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Abstract

Azadirachta indica A. Juss (neem, family Meliaceae) is a reputable medicinal
plant. Various parts of the plant are used as a remedy against different ail-
ments, as a natural pesticide, as raw material in the cosmetic industry, and for
marking other commodities. The seed oil is a major product of the plant and
its quality depends on the seed quality and extraction methods employed. In
this study, the chemical profile of NIPRDNEEM oil is compared with that of
other brands of neem seed oils by using gas chromatography-mass spectro-
metry (GC-MS) and chemometrics. The fatty acid identified in NIPRDNEEM
oil were: oleic acid (34.09%), stearic acid (11.4%), linoleic acid (15.94%), pal-
mitic acid (23.4%), arachidic acid (0.73%), and the other compounds were:
1-Monolinoleoylglycerol trimethylsilyl ether (0.95%) and farnesyl alcohol
(13.20%). The branded oils were composed predominantly of oleic acid
(13.50% - 26.76%), palmitic acid (6.88% - 11.99%), linoleic acid (7.32% -
11.17%), stearic acid (4.29% - 13.08%), and arachidic acid (0.53% - 1.27%).
The unbranded oil contained oleic acid (30.04%), stearic acid (14.91%), li-
noleic acid (14.62%), palmitic acid (12.34%), and arachidic acid (0.93%).
Stigmasterol, stigmasterol acetate, and sitosterol were the sterols identified in
the oils. Characterization of the fatty acid profile of neem seed oil is vital for
industrial and economic purposes. The fatty acids profile of the NIPRDNEEM
oil and other neem seed oil were comparable. Both PCA plots and HCA den-
drogram from the chemometric analysis shows three main grouping of all
samples. While NIPRDNEEM and the local neem oil were grouped, suggesting
a high degree of resemblance of both samples.
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1. Introduction

Azadirachta indica A. Juss (neem) of the family of Meliaceae, is one of the most
versatile medicinal plants with a wide range of applications in human health care
and pest control. The different parts of neem (fruits, seeds, leaves, flowers, roots,
hardwood, and bark) are used as traditional medicine against various human
ailments. The plant also finds application as a natural pesticide, as a raw material
for the cosmetic industry, and for making other commodities [1] [2] [3] [4]. The
main neem product is the oil extracted from the seeds by different techniques.
Neem seed oil possesses biological activity against some micro-organisms that
cause infections in humans. It possesses anthelmintic, antileprotic (prevents le-
prosy), antibacterial, and anti-dermatophytes activities. Neem seed cake is an ac-
tive ingredient in the preparation of mosquito repellent coil. Attention is increa-
singly being paid to the use of natural compounds to replace agrochemicals in
agricultural pest control. The neem seed oil has been identified as a promising
option for agricultural pest control. Neem oil contains at least 100 biologically
active compounds. Among them, the major constituents are triterpenes known
as limonoids, the most important being azadirachtin, which appears to cause
90% of antifeedant effects on most pests. Other components present include me-
liantriol, nimbin, nimbidin, gedunin, nimbinin, nimbolide, salannin and fatty
acids (oleic, stearic, and palmitic). Nimbidin isolated from neem seeds is effec-
tive in reducing fasting blood glucose [5]. Among the botanical insecticides cur-
rently marketed, neem oil is one of the least toxic to humans and shows very low
toxicity to beneficial organisms, so it is, therefore, being used for the control of
many pests. Targets organisms include the following: Anopheles stephensi [6],
A. culicifacies [7], Ceraeochrysa claveri [8] [9], Cnaphalocrocis medinalis [10],
Diaphorina citri [11], Helicoverpa armigera [12], Mamestra brassicae [13], Ni-
laparvata lugens (Stal) [14], Pieris brassicae [15] and Spodoptera frugiperda [16].

Chemometric implies the application of mathematics and statistical tools to
improve the understanding of chemical information and to correlate quality pa-
rameters, chemical properties, or physical properties to analytical instrument
data. It is applied to solve descriptive and predictive problems in chemical analy-
sis. Due to the nature of the factors that might contribute to consumer prefe-
rence, multivariate chemometrics tools, especially pattern recognition tech-
niques, are helpful tools for the characterization of products based on certain
parameters. These parameters could include chemical, physical, and instrumen-
tal analysis [17]. In this study, the characterization of the neem oil is based on
unsupervised pattern recognition techniques such as principal component anal-
ysis (PCA), and hierarchical cluster analysis (HCA). Despite the wide usage of
chemometrics in data analysis in other countries of the world, it is an emerging
aspect of quality control chemistry in Nigeria. This study intends to apply che-
mometric analysis to investigate and compare the differences in the chemical
composition of NIPRDNEEM and other brands of neem oil.

The quality of neem seed oil is usually dependent on the seed quality and the
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extraction methods employed [18]. Mechanical pressing, solvent extraction, and
more recently, supercritical fluid extraction (SFE), are among the numerous
methods used to extract neem seed oil [19]. To ensure steady availability of
high-grade neem oil, The National Institute for Pharmaceutical Research and
Development, NIPRD, a Federal Government parastatal under the Federal Min-
istry of Health, Nigeria, has the mandate of the Honourable Minister of Health
to produce high-grade neem seed oil called NIPRDNEEM oil. This study was
designed to compare the chemical profile of branded, unbranded, local, and for-
eign neem seed oils with NIPRDNEEM. This study is important because the
high demand for neem oil could result in cases of adulteration and sales of subs-
tandard neem oil. In this study, the fatty acid profile and presence of other vola-
tile compounds will be used for quality control assessment of NIPRDNEEM oil

to ensure consistency in our neem oil production.

2. Material and Methods
2.1. Sampling and Sample Preparation and Extraction

The neem oils used in this study were categorised as branded and unbranded.
The branded samples were neem oils purchased from stores in Abuja which in-
cludes; two Nigerian brands coded as Nig NOI and Nig NOII, and a foreign
brand coded as FN NO. The unbranded sample is locally processed neem oil
purchased from a local market. While the neem oils extracted in our laboratory
using mechanical press extraction method were branded as NIPRDNEEM Oil.
To obtain NIPRDNEEM oils, viable neem seeds were sourced from Mashi local
government area Kastina state Northeastern region of Nigeria. The seeds were
identified at the herbarium unit of the National Institute of Pharmaceutical Re-
search and Development, Abuja. The seeds were manually cleaned to remove
adhering sand and other foreign organic matters. The cleaned neem seeds were
dried at 40°C for 24 h. Furthermore, the neem seeds were dehulled, a pressing

machine was used to extract oil from the dried neem seed by physical crushing.

2.2. Preparation of Fatty Acid Methyl Esters (FAMEs)

The fatty acid methyl esters (FAMEs) of each neem oil sample were prepared as
described in the United States Pharmacopoeia, 2020. Briefly, 100 mg of the oil
was placed in a 50 mL conical flask fitted with a suitable refluxed condenser and
a magnetic stir bar. 4 mL of 0.5 N methanolic sodium hydroxide solution (pre-
pared by dissolving 2 g of sodium hydroxide in 100 mL of methanol) was added,
and reflux for 10 minutes, after which 5 mL of a solution prepared by dissolving
14 g of boron trifluoride in 100 mL of methanol, was added and swirl to mix,
and refluxed for 2 minutes. This step was followed by adding 4 mL of chroma-
tographic grade n-heptane through the condenser and refluxed again for 1
minute, the mixture was allowed to cool, and then the condenser was removed,
15 mL of saturated sodium chloride solution was added, shaken, and the layers

allowed to separate. The n-heptane layer was passed into a suitable flask through
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0.1 g of anhydrous sodium sulfate which has been previously washed with chro-
matographic grade n-heptane. 1.0 mL of this solution of the FAMEs was trans-
ferred into a 10 mL volumetric flask, made up to the mark with the n-heptane,
mixed, filtered using 0.22-micron filter and used immediately for GC-MS analy-

sis.

2.3. Gas Chromatography-Mass Spectrometry (GCMS) Analysis

The FAMEs were analysed by Gas chromatography-Mass spectrometry as per the
method reported by [20]. The samples were analyzed by GC-MS using Shimadzu
QP-2010 GC with QP-2010 Mass Selective Detector [MSD, operated in the EI mode
(electron energy = 70 eV), scan range of 35 - 700 amu, and scan rate of 0.3
scans/sec], and Shimadzu GCMS solution data system. The Gas chromatography
column was Optima-5 ms fused silica capillary with 5% phenyl-methylpolysiloxane
stationary phase, with length of 30 m, internal diameter of 0.25 mm and film
thickness of 0.25 um. The carrier gas was helium with flow rate of 1.61 mL/min.
The program used for Gas chromatography oven temperature was 100°C -
260°C at a rate of 8°C/min, and then held at 260°C for 2 min, followed by 260°C
- 300°C at a rate of 8°C/min, then again held at 300°C for 2 min. The injection
port temperature was 250°C while detector temperature was 300°C. 1.0 pL of
sample was injected using autosampler and in the split mode with ratio of 5:1.
Individual constituents were identified by comparing their mass spectra with
known compounds and NIST Mass Spectral Library (NIST 11). The percentages
of each component are reported as raw percentages based on the total ion cur-

rent.

2.4. Chemometric Data Analysis

Principal component analysis (PCA) and Hierarchical clustering analysis
(HCA)

PCA and HCA was performed on the common chromatographic peaks gener-
ated from the GCMS analysis using SOLO 8.9 a standalone chemometric software
developed by Eigenvector research incorporated and powered by PLS_Toolbox.
The HCA was done using the Ward’s method as the amalgamation rule and the

squared Euclidean distance as metric was used to establish clusters.

3. Results and Discussion

The quality of oils generally depends on their composition, which in turn affects
their properties. Moreover, neem seed oil contains mainly fatty acids as one of
the active constituents [18]. The interesting feature of the neem seed oil is that it
predominantly constitutes fatty acids, along with hydrocarbons and other com-
pounds according to [21]. This study investigated the differences in the fatty ac-
ids and volatile chemical composition of NIPRDNEEM oil and four purchased
neem seed oil samples. To obtain the fatty acids profile of the neem seed oils, af-

ter derivatization, the samples were injected into the GCMS machine. The result
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of the analyses is presented in Table 1. Although oftentimes the quality of neem
Seed oil has been ascribed to azadiratchin content [18], the fatty acid profile of
neem seed oil is also informative and could be used to monitor the quality of
neem seed oil. From the result obtained in this study, NIPRDNEEM oil tends

Table 1. Percentage chemical composition of some branded neem seeds oil sold in Nigeria.

Unbranded Branded

Chemical compounds
Palmitic acid
Henicosane
Linoleic acid
Oleic acid
Somentol
Stearic acid
Stearic acid amide
Farnesyl acetate
gamma.-Sitosterol
Gorgosterol
Arachidic acid
1-Heptatriacotanol

Erucylamide

Cinnamic acid,
4-hydroxy-3-methoxy-, {5-hydroxy
Cedrol
Gamma.-Tocopherol
Neoclovene oxide
Dihydro-.beta.-agarofuran
2-Dodecen-1-yl(-)succinic anhydride
Montanyl alcohol
Nonacosane
Diazoprogesterone
Lycopene
Cholest-7-en-3-ol, 14-methyl-, (35
S-Stigmasterol
Retinol
Cholesterol, myristate

1-Monolinoleoylglycerol
trimethylsilyl ether

Farnesyl alcohol

Relative retention time NIPRDNEEM oil Local neem oil NG NOI NG NOII FG NO

0.887 23.4 12.34 7.84 11.99 6.88
0.939 - - - - 5.78
0.995 15.94 14.62 7.32 8.16 11.17
1.000 34.09 30.04 20.58 26.76 13.5
1.011 - 5.15 7.99 1.0 1.59
1.016 11.4 14.91 13.26 11.96 5.99
1.034 - 5.51 9.07 - -
1.055 - 3.06 4 3.86 4.71
1.065 - - - 3.71 5.38
1.106 - - - 1.35
1.151 0.73 0.93 0.53 1.27 1.22
1.169 - - 3.01 - 1.17
1.172 - 3.33 - - -
1.189 - 4.35 - - -
1.210 - - 8.37 - 0.89
1.227 - - 2.71 - -
1.232 - - 2.7 12.3 2.13
1.243 - - - 1.44 -
1.288 - - - 1.9 0.26
1.313 - - - - 0.73
1.342 - - 3.81 3.19 4.08
1.378 - - 1.98 2.61 4.66
1.382 - - - - 6.94
1.392 - 0.46 0.89 2.35 0.39
1.398 - - 1.56 2.1 -
1.401 - - - - 11.98
1.411 - - 1.16 - 1.11
1.430 0.95 - 3.22 1.51 3.44
1.490 13.20 - - - -

NG NOI and NG NOII are Nigeria brands of neem seed oil while FG NO is a foreign brand of neem oil.
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to be richer in fatty acids compared to those samples which were purchased, since
the content of oleic acid, palmitic acid, and linoleic acid in NIPRDNEEM oil were
higher when compared with others. Across all samples five (5) fatty acids namely;
Oleic acid, Palmitic acid, Linoleic acid, Stearic acid, Arachidic acid were the major
fatty acid present in all samples. While these fatty acids could serve as marker
compounds for quality control purposes in neem seed oil, Farnesyl acetate, Chol-
est-7-en-3-ol, 14-methyl-, (3/), and Somentol were detected in all the purchases
neem oil and absent in NIPRDNEEM oil. Neoclovene oxide, Nonacosane, and Di-
azoprogesterone were detected in the branded samples and absent in NIPRDNEEM
oil and the unbranded local neem oil. 1-Monolinoleoylglycerol trimethylsilyl eth-
er was absent in the local oil and detected in NIPRDNEEM oil and the branded
oils. Although Farnesyl acetate was detected in both local and branded oil and
absent in NIPRDNEEM oil, it is interesting to note that, Farnesyl alcohol was
detected as a major peak in NIPRDNEEM oil.

Among the purchased neem oils, the branded neem seed oil is composed of
palmitic acid (6.88% - 11.99%), linoleic acid (7.32% - 11.17%), oleic acid (13.50%
- 26.76%), stearic acid (4.29-13.08%), arachidic acid (0.53% - 1.27%). other
compounds are somentol (1.0% - 7.99%, farnesyl acetate (3.86% - 4.71%), neoc-
lovene oxide (2.13% - 12.3%), nonacosane (3.19% - 4.08%), diazoprogesterone
(1.98% - 4.66%), cholest-7-en-3-o0l, 14-methyl-, (3. beta.)- (0.39% - 2.35%) and
1-Monolinoleoylglycerol trimethylsilyl ether (1.51% - 3.44%) as shown in Table
1. The Percentage composition of fatty acid of the local unbranded neem seed oil
revealed oleic acid (30.04%), stearic acid (14.91%), linoleic acid (14.62%), palmitic
acid (12.34%), arachidic acid (0.93%), stearic acid amide (5.51%), somentol
(5.15%), and farnesyl acetate (3.06%). While the fatty acid in NIPRDNEEM oil was
oleic acid (34.09%), stearic acid (11.4 %), linoleic acid (15.94%), palmitic acid
(23.4%), arachidic acid (0.73%), the other compounds are; 1-Monolinoleoylglycerol
trimethylsilyl ether (0.95%) and farnesyl alcohol (13.20%) as shown in Table 1.

Characterization of the fatty acid profile of neem seed oil is vital for industrial
and economic purposes, where organic chemistry plays a fundamental role. It
has been reported that neem seed contains 40% - 45% of oil and the remaining is
the cellular matrix of the seeds. The oil is brownish yellow, non-drying oil with
an acrid taste and unpleasant odor [22]. Among the botanical insecticides cur-
rently marketed, the neem seed oil is one of the least toxic to humans and shows
very low toxicity to beneficial organisms, so it is, therefore, very promising for
the control of many pests and its numerous uses aside pest control. The neem
seed oil is also used as an ointment in cosmetics and skincare products. The ver-
satility of the neem seed oil is ascribed to the different kinds of chemical com-
pounds present in it. Neem seed oil is a major source of fatty acid and is mainly
composed of oleic acid (50% - 60%), palmitic acid (13% - 15%), stearic acid
(14% - 19%), linoleic acid (8% - 16%), and arachidic acid (1% - 3%). Oleic acid,
linoleic acid, and a-linoleic acid are the principal @-9, w-6, and w-3 fatty acids,

respectively [23] [24]. Similarly, the neem seed oils investigated in this study
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contains oleic acid, palmitic acid, stearic acid, linoleic acid, and arachidic acid.
However, the contents vary from what is reported in the literature, the Oleic
content ranged from 10.47% - 34.09%, linoleic 4.93% - 15.94%, stearic 4.29% -
14.91%, palmitic 4.77% - 23.40%, arachidic 0.53% - 8.40%. By analyzing neem
seed oil with GC-FID, Djenontin et al [21], reported the prominent fatty acids
as oleic (43.5%), linoleic (18.7%), palmitic (17.8%), and stearic (17.4%) acids.
The lower amount of oleic acid observed in this study could be ascribed to dif-
ferent factors such as seasonal variation, time of harvesting, growing conditions,
and other biotic and abiotic factors.

The complex nature of neem seed oil was reported by [25]. Aside from fatty
acids, It is also composed of sterols and tocopherol [22] [26]. The major sterols
reported in neem seed oil are sitosterol, stigmasterol, campesterol, and fucosterol
[18] [27]. Stigmasterol, Stigmasterol acetate, and Sitosterol, are the sterols iden-
tified in this study. In another study by [22], HPLC was used to analyze the
presence of sterols; and f-sitosterol (77.7%) was identified as the major sterol.

This is in agreement with the work of [27].

3.1. Chemometric Analysis

3.1.1. Principal Component Analysis (PCA)

The data generated from the GCMS analysis of the neem oils were subjected to
unsupervised pattern recognition analysis via PCA; the data has a computational
matrix of dimension (31 x 5). Both the score plot in Figure 1 and the hotelling
T2 plot in Figure 2, grouped the neem oils into three major groups. One of the
groups comprised of NIPRDNEEM oil and the local neem oil. The second group
includes the NG NOI and NG NOII which are both Nigerian brands of neem oil.
The third group comprises FG NO a foreign brand of neem oil. The PCA
grouping shows that NIPRDNEEM oil and the local neem seed oil have little
chemical variation between them. It is noteworthy that NIPRDNEEM oil was
extracted by cold press method, from neem seed sourced from northwest geopo-
litical zone of Nigeria. NIPRDNEEM OIL does not contain any additives; it is
pure unadulterated neem oil. Furthermore, the GCMS analysis presented in Ta-
ble 1 shows that both NIPRDNEEM OIL and the local neem oil have few peaks
in them and the percentage composition of the fatty acids (palmitic acid, linoleic
acid, oleic acid, stearic acid, and arachidic acid) in them were higher when com-

pared with the other brands of neem oils analyzed.

3.1.2. Hierarchical Cluster Analysis (HCA)

The similarity and closeness of the neem oils are illustrated by cluster analysis
[28]. Hierarchical Cluster Analysis was performed on the datasets generated
from the GCMS analysis. The output is illustrated in form of dendrogram which
is presented in Figure 3. The similarities or closeness of the neem oils are meas-
ured by the variances of the weighted distance between the centers of clusters.
Ward’s method according to [29], was adopted in the analysis. HCA revealed

that the neem oils are clustered into three subgroups, one of the groups contains
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Figure 2. Hotelling T? plot of neem oils.

Dendrogram of Data with Preprocessing: Autoscale

FGNO

NG NOII

NG NOI

NIPRDNEEM oil

Local neem oil

1 | | | | | |

-2 0 2 4 6 8 10

Variance Weighted Distance Between Cluster Centers

Figure 3. HCA Dendrogram of neem oils.
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NIPRDNEEM OIL and the local neem seed oil. The second group is the two Ni-
gerian brands NG NOI and NG NOII and the third group is FG NO (Figure 3)
the foreign brand. The pair NG NOI and NG NOII and FG NO are in a close
neighborhood based on variance weighted distance from Figure 3. Cluster anal-
ysis of the samples reveals information about closely related neem oil which can

be interpreted as resemblance in chemical composition and the extraction me-
thod used.

4. Conclusion

This study has shown that the fatty acids of NIPRDNEEM oil are similar to those
of other brands and that the fatty acids content in NIPRDNEEM oil is higher
than those in the other oils analyzed in this study. The following fatty acid; oleic
acid, palmitic acid, stearic acid, linoleic acid, and arachidic acid are detected in
all the neem oils samples. This has shown that these fatty acids could be used as
marker compounds for quality control of neem seed oils to ensure consistency in
neem batches being produced. Neem seed oil is widely used as medicinal, cos-
metic, and agricultural products. Studies have shown that the method used to
extract the oil can affect the distribution of components and manifest quantita-
tive changes in the oil composition. However, chemical fingerprinting or key ac-
tive components help to determine the purity as well as the potency of the oil.
Due to the high market price of neem seed oil, they could be adulterated, di-
luted, or substituted with poor-quality oils, cheap terpenes, and low-density pe-
troleum fractions. Therefore, analysis of the oil to ensure that the major chemi-
cals or markers like oleic acid, palmitic acid, stearic acid, linoleic acid, and ara-
chidic acid fall within an acceptable range is key for authentication of acceptable
industrial standards. The chemometric analysis shows that NIPRDNEEM and the
local neem oil are grouped suggesting a high degree of resemblance of both sam-
ples.
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