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Isotope dilution determination of dicyandiamide in milk powder by liquid
chromatography-tandem mass spectrometry
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(Zhejiang Provincial Center for Disease Control and Prevention, Hangzhou 310051, China)

ABSTRACT: Objective To establish a rapid analytical method to determine the residues of dicyandiamide
in milk powder. Methods After precipitating proteins of the milk powder sample by 1% trichloroacetic acid
solution, the sample extract was purified by Sep-pak AC-2 ion exchange solid phase extraction column, which
could remove the interference of complex matrix in the milk powder. Then it was concentrated and reconsti-
tuted by the initial mobile phase, and went through the film. The dicyandiamide target compounds were sepa-
rated by Acquity BEH Amide (3.0 mmx150 mm, 1.7 pm) column and were detected by liquid chromatogra-
phy-tandem mass spectrometry (LC-MS) with electrospray ionization (ESI) in multiple reaction monitoring
method (MRM). Accurate determination was achieved by using isotope '*N4-dicyandiamide as internal standard.
Results The method showed a good linearity over the range of 50~1200 pg/kg with »>0.998 and the lowest
detection limit and the lower limit of quantification in three different matrix samples were 2.5 pg/kg and 8

pg/kg. The mean recoveries ranged from 93.4% to 112.3%. The relative standard deviation was less than 10.3%.
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Conclusion This method is simple, sensitive and accurate, and can not only optimize the parameters of the

liquid phase and the conditions of mass spectrometry, but also optimize the pre-treatment methods of the milk

powder sample. It can be applied to detect the residues of dicyandiamide in milk powder.
KEY WORDS: dicyandiamide; milk product; LC-MS; isotope dilution
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1) {43%4: 1: Waters Acquity UPLC BEH Amide
#, 3.0 mmx150 mm, 4% 1.7 um; F:ik: 40 C;
pniRBE: 4 °C; ERERRL 5 uL; WS A 0.1 %
Wiz, B: O, LM EHMA: 0~1.5 min B%
85%, 1.5~3.2 min B% 85%~50%, 3.2~4.2 min {4
B% 50%, 4.2~4.3 min B% 50%~85%, 4.3~7.0 min B%
R4 85%; Wid: 0.3 mL/min; A izf7EFE] K 7 min.

2) {64 2: Dionex HILIC-10 4%, 3.0 mmx150
mm, KifE 3.0 pm; FEIR: 40 °C; FEANIREE: 4 C; ¥
FEARF: 5 uL; WA R A: 10 mmol/L Z2%%, B: &
JiE; ZebERs BEPENL 251 0~3.5 min B% 97%, 3.5~4.0
min B% 97%~60%, 4.0~7.0 min f£+% B% 60%,
7.0~7.5 min B% 60%~97%, 7.5~15min B% {#4F 97%;
WiE: 0.4 mL/min; &z f7HE2N 15 min,

i S A

iR E Rk e AR o R VR AU K =W Sl
(MRM); & (Source): ESI(+); 41 HLIE: 2.5 kV,
BRI AL 150°C, BRI AURBE: 500°C, RlFEERR L
1.5, BRIEFISIR & 800 L/hr, WK< H: 30 Lihr,
LG L 650 V, Rl %8 772 3.0x 107 mbar, XY
TSSO LR 1,

222 HRuAraE

PEHC FREURES: 2.0 g T 50 mL &.0EH, A
18 mL 1% @ LTRIEW, #iFS Smin, R HEHEH 1min
J&, 15000 r/min 5.0> 10 min, B FiEHR .
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Table 1 Dicyandiamide MS parameters
(et Rpegr TET HEFLHLE(V) Tl e (e V) B EA I (s) {3 B4 Bsf (8] (min)
G 85.1 67.9% 22 12 0.25 3.49
42.9 22 20 0.25 3.49
15N -AUE 88.9 70.9% 22 12 0.25 3.5
44.9 22 12 0.25 3.5

s R T

WHik: 5 mL 2514k, 5 mL 4K ff
Sep-pak Plus AC-2 [E|AHAEEUIMVHE

Hefb: B EARIEE B3 2 mL R R /ME |,
T 10 mL #E 4K PEd/IME

PEME: 20 mL ZJE:HEE(60:40, viv)ESIRGERL, 1
RVEN, 7€ SOCTFTASWK T M 2.0 mL ®IiR 5
M, 0.22 pm ARFLIERE g = EFE/ NI, fF
.

223 ARBEEIR A AL

1. FRUERE &I A BCH: HERFRBONEE 50 mg,
BB R E 250 mL, 15200 ug/mL bpHERE &
CNEFRAS ) 1 ug/mL RIS R, =i T IORAT -

2. [AE bR UERE A TC ] MERIFREL PNy
FHERGIER 5 mg, PEES % 50 mL, 15 100 pg/mL
PRERE ST O RERRASE] 1 ug/mL HRIGEAR,
TR

3. AP TARHERR R G ECH]: BUE 2.2.2 F50
R3S B PERAEAE as T, A 50,100,200,
500, 750, 1000 1200 pg/kg i) Z 51 HEFAr AR, H
[ L R AR IC AR Bl 400 pg/kg.
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Sy MERE IS RE AL, R BLAE PN, BRI B 22

P B 3E B AT R AL S N TR TR, Amide (kA
REZr e, s EA Rt —Lim, dmELT
Dionex HILIC-10 41, 4533K W], HILIC-10 it Al
AT R FRAR A 43 B AR (K 2), FFFE 10 mmol/L 4
FREG: 2 N5 (3:97, viv)iL sh A 25 1F T~ REUE 5 Amide 4
2 HAKT Amide A 0.2 min A FRAE I 55 DL K
7 min AR S HTI R, HILIC-10 (&35 A 290
FEITE 0.4 min (58RI, 17 EL7E A 2 7 Hp o 75 -1t
BRI, 75 D) ) 3 s B B R A VA
3.2 BIREEHFRIMK

2 JEAN [V BC 7 A3 WA 6 3 i &2 vk, 4300 %
ST AR U AR T e R A O v A
s PRI ALh FHE o AR o S . 25 SR R,
I P A U v Ak J5 A5 31 (R ol B OV JBOx R D Ak
Yy JE SRRV B 55, AR A 38 2 A Ak B R A o S
JER g 173, [FIEF, 587 JLRASTR] [ AR 2 BOH:
(Waters MCX, WCX FlI Sep-pak Plus AC-2)%FFF il 14
EBIRUR , 455 5, Waters MCX F1 WCX &1k /M
XFREIN AL A ) 24 AR B 8 T8 e L 1fi Sep-pak
Plus AC-2 {+Ab AT XA it B A4 1) 5 AL I VE o
33 ZMXASKEHR
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(A) BEH HILIC i 41 (2.1 mmx100 mm); (B) HSS T3 {441 (2.1 mmx100 mm); (C) BEH AMIDE(3.0 mmx 150 mm);
(D)Dionex HILIC-10(3.0 mmx150 mm)
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Fig. 1 The retention effects and the peak of dicyandiamide standard solution with different columns
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Fig. 2 The separation of the dicyandiamide in the sample with different columns
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Table 2 The linear range of different substrates, and the lowest limits of quantification and detection
[ENTYas R PR TR T 2 LB LYV (ng/kg)  LOQ (ng/kg)  LOD (ug/kg)

Amide JEEHTIA ¥=0.543X+1.283 0.9997 50 ~ 1200 8 2.5
[ Gy ¥=0.419X+0.8898 0.9980 50 ~ 1200 17 5
LB ¥=0.540X+0.1384 0.9983 50 ~ 1200 25 8
HILIC-10 ISRy Y=0.513X+1.016 0.9980 50 ~ 1200 10 3

[ Gy ¥=0.500X+0.573 0.9996 50 ~ 1200 9 2.7
LB ¥=0.515X+0.3159 0.9994 50 ~ 1200 10 3

3.4 ERMM

RSB FH B AR BLAT = R R RN R S ) B
R, (H T A R T A kIR
A A% TR EE R AG I T R, DR AT AT T R R
Ak B B R AT B e S vk 1 RO RN R
P o Ay b G I TR RIS M O HER P, AR SZERARY
SRR R A R AT i, IR R SRS A
TR 3 3L N, O PEA . AR BUSORHI R | B 7 58
FIFLI A LT, 43 B1LL 400 ng/kg MRl 240
SUHFN 50, 200, 1000 pg/kg =NV EE A BUEUE
R s, FE A 3 R BCE- BB (L3R 3), Hodh Lk

Jof B F(matrix factor, MF)2&FMAL-E& W5 FHALHE N
T v, WA TR AR ) BUAEL, PR 0H — b B 2800 PR - (IS-
normalized MF) N5l 4k &5 [ 2 AR 2L B 3%
of R0 F Al . 250838, 120 10 2 B A e AL
o R, SR IR0 2R A Rk o A il Hh AR ) B
S TR AT 2 AN T
35 EBIWEREREE

1E 50, 200, 800 pug/kg = MNARHEEAE T, X
JSRHISA |« BC Wk« FLIER —RRE ah E T AR 1R
SO, BENURBEEA TSNS S IR, THERERIRE S A AR
[T 23 55 B ASHEL A AE XA 7 O 22 (3R 4)

3 ARSI (n=3)

Table 3 The evaluation of matrix effects of different samples (n=3)

[ERi s TR 15N4-X5(ﬁh"ff(MF)(ug/kg) XXﬁHﬁ(MF)(Hg/kg) IS-normalized MF
400 50 200 1000

Amide SR R 0.33 0.45 0.31 0.31 1.1
[ 0.42 0.39 0.31 0.43 0.9
FLIE 0.41 0.46 0.35 0.38 1.0
HILIC-10 BRI R 0.53 0.67 0.53 0.51 1.1
[ 0.64 0.71 0.61 0.58 1.0
FLIE 0.46 0.51 0.43 0.43 1.0

F4 HEPUEERRMIREY RS B RERZE 0=5)

Table 4 The mean recoveries and relative standard deviation of dicyandiamide in the sample (n=5)

. R R Fic 7 15453 FLIEK
TRk BE (ng/kg)
50 200 800 50 200 800 50 200 800
Amide % 98.8 107.0 112.0 98.2 101.5 1123 93.4 99.3 100.2
RSD% 4.1 3.7 5.6 8.0 5.8 9.2 103 4.4 0.9
HILIC-10 IR % 118.2 121.5 117.3 92.4 99.7 109.3 86.7 101.1 104.9
RSD% 17.5 15.4 15.9 2.1 14.1 1.8 13.6 2.7 2.4
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