Dr. Raja Kumar Parabathina, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 12, 988-995 [Research

INTERNATIONAL JOURNAL OF ™

PHARMACEUTICAL SCIENCES OPEN ACCESS
[ISSN: 0975-4725; CODEN(USA): 1JPS00]
Journal Homepage: https://www.ijpsjournal.com

Research Article
Evaluation And Determination of Azadirachtin and Fatty Acid

Constants from The Leaves of Azadirachta Indica

Dr. Raja Kumar Parabathina*, Nidhi Dubey, Sanika Girgaonkar, Vishal Lolge, Sunil
Kothargasti

Institute of Biosciences and Technology, MGM University, Chatrapati Sambhaji Nagar-431003.

ARTICLE INFO ABSTRACT
Published: 09 Dec. 2024 This study aimed to evaluate the concentration of azadirachtin and the fatty acid
Keywords: constants of neem leaf oil for its potential as a bio-insecticide, cosmetics, and nutritional

Azadirachtin, HPLC,
Phytochemicals, lodine
value, Saponification value.
DOl:
10.5281/zenodo.14328527

supplements. The objective is to quantify azadirachtin using High-Performance Liquid
Chromatography (HPLC) and assess the 0il’s phytochemical properties. HPLC analysis,
using a reverse-phase column with a methanol mobile phase (60:40), revealed the
highest azadirachtin concentration in semi-dried leaves (20.12 pg/mL), followed by
fresh (11.7pug/mL) and dried leaves (5.85 pg/mL). Analytical tests determined the acid
value (4 mg NaOH/g oil), saponification value (140 mg NaOH/g oil), iodine value (15
mg [/100g oil), RM value (27.5 mg NaOH/g oil), and Polenske value (50 mg NaOH/g
oil). These results highlight neem leaf oil as a promising source of bioactive compounds,
suitable for pharmaceutical and industrial use. The study confirms the efficacy of HPLC
in quantifying azadirachtin and emphasizes neem's diverse applications.

INTRODUCTION

Azadirachta indica, commonly known as Neem, is
a medicinal plant belonging to the family
Meliaceae. It is native to India and other parts of
South Asia and has been used since ancient times

The neem tree contains several bioactive
compounds, one of the most abundant being
azadirachtin.  Azadirachtin is a limonoid,
specifically a tetranortriterpenoid, and has a

for its healing properties, particularly for treating
wounds and skin diseases. Various parts of the
tree, including its leaves, seeds, and fruits, have
been used for medicinal purposes [1].

chemical formula CssHa4O1s and a molecular
weight of 720.72 g/mol [1]. Azadirachtin is
primarily extracted in large quantities from the
kernel of neem seeds, it is present in a large
concentration [2].
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Fig 1: Structure of Azadirachtin

It is best known for its pesticidal activity, making
it widely used in agriculture due to its
biodegradability and minimal toxicity to humans.
In addition to its pesticidal properties, azadirachtin
exhibits  antimicrobial,  antimalarial,  and
anticancer activities [3]. In addition to
azadirachtin, neem seeds also contain significant
amounts of fatty acids, which contribute to the
medicinal and pesticidal properties of the tree [4].
Fatty acids are essential components of lipids and
play critical roles in energy storage, cell membrane
structure, and signaling. The primary fatty acids
found in neem oil include linoleic acid, oleic acid,
palmitic acid, and stearic acid, along with smaller
amounts of arachidic acid and behenic acid [4].

These fatty acids hold significant commercial
value, being used in the production of soaps,
cosmetics, and detergents. For instance, sodium
and potassium salts derived from fatty acids are
key ingredients in soaps, while fatty acids in
skincare products help maintain skin health and
function. Neem oil, rich in both azadirachtin and
fatty acids, has a typical aromatic odor that repels
insects and is also helpful in treating chronic skin
conditions such as psoriasis, eczema, and
ringworm. Furthermore, neem oil is widely used in
cosmetics to rejuvenate and improve skin
appearance [5]. While previous research has
predominantly focused on the availability of
azadirachtin and fatty acids in neem seed oil, the
current study shifts its focus to the leaves of the
neem tree, which are abundantly available year-
round. The aim is to evaluate and determine the
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concentration of azadirachtin and fatty acids from
neem leaves. The rationale behind choosing leaves
over seeds is their constant availability, making
them a more sustainable and accessible resource
for further research and practical applications.
Methodology

Collection and Preparation of neem leaves

Neem leaves, free from pests and diseases are
collected. The leaves are thoroughly washed with
water, followed by drying at room temperature, the
leaves are categorized into three groups: dried,
semi-dried, and fresh leaves. The leaves are shed-
dried for a week. Subsequently, all three categories
of neem leaves were subjected to fine grinding
using a mechanical mixer blender to achieve a
uniform powdered consistency. This powder was
then used for subsequent analysis [6]. Extraction
of Azadirachtin from neem leaves Azais extracted
using Soxhlet extraction. 20g of fine powder of
neem leaves is placed in a thimble in the Soxhlet
apparatus, and 100 ml of methanol is added to the
round bottom flask. The heating mantle is kept on
for an hour, allowing about 8 cycles of continuous
vaporization, condensation, percolation, and
siphoning to be repeated to get the concentrated
extract. Visually, the extracts appeared as dark
green to brownish solutions, with the intensity of
color correlating to the concentration of active
compounds in the extract. The extracts were then
stored for further chemical analysis [6 &7].
Evaluation of Azadirachtin from neem leaves
by HPLC
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The Azadirachtin is determined using the HPLC.
Chromatographic separation is carried out in the
RP column, with a detection wavelength set at
214nm. The mobile phase consists of Methanol:
Water (60:40), and the flow rate is set at 2ml/min
[7]. Evaluation of Fatty acid from neem leaves by
chemical method For the fatty acid determination,
the oil is extracted by the process of solvent
evaporation using a boiling water bath. For the
determination of fatty acid constants, the
following tests are performed: Acid number,
iodine number, saponification number, Richert
Meissal number, and Polenske number. The oil
appeared as a brownish liquid, characteristic of
neem oil, with a distinct herbal aroma [9].

e Acid number

Acid value determination: The acid value is
determined by dissolving the oil in neutralized
ethanol, followed by titration with 0.1 N NaOH in
the presence of a phenolphthalein indicator until a
stable pink endpoint is reached, as described in the
literature [8]. The acid value is calculated using the
formula:

Acid value=(Mol wt of NaOH xNormality of
NaOH xVolume of titrant)/(Weight of sample
(Ws)

e lodine number

The iodine value of the oil is determined using
standard titration methods as described in the
literature [8, 9]. A known amount of oil is reacted
with Wij’s solution, followed by titration with
sodium thiosulfate after the addition of potassium
iodide and a starch indicator. A blank titration is
also conducted for comparison. It is calculated by
using the formula:

lodine value=(12.69%(Vb-Vs)xN)/( (W5s)
Where,

Vb =Volume of sodium thiosulfate used in the
blank titration (mL)

Vs = Volume of sodium thiosulfate used in the
sample titration (ml)

N = Normality of sodium thiosulphate solution

Vot
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Ws = Weight of sample

e Saponification value

The saponification value is determined by heating
the oil with excess alcoholic KOH, followed by
titration of the remaining KOH with HCI, using
phenolphthalein as an indicator, as outlined in the
literature [8]. The saponification value is then
calculated based on the amount of KOH consumed
by using the formula given below:
Saponification value=(28.05x(A-B)xN)/( (Ws)
Where,

WS = Sample weight

A = Titration volume of blank

B = Titration volume of sample

N = Normality of HCI solution

e Reichert-Meissl (RM) value

The RM value is determined by saponifying the oil
with sodium hydroxide, followed by acidification
with sulfuric acid. The volatile fatty acids are
distilled, collected, and titrated with sodium
hydroxide, as described in the literature [10]. It is
calculated as given below:

Reichert-Meissl value = (A -B) x N x 11
Where,

A =Volume, in ml, of NaOH solution required for
the test,

B = Volume, in ml, of NaOH solution required for
blank,

N = Normality of NaOH solution

e Polensky number

The Polensky value assesses the quality of fatty
acids in oils by measuring unsaturation. To
determine it, 0.5g of oil sample is dissolved in a
non-polar solvent like hexane. A 0.1 N NaOH
solution was used to titrate the oil solution until a
stable endpoint is reached, indicated by a color
change with phenolphthalein [10]. The Polensky
value is calculated using the formula:

Polensky value = 10 xVxN

Where,

A =Volume, in ml, of NaOH solution required for
the test
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B = Volume, in ml, of NaOH solution required for
blank

N = Normality of NaOH solution

RESULTS

The current study of Evaluation and determination
of Azadirachtin and fatty acid constants from
Azadirachta indica depicts the following result :
HPLC Analysis

The HPLC analysis for the Azadirachtin standard
is conducted using an RP column with a mobile
phase Methanol: Water (60:40) at a flow rate of 1
mL/min, a detection wavelength of 214 nm, and a
column temperature of 37°C. The standard’s
retention time is 2.88 minutes, with a peak area of

sid

33.7721 mAUmin. In the samples, Sample 1 (dried
leaves) showed a retention time of 3.327 minutes
and a peak area of 197.78 mAUmin, indicating an
Azadirachtin concentration of 5.85 pg/mL.
Sample 2 (semi-dried leaves) had a retention time
of 3.253 minutes and a peak area of 679.7476
mAUmin, with an Azadirachtin concentration of
20.12 pg/mL. Sample 3 (fresh leaves) showed a
retention time of 2.305 minutes and a peak area of
395.5559 mAUmin, indicating a concentration of
11.71 pg/mL. This data highlights differences in
Azadirachtin concentration and retention times
among the samples analyzed.

|

Fig. 3: Chromatogram for Sample 1 (Fully dried neem leaves)
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Fig. 4: Chromatogram of Sample 3 (Fresh neem leaves)

Determination of fatty acid constants from
neem leaf oil

The fatty acid present in the neem oil is subjected
to different analytical methods for the
determination of the physiochemical properties of
oil. In this analysis we obtain the following value:
an acid of 4mg NaOH/g oil indicates a low level of
free fatty acid, suggesting it is less prone to
degradation. The saponification value of 140mg
NaOH/g oil indicates short-chain and medium-
chain fatty acids. The iodine value of 15¢g 12/100g
oil indicates a low degree of unsaturation which
makes the oil more stable and less prone to
oxidation. RM no. 27.5mg NaOH/g oil suggests
that short-chain fatty acids are present moderately.
Polansky no. 50mgNaOH/g oil which indicates a
significant amount of unsaturation.
DISCUSSION

In the current research of Evaluation and
determination of Azadirachtin and fatty acid
constants from Azadirachta indica, HPLC analysis
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confirmed that semi-dried neem leaves yielded the
highest concentration of azadirachtin (9.3 pg/ml),
compared to fresh (4.7 pg/ml) and fully dried
leaves (3.7 pg/ml) when compared to the standard
peak of Aza. This supports earlier studies, such as
[2], observed variations in AZA concentrations
depending on the drying method of neem seeds.
Similarly, [1] emphasized optimizing extraction
conditions to preserve azadirachtin's bioactivity.
The purity of azadirachtin in the sample may be
compromised due to co-existing compounds such
as polyphenols and terpenoids etc., which interfere
with the accurate quantification of azadirachtin.
Their study [7] compared different extraction
methods (cold press and Soxhlet) and highlighted
how the choice of technique impacts the yield of
azadirachtin. While their study focused on neem
seed extraction, our findings with neem leaves
suggest that optimizing pre-extraction conditions,
such as drying, can significantly enhance the
efficiency of extraction, even with different parts
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of the neem plant. In line with the
physicochemical analysis of neem oil, our study
showed a high acid value of 4 mg NaOH/g oil,
indicating a notable presence of free fatty acids.
This aligns with findings from [5], who also
reported significant free fatty acid content in neem
oil, which can result from hydrolysis during
extraction. A low iodine value of 15 g /100 g oil
suggests that the oil contains predominantly
saturated fatty acids, making it stable and resistant
to oxidative degradation—a characteristic
desirable for pharmaceutical and cosmetic
applications [14]. The moderate saponification
value (140 mg NaOHy/g oil) and Reichert-Meissl
value (27.5 mg NaOH/g oil) further indicate the
presence of short to medium-chain fatty acids,
which are associated with good soap-making
properties, as also highlighted by [12]. Our study
also recorded a high Polenske value (50 mg
NaOH/g oil), suggesting the presence of volatile
fatty acids, which can contribute to the
antimicrobial properties of neem oil. This is
consistent with [4], who found that neem oil's fatty
acid composition enhances its antibacterial
activity, making it promising for medicinal and
cosmetic formulations. Comparing our findings to
those of [6], who investigated the simultaneous
extraction of oil and azadirachtin, the semi-dried
leaves method in our study proved to be a superior
approach for maximizing azadirachtin yield
without compromising the physicochemical
properties of neem oil. This makes the semi-drying
process highly efficient for both pharmaceutical
and biopesticide applications, where a balance
between high azadirachtin concentration and oil
stability is required.

CONCLUSION

In the current research of Evaluation and
determination of Azadirachtin and fatty acid
constants from Azadirachta indica, HPLC analysis
confirmed that semi-dried neem leaves yield the
highest concentration of azadirachtin, making
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partial drying the optimal method for maximizing
its extraction. Excessive drying diminishes
azadirachtin content, critical for enhancing the
potency and cost-effectiveness of neem-based
biopesticides, pharmaceuticals, and cosmetics.
Neem oil analysis further revealed a high acid
value, indicating significant free fatty acid content,
alongside a low iodine value, reflecting the
predominance of stable, saturated fatty acids. The
moderate saponification, Reichert-Meissl, and
Polensky values suggest short to medium-chain
fatty acids and volatile compounds. These unique
properties underscore neem oil’s immense
potential in pharmaceuticals, cosmetics, and food
industries, positioning it as a valuable,
multifunctional natural resource.
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