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ABSTRACT

This study aimed to quantify and evaluate the lefeAzadirachtin in neem seed kernel from ten
ecotypes in Sudan over two seasons and establéfonship to the agro-ecological attributes. Eotien was
done in two replicates using 12 g. After extracti@eparation and concentration to 10 ml the samples
quantified using HPLC. Neem trees growing in déferhabitats in Sudan showed variations in Azabtiac
(Az)- content depending on the climate, rainfatlil $ype, latitude and altitude. The Az-contentgad from
1.08 - 2.3 mg/g of the seed kernel in the firstsseaand from 0.48 - 3.09 mg/g in the second sedEoa.
average content of neem oil was 44.6% in the nemad Bernel (NSK); no variation was found betweerséh
regions in oil- content. Trees growing in regionshwmoderate climate, average rainfall of 400 mmg a
altitude of > 470 m above sea level, proved to ibb in Az- content. However, trees growing in lower
altitudes, alluvial or sandy soil, with hot climatflected very low Az- content. Rainfall was foutedbe the
major factor affecting the level of Az in NSK, atite optimal rainfall was 717 mm. Temperature aralire
humidity had no direct effect on the Az-content.wéwer, the combination of temperature and the a#linf
showed a positive correlation with the Az leveN8Ks. Latitude and altitude have direct effect anlével.
Seasonal variations were clear over the two seasodsno relationship was found between the twesea
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INTRODUCTION Jacobson, 1988). These extracts possess insect

Neem A@Azadirachta indica A. Juss,
Meliaceae) is known to be an important
source of triterpenoids (Mary Ndung'u, 2004)
meanwhile; it is one of the most promising
under-exploited plants of the tropics
(Hassanali, 1983). The centers of origin lie
between Southern and South Eastern Asia
(Schmutterer, 1990). Neem extracts and
compounds have attracted the special interest
of entomologist and phytochemists all over
the world (Kraus, 1995; Schmutterer, 1990;

repellents, antifeedants, growth inhibitors and
other insecticidal properties (Saxena, 1989;
Schmutterer, 1990; Schmutterer, 1995 and
Singh, 1993). Neem seed kernel (NSK) is the
most important source of triterpenoids (Kraus
et al., 1981; Kumar et al 1996) and

azadirachtin (Az) is considered to be the
compound of the most biological interest
(Donald et al., 1992; Kraus, 1995; Saxena et
al.,, 1989). Azadirachtins are steroid-like
tetranotriterpenoids formed by a group of
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closely related isomers, called Azadirachtin-A
to Azadirachtin-G (Rembold et al., 1984;
Rembold et al., 1987). Several other active
compounds were isolated from NSKs, such as
salannin, gedunin and nimbin (Jones et al.,
1989). Az is a highly oxidized triterpenoid
and one of the most potent antifeedant
compounds yet discovered (Hassanali, 1983)
and it affects the normal growth and
development of a wide spectrum of insects
(Schmutterer, 1990; Mordue and Blackwell,
1993; Schmutterer, 1995). However, its
lability to heat, moisture, air, ethas been a
matter of concern that led to global efforts to
stabilize it (Stark and Walter, 1995;
Raguraman and Jayaraj, 1994; Stokes and
Redfern, 1982; Barnby et al., 1989). Az
represents about 0.2-0.8% of the seeds by
weight, and it is accompanied by a number of
other triterpenoids, such as nimbin (Harris et
al.,, 1968) and salannin (Henderson et al.,
1968), which exhibit similar biological
properties, to a greater or lesser extent.

The amount of Az may vary
considerably, depending on environmental
and genetic factors. Az varies greatly among
different trees and regions or countries (Ermel
et al.,, 1984; Ermel et al. 1987; Ketkar and
Ketkar, 1993). Samples from 22 countries
were investigated by Ermel (1995) for more
than 4 years showed marked variations
between samples from different countries and
among samples from the same country with
mean value of 3.6 mg/g of Az and 46.7%
neem oil (N.O.). The highest content of Az
(10 mg/g seed kernel) was recorded by Shaun
et al (1996) in newly ripened seeds; there was
some loss of Az and salannin in storage after
harvesting for up to 6 months. Az- A is the
currently accepted reference ingredient for
standardizing neem-based products (GTZ-
UNIDO-RENPAP, 1996).

Synthetic pesticides possess quick
knock down effect, but they are often toxic to
mammals and non-target organisms (Klassen
et. al., 1986; Marquis, 1986). Safe ecological
pesticides that do not leach residues into the
environment have great importance (Cook and
Baker, 1983).
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Large quantities of synthetic pesticides
are imported to Sudan which is basically
dependent on Agriculture as one of the main
economic factors. These pesticides have a
negative impact on the environment and
human health.

Neem biopesticides will be part of the
appropriate solution for these environmental
problems. This study is an attempt to generate
prerequisite information on this valuable tree
by quantifying the most active ingredient
Azadirachtin and to relate it to the most
effective ecological factors to generate elite
trees for future plantations.

MATERIALSAND METHODS
Study area

All samples in this study were collected
in Sudan located between latitude 3' 35°and
22' 35" North and longitudinal area between
22'38" East, with a total area of 2,505,813
square kilometers

Experimental materials
Neem seeds

Ten agroecological zones were selected
for neem seed collection according to the tree
seed zoning systems map (DANIDA/ARC,
1995). These regions cover the whole country
except the South (Table 1). Seeds were
collected over two seasons.

Neem fruits were collected from neem
plantations at the selected zones (Table 1).
Four sites within each zone were selected
randomly and 15-20 trees were marked
randomly in each site. In total, 2-3 kg of the
neem fruits were collected from the marked
trees. Collected fruits were then transported to
the National Tree Seed Centre, Soba-Sudan,
where they were cleaned in the processing
room and dried under shade in dry weather.
Seed processing was carried in accordance
with International Seed Testing Association
(ISTA) (1996) and International Neem
Network recommendations (Thomson and
Souvannavong, 1994). A sample of 500 grams
was drawn from each lot using the seed
divider and stored at 4 °C till it was taken to
the Behavioral and Chemical Ecology
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Department (BCED) laboratory at
International Center for Insect Physiology &
Ecology ICIPE-Kenya.

M oisture content deter mination

Samples of 15 seeds replicated 4 times
were drawn for  moisture  content
determination in accordance with ISTA
(1996) low constant temperature method (103
+ 1°C for 17 = 1 hrs). The moisture content
was calculated on a wet weight basis.

Chemicals

Laboratory-grade reagents and solvents
used in extractions were methanol ({CHH)
purity 99%, hexane (CH(CH,),CHz) (purity
99.8%) and distilled and deionized water.
Appropriate analytical-grade solvents were
used in high pressure liquid chromatography
(HPLC) acetonitrile (HPLC grade) and
distilled in deionized water.

The standard substances azadirachtin A
and B (96 % purity), was bought from Trifolo-
M-GmbH (Lahnau, Federal Republic of
Germany). 1.00 mg of each was dissolved in 5
ml of methanol.

Extraction

Extraction was done from two replicates;
12 gm of each sample was extracted with 25 ml
of methanol in a 250 ml conical flask and stirred
magnetically for 2 hrs. The extraction was
repeated two times (for 1 hr each). The pooled
methanol extract was shaken with 30 ml of
hexane and 1.0 ml of distilled water. Extraction
with hexane was repeated two times. Two
layers were obtained in each case, the upper
mainly hexane layer was separated from the
lower agueous methanol layer. The latter was
concentratedn vacuoto 10 ml and stored at (-
15 °C) for high performance liquid
chromatography
The residual kernel powder was then re-
extracted with hexane (three replicates 30 ml
each). The upper hexane layers from above
were mixed with the hexane layer obtained
earlier and concentrat@u vacuoto give the oil.
All oil samples prepared were stored at’€l5
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HPLC

Analytical High Performance Liquid
Chromatography (Beckman HPLC, System
Gold) (HPLC) separation was performed on
ODS columns, ultrasphere C-18, 2806 mm,
programmed as follows: 40% acetonitrile in
water (10 mn.) to 70% acetonitrile (10 min.)
and finally to 100% acetonitrile (5 min.), all at
1 ml/min. The eluents were monitored at 214
nm. Quantification of the azadirachtin was
based on injections of known quantities of
standard samples.

The ultra-violet spectra of crude
substances were determined using an on-line
diode array detector on a running on
acetonitrile/water  solvent system. Each
sample was analyzed three times.

M eteorological data

Meteorological (rainfall, temperature and
relative humidity) and geographical positioning
(GPS) data (latitude, longitude and altitude) for
the selected agro-ecological zones were
obtained from the Metrological Department of
Sudan.

Statistical analysis

The effect of zone on the Azadirachtin
content of the neem seed kernels were
analyzed using 2-way ANOVA. Means were
separated using the Tukey test. Data were
analyzed using SAS (SAS, 1987). Separation of
means of Azadirachtin was carried out using
Tukey's Studentized Range test (HSD) where
data were balanced (P=0.05) to compare the
Azadirachtin content in the different zones.
Correlation and multiple regression analysis
were also carried using the same software to
find the relations between the meteorological
data, geographical positioning data and the
Azadirachtin contents. GLM and PCA
procedures were also used for the regression
models and the grouping of factors respectively.

RESULTS

Variation in the Az- level between regions
Samples of NS from different regions

were investigated for two successive seasons.

NS were dried, decorticated and extracted at
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room temperature by using methanol
(Me.OH). Fig. 1 shows the variations in the
Az- level in the different regions over the two
seasons.

There was variation in Az- level
between different regions in the Sudan (C.V.=
25.65% and C.V.=16.96, for the two seasons,
respectively; (Fig. 1). The Az- content varied
from 1.0771 mg/g to 2.3444 mg/g for the first
season and from 0.476 mg/g to 3.091 mg/g the
second season. Moreover, there were
significant variations between the different
sites within the regions, and between the trees
within the sites. The values for the two
seasons regarding the Az- level varied from
1.78 mg/g in the first season, to 1.57 mg/g in
the second season.

Effect of the metrological and geographical
factorson Az-level in NSK

Different metrological factors were
used in simple and multiple regressions to find
out the possible relations of these factors with
Az-level in NSK from different regions.
Namely, these factors were rainfall,
temperature and R.H., in addition to latitude,
longitude and altitude.

Azadirachtin level (mg/g)

There was no significant effect for the
temperature on level of Az in NSK. However,
the rainfall was significantly affecting Az-
concentration, and the optimum rainfall was
found to be 717.9 mm. The R.H. showed no
significant effect on the Az-level, while the
altitude affected it significantly (Table 2).

There was a significant negative
relationship between the Az and the latitude.
However, altitude showed a significant
positive effect on Az-content, and the
longitude did not. Although no significant
correlation was found between the Az-content
and the temperature, but there was a
significant effect from the combination of the
temperature and the rain fall on the Az-level
(P=0.038).

Neem Qil (N.O.)

The N.O.-content varied from 47.4- to-
41.1 %, but no variation was found between
the different ecotypes of the NSK.

Seed zones

‘ W Season 2001 Season 2002 ‘

Figure 1. Variation of the Azadirachtin level (mg/g) from fdifent ecotypes in Sudan for two

seasons.

Columns with the same letter are not significadtfferent at a probability level of 5%.
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Table 1: Agro-ecological zones for neem seed collections.

Seed Vegetation type Agro-ecological zone  Latitude N* Longitude E* Altitude Mean Mean Relative
code (asl)* annual annual humidity
rainfall temp. %*
(mm) * () *

S1 Vegetation confined to Desert 19 10 30 29 228 12.3 27.3 25
watercourse?honex spp. &
Acacia spp.

S2 Acacia tortilis, Maerua Semi desert 17 34 33 56’ 350 39.4 29.4 25
crassifolia& other desert
shrubs.

S3 Acacia spp & other trees Semi desert 15 36’ 32 33 380 162.4 29.9 29
planted for shade

S4 Acacia melifera, Acacia Semi desert on clay 14 25’ 33 29 405 306.4 28.6 39
nilotica and other semi desert
spp.on clay

S5 Acacia Senegal, Adonseiana CentralA. senegal 13 10 30 14 570 318.0 27.3 34
digitata & other semi desert savanna
spp.on sand

S6 Acacia sppon semi desert ~ Semi on sand ‘ '
grass land on sand

S7 Acacia seyal, Balanities Central to easterA. ‘ ‘

egyptiaca& other Acacia spp. seyaiBalanitieswood
land
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S8 Anogeissus spp., Comberatunkastern deciduous 11 49 34 24 470 712.9 28.3 47
hartmannium & Acacia spp. Anogeissus/Comberetu
m wood land
S9 Khaya seglensis, Combertum Darfur-western 12 04 24 53’ 655 398.3 27.2 31
spp. & Anogeissus spp. Kordofan Deciduous
wood land
S10  Broad-leaved trees; Nuba mountain hill 11 00’ 29 43 500 633.1 28.1 47

Anogeissus spp. & catena
Combertum spp.

* Data from the Meteorology Department, Sudan. @tinlogical Normals (1961—1990).

Table 2: Simple correlation matrix between Azadirachtin leased some ecological factors in Sudan.

Factor

Azadirachtin

Temp
RF
RH
Alt.
Lat.

-0.008%
0.738
0.513
0.725
0.790

Values with™ and * are respectively not significant and siguifit at a probability level of 5%.

1068



I. E. ELTERAIFI and A. HASSANALI / Int.

DISCUSSION

Samples of NS from different regions
in the Sudan were investigated intensively for
two successive seasons. The results showed
great variations in the active ingredient, Az-
content, between the different seeds, which
were collected from different ecological and
geographical zones, and between the two
seasons. Similar results were reported by other
investigators (Ermel et al., 1984, and 1987).
Ermel (1995) investigated different samples
from different parts of the world and showed
great variations between and within countries.
These variations could be attributed to the
edaphic and climatic factors, which vary in
Sudan from the desert in the upper north, to
the humid Savanna in the Southern, and from
hilly areas in the Western to open plains in the
Central and Eastern parts. These results were
also in line with other detailed investigations
of Gruber (1991) on Az-content of 47 marked
trees from five locations in Nicaragua over a
period of 4 years. This study revealed a great
influence of edaphic climatic factors on the
synthesis and degradation of Az.

A variation was established between
the ecotypes within the regions, and even
between the trees in the same site. Large
variations in the Az-content (2895 to 7525
ppm) have also been observed in the NSK of
the different ecotypes of Tamil Nadu (Kumar
and Parmar, 1996). Very few studies have
been carried out so far in the world to detect
the existing variability of Az- content in neem
trees, and even fewer on oil-content
variability. Ermel et al. (1987) determined Az-
contents in NS of different countries and
found that the highest yield of Az-content per
NSK is not restricted to a specific country, but
it is distributed in single trees of different
origin. Rengasamy et al. (1993) reported that
the neem ecotypes of India showed varying
Az-content (0.14 to 1.66%), which was also in
line with the present work results. Therefore,
it is now established that there is great
variation between ecotypes within the regions
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and between the different trees growing in the
same site.

No variation was found between
different regions in the oil-contents. The same
results were obtained by Ermel (1995) where
he found the variations in oil-content was less
than those in Az. Moisture-content is an
affecting factor on the oil-content, and further
relationships are needed to find out the most
affecting factors. In contradiction to this
result, Rengasamy et al. (1993) found that the
oils of different ecotypes showed different
Az-content and physico-chemical properties
in India. However, no correlation was found
between the oil- and Az-content (Ermel,
1995).

The Az-content was found to be
affected by rainfall and altitude. Regions with
moderately high rainfall proved to be rich in
the Az-content; while regions with hot dry
weather were reported to have lower content
of Az. Seasonal and annual variations in the
Az-content were also observed over the
country. Same results were obtained with
other investigations in India carried out by
Rengasamy et al. (1993) in which they
mentioned that ecotypes growing in regions
with moderate climate, red and shallow
medium soils, and altitudes up to 500 m
(a.m.s.l.) were rich in Az-content. Ecotypes
growing in high altitude alluvial soils, with
extremely hot and cold climates, were poor in
Az-content. These studies lack detailed
meteorological data with correlations to the
Az-contents, and can be taken for general
hints. On the other hand, efforts are underway
at CRIDA, Hyderabad, on correlating the
different factors, e.g. soil type, rainfall, and
R.H. with the Az-content in the seeds for trees
growing in different parts of Andhra Pradesh
state These studies suggest that there is a need
to do the chemical evaluation of the seeds
from diverse zones to identify neem trees
having high amounts of oil and Az to make
the plant economically more attractive.
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The results show a significant positive
effect of the rainfall on the active ingredient,
while temperature has no direct effect on it.
However, there was a significant effect of the
combination of the temperature and the
rainfall on Az. This result matched the
findings of Baumgart (1991) in Benin, where
they found in areas with a high rainfall, Az
values tended to increase. In constrast Singh
(1987) reported a high antifeedant activity of
extracts from kernels of neem trees growing in
arid areas of India, when compared with those
growing in coastal areas.

Az was found to be significantly
affected by the latitude with a negative
relationship. Az increases from Northern
Sudan toward the Southern parts, which
follows the same trend of the rainfall.

It is found also that altitude has a
positive and significant effect on the Az-
content, while the R.H. and longitude have no
effect on the content. The same results were
found by Rengasamy et al. (1993) for the
altitude even though we had a positive
correlation. Also, according to those authors
Az-content increases up to altitude 500 m
(a.s.l) and at higher altitude the Az content
became low in relation to the type of the soil.

There is increasing demand for quality
planting material for neem plantations.
However, individual neem trees vary in their
chemical make-up as the oil-content and
limonoids-content of neem trees are governed
by genetic and environmental factors. Efforts
are lacking for the selection of neem trees
based on Az-content and the oil-content. The
present study provides some of the needed
information for such selections for the new
plantations.
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