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f mongoose hair from domestic
cattle hair, human hair, and synthetic fiber using
FTIR spectroscopy and chemometric analysis:
a rapid, cost-effective, and field-deployable tool for
wildlife forensics†

Shinta Ann Jose,a Kalaiyarasan Boopathy Thiyagarajan, *a Chanthini Baskar,b

Rajinder Singh, c Dhayanithi Vasanthakumaria and A. Udhayana

Mongoose hair is used to prepare fine brushes, which increases the demand for mongooses to be poached

from the wild and brutally bludgeoned to death. Mongooses were listed as Schedule I species under the

Indian Wildlife (Protection) Act 1972. Species identification of wildlife case-related samples is necessary

to convict a person under this legislation. Microscopy and DNA-based techniques are commonly used to

identify mongoose hair in seized brushes. However, in painting brushes, the roots, and the lower part of

the hair are mostly trimmed, and only the upper part is used to make the brushes. In addition, brushes

are often prepared with mixed hair from mongoose, domestic cattle, human hair, and synthetic fibre.

Therefore, the identification of mongoose hair by microscopy and DNA-based techniques is restricted

due to the lack of complete strands of hair and the absence of hair roots. Therefore, there is an urgent

need to develop an alternative methodology for the identification of mongoose hair from seized articles.

FTIR spectroscopy for forensic analysis has gained significant attention over the years because of its

sensitivity, specificity, and non-destructive nature. The present study aimed to discriminate Indian grey

mongoose (Herpestes edwardsii) hair from domestic cattle hair (domestic water buffalo and domestic

cow), human hair, and synthetic fiber based on their chemical composition using FTIR spectroscopy and

chemometric analysis. We have taken hair from four individuals for each species, namely Indian grey

mongoose, domestic cattle, human hair, and synthetic fibre. The FTIR spectrum was recorded, and

partial least-squares discriminant analysis (PLS-DA) was used to discriminate hair and synthetic fiber. The

established PLS-DA model showed an R-square value and an RMSE (root mean square error) value of 0.9

and 0.13 respectively. Our preliminary findings have shown that FTIR spectroscopy combined with

chemometrics can quickly discriminate Indian grey mongoose hair, domestic cattle hair, human hair, and

synthetic fiber, providing crucial evidence for judicial proceedings.
1. Introduction

India is a megadiverse country, home to 7–8% of the world's
ora and fauna. It accommodates more than 45 000 species of
plants and 91 000 species of animals.1 Wildlife in India is pro-
tected by the Wildlife (Protection) Act 1972 (WPA), which
prohibits the trade of more than 1800 species of wild animals,
tion, Tamil Nadu Forest Department,

8, India. E-mail: t.biokalai@gmail.com;

Institute of Technology, Chennai, Tamil

iversity, Patiala, Punjab, 147 002, India

tion (ESI) available. See DOI:

the Royal Society of Chemistry
plants, and their derivatives.2–4 Despite strong legal protection,
poaching and illegal trade have been increasing over the years,
posing a signicant threat to several iconic species and pushing
them to the brink of extinction. Mammals are frequently
poached for their skin, meat, hair, and wool, which are widely
traded for different purposes, such as fur coats, leather purses,
belts, shoes, carvings, etc.5,6

In recent years, mongooses (Herpestes sp.) have been
poached illegally and their hair is used to produce painting and
shaving brushes.7,8 The various seizures made by law enforce-
ment agencies indicate that poaching of these animals is still
regular and affects the conservation of these animals.7 For
example, in 2023, the Andhra Pradesh Forest Department seized
more than 18 000 paint brushes from several premises allegedly
used by dealers in Hyderabad city, and forensic analysis
conrmed that the paint brushes were prepared with Indian
RSC Adv., 2024, 14, 36937–36944 | 36937
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View Article Online
grey mongoose (Herpesten edwardsi);9 The Tamil Nadu Wildlife
Crime Control Bureau seized 14 000 mongoose hair paint
brushes from various districts of Tamil Nadu, such as Chennai,
Coimbatore, and Madurai.10 The Wildlife Crime Control Bureau
(WCCB), India, has conducted enforcement operations in seven
Indian states from 2002 to 2021, leading to the recovery of more
than 1.6 lakh mongoose hair paint brushes and 292.7 kg of raw
mongoose hair.11 Additionally, the Centre for Wildlife Forensic
Sciences, Advanced Institute for Wildlife Conservation, Tamil
Nadu Forest Department, Vandalur, Chennai, has received
several cases involving the use of mongoose hair. A study
documented that there are seven mongoose species in India7

namely (1) Herpestes edwardsii, (2) Herpestes smithii, (3) Her-
pestes urva, (4) Herpestes palustris, (5) Herpestes javanicus, (6)
Herpestes vitticolis and (7) Herpestes brachyurus. All mongoose
species are protected under the Indian Wildlife (Protection) Act
1972 and classied as Schedule I species,12 and the Interna-
tional Union Conservation of Nature (IUCN)13 categorized
mongoose species as ‘Least Concern’.

In general, microscopy was used to identify mongoose hair
in the seized brushes. The Wildlife Institute of India (WII)14 has
demonstrated the identication of Indian grey mongoose from
guard hair. The Zoological Survey of India (ZSI)15 and the
Wildlife Crime Control Bureau (WCCB)16 have reported micro-
scopic structures of dorsal guard hairs for identication of
mongoose species. However, the ZSI report lacks detailed
descriptions of microscopic hair characters, and the WCCB
report has no microscopic images. As a result, the practical
application of these ndings for forensic case analysis is
limited. To address this issue, Sahajpal et al. (2009)7 demon-
strated the identication of four mongoose species (H.
edwardsii, H. smithii, H. palustris, and H. urva) by microscopic
examination of the pattern of the dorsal guard hair band and
discriminate functional analysis (DFA). However, all studies
have exhibited the identication of mongoose species by
microscopy examination of the dorsal guard hair band pattern.
Still, hairs from other regions of the mongoose body (e.g., tail)
are also used in brush manufacturing. Therefore, further
studies must be employed and compared with the reference
data to overcome this limitation. Moreover, the identication of
species from hair is subject to several factors, such as the
availability of complete strands of hair, the expertise of the
forensic examiner, the quality and quantity of the hair, the
availability of known samples (reference hair samples) and the
instrumentation used for analysis.17–21 The results of micros-
copy analysis may sometimes not be conclusive; therefore,
further study is needed to identify the species.21

Next, DNA analysis is the most common method used to
detect hair at the molecular level.22 Before analysis, a forensic
analyst classies the hair based on the morphology of the hair
roots to apply the appropriate analytical methods.23,24 In
forensic analysis, hair samples with anagen follicular tissue are
ideal for DNA analysis.25 However, up to 95% of hair collected as
forensic evidence has been documented to be telogen, which is
completely keratinized and contains a small amount of cellular
material.26,27 To overcome this issue, Bourguignon et al. (2008)28

classied telogen hairs found at the crime scene such as type 1,
36938 | RSC Adv., 2024, 14, 36937–36944
without visible so tissue; type 2, with a small amount of so
tissue attached; and type 3, with a large amount of so tissue
attached.

In most cases, the seized brushes received for forensic
analysis were type 1 and DNA extraction; subsequent analysis is
very challenging.7,22 However, few studies have reported the
identication of species on hair shas, though the success rate
is subject to various parameters, including the content of
keratin.29 In addition to this, during our forensic examination of
the brushes received for analysis, we observed that the brushes
prepared with mongoose hair were oen mixed with hair from
other domestic cattle, such as domestic water buffalo (Bubalus
bubalis), domestic cow (Bos taurus), human hair, and synthetic
bers. Therefore, the identication of mongoose hair from
seized brushes is a very tough task using microscopy and DNA-
based techniques due to three primary reasons: (1) lack of
complete hair structure (hair strands), (2) the hair samples
received for analysis are telogen, and (3) the seized brushes
oen mixed with hair from domestic cattle, human hair, and
synthetic bres. Therefore, it is a fact that identifying mongoose
hair from seized brushes and discriminating it from counterfeit
(i.e., hair from domestic cattle, humans, and synthetic bres) is
a major concern, and there is an urgent need to develop robust
techniques/methods to distinguish mongoose hair from coun-
terfeit materials.

The application of vibrational spectroscopy for forensic
purposes has gained signicant attention over the years
because of its sensitivity, specicity, and non-destructive
nature.30 The infrared spectrum displays the vibrational char-
acteristics of a sample based on the different absorption
frequencies of the individual functional groups present in the
sample (e.g., based on the chemical composition of the
sample).30 In light of this, FTIR is used to analyse various
materials in forensic science, including biomedical samples,31

paint,32 ngerprints,33,34 and ink.35 Furthermore, studies have
documented that the identication of species from hair using
Attenuated Total Reectance Fourier Transform Infrared Spec-
troscopy (ATR-FTIR).36–40 Notably, Manheim et al. (2015)41

described the identication of human, animal, and synthetic
ber by ATR-FTIR spectroscopy. Boll and co-workers (2017)42

researched the use of ATR-FTIR spectroscopy for the classi-
cation of dyed and non-dyed hairs; Bhatia et al. (2024)43 showed
the identication of hairs from Royal Bengal Tiger (Panthera
tigris tigris), Indian Leopard (Panthera pardus fusca) and snow
Leopard (Panthera uncia) using the ATR-FTIR spectroscopic
technique in combination with chemometric analysis. Hence,
previous studies have well documented that species, biological,
and non-biological articles can be identied by ATR-FTIR
spectroscopy and chemometric analysis. Therefore, we have
been motivated to employ FTIR spectroscopy combined with
chemometric tools for the identication of mongoose hair from
counterfeit hair (i.e., hair from domestic cattle and human).

In light of this, the current study demonstrates FTIR spec-
troscopy combined with chemometric tools for the identica-
tion of Indian grey mongoose hair (Herpestes edwardsii) and
discriminating it from domestic cattle, such as domestic water
buffalo (Bubalus bubalis), domestic cow (Bos taurus), human
© 2024 The Author(s). Published by the Royal Society of Chemistry
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View Article Online
hair, and synthetic ber. We selected the Indian grey mongoose
for this study because it is the most common mongoose found
in southern India and its proximity to human habitation.9 As
a result, Indian grey mongooses are oen poached and their
hair is used for brush preparation. The results of this study will
play an important role in the wildlife forensics in identifying
Indian grey mongoose hair from seized articles.

2. Materials and methods
2.1 Collection of Indian grey mongoose hair (voucher
sample)

We collected 100 hair samples (25 hair strands from each
individual) from four Indian grey mongooses in our
Morphometry Laboratory at Advanced Institute for Wildlife
Conservation (AIWC), Chennai, Tamil Nadu, India. No sample
was collected from live animals.

2.2 Collection of domestic cattle hair samples

From the Kolapakkam Farm house, Chennai, India, approxi-
mately 25–30 tail hairs were collected from each of the four
individuals of domestic water buffalo (Bubalus bubalis) and
domestic cow (Bos taurus). Before FTIR spectroscopy analysis,
the species was conrmed by molecular analysis.

2.3 Human hair collection

Human hair samples were obtained for this study from four
volunteers willing to donate a small amount of scalp hair. For
all hair donors, only their age and biological sex were recorded;
donor names and all other personally identiable information
were not collected. The donated hairs were visibly found to be
natural (non-dyed) and black.

2.4 Synthetic ber

In this study, we used polyethylene terephthalate ber. For FTIR
analysis, we chopped small pieces of ber and prepared the
samples as described below.

2.5 Sample preparation for FTIR spectroscopy analysis

About 25 hair strands were taken from each individual, chopped
into small fragments and nely powdered using a sterile mortar
and pestle. The powdered samples were then thoroughly mixed
with 1.0 g of KBr powder (Merck Millipore, IR spectroscopy
grade) and a 13 mm KBr pellet was prepared. The mortar and
pestle were cleaned with acetone (analytical grade) and then
dried before and aer the preparation of the sample to avoid
cross-contamination.

2.5.1 Instrumentation and spectral collection. FTIR spectra
were recorded using Bruker FTIR model: Alpha II (Bruker Optics,
Ettlingen, Germany) equipped with a ZnSe crystal accessory and
a DTGS detector. A blank KBr pellet without the sample was run
for the background scan before switching to the subsequent
sample. The sample holder and instrument accessories to
prepare the pellet were cleaned with analytical grade acetone
aer each experiment to avoid cross-contamination. The spectra
© 2024 The Author(s). Published by the Royal Society of Chemistry
were measured in transmittance mode within the range 4000–
500 cm−1 (mid-infrared region) with a spectral resolution of
4 cm−1. All experiments were averaged from 24 scans and per-
formed at room temperature. Each sample was analysed in
triplicate and a total of 48 reference spectra were recorded (16
samples × 3 = 48). Furthermore, we also recorded the FTIR
spectrum for four synthetic bers (4 samples × 3 = 12). In total,
we recorded 60 spectra for this study.
2.6 Data analysis

2.6.1 Spectra preparation, analysis, and comparison of
spectra. The FTIR spectral data obtained from the OPUS so-
ware (Version 8.8, Bruker Optics, Ettlingen, Germany) were pre-
processed within the soware. Atmospheric compensation was
applied to reduce the inuence of the CO2 and H2O absorption
bands, and a baseline correction was performed on every
spectrum before any analysis. Graphical plots for the reference
and suspected samples were created using Origin Pro 9. Then,
the functional groups present in the primary compounds in the
hair were annotated.

2.6.2 Chemometric analysis. Chemometrics analysis is an
interdisciplinary eld of applied mathematics and statistics
that helps to design, gather, analyse, and validate the infor-
mation from an intrinsic set of data obtained from various
analytical techniques.44 In our study, the partial least squares
discriminant analysis (PLS-DA) is used to analyse the spectral
data. PLS-DA is a linear classication method that combines the
properties of partial least squares regression and the discrimi-
native ability of classication technology.45 Hence, the current
study used the PLS-DA model to discriminate Indian grey
mongoose hair from human hair, synthetic hair, domestic
cattle. Before applying the PLS-DA model, the data was pre-
processed using the Savitzky–Golay algorithm for smoothing,
the Mean centering method, and normalisation. A classication
model was constructed using PLS-DA to classify Indian grey
mongoose hair, domestic cattle, human hair, and synthetic
ber. Four samples were taken from each species to construct
the calibration set of the PLS-DA model. All data were analysed
using MATLAB R2020b (The MathWorks, MA, USA) equipped
with PLS Toolbox 9.3 (Eigenvector Research, WA, USA).
3. Results and discussion
3.1 FTIR spectroscopy analysis for Indian grey mongoose
hair, domestic cattle hair, human hair, and synthetic ber

Identifying seized wild animal parts is a great challenge due to
the many species involved in the illegal wildlife trade and the
various forms of seized items. These articles are oen made
from materials derived from domestic animals and other
sources (or materials); therefore, the species identicationmore
complex using conventional methods.46 For example, CITES has
documented that wild mammal skins (leather, fur) and prod-
ucts (hair, wool) are widely traded, oen mixed with counterfeit
furs, making the identication of wildlife products chal-
lenging.47 Therefore, there is an urgent need to develop alter-
native methods to identify intra- and interspecies variations in
RSC Adv., 2024, 14, 36937–36944 | 36939
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Fig. 1 FTIR spectra of hair from Indian grey mongoose, domestic
water buffalo, domestic cow, human hair and synthetic fiber. The
inserted clipart's were collected from online sources (for better visu-
alization purposes), and Microsoft PowerPoint was used to prepare the
figure. The blue box indicates the spectral differences in mongoose
hair compared to other animal hair used in this study (including human
hair).
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wild and domestic species. This will enable a better imple-
mentation of national and international laws to effectively
control wildlife trade.

In this study, FTIR spectroscopy was used to discriminate
Indian grey mongoose hair, domestic cattle hair, human hair,
and synthetic ber. Hence, we recorded the FTIR spectrum for
the hair of the Indian grey mongoose, domestic cattle hairs,
human hair and synthetic bres. The ndings revealed that we
could visually distinguish synthetic ber from hair (all the hair
used in this study). The results suggested that through FTIR
analysis, visually can be conrm seized brushes contain hair or
any other materials (including other than hair origin). On
another hand, a slight spectral difference, especially in the
amide-II region, was observed in the hair of Indian grey
mongooses compared to domestic animals (Fig. 1). Similar
results were observed in the FTIR spectrum recorded for intra-
species (different individuals from the same species)
Table 1 Assignment of IR absorption bands in the spectra of hair

S. No. Wavelength (cm−1) Assignment

1 3100–3500 Amide A (overlap of amide hydrogen
N–H region and O–H region)

2 2850–3000 n(CH3) asymmetric; n(CH3) symmetric
4 1600–1700 Amide I (carbonyl oxygen C]O region)
5 1500–1572 Amide II (amide hydrogen N–H bond)
6 1361–1470 Amide III d(CH2) (CH3) deformation
7 1210–1290 Amide III (carbonyl oxygen C–O region)

8 998–1100 Sulphur oxygen (S–O vibration, C–H bond

36940 | RSC Adv., 2024, 14, 36937–36944
(Supplementary Fig. S1†). The primary biochemical component
of animal bres is keratin, a brous structural protein widely
found in human and animal organs, including the epidermis,
hoof, horn, hairs, and feathers.48 Gallagher (2009)49 detailed the
protein composition of some animal bers, while Espinoza
et al. (2009),50 Manheim et al. (2016),41 Agarwal et al. (2019),51

Wang et al. (2021),48 and Xu et al. (2022)52 characterized hair
proteins using spectroscopy techniques and described their
chemical composition and corresponding wavenumbers
(Table 1).

In our study, the peak observed at 3305 cm−1 is related to the
organic material amide A (primary amide) from the overlap of
the N–H and O–H hydrogen amide regions (NH stretching
vibrations). Based on previous studies on keratin, the peaks at
2965 cm−1 and 2930 cm−1 represent asymmetric and symmetric
n(CH3), respectively, and amide I is identied at 1655 cm−1

which corresponds to the stretching vibrations of the C]O
bond (amide group). The detected peak at 1541 cm−1 is the
amide II band that arises from vibrations of NH bending and
C–N stretching, and the narrow peaks at 1453 cm−1 and
1400 cm−1 are due to the deformation in d(CH2) (CH3) and
d(CH3) respectively. Similarly, a weak peak at 1238 cm−1 illus-
trates amide III, a combination of stretching vibrations of the
C–N and C–O bonds and bending vibrations of the N–H and
O]C–N bonds. As reviewed and documented by Espinoza et al.,
2009, the region between 1200 to 1000 cm−1 is associated with
vibrations of the sulfur–oxygen groups of keratins, and hence
the peak at 1080 cm−1 is of ns (SO) from cysteine oxide.50 Based
on the FTIR spectra recorded for hair samples, we found no
visual difference in the spectra (except Indian grey mongoose
hair), as all hair is made of keratin proteins. Additionally,
relying on visible observation of FTIR spectra can lead to
observer bias. To address these issues, we used chemometric
analysis to distinguish Indian grey mongoose hair from
domestic cattle hair, human hair, and synthetic ber.
3.2 Chemometric modelling for discrimination of Indian
grey mongoose hair, domestic cattle hair, human hair, and
synthetic ber

The PLS-discriminant analysis (PLS-DA) method is commonly
used for predictive, descriptive modelling, and discriminative
variable selection.54 PLS-DA has various applications in various
Source Ref.

N–H stretching vibrations 48–53

Saturated and unsaturated C]H, C–H region
C]O stretching vibrations
N–H formation vibrations and C–N stretching vibrations
C–N region
C–N and C–O stretching vibrations, N–H and
O]C–N bending vibrations

) Cystine oxides

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Score plot for the PLS-DA classification model with LV1 vs. LV2.
Class 0 – Indian grey mongoose, class 1 – domestic water buffalo,
class 2 – domestic cow, class 3 – human hair and class 4 – synthetic
fiber.
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elds, such as forensic science, banking, medical diagnosis,
food analysis, metabolomics, and soil science.54–58 Keeping in
view, this study used PLS-DA analysis to differentiate between
Indian grey mongoose hair, domestic cattle hair, human hair,
and synthetic ber based on their intensity of IR radiation
absorption by biochemical composition of each hair sample.

The PLS-DA model was calculated as three latent variables
(LV), namely LV1 (87.09%), LV2 (7.22%), and LV3 (2.82%);
consequently, it contributed to the separation of the ve groups.
Score plots between LVs are shown in Fig. 2 and 3. The plot
clearly showed species wise cluster and differentiation; the
Fig. 3 PLS-DA classification model: score plot LV1 vs. LV3. Class 0 –
Indian grey mongoose, class 1 – domestic water buffalo, class 2 –
domestic cow, class 3 – human hair and class 4 – synthetic fiber.

© 2024 The Author(s). Published by the Royal Society of Chemistry
latent variables effectively highlighted the differences in the
FTIR spectra recorded for each hair sample. The developed
model has shown an R-square value of 0.9 and an RMSE value
(root mean square error) of 0.13. Hence, the PLS-DA analysis has
successfully discriminated the Indian grey mongoose hair,
domestic cattle hair, human hair, and synthetic ber based on
the IR transmittance variations of the chemical compositions
present in the hair samples (especially keratin protein).

Proteins are made of hundreds of amino acids folded into
a well-dened structure that is stabilized by thousands of
interactions. Infrared (IR) spectroscopy can reveal the structure
of proteins via vibrational resonances from the polypeptide
backbone and/or side chains. Such resonances depend on the
protein structure and local interactions (such as hydrogen
bonding between amino acids).59 In light of this, studies
documented that FTIR spectroscopy analysis of polypeptides
and proteins reveals nine characteristic IR absorption bands:
amide A, B, and I–VII. The amide I and II bands are the most
prominent vibrational bands of the protein backbone. The
amide I band (1700–1600 cm−1) is the most sensitive spectral
region to the protein's secondary structural components and is
primarily due to the C]O stretch vibrations of the peptide
linkages. On the other hand, the amide II band is mainly
derived from in-plane NH bending and the CN stretching
vibration.48–53

In this regard, the current study aimed to discriminate the
Indian grey mongoose hair, domestic cattle hairs, human hair,
and synthetic bres based on their biochemical composition
using FTIR analysis. The FTIR analysis of hair showed the
characteristic peaks at 1655 cm−1 (amide I), 1541 cm−1 (amide
II), and peaks at 1453 cm−1 and 1400 cm−1 are due to defor-
mation in d(CH2) (CH3) and d(CH3) respectively.60 These spectral
peaks were attributed to hair keratin protein (abundant in the
outer layer of skin, hair, and nails) and similar peaks were
observed in all the hair samples, excluding slight differences in
Indian grey mongoose hair. Studies reported that in the protein
analysis through IR spectroscopy, the amide I band is sensitive
to the secondary structure and is not strongly inuenced by side
chains of proteins. In contrast, the IR absorption properties vary
in the a-helices, b-sheets, random coils, and loops (i.e., protein
secondary structure elements) due to hydrogen bonding of
different strength from one peptide –C]O group to H–N– group
of a neighboring amino acid. The strength of the hydrogen
bond plays a vital role in the absorption frequency of the C]O
vibration in the amide I, corresponding to different secondary
structure segments within the protein.61–63

Considering that keratin protein is present in all the hair
used in this study, the amino acid compositions of hairs vary
from species to species. Subsequently, the hydrogen bonding
patterns change within keratin proteins (keratin in different
hair types). As a result, it impacted in IR absorption properties
of keratin proteins present in each hair type. The small varia-
tions in amide I and amide II regions of hair cannot be iden-
tied by the naked eye. However, PLS-DA analysis identied the
difference in IR absorption properties in the amide I, amide II,
and amide III regions of hair and discriminated.63 At this
movement, the current study demonstrated discrimination of
RSC Adv., 2024, 14, 36937–36944 | 36941
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mongoose hair, domestic cattle, human hair, and synthetic
ber using FTIR spectroscopy combined with chemometric
analysis.

However, the number of samples was limited to only four in
the current study; therefore, we were unable to validate the
results. The study showed that FTIR spectroscopy combined
with chemometric analysis could discriminate Indian grey
mongoose hair, domestic cattle (domestic water buffalo and
domestic cow), synthetic ber, and human hair. The results
indicate that this method can be used to identify Indian grey
mongoose hair from seized articles and can discriminate it
from domestic cattle hair, human hair, and synthetic ber.

Furthermore, it is believed that FTIR spectroscopy combined
with chemometric analysis will facilitate the rapid identication
of Indian grey mongoose from seized articles and will be cost-
effective compared to molecular techniques. Furthermore,
creating an FTIR spectral library for Indian grey mongoose hair
could be benecial, as it could be utilized in the eld, and
border force and law enforcement officials can use it to identify
mongoose hair in seized articles. This study showed positive
signs for the identication of mongoose hair in seized articles,
including mixed mongoose hair from domestic cattle, human
hair, and synthetic ber. However, to enhance the forensic
applications of this methodology, additional studies should be
performed to validate it with a large number of hair samples,
which will facilitate the construction of a comprehensive clas-
sication and discriminant model.

Our study recorded the FTIR spectra of samples made with
potassium bromide (KBr) pellets. As a result, we used a ne
powder of 25 hair samples to record the spectra of one sample
(in triplicate). Due to the non-availability of hair samples, we are
unable to use a high volume of samples for this study. Conse-
quently, the data generated are inadequate to validate this
methodology. Furthermore, India is home to seven species of
mongoose; our study specically focused on identifying Indian
grey mongoose hair. Therefore, future studies should aim to
identify and differentiate the other mongoose species. Despite
these limitations, our proof-of-concept study marks a signi-
cant advance in species discrimination based on hair analysis.
The results obtained from this study will have practical appli-
cations in wildlife forensic investigations.

4. Conclusions

In wildlife forensics, discriminating or identifying individual
species from an unknown sample is necessary to convict
a person under the law. The current study attempted to identify
Indian grey mongoose hair and distinguish it from domestic
cattle hair, such as domestic water buffalo, domestic cow,
human hair, and synthetic ber, using FTIR spectroscopy
combined with chemometric analysis. The preliminary results
of this study documented that FTIR spectroscopy, combined
with chemometric analysis, is a powerful tool for discriminating
Indian grey mongoose hair from other animal hair and has
great potential for forensic applications. However, the current
study is carried out with a minimum sample size; as a result, we
were unable to validate the results. Therefore, to apply these
36942 | RSC Adv., 2024, 14, 36937–36944
methods to forensic practice, we will improve the experimental
setup with a high volume of samples in the following research
to resolve the problem stated above.
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