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Abstract

BACKGROUND: Plant extracts have been used as
environment friendly agricultural materials for organic
farming in South Korea. However safety evaluation on the
plant extracts was not properly tested. The aim of this study
was to evaluate safety of the extracts from Melia azedarach,
Nerium indicum and Coptis chinensis on cultivating rice.

METHODS AND RESULTS: Pant extarcts 300-fold
diluted were treated on rice, and residues of M. azedarach,
N. indicum and C. chinensis were determined. The analytes
from the rice
chromatography coupled with tandem mass spectrometry
(LC-MS/MS). The method was validated, and good
linearities (7°=0.995-0.998), specificity, and recoveries

samples were detected by liquid

were obtained. Limits of detection were 0.01 mg/kg for all
of the target compounds. Recoveries were 79.3-118.3% at
0.1 mg/kg and 75.2-111.5% at 0.5 mg/kg. The residue levels
were below 0.030 mg/kg for azadirachtin, 0.320 mg/kg for
oleandrin and 1.460 mg/kg for berberine.
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CONCLUSION(S): The extracts of M. azedarach, N.
indicum and C. chinensis contained azadirachtin, oleandrin
and berberine as an active ingredient, respectively. The
residue of three active ingredients dramatically decreased
after treatment in all fruits, stems and roots of rice.
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Fig. 1. The chemical structures of azadirachtin, oleandrin, and berberine.
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Table 1. The MRM transition parameters of the analytes in LC-MS/MS

Precursor ion Product ion DpP® EP? CEY lonization mode
(Da) (Da) (volts) (volts) (volts)

724.8Y 71.0 105 88.0 s

Azadirachtin 742.6 Positive
664.9 71.0 10.5 88.0 ESI
373.2Y 41.0 105 100.0 s

Oleandrin 577.0 Positive
145.2 41.0 10.5 100.0 ESI
320.1 26.0 10.0 24.0 s

Berberine 336.1 Positive
292.1 26.0 10.0 24.0 ESI

“Quantitation ion  Declustering potential

Boston, USA)Z #4153 01, A Kinetex (100 x 4.60
mm, 2.6 um, C18, 100 A, Phenomenex, Torrance, USA)S
AREEFSITE. Azadirachtin #2871 80% acetonitriles
A3 0 M(Pozo et al, 2003), oleandrin®} berberine 2]
EZ81i= 70% acetonitrile= *F&;}OﬂE}(Wang et al,
2000; Jee et al, 2010). 5= 33HES positive 2 ESI
(Electro Spray Ionization) mode®lA] ©]3}3}3] oH
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Table 2. Recovery and limit of detection the analytes in the method

Rice Fortification (mg/kg) Recovery+CV?” (%) LOD” (mg/kg)

Fruit 0.1 79.27+7.60

0.5 76.00+1.05

. . 0.1 97.07+2.55
Azadirachtin Stem 05 80 673,57 0.01

Root 0.1 86.80+5.05

0.5 75.20+3.84

Fruit 0.1 107.73x1.09

0.5 104.13+7.11

. 0.1 118.27+5.07
Oleandrin Stem 05 111.3344.46 0.01

Root 0.1 103.20+4.89

0.5 100.40+6.41

Fruit 0.1 93.87+4.85

0.5 89.60+4.97

. 0.1 104.13+3.49
Berberine Stem 05 81574343 0.01

Root 0.1 118.27+1.37

0.5 111.47+3.54

ICoefficient of variation PLimit of detection

A 120000 B aso00 | c 300000
40000
100000 - 250000
35000
80000 - 30000 - 200000
25000 g
S 60000 - g £ 150000
£ Z 20000 =
40000 - y=10939x + 666.64 15000 - y= szssx +642.11 100000 V= 494095 + 4878.3
R2=0.9986 10000 R#=0.9986 ’ R?=0.9959
20000 - 50000 o
5000
0 0 0
0 2 4 6 8 10 12 0 2 6 8 10 12 0 1 2 3 4 5 6
ng ng ng
Fig. 2. Calibration curve of azadirachtin(A), oleandrin(B), and berberine(C).
| 372 min ) 3.72 min

4.84 min

Fig. 3. Chromatograms of azadirachtin (0.01 mg/L, A), oleandrin (0.01 mg/L, B), berberine (0.01 mg/L, C) for limits of

detection.

mg/kg ¥ IFE 05 mg/kgolA 33T Azadirachtin
off gt w4 32 ¥ dAuflel disl 2127} 79.27+7.60
7} 76.00+1.05%, W E7]9M= 97.07+2.559} 82.67+3.57
%, B Bajol A= 86.80+5.057} 75.20+3.84%= LERASIE

1230 oleandrin®] tdt 3482 ¥ Aujjel ofs) zHzt
107.73+1.099} 104.13+7.11%, B Z7]o|xE= 118.27+5.07
7} 111.33+4.46%, ¥ EE]olxAE 103.20+4.892F 100.40+
641%2 YER S Y berberine?] 3FEL GuloA]
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Table 3. Residues of azadirachtin, oleandrin, and berberine in rice after treatment (7=3)
Residues (mg/kg)+SD”
Compound 5
0 DAT 10 DAT 20 DAT 23 DAT 27 DAT
Fruit 0.025+0.02 <LOD" <LOD <LOD <LOD
Azadirachtin Stem 0.026+0.19 <LOD <LOD <LOD <LOD
Root <LOD <LOD <LOD <LOD <LOD
Fruit 0.245+0.03 0.057+0.00 <LOD <LOD <LOD
Oleandrin Stem 0.319+0.03 0.139+0.01 <LOD <LOD <LOD
Root <LOD <LOD <LOD <LOD <LOD
Fruit 0.343+0.02 0.028+0.00 0.015+0.00 0.010+0.00 <LOD
Berberine Stem 1.451+0.29 0.163+0.01 0.088+0.01 0.077+0.01 0.059+0.01
Root 0.028+0.00 <LOD <LOD <LOD <LOD
“Standard deviation “Days after treatment “Limit of detection
93.87+4.858} 89.60+4.97%, Z7]°llA 104.13+3499} 81.57 Al 7 AEFEEe] B(dvl, 271, ) $ ARdEe

+3.43%, YtglolA] 118.27+1.373 111.47+3.54%= YERA
th ol& FEXEA FAeEAETIEY WA gt
& 70-120%%} 20% ©|U] 2] WolAlG S B WESIoh

&80 BRY I
WA AT, W5

P
£ 5 oY 0A0% HE Fak

é
ollAwt Aule} &7 °1V apay
EQIL 11 o] Folli= AR
095 azadirachtin®] 71
H=20 f-3A4E2 oleandrine A7 & 0ol A9l
=794 72} 0.245, 0.319 mg/kgol AEHNL, A F
10l 0.0577 0.139 mg/kgol AEEHOH 1 o]Fel=
AEHA &9tk Oleandrine He]olx= A2 & 0UFH
74%3]]] ol-ohjr
Berberines -FEAEOE 3t= e A9 Ay T 0
Aol dul, 714 Z7F 0.343, 1.451 mg/kgol HEH A
ou, duj A= A F 239 0.010 mg/kgel A
27U H= AEEA wwkollet. mEet E7]eM = AE] &
2797HA FEFA ol del 0059 mg/kgel HEHAT

0.0259} 0.026 mg/kgO] A=
ogkom, Belo= A
Zx)7] oot}

N,d

BerberineL eloA= Al = 0¥l 0.028 mg/kgol #
¥ 5 Ay 104 FHe 747‘QX] 3k

—“i AT Al F7IAIA] 1ZbellA ARSE L Sl
AE F25 53], 97E, g%, 3 F2E4 g9 ok
A& A7) A R ol FEES AT YA
407 duk oz ARgEa gloy, oo tidt ek A
T F55 AAolth o 04?01]/‘1*5 o] & AHE- ? T
&& Tpotato] /b o5 AIGILE WTE, F5E, &
d9 g 77t azadlrachtm»} oleandrin, berberine
oAtk

2 azadirachtine Gujo} Z7]oM= AX G Zpz
0.0259} 0.026 mg/kgol A& or o= HEHA
2kekth Oleandrin®] FFa2- Aufe} Z7]914 0.245-0.057
2} 0.319-0.139 mg/kg ©]oH FeN = HAEFHA Ak
t}. Berberines <4miel =714 7 0.343-0.0103%
1.451-0.059 mg/kg® AE F ¥ S HAOH

Walo A= A2 FUefvt 0.028 mg/kgo] HEEHL

AEFEES] AMTES A Slste] T =
Ak HEo] $EXEY A A2008-4% Tsoke] TEAIY
713 B el dsl Q1% 54 AlRe eI Al
&9 AHELER 3000 34 Aol thgt 15 HA AR At
H9771549L > 5000 mg/kg, H97BYEYS > 4,000
mg/kg 0% AS/JoI L HHHASAI D3} 3RS Al
M A=o] Qe Ao Hol ebddhs gl An
AAD. olell whet ¥ Arelx= ‘ﬁ?~ e} 4 5
5S A EAAZ Bg3o] 9o o3t AEFEEY] °¥
AN SRE 9ot Al 2AE 1 AlsR3itt
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