oils. These innovations, including spectroscopic and 
chromatographic methods, improve accuracy in 
identifying adulteration and verifying quality. The 
review highlights various cutting-edge techniques 
that ensure the integrity of vegetable oils in the 
market.[27] 
The study by [Rida Ahmed] An HPLC method has 
been developed for the chemical fingerprinting of 
Guggul (Commiphora wightii) enabling the 
quantification. This technique also facilitates the 
detection of potential adulterants, ensuring the 
authenticity and quality of Guggul products. It 
provides a reliable approach for both quality control 
and standardization.[28] 
The study by [Anjali Bharti] Recent developments in 
analytical techniques have enhanced the detection 
of contaminants in food, addressing concerns related 
to food safety and security. Methods like mass 
spectrometry and chromatography are increasingly 
used for their sensitivity and precision. These 
advancements help in identifying harmful substances 
and ensuring the integrity of food products.[29] 
The study by [Xiaomei Long] conducted a chemical 
fingerprint analysis to compare the composition of 
horned and bellied gallnuts in Galla Chinensis. Their 
study identified key chemical markers and 
differences in content between the two types. This 
research provides insights into the quality evaluation 
and potential applications of Galla Chinensis.[30] 
The study by [Natália O. A. Canellas] investigated the 
metabolite fingerprints of maize and sugarcane 
seedlings to identify potential biomarkers after 
inoculation with plant growth-promoting bacteria in 
the presence of humic acids. Their study highlights 
key metabolic changes that indicate enhanced plant 
growth and stress resistance. The findings suggest 
that specific metabolites could serve as indicators of 
beneficial microbial interactions in 
agricultural systems. [31] 
The study by [Carla Egid] This review explores the use 
of HPLC-UV fingerprinting and chemometric 
techniques to detect honey adulteration with sugar 
syrups. It highlights various analytical methods, 
emphasizing their efficiency in identifying fraudulent 
honey. The study also discusses challenges and 
future prospects in honey authentication.[32] 
The study by [J. Orzel] The study explores how 
fluorescence fingerprints can be used to assess sugar 
quality, applying robust calibration techniques for 
better accuracy. This method helps ensure consistent 

and reliable quality control. It highlights the potential 
of fluorescence spectroscopy in food quality 
monitoring.[33] 
The study by [Jing Lan] focuses on developing a 
quantitative chromatographic fingerprint analysis 
method for the sugar components in Xiaochaihu 
Capsules using the Quality by Design (QbD) 
approach. The method ensures consistency in 
product quality by optimizing chromatographic 
conditions for reliable identification and 
quantification. This approach improves the efficiency 
and robustness of quality control in herbal 
formulations.[34] 
The study by [Lijuan Du] explores the detection of 
milk powder in liquid whole milk through hydrolysed 
peptide and intact protein mass spectral fingerprints. 
By integrating data fusion technologies, the method 
enhances the accuracy and sensitivity of detection. 
This approach offers a robust tool for quality control 
in dairy products.[35] 
The study by [Sneh D Bhandari] uses amino acid 
fingerprinting to differentiate authentic non-fat dry 
milk and skim milk powder from potential 
adulterants. It also evaluates the effects of spiking 
with selected adulterants on the amino acid profile. 
This method provides a reliable technique for 
detecting milk powder adulteration.[36] 
 
RESULTS AND DISSCUSION:  
Fingerprinting marker techniques in analytical tools 
are considered superior to other methods due to 
their accuracy, reliability, and ability to provide 
comprehensive information about complex samples. 
These techniques involve identifying unique 
chemical or biological markers within a sample, 
which helps in authentication, quality control, and 
detection of adulteration. Several reasons make 
fingerprinting marker techniques more effective 
compared to traditional method First these 
techniques offer high specificity by targeting unique 
markers, ensuring accurate identification of 
substances. Unlike conventional methods, which 
often rely on a limited set of parameters, 
fingerprinting techniques provide a holistic view of 
the sample’s composition. This enhances precision in 
detecting variations, even in highly similar 
compounds Second, fingerprinting marker 
techniques improve reproducibility.[37] Traditional 
methods may suffer from inconsistencies due to 
variations in sample preparation or environmental 
factors. However, fingerprinting approaches 
generate consistent and repeatable results, making 
them ideal for long-term studies and regulatory 
compliance Third these techniques are highly 
efficient for complex mixtures. Many analytical 
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methods struggle to differentiate between 
structurally similar compounds, leading to errors in 
identification. Fingerprinting techniques, such as 
spectroscopy and chromatography-based methods, 
analyse multiple components simultaneously, 
offering a more comprehensive evaluation of the 
sample Fourth, fingerprinting techniques enhance 
sensitivity and accuracy. [38] Some conventional 
methods may fail to detect low concentrations of 
target compounds, whereas fingerprinting 
techniques can identify minute differences. This is 
particularly useful in fields like pharmaceuticals, food 
safety, and forensic analysis, where trace-level 
detection is crucial Additionally, these techniques 
play a significant role in quality control and 
authentication. Industries such as herbal medicine, 
food processing, and cosmetics rely on fingerprinting 
to ensure product integrity. By comparing the 
fingerprint of a sample with a reference standard, 
manufacturers can confirm authenticity and detect 
adulteration effectively Moreover, fingerprinting 
marker techniques support non-destructive analysis. 
Unlike certain traditional methods that may alter or 
destroy the sample during testing, fingerprinting 
techniques often preserve the sample’s integrity. 
This is particularly advantageous for valuable or rare 
substances Furthermore fingerprinting marker 
techniques integrate well with modern 
advancements in artificial intelligence and machine 
learning. By using data-driven algorithms, these 
techniques can enhance pattern recognition and 
automate the identification process, leading to faster 
and more accurate results.[39] 
 
CONCLUSION:  
The adoption of fingerprinting marker techniques for 
quantification and detection represents a significant 
milestone in safeguarding public health by ensuring 
the quality, safety, and authenticity of herbal 
medicines and food products. These methods play a 
crucial role in verifying the chemical consistency of 
herbal drugs, which is essential for maintaining their 
therapeutic effectiveness. Additionally, they help 
prevent fraud by accurately identifying adulteration, 
contamination, or counterfeit products in both 
herbal and food industries. By ensuring compliance 
with regulatory standards, these techniques not only 
enhance consumer confidence but also uphold the 
integrity of the supply chain. Overall, the integration 
of fingerprinting methods into these processes is 
pivotal for advancing public health and promoting 
trust in the authenticity and reliability of herbal and 
food products. 
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