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HATT A Ak RN S5 FH o 2550 A 033 — I3t 3 75 (HPLC -
MS) [Rl 4 e A5 AR A0 RN T #E H A 7 3 &
o I AT O A 5 AT o 4R i T 55 Ak s T
fERR KRR B H HPLC-MS K R g,
S BRI R A A AR A R A AR R U R 6
4 ik M IR 5 — V35 L B T S0 e B 2 P TR TR
FHEEBEA™ 1, 2-Z5 R —4— R FR AN I55E |/ T3k 2647
AR BA A AR SRR T — A
5 PR 2 AR ) DR B — T 9 A A AR
ok AFAEH LB ARAFFTE AT —Fh L SR
B SRR R, BE FBE W 3 R 15 P 3L AT, X B
i 18 4 T — 1A AR 2R AT AR R R —— 2 PR B-
N—-B% 301 95 37 iz 15 (RBS) |, %o e 485+ bk o A7

fiE, JFEET RBS HHTAT A F1 HPLC-MS $2 AR & 57
— i R R R RO I AU R
JFH TG 0 4 255 R 2 i v SRR B B A

1 MBlEHE®
1.1 XA S5

AR A W TR AR T

P B (96% ) (RB) N-¥2 %k 3% 31 1t V. Jlie
(98%) , ¥ L H b — W% (DCC) (98% ) , L5k
(98%), dtmda RERHHCA RN ; 2N (HPLC
) B (HPLC %) , AR T v BB A FR 2 W)
LR T (HPLC %% ), oK & B (HPLC 2% ), W #0
miRHBE L 2% A PR A A 5 R (LC-MS Ultra 20) ,
V% 30 B B2y (i) SR A R D
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Bruker AVIII 600 MHz % 4% ff H: 4% il 3% 4,
& s BHE AT BR A W) 5 Agilent 6120 78 5T 3% 4 |
Agilent 1260 B = %0 AH (R AYL , L HEAR R A BR
/3] 3 Thermo Scientific NicoletIS10 7Y {8 B 25
LLAMGTEAL , FEBR KRB A BRA ]

1.2 RBS &R K &R

1.2.1 RBS & RBS &KL mE 1 im, &
FF B 2.4 ¢ T 100 mL 2, In#E 2 45 <C
A N=¥2 FE 3831 e (HOSu ) 0.6 g i 4434 i
P TS 37 9 U 1 A S R R i (DCC)
1.2 g MO IEW T S0 mL, 4E3F 45 CR W 1 h F%E
AR HE S 20 W2, 3ok i B 2 S AR oK DR
WZEBR NG, PrAs ZE AR &4 T 1% o ik vk ik 2
W, PR AR ML S 26 120 Tk B 45 5 15 g 40
%,

1.2.2  B#G AR S5 R AE LI CDLCN S i 50
AE RBS MG L8R 231 ,600.13 MHz 2 i 1 F 4R
A DU R S A, 298 KA R I BT
1.2.3  fEHEZANEERAE A IR B N
S, AR HERE R 4 em™ | RN 15 kPa 1Y 51
UK 32 WP AR i

1.2.4  ERORA GG -TTE S E KPP B R
A L RBS FREUE &t , FHJC /K & B e Al — o Mk
JE 3T 0.22 pm A HUAE B8 B s 50 A 3 - T
T R AGEEAT AL A

1.3 tFmarahiE

FE AT AL B 275 22 2 PR Cheng 4512
VT T Stk A BIMER AR 5 o WA KR R
HFE ST 100 mL BedRrf, inA 25 mL &R L1,
A 15 min, fIA 30 ¢ TTKGREREN, FFimie 3
min, 7£ 4 °CF LA 4 000 r/min &5 .0> 15 min, R % &
PEUEACE UE , F 15 mL LR LR whidk 3 Wk, U B BT
AUEW 2 100 mL BEFR ] 0.22 pum A HLAHUE B
& F 50 mL HIEEBEE LS T, F 40 CRMAL -
WA, H 1 mL K CEEE 4 0.22 pm A HL
A U8 RS 2ot 10 2R R SO R, A
1.4 FRERRERS

YA PR B — 2 i 1 BLEURE AR VR i T 10 mL 2%
T, 0% A JE K 2B 25 e R 0.1
mol/L I Af £, AR 48 S b (ol R 1 100 04 7 7 %
o I B C B,
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CH,CN, 45 °C, 1 h, 53,20 h oON
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Fig.1 Synthesis route of RBS

1.5 BERERTEK

YHE B B B — 52 5 19 RBS i €20 33% 2% 19 JE K
CBETE A T ) o — e v B A A A 3 o o A5 1
T A= AR I A 28— 22 it 1) BRL U B o 3 TR IR
A T, 60 CTF K i G N 1 h® SR A 0.22
wm A HLUE B 0 2 HERR, B AL RE
1.6 HPLC-MS &1
1.6.1 @ik @A Agilent Zorbax SB-Cig
S AR 3% A (250 mmx4.6 mm,5 wm) ; I 30 A A
IK+0.1% W B8 ; i 2 AH B FHBE+0.19% W2 5 46 32 Uk
M :0~6 min,76%~95%B ; A 10 wL; ik « 1
mL/min; #E£7 ;35 °C; DAD #5354 . 260 nm,,
1.62 Bkt FRE. AR, THRAWE
J& :350 °C ; 3 B4 B5f 18] : 290 ms ; FH 09 73X B 55
B IR (ESD IE & F 44 TR E . 12.0 L/
min ; A8 XT3 B B[R] - 100.0% ; &6 0 (1 455 X, . Scan $39
5 SIM 341 ; 55 A28 19 K 7 . 275.8 kPa; il f# 155 5
fift B RE SR .70 V ; BT far F A48 VS H - 100~1 000 u, R
FHRE R85 7 R 7 85 7 14 53 o7 b 14T 2 1 43 #T
SR AR 125 JoT i 0 T AR AT A 1 AT
1.7 H\HE LE

V43 B Origin 9.0 %4, 254 =X i 4]
MR Chem Office 2016 B4, Kudl 48 it A
Excel 2010 %A%,

2 ZBR5TR
2.1 RBS %#%R1E

5 RB #EAT X H, il o A iR S X
) RBS #4745 49 70 # ,RBS #1 RB 75 At 2 B
1T T 2A 0 7% (SH) M B IR R ZESR 1 g,
M1 A, IR EN RBS 76 0.00268%0 4t H: B
T& 4 ANER T, 1L A CH,, BIBR FIEE I
e 5 T A T A I F R ik — R AR 0T % B RB
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o3 F BTN EERD T B EEE Y e L L A RBS € &
W, I H 9 RBS R & i+ 5 RB HhAH R
A FAH, MR T R T RCR A E AL A AR
LA 1 7 N R ) R e O S
KL SEAE 0 FL - = o A s i =, il S A
T B ERAL, LA, N RBS 353 X i T 19 fk 2%

fi#2 38 i L7 2 ,RBS 5 RB —# 4 S T #y 1k
AL 2 SR TR X, X W] RBS 5 RB
—HENIFIREER R T IRER b B R I M P 45
AFFAE , fff RBS JCIE I BN TR RU 454, 4l e 3 7
RBS A BE 2B 52 IR BT RO M, 7055 5 1) ¥ 77 1B 4%
J pH A B 9 #8248 2 AN S ' ke Rt

% 1 RBS.RB W#Z# LIRS &
Table 1 Nuclear magnetic resonance spectroscopy of RBS and RB
BT E s B
8/ %o T # s 8/ %o T # s T

26 0.00268 4H s - - -
22,24 0.00125 12H t 0.00125 12H t
21,23 0.00362 8H q 0.00361 8H q
18 0.00844 IH d 0.00830 1H d
17 0.00800 IH t 0.00778 2H m

16 0.00790 1H t
15 0.00752 IH d 0.00125 IH d
1,8 0.00709 2H d 0.00361 2H d
4,5 0.00684 2H d 0.00684 2H d
2,7 0.00696 2H dd 0.00693 2H d

X RBS 47 T FTIR EAE, WA 2 fiR, B
BN 2 979.50,2 931.90 cm™ H W Bl 35 TA N HY AL
CH; W H 2 CH, By 4 ik sl 06 7€ 1 771.57 em™
b BRI R TR SE C=0 MR 4 IR 3hig 1 738.84
em™ &b 1Y 6 Y 4 TN R BE A WE Y B C=0 19 1 45 Ik
B, 7F 1646.61,1 590.08 em™ 4b 14 B F5 A K
FI C=C W 4a 4 206, 7E 1 468.10 em™ &b 11 06
BRI\ I CH, O 5 CH, 1925 i 4% 2l e 7
1 182.48 em™ Ab WU FE NN C-O B 45 4i 2 & |
£ 998.02,923.64,682.64 cm™ &b (1) 1§ 15 A FF
W=C-H M da R zhis , rHras REY 4779
o BB EA R R A5 S, iR 2 P B-N-3% 3
Bk S JHe £ A2 B, LA O i — B IESE T RBS
1Y B G o
2.2 RBS HJ HPLC-MS £%

&l 3 J& RBS Myt il (Kl 3a) ., S B i l&
(K 3b) K i e (B 3b AR . anfEl 3a iR,
1.63 min 1R Y BTE A LM RBS, BT RBS
B 3% B L 7 Bz TR 3k (A1 A & K L 1.86 min H 164
J5i oA RBS 7 it 2l AH o & 23 /K i 28 iUy RB, Jf it
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Fig.2 Infrared spectrum of RBS
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Fig.3 Chromatogram (a), extracted ion current chromatogram (b) and mass spectrum(b — inset) of RBS

2.3 RBS iT& L BE %

RBS 117 A= 4k B 55U 1) iy 7 A X an [/ 4
TN o AR 2R S S5 R T AL A RN B
KA Ao JE A N9 G 3L, Jovk B i T a3
GIATEN, SR L E U S R T o A R A A A
L J BT ARG I & G L A Bl AR HE 45 o8 RBS
(A B A TE IV Jie 3 1A (NHS ) 5 & L 3L A1 (-NH, ) 58 Bk
FNEJ5 A S e 2 W 5, %) o 45 R A B gl
A ILEILE R AT AR N R AT A ) s R
S PR f N R A HL G LA R RS
PE R R RO R R A L R
12 W TR A W R AT R,
2.4 BERRTEFYWH HPLC-MS £

X RBS 5 HUE e B ) i Lol 201 SO
J& B ¥ W £7 HPLC-MS 20 #r . Wi Sa Fis
HPLC % 71 1.67 min 1 1.84 min Y {1514 7] 43 51
9 & A RBS K HK fif 7 %) RB, & B I ] 5.42
min Y 35 0% 9 J& R 15 42 77 ) RBS-Cya, %I TE
PRBE RTFR AT LA AL H W RBS W BRL550e (9 4 A&
A SRS I . A W) BEAE 6 min A AT D) 98 4
A= v N S T 4 AT DS g T
Ko B 5h BTEIEE PR R SIM B
15 %) RBS 177 A Ab B U ity B BB 7 3% 141, o
PR L A] DL mlz=467.2 B 5% 06, nT U9 JE 8 RBS—
Cya MJ[M+H]'I (RBS-Cya 73+ 3 : CyHyN,0,,M*
THRAE . 466.24) , f UL AT H] W RBS X 555U i) AT

~N O 0. / ]ll\/ HQN\ \j\’ o ](/
CN
g . L0
Q N
O ON C,H;0H,60°C, 1 h
2 o)
RBS RBS-Cya
E 4 RBSTTERERNRNREE

Fig.4 Schematic diagram of RBS-derived

cyanamide reaction

A A SN R HEA T
25 fTHELEHHNRK

TR AK I S5 A AT AR ) AT A R B AT
AR B AT AR R] AT AN [R) RNV R AR AR
ROCRBFZm 43 3k F GG O R g o
IK T A0 2 RS Ay B g ¥ R R AT AR AR,
MPLTCIK TN R N (] 6a) i 1 RS 2]
e K, R e R 58 4 BN AR B e, HOJG K B
BEPERAC, oA AICAE . b4, 5% T A4 057 RBS
W N 1,2,3,4,5,6,7,8 mmol/L Bif A AT A4 &R,
& 6b 7R 24 RBS W FE 4 4 mmol/L I}, fi72E )
WA T AR K, A o g, AT AR AR RIOR e b X s
IR AT 5T, 43 W #E 30,40,50,60,70,80,90 C
2% 354 3k KV A S5 T RBS R B0 s 't
R, B 6c FHITE 60 CRKUF IMIEAE T, H B
IF ), e A 38 e 3k 5 X A A A IR 9 ) 45 R —
360 CJ [ 0% il 4 Tk 1) T i 32 i AR AR 3X



352

hOE

=n

i

2022 455 5

Fig.5 Chromatogram(a), extracted ion chromatogram (b) and mass spectrum (b — inset) of RBS-Cya
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BRI 60 min B 52 0805 ok H AR e X 5 il
T SEBIBE I (0 45 5 — 2,60 min J&5 2 W AR BE &
] B HE R M AR A1, AT BB R 7R B[R] 4 7K 7
AR, fird kil RBS Ay A i Asfe, &
RN R A L 45 1 RBS A7 48 Ak B 50Uk i Ak 45
PR R . JE K B 5 A A R VR B .4 mmol /L
T .60 °C; B [H] .60 min,
2.6 RiGFGHMRN

¥ RBS 5 — a2 W J 1) 0 450 b v V5 V0 R
AT AE AR RO 38 3 35 0 e o 1A T S AR
AT A W O A AR R 7E UG 25 B R (EST)
1E B 8T AT LU B HOR O T8
UEE[M+H]™) ) B DA 5 i 5 25 15 - 5 (EST) 1F 525+
BEAHEATIE | Sk A AT 4 8%
BEES T FOR L SIM AL, 4k o 1 5 55 19
P A1 B 0 e S 1B R T S - (234.10 mlz
1 467.20 m/z) FIE & 25+ (466.20 m/z)YEN RBS
AT A= Al B SEUR () I 1 SR S S5
27 HEWHR (LOD), £ HEEH. TER

(LOQ) AR BRF A EEEE

AR B0 R G M [ VA 40 87 5 v, B A bR R iR
FE AR BR R e i B AR AT TSR bR
L T 72 A 5 ) 2 e ) 15 W Lb STN=3 el 2 62
HRR DA AR e B A 75 M L S/N=10 K1 22
SRR I H O AL E RS 2B (n=3 ) K H 5%
D7 ¥E B ARG E M, X RR AR S I P AN 1
ASTal e BE bR 4 0.1 mmol/L A1 0.4 mmol/L,
BERRAS IR B AT I 5E 3 K, DL 3 IRSEATEE R
AR AR O 22 HEAT PEAG 20 0T . an 2 PR, AR Oy ik
TE 0.005~5 mmol/L ¥ F£ 1 [l N 52 B 4F 19 4 1k O¢
Z M€ R BN 0.9969, 1% 75 3 1 K6 H R A 0.001
mmol/L, & & F & 0.0025 mmol/L, H A5 % & Ky
1.97%~3.63% , H (045 % B 2.219%~4.18% , A )5
PTE RGO MR E P Ty T B A ] A
Mt RBS FE /i £i7 42 45 & HPLC-MS % AN fE
TR G R A, i T S Hee
b W 1 — T 23 BT R 0 7 v, DB R S R 10t
1o AR BT T A LA AR s o R AN A

F2 FHELKMEE.LODMEXRHK.LOQ.HMFIH EHEEE (n=3)%
Table 2 Linear range, LOD, correlation coefficient, LOQ, intra—day and inter—day precision of the method (n=3)P!

8 A B 1% 0 a4 % 1%

LA/ LOD/ LOQ/ - - - -
L 2 e AR B He AR R B e AR R B He AR B
¥ E M mmol-L7! mmol-L"  mmol-L"!
0.1 mmol/L 0.4 mmol/L 0.1 mmol/L 0.4 mmol/L
0.005~5.000 0.9969 0.001 0.0025 1.97 3.63 2.21 4.18

2.8 HMIEZE (RSD)nintxE U=

AR 58 R F AR LSO 25 (R SIS 3 AR
A VR B2, bR BE A 0.5,1,2 mmol/L,3 A~ ks
W SEERFATIN G 3 K, % ARG % B R At 3
UCPATE RN RSD Sk 43H1 1Y, Hi3k 3 Al A1, 82.10%~

105.21% > % % K 5 169 [BHICR  RSD 2k 1.63% ~
3.35% 5 W A% T ah A S Y IR S 77.56% ~
102.17% ,RSD Hy 1.88%~4.04% , 156 W% J5 1 1 1
Ty ORG24

®3 WEHEGMEMER I NDMRRE T RN EHEKZEF RSD(n=3)

Table 3 Average recovery rate and RSD of cyanamide at 3 spiked concentrations for grape samples

and tomato samples (n=3)

A AR JE 0.5 mmol/L

Fa R % 1 mmol/L

Ja A7 R E 2 mmol/L

R
RSD/% DK /% RSD/% SR ) RSD/% = E %
# A 2.83 84.30 82.10 1.63 105.21
% e 4.04 77.56 102.17 2.67 93.94

29 EIhEEmPHBAEESE
2 JTBIF 5 04 7 1% 0 e <22 T AR 5T 39 B A

T B AR B R AT TN, AR S
PR B B 0.016 mmol/L, T iR S v i B4
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Table 4 The content of cyanamide in actual samples
fE A 3 F WA % /mmol - L
# % 0.016 +0.03
& 0.009 £ 0.02

Jiie & 4 0.009 mmol/L, i GB 2763-2019( £ /i
A E GARE 1A R 2 B R AR R PR ) v R
0.05 mg/kg (Il B FR £ ) Ay 5 25 1Y) PR S50 B K Bk B
BRI 5 2 A L, AR 356 0 S 1) R 4 R U
AR

3 HFHig

ABIEFEBETE A T BT B BT B e 1 25 k2
fi A0 RBS, RBS 117 2 Ak S i s B v 4, @l ™
Yiob AT AR RN B R R e R R RO £
§E S R 011U K5 NUVA S = DR PN (5011 (N § IR S B
A PR R A A B B RO R R A B 4
, HLEEST T RBS R A = FOR A 5 - i
T FH T 00 2 R R i A PR B B
WA R R Ok A B RS & AT
Az AR ) G 0 R AV A5 A a5, AT X6 2 5k i 2 v
1) BASEURE % P S R AT AL S A, ST B P B
Jhie ke BA H A R I T v, B O T sl i ) R S [ B
A AEBRT R TS

& £ X #

(1] KEW, K&, X4, . 5L AR 2 8- A0

A0 8 2 A 0 4 2 A o b B B [CT. R SR
T—Jm e E O AR RS S5 R 2, 2009:
163-164.
ZHANG C T, ZHANG L, LIU W ], et al. Deter-
mination of monocyanamide in grape and soil by
matrix solid phase dispersion—high performance lig-
uid chromatography[C]. Changsha: The 11th National
Chromatography Symposium and Instrument Exhibi-
tion, 2009: 163-164.

(2] =T, XU 8. M A - WA % — A I B vk
S Al 2 BB R UM AR B (T). 3, 2018, 36
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Determination of Cyanamide in Fruits and Vegetables by HPLC-MS

with Rhodamine Precolumn Derivatization Agent

Lu Dujuan, Huang Cuiping,

Chen Liying,

Luo Maoguo, Zhou Lian,

Li Xin,

Dai Qian,
Li Shanshan”

Zhong Tingting,

(College of Food Science, Sichuan Agricultural University, ya‘an 625014, Sichuan)

Abstract In this work, the detection method of cyanamide in fruits and vegetables was established, using a synthesized

rhodamine B-N-hydroxy succinimide (RBS) as the new pre—column derivatizing reagent. After extracted with ethyl acetate

and derivatized with RBS, the samples were determined by high performance liquid chromatography —mass spectrometry.
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The results showed that the reagent RBS had advantages of detection sensitivity for mass spectrometry and was highly ef-
ficient and specific in the derivatization reaction of cyanamide. In addition, a better linear relationship was shown when
the concentration of cyanamide was 0.005-5 mmol/L, with the correlation coefficient was 0.9969. It was found that the
detection limits and quantification limits of this method were 0.001 mmol/L. and 0.0025 mmol/L, respectively. The stan-
dard recovery rate of samples was in the range of 77.56% - 105.21% and the relative standard deviation was among
1.88% — 4.04%. This method meets the requirements of analysis, with good selectivity, high sensitivity and low detectable
limit, and is suitable for the determination of cyanamide residues in fruits and vegetables.

Keywords rhodamine B-N—succinimidyl este (RBS); pre—column derivatization; cyanamide; high performance liquid

chromatography—-mass spectrometry (HPLC-MS)



