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Abstract CONCLUSION(S): This study confirmed that 4 times of

o o ) deproteinization process using the chloroform-gel meth-
BACKGROUND: Dithiocarbamate fungicide propineb

can be analyzed quantitatively by derivatization reaction
followed by HPLC/UVD, which has high reproducibility
and stability. However, the presence of high protein in
soybeans and peas affects the derivatization process re-

od was effective when derivatizing and analyzing dithio-
carbamate fungicides in pulses with high protein content.
However, depending on the initial protein content present
in the pulses, there was a difference in the recovery: the
lower the protein content, the higher the recovery rate of
propineb. It is expected that the method proposed in this
study could be applied to remove high content of protein
as analytical interference substance from agricultural

sulting in extremely low recoveries. Therefore, this study
was conducted to improve the analytical method for anal-
ysis of propineb in soybeans and peas by applying a de-
proteinization process using chloroform-gel method.

METHODS AND RESULTS: The deproteinization
process was carried out up to 6 times for soybeans and 5
times for peas using 50 mL chloroform. After 4 times of

samples.

Key words: Deproteinization, Dithiocarbamate, Propineb,

s . Protein, Pulses
deproteinization process followed by a derivatization re-

action with methyl iodide, the recovery yields of propineb

in both pulses were >90%. However, the recovery yield M
tended to decrease when the deproteinization process was
performed more than 5 times. The method limit of quanti-
fication (LOQ) was 0.04 mg/L. The recovery conducted Qom oy 2x ol o EJ} o

in triplicate at 10 times and 50 times of the LOQ ranged M=l TR } ]41 nTe }T‘f ek 5 Oi 1}_]
from 87.2 t0 95.0 % with a coefficient of variation <10%. SATH1, 2. olesh sfehya Al e v elad = e
SZIAY G SHdhe w5 Al7ste] Heds WA
sk Aoz oA QItH3]. tlxz el dithiocarbamate|
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(oFA)S $H3kaL Sl propinebi= b 547} &7
AR vtol el AR T Al sk o
2 WAE Sl del AR QleH1-2, 6]

AA| propinebE X &3H= dithiocarbamate ] A <]
A HoRE CS, gas AW methyl iodide
(CHaDE ©]&-3 f=Agt Wro] Huwir lrHe-8]. 7He
71291 CS, A2 SnClL/HCIAKE: 7kt & 7|57
EIAZIHE 100C ool EafjEo] WAlshs CS, 7AE
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o]g-3to] propinebs =% ¥, methyl iodide® =4
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2Na 2072 F-§-Hof g2llato] methyl iodide® methyla-
T f7180 Fom dojste] HFehs A eAS
1ot 11]. Methyl iodide (CHs)E ©]-§-3F F- =413} +
A2 R fEAE 848 4 9leld HPLC/UVD
5 LC-MS/MSE ARgeto] A% #40] 7Fsstal A&
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7} ebdAlo] =& Aow WaE I QUH9, 12].
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orze)dRl EDTA-2Na 8945 AR88ISiS o, el &
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A g 2 WeAel BB S uslshs Ao
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o ATelMe TR T wERe] EAS ARl AlAs
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propineb?] 3|5& A EHE Slstara} Qlth <l
& Eato] 2lE A 39S A48 propineb TS
G 33t s4HE 9 dithiocarbamate |9 =2 &
AR kel Agste] AlEld Qe wAkE kddEel 714
g Qow wokdh
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i AFoll AHE¥ propinebl] 418 EFE Sigma
Aldrich AHUSA)eIA 5% 68.5%21 218 F4iste] A3t
St FZo| AFHE¥E  ethylenediaminetetraacetic acid-
disodium (EDTA-2Na)< Dae Jung AHKorea), NaOH+=
9] Yakuri Pure Chemicals Co., Ltd. (Japan), L-
cysteine, 1,2-propanediol> Tokyo Chemical Industry
Co., Ltd. (Japan)ZHH Tlste] ARtk Methyl
iodide= Kanto Chemical Co., Inc. (Japan) . Z5-E] 74
sto] ARE3131C M, tetrabutylammonium hydrogen sulfate
(TBAH)+= Sigma Aldrich AHUSA)Z}-E] 9]8te] ARE-
3F3ith Sodium sulfate anhydrous, sodium chloride
anhydrous+= Dae Jung AKKorea) ZE] 793t AF&-5131
O amyl alcohole- Junsei Chemical Co., Ltd. (Japan)©]|
A GREE TYske] ARSIty n-Hexane, methanol,
dichloromethane, chloroform, hydrochloric acid, water
i Merck AHGermany)°lAl GRS F3to] ARE-3ISITE
A2 Al X1%¥7]= Lab. Companion 1S-971R (Jeio Tech,
Korea)¥ BV1010 (Benchmark Scientific, USA)E A3}
of gselon, A4AAE $4l 55715 Eyela NE-1001
(Tokyo Rikakikai Co., Ltd., ]apan)§ ARSIl AR
2]7]%= Allegra X-15R (Beckman Culter Life Sciences,
USA)E AHEaltt. & Aol AR8-Sh propineb®] =2]3}
314 EAL& Table 13 Z2UtH18].

SAE AR

AEE IEhEel gIF(100 g 9, 36.2%) ¢ $HH(100 g
9, 24.4%)E AsHITH20, 21]. tiFE Al s
5ok sAES Tskslon, S skl AR et
A ARE AREISITE S vkl & 47 5 X AR

3to] PE (Polyethylene) tubeol] Yo —20C o]afe] W5k

Balo] B4 A AMgaisl,

EEZUM

Propineb 378N propineb UYFS L-cysteine
0.5 g9 0.25 M ethylenediaminetetraacetic acid-disodium
(EDTA-2Na) 84(0.45 M NaOH &, pH 9.5-9.6)°l
0] 100 mg/Le] ¥%=% 3lo] stock solutions Z=A|8+31
ok Alzst gl et SvilE g4k 0.01, 0.02, 0.05
0.1, 0.2, 0.5, 1.0 mg/L2] working solutions #|Z3t o]
T frEAsel] 20 uL# HPLC/UVDel F9, 418t
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Table 1. Physicochemical properties and chemical structure of propineb

Propineb
Chemical /I\/N S
S “Zn
structure H \ﬂ/
S
X
IUPAC name Polymeric zinc 1,2-propylenebis(dithiocarbamate)
Mol. wt. 289.8
V.p. (mPa) 1.6x107 mPa (20°C)
KowlogP -0.26 (propylenethiourea, main metabolite) (20°C)
Solubilit In water 0.01 g/L (20°C). In toluene, hexane,
y dichloromethane <0.1 g/L in DMF + DMSO>200 g/L.
Stable when Dry
Stability Decomposed by moisture in acidic and alkaline media;

DT5 at 22°C, 1d. (pH 4.0), 1d. (pH 7.0), 2-5d. (pH 9.0)

AL peak?| WAL 71707 FEABAL AU

247(7]

Propineb 4> diode array detector’} 2
HPLC system (Dionex ultimate 3000, USA)< ©]-§-5F3
o, columne Shiseido Cig (4.6 mm 1.D.x250 mm, 5.0
um, Japan)s ARESISITHTable 2). it AERIgo R
$2417]71%= HPLC DIONEX Ultimate 3000 (Thermo
Science, USA)$} A&REA7]91 TSQ Quantum ultra
(Thermo Science, USA)E AFE-5ISitHTable 2, 3).

& A REXEt
AE(HF, &F) 5 goll THF 20 mLE 7Isk] 2053t

Faslelsity. ©o]F 025 M ethylenediaminetetraacetic

Table 2. HPLC/UVD operating conditions for propineb

acid-disodium (EDTA-2Na) 5=8<(0.45 M NaOH g,
pH 9.5-9.6) 80 mLell L-cysteine 0.5 g % sodium
chloride® %1’ shakerg A}8-3t] 2,500 rpm & 107t
Ae-F250 FE9  chloroform 50 mL, amyl
alcohol 10 mLE #7Fst4] 2,500 rpm O 2 1043F 8t
¥ 3,000 rpm o0& 1097+ YalEelato] Adi(deproteini-
zation)= FAEATE A8 A A7) Ald IS 135]~63]
7HA WSSt Fig. 1). ©1F A5l 10 mLE F8ko] 0.41
M tetrabutylammonium hydrogen sulfate &< 1 mL
9t 1 N HCl & #7181] pH 752 A% 2483 § 5543}
AEE ARSI o] & Sle £l sodium
chloride 5 g& %1 0.05 M methyl iodide”} 3+
rhexane:dichloromethane (2:8, v/v) <889 30 mLE
ol 33] fEA3 methylation)S %18t 1, sodium

Instrument

DIONEX Ultimate 3000, Thermo Fisher Scientific (USA)

Detector Diod array detector

Wave length 272 nm
Column Shiseido Cig (4.6 mm i.d.x250 mmx5.0 um)
Soybean Pea
Min Acetonitrile Water Min Acetonitrile Water
Mobil phase 0.0 20 0.0 15 85
15.5 95 15.5 80 20
18.0 95 18.0 80 20
20.0 20 20.0 15 85
Flow rate 1.0 mL/min
Injection volume 20.0 ul

Retention time

Soybean: 12.46 min, Pea: 14.59 min
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Table 3. LC-MS/MS operating conditions for propineb

Instrument DIONEX Ultimate 3000, Thermo Fisher Scientific (USA)
Detector TSQ Quantum Access Max, Thermo Fisher Scientific (USA)
Column Capcell core C18 (2.1 mm i.d.x150 mmx2.7 pm)

Column temperature 40°C

Mobil phase in methanol

A:B=0.1% formic acid+5 mM ammonium formate in water:0.1% formic acid

Time (min) A (%) B (%)
1.5 90 10
Mobil phase >0 10 %0
6.0 10 90
6.5 90 10
10.0 90 10
Flow rate 0.4 mL/min
Injection Volume 1.0 ul
Ion source Electrospray ionization, negative mode
Spray voltage 3,500 V
Vaporize temperature 320°C
Ion sweep gas pressure 1.0 unit
Sheath gas pressure 35 unit
Aux gas pressure 15 unit
Capillary temperature 270°C
Retention time 5.40 min
Table 4. Selected reaction monitoring (SRM) ion transition of propineb in LC-MS/MS
Precursor ion Product ion CE Q1 PW Q3 PW
254,000 61.03; 13 0.7 0.7
206.7” 10 0.7 0.7

 Quantification ion
® Qualification ion

sulfate anhydrous & €3 E7A17]aL F 1021t 42
A Al o710l 20% 1,2-propanediols ¥t di-
chloromethane 1 mLE Y1l rotary vacuum evaporator
= ol8ste] 30°C olste] =5 el AjksFkior &
%% 71355 methanol 2 mLE AE3figt & HPLC/
UVDE 483l er, LC-MS/MSE #F=A13t Adi= A2
MRS

|y ob

A Sla=g) gujo] §8E thEA| sto] Akl gikE
Hlwstazk sttt Ae 242 chloroform 50 mL
9} amyl alcohol 10 mL, chloroform 100 mL$} amyl
alcohol 20 mL °J-§-3fo] thF2] A 03](chz=+")E FHol
6317k zl8iatglomn, ¢7= chloroform 50 mL$} amyl
alcohol 10 mLE ©]&3te] 03](hx=7)H FHd 537k
JHE el

B8 Al

A e 9w 58S ASs] s o
S} S5 o] 837 s AldE TSI vRivE gud
ol 9 ¢ AR 5 goll propineb?] HEE%7F 04 2 2.0
mg/L o] HEF Aesiglon, 245 3o R 53
afo] slE3t £ eaE SAEsi

Zat ¥ oy
HPLC 717| 24 =2

Dithiocarbamtel| 21|91 propinebi= logP —0.26.2.
7 Aol HI5A 718 ulel 849 hekEolr). wgt
719 1.6x10"mPa(20C) % 32/Jo] wiig- vhaL 2424 7%
Y -NH7|Z 743 Qlo] HPLC #4o] #gsit19, 7).
5=A3} propineb (methylated propineb)el] thgh =%
WA oS AdEEb] 9l 190-360 nm R SlelA HohEr
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Sample (Soybean 5 g. pea 5 g)

20 mL distilled water, soaked for 20 min.

80 mL 0.45M NaOH aqueous solution
(0.25 M EDTA-2Na contains. pH 9.5~9.6)

—— 0.5 g L-cysteine + 5.0 g sodium chloride anhydrous

| Shakmg (10 mmn., 2.500 rpm)

l Transfer all supernatant to the new PE tube

50 mL chloroform + 10 mL amyl alcohol
(4 times deproteinization)

| Shaking (10 min.. 2,500 rpm)

| Centrifuge (10 min., 3,000 rpm)

| Take supernatant 10 mL

1 mL 0.41M
Tetrabutylammonium hydrogen sulfate aqueous solution

—— 1M HCI (pH 7.5)

Supernatant 10 mL

- 5 g sodium chloride anhydrous

_ 30 mL n-hexane:dichloromethane (2:8. v/v)
(0.05 M methyl iodide contains) 3 times repetition

Methylation

1 mL 20% dichloromethane ( 1.2-propanediol contain)

Concentration (30°C)

—— 2 mL methanol, resolve

0.2 ym membrane filter

Fig. 1. Analytical scheme of propineb residue in soybean and pea.

IS AN Ay, 272 nmeolA] FEAETE 7P A v
ERGTH7]. HPLC #419] 284 Cis AI€2 colunme K
wAow FAY sgtE He Wol AMgEE o
(reversed phase) column (Cig)< AHE-8Ie] 41519101,
w2 AEE TP FE olsd §92> water/
acetonitrile®] EF-gNS Bvll5 ] (gradient elution)<
ARgRte] 717] A Al FEEY AEAs HAsgeio
[7].

SEAIE} propineb?| EZZZFM

FE=A8HE propineb®] #=§-94(0.01, 0.02, 0.05, 0.1,
0.2, 0.5, 1.0 mg/L)& 20 uLM‘ 71710l Fdeto] A HEAd
o AR Y S y=0.064133042x+0.00204252
(R?=0.999)01%101, riA —?‘y:O 053637051x+0.005320982
(R*=0.999) % R*%> 0.999 ooz gaFe] xdo] wl¢-
3t Fig. 2).

FEAHSH g 3o JNME st MITHH Thd x| xSt

2EC)oRERA o] 31A1¥l EDTA-2Na 8- o] &gt
FEAS PelA BlES =017] #8) L-cysteine= 347}
s ot thirel ghroll xq&“é’]"?y\ o, 9k ‘;}“”X]O]
e diFel RO SES A7) 24.2%, 37.5%%
A HEE- oMol Al wrgo] Ao Q) & ?i
TollAE AR AFH7]014 2 Alge] AE8% chloroform-
gel methodE ©|-&3to] tlFs} ehroll dish #22] Ak
S Glstaat ik

Chloroform-gel method= A= o §3ll=8 7H &
HE Etsto] et WlAS AASH: HA-NA F=
W02, g1l phenol#} chloroform< —ri ARt S
Al BskE Aws BAE] QR AXAlE amyl
alcoholE ARE3HH16]. e 0]-11]‘—/\}4 T4 EA
ukel 2, 394 AYetl EDTA- 2Na FEhe] § OH
¥ o] A9 A Tl Uel FpA dhaEe

m{)«

_4
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Fig. 2. Linearity of calibration curve used for propineb analysis in soybean (A) and pea (B).

EDTA
aqueous solution

Protein

Chloroform

(A)
Fig. 3. Deproteinization of soybean (A) and pea (B) extracts using chloroform 50 mL+amyl alcohol 10 mL.

%2 w29} olm chloroformS H716H W 454
WA chloroform = 2J%-o] EAEH B 254 Gl

o |

il gl
AL Yol EAeHA HwA 7o 2 wAdHEH17]. B4
gzl EDTA-2Na 5789 53 chloroform & AR]
of MM ool T-& FAshH o]F Fal Wio] JHEE= A
< %"Jﬁf& '—,‘L% T Oh1]-[16] "]Z'l] 2} Skof Al

CHSR( Glycine max (L) Merrill)oll CHet A|THeH St
A1 TRl diFe WA FK100 g ¢ 36.2%)°]
ol §ule] 89S =1 *ﬂ?_]r‘ﬂ.* &Y= n)wstaA} chloro-
form 50 mL$} 100 mLE AHg-ste] Al 2ds A 6
3|7HA] @A o & qEshe st Table 5). Aws
R8s kol FEA 3 ekl w(03)) :;2]_?%2 24.2%°1%
Oy Ak 348 chloroform 50 mLE 345 ¥Ha3s 2
I 43] 7B A 91.7%% 7P F2 AIdE ‘/}E]'”‘T‘% Chlo-
roform 100 mLZ Agh 3148 dHESE 490 43] 3

EDTA
aqueous solution

Protein

Chloroform

(B)

Al 3l& 872% % 7P 2 A¥dE BIlth UlF F pro-
pineb HiAE Sl /\}%Q chloroform® £} #|ck
W g W Sl chloroform 50 mLZ 43] 43)5= 7
ol HA Y sEs B
A= (Pisum sativum L.)O| CHSH M|THH S0t

S et A 0 fevet 3o vhA] TR
% sholn] =l 1919 dzk 1205 g& 41318k It2020,
KHIDI). ¢H7 -gluet =nlge] thanlshe 757 5 o
e e SRRH100 g 24.4%)= AUl glof Al
ol Fesith22, 23] &= diFel digt A3 dis
vl o 2 chloroform 50 mLE ARESle] | 53)712] Ak
R J%* HHE FRsiA 3]5E-E ARSIt Table 5).

T2 AREE sk 21(03]) FEASE APsE
“ﬂ 3| 7E2 37.5%01 0 Ak Y-S WA B
o ZoE Belvh 2 A0 Ay 7] 4§ chloro-
form 50 mLE AHE-ato] 43] Al 2gS FHsIS
94.3%% 7V =2 dFEE Btk
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Table 5. Recovery yields of propineb from pea after deproteinization process using 50 mL chloroform+10 mL amyl

alcohol and 100 mL chloroform+20 mL amyl alcohol

Solvent Deproteinization Recovery (%)
Crops . >

amount time 1 2 3 Average+SD
0 18.0 22.8 31.7 24.246.9
1 46.9 43.3 443 44.9+1.9
2 53.2 52.2 52.8 52.74¢0.5

50 mL 3 79.8 71.6 70.9 74.1+4.9
4 92.2 92.4 90.6 91.74¢1.0
5 86.8 83.3 80.4 83.5+3.2

Soybean 6 63.4 61.4 62.9 62.5+1.0

1 58.3 52.6 50.7 53.9+3.9
2 74.0 77.9 79.9 77.3+2.9
3 83.0 89.3 82.4 84.943.8

100 mL
4 91.5 88.4 81.5 87.245.1
5 80.9 90.2 80.8 84.0+5.4
6 80.8 67.2 75.6 71.445.9
0 38.5 36.0 38.0 37.5+1.3
1 74.8 61.3 70.0 68.716.8
2 70.9 75.0 77.9 74.6+3.4

Pea 50 mL

3 89.9 86.9 88.9 88.6+1.4
4 94.8 90.9 97.4 94.3+£3.2
5 82.9 77.1 85.0 81.744.1

A 8D: standard deviation

& & Propineb ZIREMS {8t HTH ohd

& 5(1990)¢] Hatel o8k, 752 WAL pHell uf
g} &t thEr tiAld 0% pH 9914 %2 &8s
ERfo] sl el dHTE whe] gl et oFd ey
¢l EDTA-2Na 5-8-9°] 3= 2 0% #et15]. ol &
3 ool el dHrEl dEidoe] opdkzelidel EDTA-
2Na &l §3)|=]°] methyl iodide®] propineb =4
3t RbS2 BAA o R Wellshs (MiedR A83s Jlow
F3 13, 14]. WebA F2AS} vk A el el
chloroform-gel-method & #}-§-3t] 1 grgke] whlzl S Al
Aol AASL fFrEAst 22 7 methyl iodide
7} propineb$} A2 1HdGl0] A3 propineb® g
2 e JoR VdEoitt & A A3} et &
propineb®] A3t 25 Walish (HEER] 19k
S Aol AR A BFEo] tiFE 24.2%
ol 91.7%7H4 F7ksk oM, 5 37.5%°l4 94.3%7}
A TR s e AuE dEselt 58] F 5 A
59 A4 AT iAo R 43 FYIE W 7S E
< BES YeEhisith ey Ad sPgE WAoo R
TSNS | o] nHAoR T Q0w AP
U, A 39S 53] ol FElE we 2389 daE
o] sl o= Al Ipgo] AQ ol WhEEwA

EDTAZ] o}

tH18].
Chloroform 50 mLE AR o2} ¢+59] HH 3|4

WUE propineb7} Y& E8E(<0.1 g
propineb/ L dichloromethane) %1% chloroform %2
2 HjEEA S el 9 vidle AoE AlRd

22 YL W, B B

S)<m-&o] iRt %

Al VERATHFig. 4). ol tF(dMA 36.2%)9] A5 ¢HF
(24.4%) R} oF 12% AL =2 @A S Ay 9l
chloroform 50 mL%} HF-3}9S wj, dF AR o
ch o] 7 o7 ols) eHFRT) 3)go] v Yeht 7l
oF FHH E3 AYPA7|E TS 29| FdTE
(98.0%)> ¢+78] Bt 3|T8(94.3%) 7 HlwsiE W =2
SES WIT ol $HH(24.4%)7) (19.0%) H1t °F 5%
olAke] whilal S &35t 11 9lo] chloroform 50 mL7} &5
of et WS B 85k Eete] B e 3¢
& zpo7} yelhd Aoz oSdrh weEbA chloroform 50
mLE ol&sto] 43 A WS Y A o
(36.2%), F24.4%), B(19.0%)2 A g=Fo] u}
propineb®] 3|&°] 77} 91.7%, 94.4%, 98.0% % A
of whily sheEv} Aek 3 Alolo] AATATE 5 &

B
g 5 glgie.
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Fig. 4. Comparison of propineb recovery from soybean, pea and red bean *

process. 3 (Leem et al., 2019)

)

according to numbers of deproteinization

Table 6. Recovery yields and MLOQ (method limit of quantitation) of propineb in soybean and pea

Crop Fortification level (mg/kg) Recovery+SD ® (%) MLOQ (mg/kg)
0.4 88.3+1.1
Soybean 0.04
2.0 90.7+1.3
0.4 91.0+1.4
Pea 0.04
2.0 93.5+1.6

A 8D: standard deviation
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Propineb?] #AAFA= 71719 HAHE%Hng), Al
g, HFTHI(mL), 717154 ul)= 18
itk A=A ok A3t 29, propinebd] -4
A= 0.04 mg/kgolAT BA G0 A& iy
3 APAINE vgoR tifF, ghrel ATy 3 4315 4
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Fig. 5. HPLC-UVD chromatograms of propineb in soybean (A) and pea (B).
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