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Abstract AMS, DMDS, and DPS were analyzed using the developed
method and results showed <LOQ, <LOQ-20.0 mg/L, and
<LOQ, respectively.

CONCLUSION: The developed method would contribute
to manufactures producing commercial biopesticides and
the quality control of biopesticides containing A. sativum
extract.

BACKGROUND: Garlic (Allium sativum) contains
polyphenols and sulfur compounds that are recognized
as antioxidant, antithrombotic, anticancer, antibacterial,
antimicrobial, nematicidal, and insecticidal activity. For
this reason, the Environmentally-friendly Agriculture
Promotion Act allowed the garlic extract as commercial
biopesticide material for crop protection, nine commercial
biopesticides containing A. sativum extract have been
marketed in Korea.

METHODS AND RESULTS: The determination of
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Table 1. Analytical conditions for allylmethyl sulfide, dimethyl disulfide, and dipropyl sulfide
Item Analytical ~conditions
Vial Oven Temp. 95°C
Headspace Sampler (Agilent 7694) Loop Temp. 98°C
Transfer Line Temp. 100°C

Oven Temp.

Injector mode

Gas Chromatography (Agilent 6890)

43°C, 10min, 30°C/min, 200°C, 3 min
Split (10:1)

Flow Rate 1.0 mL/min
Column DB-5MS (30 mx0.25 mmx0.25 pm)
Scan range 20-500
Mass Spectrometry (Agilent 5973 MSD) Voltage 1,900 V
Ion source temp. 230°C

A 7l wolstar glow Agh b wieuhs it
(Jung et al, 2013). °1& 713355 < alliin, allicin,
allyl methylsulfide (AMS), allyl sulfide (AS), dimethyl
disulfide (DMDS), dipropyl sulfide (DPS), diallyl
disulfide (DADS) % diallyl trisulfide (DATS)= Zt=X.
S5 93 et AFEAEE THIE ZleR duEA
(kyung and Fleming, 1997; Ankri and Mirelman, 1999;
Dugravot et al, 2003; Kim et al, 2004; Ogita ef al,
2007; Pongsak and Parichat, 2008; Casella et al, 2013).

vt A FHSAAHE vheFEES 1A
AAEA F et Qlo] mheFEES e 1A 9
A AEol A ol M FEE L YA, olF BT AER
5 A% FrEAEE Y g 3] =
< Lim $5(014) vlEFEE 3 f71s A T ved
IR TN o R o] Qe A AERS
24 A+ DADS, DATS ¥ DMDSE A ¥4#o = H74s)
, hydrophilic lipophilic balance (HLB) 7}E2]#] 4|
S A8 gas chromatography (GC, flame ionization
detector) AR Halsk vb glrk Hsh AR A e wAo]
Q7 EA kot BAARME AA] §53 4 9= head-space
sampler F23= 9] 3 B4 EAo] ARgEol gtk
(Oston and Kumarathasan, 1995; Escobal et al, 1999;
Reboredo-Rodriguez ef al, 2012: Sanjuan-Herraez et
al, 2014). WP & AgolMs AR E 9% A - A
% & A alliin 5 8708 ol theto] head-
space sampler’} Z2%¥ GC-MSE &&3sto] 4o 7hs
FAE 2B, ol T B4 e RS reETEE &
T 71EAAL] AEAREC R she RS Adstar
2} sigiet BEgk o] ANS F8slo] fEHl Qs veET
Hr 7152 & AR s 2AkRRAL sklth
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A2 % Al

2 AT AZAR TRE AAY alliin, allicin,

AMS, AS, DPS, DMDS, DADS % DATS+ CromaDex
(California, USA)ZF-E] F+¢J8te] ARG-3F3lal, dimethyl
sulfoxide (DMSO)$} U374 fluorobenzene:> Sigma-
Aldrich Korea (Yongin, Korea) ZH-E| skl ARE8H3
o &3t 97he] vREFEE @ 718 AA(150-1000 mL

W) Fe) 7 AZARRRE T AHESn

XEYeE MY

s8] AR tE FHEo] jlom AERHTEA
& Yehls £4 alliin, allicin, AMS, AS, DPS, DMDS,
DADS %! DATS A&+ vteFas & f71eA49
ARAE FREAE Adagict Add A FEE
AE9 7171%A 7hsdE AES] 918ke] 100 mg/Le
A7l © = HE] 20 mL2| head-space vial®ll 10 mg/L &
ol HiF 3Aska, o7l WHEFE4 10,000 mg/L
fluorobenzene 10 plE 713t & & 237} 3 mL7} HES
dimethyl sulfoxide (DMSO)E #7}sto] head-space
sampler’} A2 GC-MSZE #4310t 1 A 2AEE
% #40] 7Fsd AMS, DMDS ¥ DPSE nhs55% 3Hf
TG Ao ® ik

717184

A ¥ AMS, DMDS Y DPSi= DB-5 MS (Agilent,
USA) columns AHE-ato] 22+ 88, 94 9 118 m/zE A%
o], 617} 73, 649} 79, 767} 89 m/zE J/J0]&OFE 5]
head-space sampler”} &2 GC-MS (Agilent, USA)<]
selected ion monitoring (SIM) mode® +A5}31.0.m 7]
714 2212 Table 19 WeR

= ATelA SRlE BAe HEl] Slstel AR
o] AX4L 20 mLY head-space vialel 0, 0.1, 0.5, 1, 5
2 10 mg/Le] FEo% 7K the of7]e] WiasEd
10,000 mg/L fluorobenzene 10 plE 7Fstal, & F37} 3
mL7} 5%% DMSOE 471519 Table 19] 7oA 747}
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Fig. 1. Ion chromatogram of allylmethyl sulfide, dimethyl disulfide, and dipropyl sulfide.

Table 2. Validation parameters

. Linearity ~ Recovery rate” (%) . P Relative b (o

Materials ®) Limit of quantification (mg/L) standard deviation” (%)

1 mg/L 2 mg/L 1 mg/L 2 mg/L
Allylmethyl sulfide 0.9972 90.3£5.3  91.3+2.8 0.08 59 3.1
Dimethyl disulfide 0.9959 88.3+6.0  86.2+4.3 0.32 6.7 5.0
Dipropyl sulfide 0.9957 87.6+32  89.5+3.0 0.09 3.7 34

aThe data represent the mean values +SD(standard deviation) of three replicates.
PRelative standard deviation (SD/ Averagex100).
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Fig. 2. Representative ion chromatogram of allylmethyl sulfide (< limit of quantification), dimethyl disulfide (2.0 mg/L),
and dipropyl sulfide (< limit of quantification) in biopesticide samples.

Table 3. Content of allylmethyl sulfide, dimethyl disulfide, and dipropyl sulfide in commercial biopesicides containing

A. sativum extract

Samples Allylmethyl sulfide (mg/L) Dimethyl disulfide (mg/L) Dipropyl sulfide (mg/L) Total (mg/L)
1 < LOQ 12.1 < LOQ 12.1
2 < LOQ < LOQ < LOQ < LOQ
3 < LOQ 14.7 < LOQ 14.7
4 < LOQ 13.1 < LOQ 13.1
5 < LOQ 18.9 < LOQ 18.9
6 < LOQ 13.1 < LOQ 13.1
7 < LOQ 15.3 < LOQ 15.3
8 < LOQ 20.0 < LOQ 20.0
9 < LOQ 9.7 < LOQ 9.7

"LOQ, limit of quantification

Z710l|A] 3RHEE] EAEITh 1 2 2 mg/L el A
Algt AMS, DMDS % DPS¢] 3]58-2 86.2-91.3%, RSD
= 34-6.7%2] W (Table 2)E EUS ZAFEAW 7lo|=g}
91 348 70-120%, RSD 20% ©]a}e] 7]l & F-alsld
tKde Kok Food et al, 2007). %4719 AZ el wkz} 9
9 v=FEE ¢ 715 & AMS, DMDS % DPS
o] ti$t head-space sampler GC- MS AW FH
Lim 5(2014)°] ®igk 54 71524 HLB 7HEZA]
JAE 58 GC (FID) w41l vl Al=e] A 3ol

A2 ot M=A BHT 5 Qe o18S AT ek

Oi=%&2 & R7ISAKl & AMS, DMDS ! DPS &2

¥l e vREFEE IR IS T AMS,
DMDS % DPS g 7kl 24 s A-88to] w48t
a1, tEAR) A=ekE TS Fig. 2¢] et Table 3
< FEHL A neFEE I IS T AMS
DMDS Y DPS & uehd A3z, o]59] g2 27
<LOQ, <LOQ-20.0 mg/L ¥ <L.OQ2] W3t

AMS (1.1 mM)+= AMRE 3 Actinobacillus pleuropneumoniae
o A= 8% Adlehs Ao® deA Slil(Becker et al,
2012), Giardia intestinalls®] t¥t AMSS} DMDS2] 50%

N
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AAFEE(LCs0) = 22 5507 200 mg/LZ Halgn} glck
(Harris et al, 2000). =3t 57| %5 DMDS®| Dinarmus
basalis, Callosobruchus maculatus 3! Periplaneta Americana
of tfgt LCs= 214 0.31, 0.65 ¥ 1.01 mL/LoE <24
%3(Dugravot et al, 2003), DPS®] Staphylococcus
aureus B31¥} Candida utilis ATCC42416°1 th3sl &4
35 % (minimum, ihbibitory concentration, MIC)+= 500
mg/L oo & B vl QItKKim ef al, 2004). wEbA
Aol ZALsH "]'czﬁgri 1A 5 AFARE T
= DMDS %] 22123 93 F23h o] grEo] e
AYNE e oL, DMDS shef oot °7li;<}xH7} ==
100-10004 3AeH 5 ARGH = S arejebd @ AlEel
A AERS B oEE fraAdRe] wEh 1Cs
MIC 50l o]24] Foh= A= vehith ]’E-?%% g
7154 5 AMS, DMDS % DPS8HF2- 224 % &
A3 WA Bdo) glor g frlsAA 5 o=
gk FAv7E o] FojAof & Zlow ke

a2 E

nhEEEE S e SRuEE SlE vkl
IFYEORE v FHrEol 3o ZJI—UEE = Ad 8
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H GC-MSZE 4] 713 AMS, DMDS ¥ DPS 371 3+
= AFAEoR sk, ol Al i sAEANE
skt
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SAHA % AR ARGEEe] t 24dYe AEEe s
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