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ABSTRACT

Neem extract is an alternative insecticide for or-
ganic farming and is an allowed component for
commercial biopesticide in Korea. However, crop
protection properties are not consistent in com-
mercial products. In this report, quantitative ana-
lysis of commercial biopesticides for the four in-
secticidal limonoids of neem extract-azadira-
chtin A, azadirachtin B, deacetylsalannin and
salannin, was conducted through solid phase
extraction method with lipophilic-hydrophilic ba-
lanced material. The recoveries of the four limo-
noids ranged from 80.5% to 105%, and their limit
of quantitation ranged from 0.028 mg/L to 0.356
mg/L. On the five imported neem extracts, the
total contents of the four bioactive limonoids
extracted were from 321 mg/L to 5810 mg/L, but
there were big variations in the relative compo-
sition of the limonoids. The total limonoidal
concentrations in 23 commercial bio-pesticides
made from neem showed from below LOQ to
7190 mg/L with significant differences in the
relative composition. These differences deter-
mine the biopesticide’s efficacy on pests, there-
fore, tracking the active ingredients is necessary
for the quality control of commercial bio-pesti-
cides.

Keywords: Solid Phase Extraction; Azadirachitn;
Salannin; Quantitative Analysis; Biopesticide

1. INTRODUCTION

Azadirachta indica A. Juss. (neem) of the family Meli-
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aceae is native plant of Southeast Asia and tropical re-
gions of the western hemisphere, and its oil is widely
used for agricultural pest control as alternative insecti-
cides in organic farming [1-6]. It is currently specified as
allowable materials in the Environmentally-friendly Ag-
riculture Promotion Act in Korea. Limonid was identi-
fied as the active component in neem extract. Some li-
monoidal compounds such as azadirachtin A, azadira-
chtin B, deacetylsalannin and salannin from neem were
reported as the major bioactive metabolites, and their
insecticidal [3,7-16], antifeedant [17] activities and puta-
tive antimicrobial property [18,19] had been reported.
These studies recommended neem extract as a potent
crop protector. However, commercialization is still a big
problem due to the huge variation of azadirachtin content
(0.01% - 0.9%) in neem extract by ecotype [10,20] and/
or extraction conditions of the seeds [7,9,21,22].

The quantitative analysis of the limonoid from neem
extract was intermittently reported for the pure neem ex-
tract by rough HPLC method [9,23-27], and the simple
method was introduced for chemical pesticides which
contain percent-level concentration of azadirachtin with-
out messy plant metabolites [28]. But there was no report
for the quantitation method in commercial neem biopes-
ticides that had synergists or inert ingredients. The com-
position of commercial neem biopesticides in Korea was
surveyed, and the ranges were as follow: 5% - 85% pure
extract, 5.5% - 20% solvent, 0.1% - 35% surfactant and
5% - 80% others. Here in we investigated the quantita-
tive analysis method of azadirachtin A, azadirachtin B,
deacetylsalannin, and salanninas active ingredients of
commercial biopesticides for quality control, and this is
the first survey on limonoidal content in commercial bio-
pesticide.
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2. MATERIALS AND METHODS
2.1. Chemicals

The standard solution of azadirachtin A, azadirachtin
B, deacetylsalannin and salannin were obtained from
ChromaDex (Irvine, US), and the purchased standards
were diluted to 100 pg/mL in methanol.

2.2. Solid Phase Extraction

To set up a simple purification method, solid phase
extraction (SPE) method was applied with silica gel
(SiOH) (500 mg, Macherey-Nagel Co., Duren, Germany),
Florisil (500 mg, Macherey-Nagel Co., Duren, Germany)
and hydrophilic-lipophilic balanced (HLB) material (60
mg, Oasis, Waters Co., Milford, USA), and the purifica-
tion efficiency was compared.

First, the recovery was compared in distilled water. A
0.1 pg/mL limonoid-spiked 50 mL water was extracted
with dichloromethane (20 mL x 3) and concentrated to
0.5 mL. There after the residue was loaded to SiOH or
the Florisil cartridge that was preconditioned with
n-hexane, and washed with 2.5 mL n-hexane then eluted
with 10 mL dichloromethane/acetone (1:1, v/v) at 1 mL/
min. The eluate was evaporated and redissolved with 1
mL methanol.

Due to solvent limitation, HLB SPE was applied to the
different procedure of Florisil and SiOH SPE. The di-
chloromethane extract from the water sample was con-
centrated and redissolved with 0.1 mL methanol and 1.9
mL distilled water. The HLB cartridge was conditioned
with 2 mL methanol and 2 mL water at a flow rate of 1
mL/min. The extracted sample was loaded and washed
with 2 mL 5% methanol in distilled water then the car-
tridge was dried by vacuum. Thereafter the cartridge was
eluted with 5 mL methanol, and evaporated to dry.

2.3. UPLC Analysis

The prepared sample was analyzed with ultra-perfor-
mance liquid chromatography (UPLC) with BEH Phenyl
column (1.7 um, 3 mm x 100 mm, Waters, Dublin, Ire-
land) on Waters ACQUITY UPLC" System with PDA
detector. The mobile phases were combined with 0.05%
formic acid in distilled water (A) and acetonitrile (B) at
0.5 mL/min, and the gradient was programmed to gradu-
ally increase the solvent B content (initial, 5%; 5 min,
10%; 10 min, 50%; 15 min, 90%). The chromatogram
was monitored at 217 nm. The retention times of azadi-
rachtin A, azadirachtin B, deacetylsalannin and salannin
were 10.40 min, 10.47 min, 11.97 min, and 12.60 min,
respectively.

2.4. Method Validation

Limit of quatitation (LOQ), precision and recovery
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determination for each limonoid were followed as a re-
ported method by Hansen et al. [29] with minor modifi-
cation. Six 0.1 pg/mL and 20 pg/mL of each limonoid
spikes were prepared and analyzed. Based on the stan-
dard deviation (o) associated with the replicate analysis,
a LOQ was calculated (LOQ = 10 o/s, s was slope of ca-
libration curve). Recovery was determined comparison
of the responses of the spike and standard, and precision
was determined repeatability RSD on the spiked concen-
trations in water, neem extract and biopesticide. The ca-
libration linearity was tested on 0.25 - 25 pg/mL ranges
of each limonoid.

3. RESULTS AND DISCUSSION

3.1. Optimization of SPE Method for
Commercial Biopesticide

For these quantitations of azadirachthin A, azadirach-
tin B, deacetylsalannin and salannin, the calibration cur-
ves were ranged from 0.25 to 25 pg/mL, and the r* val-
ues were calculated over 0.998. A 0.1 mg/L limonoid-
spiked 50 mL water sample was clean-up with SPE
through the appropriate procedure that was described in
the section 2.2 for Florisil, HLB and SiOH, and the final
residue were dissolved with 2 mL methanol then ana-
lyzed by UPLC. The recovery of Florisil, HLB, and
SiOH SPE were measured at 70.4%, 99.2%, and 66.5%
respectively. Finally, the HLB SPE method was adopted
for further method validation test.

The HLB SPE method was applied to a commercial
biopesticide not containing neem extract but having a
similar composition of synergists and inert ingredients.
After 20-fold dilution of the sample with distilled water,
50 mL distilled water was added to the 1 mL diluted
sample, and extracted with dichloromethane (20 mL x 3).
This was followed by the HLB clean-up procedure. With
this method, the recoveries of the four limonoids on 20
mg/L ranged from 80.5% to 105%, and the precision
ranged from 1.7% to 4.2%. Limit of quantitation of the
each limonoid ranged from 0.028 mg/L to 0.356 mg/L
(Table 1). Additionally, the recovery was measured with
20 mg/L pinoresinol as an internal standard on the neem
extract and its biopesticides, and the average recovery
was 95.6% and their precision was calculated 8.7%.
From the results, all the tested method validation values
showed acceptable for the quantitation of the four limon-
oids in the extract and biopesticide.

3.2. Limonoidal Content of Crude Neem
Extract

The optimized method was applied to the quantitative
analysis of the limonoids on imported four commercial
neem extracts (I-IV) and a neem oil (V). All the commer-
cial extracts were collected from the domestic market in
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Table 1. Recovery and limit of quantitation (LOQ) of aza-
dirachitn A, azadirachtin B, deacetylsalannin and salannin in a
commercial biopesticide.

Recovery”  Precision LOQ Linearity
(average, %) (RSD, %) (mg/L) )
Azadirachtin A 82.2 3.8 0.138 0.9994
Azadirachtin B 823 1.7 0.028 0.9988
Deacetylsalannin 80.5 4.2 0.356 0.9999
Salannin 105 3.1 0.345 0.9999
Pinoresinol (IS)" 99.3 23 NT? NT

"Recovery was tested on 20 pg/mL standards and the chemical composition
of the tested sample: 80% sophora extract, 10% solvent, 10% surfactant;
NT means not tested; IS means internal standard.

Korea, and the neem oil was diluted with 5% Tween 20
in water before the clean-up. Total content of the limon-
oids ranged from 321 mg/L to 5810 mg/L, and the ratios
of the four limonoids showed big variation among the
five neem extracts. For example, the neem oil (V)
showed only deacetylsalannin among the four limonoidal
compounds, but the neem extract I and IV showed below
10% of deacetylsalannin contents in Figure 1.

3.3. Limonoidal Content of Commercial
Biopesticide

The commercial biopesticides of neem extract were in-
vestigated for their concentrations of the active ingredi-
ents. Twenty-three commercial neem biopesticides (A-W)
manufactured in Korea were collected from the local
market in 2012. Total concentration of the limonoid
ranged from below LOQ to 7190 mg/L in commercial
biopesticides, with an average of 961 mg/L. Azadirachtin
A and azadirachtin B were found in only eight commer-
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cial products (A-B and Q-V), and their concentrations
ranged from 43.1 mg/L to 5620 mg/L. Deacetylsalannin
or salannin was found in most samples, and their con-
centration ranged from 14.6 mg/L to 3440 mg/L (Table
2). However, the four limonoids were not found in three
samples (J, N and W). Esparza-Diaz et al. [9] reported
that the azadirachtin contents could be related to the in-
secticidal activities. Thus, the concentration of this major
bioactive ingredient should be considered for the guar-
antee of crop protection properties in commercial neem
biopesticides.

4. CONCLUSION

The quantitative analysis method was introduced for
commercial biopesticide through HLB SPE method with
UPLC analysis. From the established method, the con-
centration and the composition ratio of the bioactive li-
monoids in commercial biopesticide and neem extracts
were determined and results showed big differences be-
tween the products. These big variations of the limonoi-
dal content might be due to physiological and ecological
variations, and the manufacturing process of the product.
It might also affect the crop protection properties such as
toxicity and bioactivity of the biopesticide. Therefore,
tracking the active ingredients would be needed for the
quality control of commercial biopesticide.
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Figure 1. Composition ratio (%) of azadirachtin A, azadirachtin B, deacetylsalannin and
salannin, and total content (mg/L) of the bioactive limonoids on imported neem extracts.
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Table 2. Concentration of azadirachtin A, azadirachtin B, deacetylsalannin and salanninin commercial biopesticides containing neem
extracts (mg/L).

Azadirachtin A Azadirachtin B Deacetylsalannin Salannin Total

A 72.0+1.12 189 +2.68 32.3+0.58 281 +5.86 574+10.3
B 43.1+0.78 83.3+1.50 <LOQ <LOQ 126 £2.18
C <LOQ <LOQ 32.9+0.59 71.3 +£1.58 104 +1.98
D <LOQ <LOQ 33.2+0.60 62.7+1.13 95.9+1.73
E <LOQ <LOQ 332+£6.28 158 +2.84 490 +9.82
F <LOQ <LOQ <LOQ 69.4+1.25 69.4+1.25
G <LOQ <LOQ 41.5+0.65 <LOQ 41.5+0.65
H <LOQ <LOQ 52.5+1.85 <LOQ 525+ 1.85
I <LOQ <LOQ 89.6+1.61 38.9+0.70 129 +2.31
J <LOQ <LOQ <LOQ <LOQ <LOQ
K <LOQ <LOQ 343 +0.62 14.6 £0.26 48.9+0.79
L <LOQ <LOQ 184 +3.01 <LOQ 184 +3.01
M <LOQ <LOQ 124 +2.23 <LOQ 124 +£2.23
N <LOQ <LOQ <LOQ <LOQ <LOQ
(o) <LOQ <LOQ 3440+ 61.9 413+7.43 3850 + 60.1
P <LOQ <LOQ <LOQ 22.4+0.40 22.4+0.40
Q 418 £4.52 192 +2.96 32.7+0.59 598 +£10.7 1240 +22.3
R 214 +3.85 84.6 +1.82 <LOQ <LOQ 298 +5.37
S 5620 + 82.5 1370 £24.7 324+1.18 171 +£3.08 7190 + 109
T 3000 + 54.9 663 +10.5 104 +1.98 578+ 11.4 4360 +70.2
U 344 +6.19 72.4+1.30 <LOQ 342+5.15 758 +10.8
v <LOQ 161 £2.98 221+3.98 1960 + 38.4 2340+42.2
Y <LOQ <LOQ <LOQ <LOQ <LOQ

ricultural Science, Rural Development Administration, Republic of

Korea.
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