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Abstract

Neem treeAzadirachta indica. Juss) seeds contain many substances with ioiskedt
properties, the main insecticidal ingredient in tieem-seed extract being azadirachtin A.
Several commercial formulations containing azadtiacA are available on the world market
for insect control in organic farming. In develogicountries such as Mali, a neem-seed
water extract is used to protect organically-graetton from both piercing-sucking and
chewing insects. The water extract is preparedliiag ground seeds in water for three or
seven days. The scope of this study was to checkftactiveness of the traditional
extraction method in terms of azadirachtin A eximacyield and insecticidal activity. The
amount of azadirachtin A extracted using the Maireethod was 0.19 g/100 g seeds and no
significant difference was observed between the edextraction after 3 or 7 days. The
concentration of azadirachtin A in the seed extwat approximately 200 mg,lone order

of magnitude higher than the recommended dosemfrercial products (25 mg). The
extraction rate increased to 0.35 g/100 g seeds wbadorming three successive water
extractions of the ground seeds. A comparison®gttiractive capacity of different solvents

indicated that the rate of extraction decreasati@gpolarity of the solvent decreased. The

best solvent was water when extraction was perfdromewhole seeds, while the same



amount of azadirachtin A was extracted by methandlwater from the kernels. Increasing
the ionic strength of the water by adding saltsrditdimprove the rate of extraction. The
azadirachtin A concentration declined in the extcanserved for more than 3 days at a
temperatures higher than 30 °C.

Bioassays were performed on target insects in dodeompare the insecticidal activity of the
neem extract with that of a commercial product. bloassays were conducted on the
leafhoppemMacrosteles quadripunctulatuthe noctuid mothSpodoptera littoralisand the
whitefly Bemisia tabaciThe insecticidal preparations were the commepriadiuct
Neemazal T/S at the recommended dose of activediggtt (a.i): (25 mgy), an aqueous
solution of pure azadirachtin at 25 nig & neem water extract prepared according to the
Malian procedure (200 md la.i) and the same extract diluted to 25 thg.i. The bioassays
conducted on leafhoppers and moths demonstrateththaeem extract at 25 niga.i. was
as effective as the azadirachtin-based commenmaiuet and that the performance of both
was higher than that of pure azadirachtin. Thisltgmints out the role of the co-formulants
of the commercial product and of the co-extracthhefneem-based insecticide. Brntabacj
the efficacy of the water extract at 25 rifgli. was close to that of pure azadirachtin and
lower than that of Neemazal T/S. The same perfocmas that of Neemazal T/S at 25 g |

a.i. was obtained with the water extract at 200 ™ai.

Keywords: azadirachtin Aneem extract, Neemazal T/S, bioassays

1. Introduction



The increasing interest for bioinsecticides hasight new attention to the neem tree
(Azadirachta indic&A. Juss), already known on the Indian sub-contif@n4000 years
(Philogene et al., 2003). The insecticidal acyiat some parts of the neem tree is due to
limonoids, mainly azadirachtin A and B, nimbin,aatin and similar compounds (Ismam,
2006; Philogene et al., 2003) but most evidencatpdo azadirachtin as being the most
important active principle (Ismam, 2006). Azadirtacls not persistent in the environment,
mainly because of rapid degradation by sunlighe @hemistry, environmental behaviour
and biological effects of neem products have bherstibject of several reviews (Mordue and
Blackwell, 1993; Sundaram, 1996; Veitch et al.,&00

Several commercial formulations containing azadiitiacA are available on the world
market for insect control in organic farming. Azaghtin-based insecticides are becoming
popular in plant protection programmes for cottenduse of the worldwide demand for
organic cotton (Gahukar, 2000). On the other handeveloping countries, high cost
formulations can not be afforded and neem prepmaratfneem oil and water extracts) are
commonly used as an insecticide.

In Mali, preparations frorA. indicaseeds are used in cotton crops to control insects
such as leafhoppers and whiteflies (Hemiptera) lHiesides causing direct damage, can
also transmit phytoplasma and viruses. The emptecanique used by Malian farmers to
produce azadirachtin-based insecticides is basesbaking 100 g seed kernels in 1L water
for three to seven days to obtain an aqueous éxtrac

The insecticidal capacity of commercial formulasaf azadirachtin A was assessed
through bioassays conducted on target insectsaaBémisia tabac{Gennadius) (Kumar et
al., 2005; Kumar and Poelhing, 200®jialeurodes vaporarioruniVestwood (von Elling et
al., 2002)andSpodoptera littoralioisduval (Martinez and van Emden, 2001). Crudeswat

extracts of seeds of the neem tree have been tedteel field against several pests in tropical



and subtropical countries and their efficacy hamnldeund to be satisfactory to excellent
(Dreyer and Hellpap, 1991). Several bioassaysatssted the activity of natural neem
preparations on the noctuid motBslittoralis (Gelbic and Nemec, 2001; Sharma et al.,
2003),Spodoptera liturgF.) (Govindachari et al., 2000; Kumar and Parrh@86) and
Peridroma saucia (Hibnerpntheheteropteran bu@ncopeltus fasciatu®allas) (Isman et
al., 1990), the leafhoppéacobiasca lybicéBerg. & Zanon) and the whitefB. tabaci
Gennadius (El Shafie and Basedow, 2003).

Although the insecticidal activity of the water &dt prepared in Mali has been
confirmed in the field and in bioassays (Coulib@grsonal communication), the azadirachtin
A concentration of the extract has not been detezthand little attention has been given to
its storage stability.

The aims of this work were i) to improve the trazhal extraction method and
conservation of the extracts, ii) to compare thesag of the neem extracts with commercial

formulations of neem and of pure azadirachtin itigh bioassays on target insects.

2. Materials and methods

2. 1. Neem seeds

Neem seeds were collected in south-western Mdamuary 2006, dried at ambient
temperature and conserved in the dark, at roomeeatyre. The seeds were ground in a
coffee bean blender. When required, the kernelssaddcarp were manually separated

before grinding.

2.2. Chemicals



All solvents were of analytical or liquid chromataghy grade. Standard (99% purity) and
technical standard (55%) Azadirachtin A were puselgafrom Sigma-Aldrich (Milan, Italy).
The Neemazal T/S commercial formulation was puretidsom Intrachem bio Italia SpA

(Grassobbio (BG), Italy).

2. 3. Analysis

2. 3. 1. HPLC analysis

Liquid chromatographic analyses were performedguaipectrasystem P2000 instrument
equipped with a UV detector SpectraSERIES UV10@rifto Separation Products, St Peters,
MO, US) working at 215 nm and a Lichrosphere;d 225 cm, 4.6 mm, 5 um ) column
(Sigma Aldrich, Milan, Italy). The mobile phase waater acidified to pH 3 with PO,

(67%) and acetonitrile (33%), at 1 ml ifinThe retention time of azadirachtin A was 9.5

min.

2. 3. 2. LC-MS/MS analysis

The LC peak was confirmed by liquid chromatograpdrydem mass spectrometry (LC-

MS/MS). The analyses were performed using a Va8ihtriple quadrupole mass

spectrometer (Varian, Italy) equipped with an elesgiray ionization ESI source, a 212 LC

pump and dedicated software. Separation was pegfbon a Pursuit 54gcolumn (3um,

150 mm x 2.0 mm) (Varian, Italy). The mobile phasesisted of 20% water and 80%

acetonitrile, both containing 0.3% (V/V) aceticddelivered at a flow rate of 0.2 ml rffin
Mass spectrometric analyses were performed indigative-ion mode, the nebulising

gas was M (25 psi, the drying gas was air (250 °C, 25 hkp,capillary voltage was — 35 kV

and the collision gas was argon set at 1.8 mTdre. rEspective ion transitions were as

follows: m/z 719— 485 (collision energy 14 V), m/z 719 535 (collision energy 16 V).



2.4. Preparation of neem extracts

2. 4. 1. Extraction with different solvents

Extraction with water, organic solver{teethanol, acetonitrile and ethyl-acetate) and aagsie
salt solutions (0.1 M potassium chloride, calciutnate, and calcium chloride) were
performed using the following procedure: sampleseeds (1 g) were blended with pure
solvent or solution (10 ml) in a mechanical stificar30 min and the supernatant was
separated by centrifugation (15 min, 3000 rpm). @&kteaction was repeated twice and the
supernatants were pooled in a 50 ml flask, and dileted with acetonitrile (1:1, V/V). The
same procedure was used for the water extractitimedfernels and woody endocarp. All of

the experiments were run in triplicate.

2. 4. 2. Extraction Kinetics
Samples of ground seeds (1 g) were blended witerwa0 ml) in the dark for 1 h, 24 h, 3 d
and 7 d. A single extraction was made, as in Mdleach sampling point, the supernatant

was separated and analysed as indicated abovet thié experiments were run in triplicate.

2. 4. 3. Effect of temperature and storage timéherstability of the extract obtained using
the Malian method

Samples of ground seeds (10 g) were extractedwdthr (100 ml) for 3 days in the dark at
room temperature. The supernatants were sepanateehlrifugation then stored at 14, 25,
30, and 40 °C. After 0, 1, 24, 76 and 168 h, aquali of each sample was analysed to

determine the azadirachtin A concentration. Althe experiments were run in triplicate

2. 5. Bioassays



2. 5. 1. Insecticidal preparation

The recommendedose of Neemazal/TS is 2-3 L / ha at the dilutae of 200-300 ml/ hl.
Since the product contents 10 g/L azadirachtin0®-200 ml/ hl correspond to 20-30 nig |
a.i. An intermediate concentration of 25 mi§ azadirachtin A has been used to prepare the
insecticidal preparations tested on the insectee(pmadirachtin A, Neemazal T/S, and a
neem water extract). A seed water extract wasmkspared with 200 mg'lazadirachtin A.
Standard azadirachtin A was used to prepare ai@olat a concentration of 25 mg IA
volume of 2.5 ml Neemazal/TS was dissolved in Tlewan order to obtain an active
ingredient (a.i.) concentration of 25 mfy Ground seeds (10 g) were blended with water
(200 ml) for 3 days and the mixture filtered on &adtman N°4 filter. The filtrate was diluted
with acetonitrile (1:1, V/V) then analysed by HPL\@hen required, the concentration was

adjusted by water dilution.

2. 5. 2 Macrosteles quadripunctulatus.

The treatment was performed by spraying oat phaiitsthe insecticide solutions (3-6 pots

per trial). Ten % - 4" instar nymphs were caged inside glass cylindethempotted plants. A
control trial was conducted under the same conitlout this time feeding leafhoppers on

water-treated plants. After 25 days the adults tvleimerged from nymphs were counted.

2. 5. 3.Bemisia tabaci

Twenty females were caged on one cucumber plaheat-6 leaf stage for an oviposition
period of 3 days (three plants per trial). The flasavere removed and 10 days after the
beginning of the oviposition period the treatmeasvapplied. As soon as the adults emerged

they were counted and removed. A control trial eesied out by spraying the plant with



water; the activity of the different treatments veapressed as the number of emerged adults

and as the mortality rate vs. control treatment.

2. 5. 4.Spodoptera littoralis.
The treatment was performed by spraying the ingdetisolutions on broad bean plants
(three plants per trial) placed in Plexiglas ismiat Ten 5- 4" instar larvae were placed on
each plant. The diet was completed by fresh, utgdesting bean when all the treated plants
were consumed. A control trial was conducted utiseisame conditions but feeding larvae
with water-treated plants. The insecticidal acyiviias evaluated as larval mortality.

All of the bioassays were performed in climati@aetbers with temperatures ranging
from 20 to 25 °C and a 16:8 L:D photoperiod.

Bioassay data were evaluated by one-way ANOVA (@3D. followed by the Holm-

Sidak method for Multiple Comparison Procedures.

3. Resultsand discussion

3. 1. Yield from the extraction of azadirachtin idrih neem seeds and kernels

Azadirachtin A is known to be soluble in polar argasolvents and-slightlgelublein water
(1.29 g 1) (Mordue et al., 2004; Tomlin, 2006). Traditiordtican and Indian neem-based
insecticides are prepared by water extraction efmeeeds or neem kernels, and the recovery
of azadirachtin by such methods has not been ifoMgstigated. The extraction of the neem
triterpenoids reported in literature includes eitlirst grinding the seeds with an alcohol and
then removing the oil by partitioning the alcohadixtract against a more lipophilic solvent,

or alternatively grinding the seeds first with he&ar petrol to remove the oil, and then
extracting the triterpenoids from the seed matsixg a more polar solvent (Jarvis et al.,

1999).Aqueous solutions are usually made by first digaghazadirachtin obtained through



the processes described above in ethanol or acatwhthen carefully diluting with water
(Mordue et al., 2004).

In order to compare the efficacy of the water esttom with that of organic solvents,
three successive extractions of powered neem ses@sperformed with different solvents
and salt solutions. The amount of extracted azeldia A expressed in g/100 g dried seeds
was as follows: water 0.35 (SE = 0.06), methan®4 @SE = 0.02), acetonitrile 0.11 (SE =
0.02) and ethyl acetate 0.05 (SE = 0.01), therdfeeamounts of extracted azadirachtin
decreased with decreasing polarity of the solvEné. extractive capacities of the salt
solutions (potassium chloride, calcium nitrate, aaltium chloride) were not significantly
different from that of water, indicating that tlmic strength of the solution did not affect the
recovery.

The amount of azadirachtin A recovered from thelsds water and methanol
extraction was in the range reported by Jarvis. €1899): 0.2-0.8 g/100 g seeds;taking-into
account-that thamount-ef-azadirachtidepending on the provenance of the seeds (Ismam et
al., 1990). On the other hand, the fact that ektraavith water lead to a recovery higher
than with methanol was in contrast to expectatginse azadirachtin A is more soluble in
methanol than in water but, to the best of our Kedge, no data concerning the yield from
water extraction of azadirachtin from whole neemdsas reported in the literature.

The same extraction procedure (limited to waterrmethanol) was also applied to the
two main parts of the seeds, the kernel and thedweadocarp. The results illustrated in
Table 1 show that the fraction of azadirachtin Atamed in the endocarp was negligible
(<0.02 g/100 @), confirming that the active ingemdiwas concentrated in the kernel. The
yield from the kernel extraction with methanol @@/100 g kernels) agrees with the data in
the literature: Mordue et al. (2004) reported thatamount of azadirachtin A extractable

from seed kernels with solvent ranges between1d11ag/100 g (mean 0.6 g/100 g).



Kleeberg and Ruch (2006) analysed hundreds of ssmmytere the content of azadirachtin A
ranged from 3 to 9.6 g /Kg kernels.

Extraction of the kernels with water lead to a ey which was not significantly
different to that with methanol. The surprisinglglinrecoveries obtained by water extraction
of the kernels cannot be compared with data inlitii@ture because it has seldom been
investigated. Govindachari et al. (1999) found 2righazadirachtin A/100g kernels in an
aqueous extract. Such a low recovery could bebattd to the loss of the active ingredient
due to the complex extraction procedure used bsethethors. Since the kernel accounts for
approximately 50% (w/w) of the seed and the amofiazadirachtin A in the endocarp is
negligible, the expected amount extracted fromd@@rnels should be about twice the
amount extracted from 100 g seeds. This occurnethéomethanol extraction but not for the
water extraction, which gave a proportionally lowecovery from the kernels than from the
seeds. One reason for this could be that the pres#rthe kernels allows a better grinding of
the seed, therefore the exposed surface area sé#us is higher than that of the kernels,
which promotes the extractive capacity of the wad@other possible reason is that the
kernel contains a higher concentration of oil, mgktihe kernel powder more hydrophobic

than ground whole seeds.

3.2. Extraction kinetics

Since the traditional Malian extraction proceduréudes relatively long extraction times (3
or 7 days), the amount of azadirachtin A recovérach neem seeds by a single water
extraction was measured at different time intervale quantity recovered after 1 h was 0.19
0/100 g (SE = 0.02) and did not improve signifit@amtith longer extraction times.
Considering that the quantity obtained with threecessive extractions (see above) was 0.34

g/100 g (SE = 0.06), we can conclude that the siegtraction performed in the Malian



method is not exhaustive. On the other hand, theerttration of azadirachtin A in the

aqueous phase was 200 rifgtherefore much higher than the recommended 2&teng 1).

3. 3. Stability of the extract
The effect of storage times and temperatures ondheentration of azadirachtin A in neem
preparation obtained by extraction of seeds foaysdwas tested in order to check the
stability of the solution stored in the dark. Tlesults, reported in table 2, attest to the
stability of the extract for at least 7 days ataibdl 25 °C. At 30 °C the azadirachtin A
concentration decreased by about 30% of the idtatentration between the third and the
seventh day. At 40 °C, more than 20% of the azeldina A degraded after 1 h and only 30%
was still present after 7 days. Since the experimas conducted in the dark, the main
factors controlling the deasapparance of azadiraéhin the aqueous solution, besides
thermodegradation, would have been chemical anlddaal factors. Microbial degradation
would have plaid a minor role as attested by aystifidkinetics conducted in sterile and
unsterilized natural waters (Sundaram, 1996). Cbaldiegradation of azadirachtin is
promoted by basic pH (Barrek et al., 2004; Sundafdf96; Szeto and Wan, 1996). The
latter mentioned authors studied the effect of terafure (between 40 and 70 °C) at different
pH values on the degradation of azadiractin A endark. They observed that the rate of
disappearance of azadirachtin A increased with &atpre independently of pH. At pH 4,
which is the pH of the neem aqueous extract, Bagtel. (2004) reported an half-life of
azadirachtin of 16 days at 40 °C, while the degradaate at the same temperature in the
neem extract was more rapid (table 2). This sugghat the presence of the other
components of the extracts contributes to the nstedility of azadirachtin A.

Since countries like Mali normally experience htglmperatures (up to 40 °C in the

hot season in the south and up to 50 °C in thénparbnservation of the water-extracted



insecticidal solutions, although in the dark, i$ advisable unless a low temperature can be
guaranteed. Another risk factor for the loss ofdbive ingredient is exposure to sunlight,
which has been seen to dramatically increase tgexdation rate to half-time values of a few

hours (Caboni et al., 2009).

3. 4. Bioassays
The insecticide activity of the commercial formugat Neemazal T/S, of pure azadirachtin A
and of traditional water extracts agailstquadripunctulatusB. tabaciandS. littoralisare
summarized in Tables 3, 4 and 5.
The efficacy of the insecticide treatments agaitastrosteles quadripunctulatus expressed
as mortality rate. The activity of the water extra@ntaining 25 mg1azadirachtin A was the
same as the commercial product (83-86% mortalitfhe@same concentration. The mortality
rate of the extract at 200 m§&.i. reached 97%, confirming that the traditiodalian
preparation is highly active against this pestdntrast, the mortality rate of the trial
conducted with pure azadirachtin A was very low3@#. The good performance of the
commercial formulation and of the neem extrachiagreement with some data reported on
other leafhoppers: Meisner et al. (1992) obsertiatiMargosan-o, a neem-based insecticide
was active at a concentration of 30 iigabainstAsymmetrasca deceden#miting the
growth of 90% of the nymphs. Soil application oénecake and foliar spray of a neem
kernel water extract in a rice field resulted idexrease of about 46% of the population of
Nephotettix virescerat 5 days after treatment (Rajappan et al., 2000).

The activity of the neem water extract and of theepactive ingredient at 25 mig |
againstB. tabaciwas lower compared to the commercial product. Jowd performance of
Neemazal TS is in agreement with the results of &uet al. (2005), who found 89%

mortality of B. tabaci1® instar nymphs following foliar treatment with teeme product, at a



very similar concentration. El Shafie and Based2@0@) compared the insecticidal activity
againstB. tabaciGennadius of a commercial formulation, a neenad a neem kernel
water extract (50 g ground fresh neem seeds pe). [fhey observed that neem oil was
effective and assumed that oil promotes the etfeazadirachtin A, for example by
improving uptake through the cuticle. As far aswaer extract was concerned, although the
azadirachtin concentration was not measured, tti@esiconcluded that more neem seeds
would be needed to produce effects similar to tledthe commercial product. This is in
agreement with our assays, which indicated Bhaabaciis very sensitive to a high
concentration of neem water extract, 200 thgahd in fact, farmers in Mali apply such high
water extract concentrations against this pest.

The number of deaf. littoralislarvae was determined 14 days after treatmenérAlfiis

date, no changes were observed. The neem exisatiowed 100% mortality, while the
performance of pure azadirachtin was lower, at 88%6o0me cases, the larvae grown on the
treated plants were smaller and had a differemhpigation than those grown on untreated
plants. Azadirachtin is known to cause malformatars. littoralislarvae at different
development stages (Martinez and van Emden, 208bjGand Nemec, 2001; Nathan and
Kalaivani, 2006).

For bothM. quadripunctulatusndS. littoralis the water extract and commercial
formulation were more effective than the pure azafitin. This effect was more evident in
the M. quadripunctulatudioassay where the pure product did not exhibitiasgcticidal
activity.

The fact that pure azadirachtin was less effe¢hiaa the neem extract and the commercial
formulation against leahoppers and moths suggasbther components present in these
preparations contribute to the insecticidal acfivithe performance of the commercial

formulation is improved by the addition of co-forlants and co-adjuvants. These



compounds indirectly contribute to the insecticdavity by protecting the active ingredient
against degradation (mainly photolytic) and by ioyang contact with the treated leaves. As
far as the neem extract is concerned, althoughnlyerneasured azadirachtin A, a large
amount of data in the literature attests the presen other terpenoids which could act as
insecticides and/or improve the effectiveness aflaachtin A through a synergistic effect of

co-extracted compounds.

4. Conclusions

The Malian empirical water extraction techniquariroeem seeds provides insecticidal
preparations containing about 200 rifqakadirachtin A, which is much higher than the
recommended application rate of commercial formotest Consequently, the improvement
in the extraction yields which can be obtained éyesal successive extractions of the same
seeds does not appear to be useful for field agdpics considering that neem trees are
largely available in Africa. On the other handgatscide treatments should be performed
with freshly-prepared neem extracts or extractseored at low temperatures to avoid
degradation of the active ingredient.

The bioassays conducted on leafhoppers and motigesithat the neem extract was
as effective as the azadirachtin-based commemmaiuet and that the performance of both
insecticide preparations was higher than that o pzadirachtin. In the case of the
commercial product, such a result can be attribtddde presence of co-formulates which
improve the stability of the active ingredient atsdcontact with treated leaves. In the case of
the neem extract, its efficacy is most likely doeatmatrix effect or to the presence of other
terpenoids.

In contrast, the efficacy of the neem extracBomabaciwas significantly lower than

that of the commercial product at the recommendese dA more concentrated extract was



needed to obtain the same performance as the camaiq@noduct. The minor performance of
the neem extract at the lowest tested concentratatd be due to the fast degradation rate of

the active ingredient, limiting its contact timetlwthe insects.
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Figure 1. Effect of temperature on the disappeaah@zadirachtin A in the neem aqueous
extract.
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Table 1. Recovery of azadirachtin A from neem sekeisiel and woody endocarp by water
and methanol extraction.

Water Methanol

mg/100 g (SE) mg/100 g (SE)
Seed 0.34 (0.06) 0.24 (0.02) P =0.205
Kernel 0.42 (0.06) 0.40 (0.01) P =0.756
Woody endocarp < 0.02 0.02 (0.00)

Table 2. Activity of different azadirachtin A prep#ions against the leafhoppdiacrosteles
quadripunctulatus Within column, values followed by the same lethee not significantly
different (P<0.001).

Treatments Mortality rate, % (SE)
Water treated 114 (5.1) a
Neemazal T/S 25 mgt 85.7 (2.0) b

Pure azadirachtin A 25 mg'L 30.0(5.8) ¢
Neem extract 25 mgt 83.3(3.3)b

Neem extract 200 mgL 97.5(2.5) e




Table 3. Activity of different azadirachtin A prap#ions against the whitefBemisia tabaci

Treatments N° of emerged adults Mortality rate vs control, %
Water treated 808 -
Neemazal T/S 25 mgt 48 94.1
Pure azadirachtin A 25 mg'L 139 82.8
Neem extract 25 mgt 209 74.1
Neem extract 200 mgL 0 100

Table 4. Activity of different azadirachtin A prapéions against the motBpodoptera

littoralis 14 days after treatment. Within column, valuesofeéd by the same letter are not
significantly different (P<0.001).

Treatments Mortality rate, % (SE)
Water treated 33.3(5.8)a

Neemazal T/S 25 mgt 100.0 b

Neem extract 25 mgt 100.0 b

Pure azadirachtin A 83.3(5.8) c




