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Abstract

Azadirachta Indica (Neem) is known as medicinal plant for its antimicrobial, anti-inflammatory and antioxidant
properties. Now a days, India found many therapeutic uses from neem leaves extract. The neem tree generally
Jfound in Indian subcontinent and South Africa. The present study investigates the functional groups present in the
methanolic extract of neem leaves using Fourier Transform Infrared (FTIR) Spectroscopy. The spectrum was
recorded in the region of 4000-500 cm™. Several absorption peaks displayed to hydroxyl, alkane, carbonyl,
aromatic and alkoxy functional groups. Detailed spectral interpretation suggests the presence of bioactive
phytochemicals such as polyphenols, flavonoids, terpenoids, alkaloids and tannins. These compounds are
responsible for the pharmacological activities of neem leaves. The results demonstrate that FTIR spectroscopy is a
rapid and reliable analytical technique for phytochemical characterization of plant extracts. Finally, the study
focuses to isolate and characterize lead molecules from methanolic neem leaves extract for further uses of

biological activities.
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1. INTRODUCTION:

Medicinal plants play a vital role in traditional and modern medicine. Among these plants, Azadirachta Indica
(commonly known as neem) is widely recognized for its therapeutic properties!' 2. Neem belongs to the family
Meliaceae and has been used for centuries in Ayurvedic medicinel®!. Various parts of the plant including leaves, bark,
seeds and oil possess medicinal valuel3s 1) [28],
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Fig. 1: Google Image of Study Area.

Neem leaves contain several bioactive compounds such as alkaloids, flavonoids, tannins, terpenoids and phenolic
compoundst) (61 71 181 1. [101. [111, 121, [27), 28] ' These phytochemicals exhibit antibacterial, antiviral, antifungal, antioxidant
and anti-inflammatory activities!!3} (14} 15}, 116}, 171, 181, [19]. 281 ' Because of these properties, neem has attracted significant
interest in pharmaceutical and biomedical research.

Fig. 2: Tree of Neem (Azadirachta Indica). Fig. 3: Leaf of Neem (Azadirachta Indica).

Fourier Transform Infrared Spectroscopy (FTIR) is an important analytical tool used for identifying functional groups
present in organic compounds. FTIR works by measuring the absorption of infrared radiation by molecules!!!h (20 [21]. [22]
(23], Different functional groups absorb infrared radiation at characteristic frequencies, producing a unique spectral
fingerprint.
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The present study aims to identify the functional groups present in the methanolic extract of neem leaves using FTIR

spectroscopy and to correlate these groups with possible bioactive phytochemicals?4 27 [28],

2. MATERIALS & METHODS:

Equipment

Grinder (Morphy Richards)

Electronic balance (DJ602A)

Refrigerator (SAMSUNG)

Hot air oven (OPTICS TECHNOLOGY)

FTIR Spectrophotometer (INVENIO S, BRUKER OPTIK, GmBH)

Reagents and Chemicals
e  Sample Material — Dried Neem Leaves
e  Extraction Solvent — Methanol (ZENITH)

Consumables
e Glassware — Reagent bottles, Measuring cylinder, Funnels, Watch glass, Beakers (BOROSIL)
e  Filter papers
e  Aluminium foil
e  Protective Equipment — Apron, Gloves, Glass

2.1 Plant Material:
Fresh and mature leaves of neem (Azadirachta Indica) were collected from the local area of Dewanchak, Godda,
Jharkhand, India in January 2026 (Fig. 2 & Fig. 3).

Fig. 4: Neem Leaves. Fig. 5: Dried Neem Leaves. Fig. 6: Neem Leaves Powder.

2.2 Preparation of Azadirachta Indica (Neem) Leaves Powder:
The collected healthy neem leaves were cut into small pieces and washed thoroughly with distilled water to remove dust,

soil particles and other impuritiest].

The cleaned leaves were then spread on clean trays for dry under shade at room temperature (24-27°C) for
approximately 12 days to remove moisture while preserving the bioactive molecules®®! (Fig. 4 & Fig. 5).

After drying, the leaves were ground into a fine powder using a clean mixer grinder (Fig. 6). The powdered sample was

then stored in an airtight container to prevent moisture absorption and contamination until further usel®!.

2.3 Preparation of Methanolic Extract of Azadirachta Indica (Neem) Leaves:
The general method was used to prepare the methanolic extract of neem leaves.

Approximately 50 g of neem leaves powder was accurately weighed using an electronic balance and transferred into a
clean reagent bottle!*!,
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A measured volume of methanol solvent was added to the bottle to ensure complete immersion of the plant material3 2]
(Fig. 7).

The mixture was shaken occasionally to enhance the extraction process and was kept at room temperature for 48 hours to
allow efficient extraction of phytochemicals!'} 3} [10],

Fig. 7: Extraction Process. Fig. 8: Filtration for Stock Solution.

After the extraction period, the mixture was filtered using Whatman filter paper to separate the liquid extract from the
solid residue.

The methanol extract was filtered and collected in a clean reagent bottle (Fig. 8). Excess methanol solvent was dried

under in a hot air oven at 50°C to obtain the crude methanolic extract!!%) (211241 [25],

To improve the extraction efficiency, the same extraction procedure was repeated other two additional times using fresh
solvent. The stock solution and different spectral analysis samples solution were sent to II'T (ISM) Dhanbad.

S. No. Methanol (mL) Neem Leaf Powder (g) Date ‘
1 120 50 03.02.2026
2 120 50 05.02.2026
3 120 50 07.02.2026

Table 1: Extraction Procedure of Methanolic Neem Leaves Extract.

2.4 FTIR Spectrophotometer Analysis:
FTIR spectra were recorded as KBr pellets using Bruker Optik (GmBH) FTIR spectrometer in the spectral range 4000-
500 cm™.

2.5 Analytical Procedure (KBr Pellet):

The FTIR optical bench was flushed with nitrogen gas for 2 hours at a rate of approximately 200 liters/hr before analysis
to minimize the effect of moisture and other gasses. Hydraulic press (~6 ton for 5 minutes) was used to make the KBr
pellets using a mix of KBr powder (IR spectroscopy grade) and powdered samples (-200 mesh). The circular thin KBr
pellets were inserted in the standard sample holder with a quick lock base plate. The door of the sample analysis chamber
was closed for analysis. The FTIR spectra was collected in absorbance/transmittance mode and saved as a separate file.
The spectra were clipped for the desired frequency range (wave number: 4000-500 cm™) and baseline correction (rubber
band correction) was performed. The resultant FTIR data was plotted as absorbance/transmittance vs frequency plot (Y-
X Plot).
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3. RESULTS AND DISCUSSION:
IR Spectrum: 02 MeOH N atx
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Fig. 9: FTIR Spectra of Methanolic Extract of Neem Leaves.

The FTIR spectrum of Azadirachta Indica (Neem) leaves extract of from methanol shows several characteristic
absorption bands corresponding to different functional groups present in phytochemical constituents (Table 2).

Sr. No. Functional Group

1 O-H 3318 3700-3070
2 C-H 2925 3000-2840
3 Cc=C 2360 2500-2300
4 Cc=C 2114 2060-2100
5 Cc=0 1715 1760-1650
6 N-H Bending 1604 1650-1515
7 N-H 1508 1550-1504
8 C-H 1361 1450-1360
9 Cc-0 1260 1260-1000
10 C-C-O 1201 1260-1000
11 C-0-C 1036 1260-1000
12 C-H 736 900-650

13 C-H 588 900-650

Table 2: FTIR Absorbed Peaks of Methanolic Extract of Azadirachta Indica (Neem) Leaves 261,

3.1 FTIR SPECTRAL PEAKS ANALYSIS OF AZADIRACHTA INDICA (NEEM) LEAVES
(Fig. 9 and Table 2):

The broad peak observed 3318 cm™ corresponds to O—H stretching vibrations. This peak is characteristic of hydroxyl
groups present in polyphenolic compounds and flavonoids. These compounds are known for their antioxidant activity
and antiulcer activity 205211,

The absorption peak observed 2925 cm™ corresponds to C—H stretching vibrations of aliphatic hydrocarbons. This
indicates the presence of alkane chains that may be present in various phytochemical constituents 20 211,

The absorption peak observed 2360 cm™ corresponds to C=C (alkene) conjugated a C=C (alkyne) stretching vibrations.

This indicates the presence of alkene/alkyne group that may be present in various phytochemical constituents 221,

The absorption peak observed 2114 cm™ corresponds to C=C (alkyne) group that may be present in various
phytochemical constituents 29211,
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A strong absorption peak observed 1715 cm™ indicates the presence of carbonyl (C=0) stretching vibrations. Carbonyl
groups are commonly found in aldehydes, ketones and esters, which are important components of plant secondary
metabolites [} 5120 [21],

The band observed 1604 cm™ corresponds to N-H bending vibrations associated with aromatic rings or aliphatic
hydrocarbons. This suggests the presence of aromatic compounds such as flavonoids and polyphenols 2%,

The peak observed 1508 cm™ corresponds to the NH3" group of the salt absorbed may be present in bioactive molecules
[20]

The absorption peaks observed 1361 cm™ display to C—H aliphatic bending group may be present in different
phytochemical constituent 2!,

The C-O, C-C-O and C-O-C absorption peaks observed 1260 cm™, 1201 cm™ and 1036 cm™ respectively due to C-O
stretching vibration of alcohol, ethers and esters associated with plant derived phytochemical 20} 211,

The peak observed 736 cm™ and 588 cm™ corresponds to out of Plane C-H bending of aromatic and hetro-aromatic
compound may be present '],

4. CONCLUSION:

The FTIR analysis confirmed the presence of several functional groups including hydroxyl, carbonyl, alkane, aromatic
and alkoxy groups. These groups indicate the presence of important phytochemicals such as polyphenols, flavonoids and
terpenoids in neem leaves. The present FTIR study confirmed the presence of various bioactive molecules in the
methanolic extract of Azadirachta Indica (neem) leaves. These groups are associated with medicinally important
phytochemicals responsible for the biological activities of neem. FTIR spectroscopy help to be a simple and efficient
method for phytochemical characterization.

5. SCOPE OF FUTURE WORK:

Further research may be helpful for the identification of lead bioactive molecules using advanced analytical techniques
such as GC-MS, HPLC and NMR spectroscopy. The biological assays may also be performed to evaluate antimicrobial,
antioxidant, anticancer, antiulcer and antidiabetes activities of the methanolic neem leaves extract.
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