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(mg/mL), X} &AL (U Cys Met) 02,
DTNB 2PV GBI 5 & A5 B 5wl it 735 50 35 119
e, B, IF & S — R iRy B PR | 2 R
U TN I RE RIS R A AL Ak 4 9 T i S
e A =,

AR SR 5T — b nl AR 24 7 Ak 4 %) LA
R Eh LAk | LA DG H K (GSH) R bn i it , X6 1% 1
LI, FEPRAE . FRERhZ | R AT B
(LOD) | fe ik 7 1t BR (LOQ) . 1] & & 4 | BE /R 3 ok
FE(e) I EME KEHE ., DIE NS IN
P14 1o RS0V % — P 5 55 L B - TS I (HPLC—
ESI-MS) $ APIUEFT B IE | L% 6 Fh 28 /E9 (11
B an R R R KA AESE TR R W
kIR Roa

1 K&
1.1 RS

R aR B R aR R AESE R
AL, TR RERT A, 45K
(GSH) . N, BULs . £ Z W 4R (ED-
TA) VU0 ER B | Pk Bt S0 55, I T oA R AR D BOR
B 12 BB AL P 0 b 1 o S—H L2 )k
R (SMC) S—% N J&-L—F: )k 2 2 (SAC) .S-"
B-L-EHEAEM (SPC).S-T kL -2F It & 1R
(SBC) \S—H B —L—> 212 . (MCSO ) \S—4 N
Fe-LF &R WA (ACSO) S—THHE-L—2F &
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TR WA (PCSO) \S—T 31— bt 2 iR W K (BC-
SO) .y-A & BE-S-H H-L-F &R (GSMC) \y-
BRAM-S-MHNI-L-L AR (GSAC) .y-F %
i —S— T & -L-f- Bt & 2 (GSBC) \y- A & B -S—- 14
F-L-F e & W (GSPC) , 3 1 Ak 2= 5 W L KB F
EHJEHAS R, Lo i O A T — L 55—
B i (HPLC-ESI-MS) B R4 20 ('H A
BC NMR) A B [ o 3% 5 D0 i e, L4l i >
95915191

e ASCHRRH €8, 3 — v T B v — B9 R A,
Agilent 23 H] 5 584 AT UL A0 OO0 I, db
il AR A R AT 2 7] s RE-52A RUBESE 78 K 47
AR A AR5 B R B O L, K VDAY
B DA BR2 ]
1.2 REH*
1.2.1 G Ar dEw Bl 12 FR AR AL 9 b
HES TR 43N 3 28 Sk L —F B &R 2K (a
) :SMC(la) SAC(2a) ot f& ¥ B2 {1 [l - 10~60 g/
mL,SPC (3a):10~100 pg/mL,SBC (4a):5~30 g/
mL;S—Jof FE —L -2 Bt & R W2 (b 2K) . MCSO
(1b) .PCSO (3b) F1 BCSO (4b) it & ¥ & 5 [l N
10~20 pg/mL,ACSO(2b):2~10 wg/mL;y—-4 & -
Sk LR AR ZE (¢ 25).GSMC(1e) .GSAC
(2¢) \GSPC (3¢) Fll GSBC (4c) Jfi & ¥ B2 35 Fl 24 K
100~600 pg/mL, Fe & %5 W A 8 2 2% #h K (0.2 mol/
L,pH 7.0), 45 #E & GSH J5i & ¥ B i [l b 0~30
pg/mL,
1.2.2 o %W AR 03 — fl 55 H B - 3 6
(HPLC-ESI-MS)
1.22.1  FHEEBERATAE S EOKRGE (F B 5
BE) A (BB B ) AESR KRB A& 10g, R T
70% £, B (80 mL) , & 3k K B 5 ¥4 H1 U5 A 50 mL
iz A 1 (0.01 mol/L. HCIL) FF B8 22 57 3% | iz Ak 1 i
FEZE R 150 mL J5 AT RS 78 & (40 °C) M4 &2 10
mL.,0.02 mol/L #fR L5 15 pH %= 9.2, I H ik
H I 25 2 25 mL, 20 CA#A7 . B 100 L. mirkb 2
FEWL, A 250 wL 0.1 mol/L FHitf Bt 58 — 2 1 ik 571
A1 1.65 mL 0.020 mol/L 2 2% #h#i (pH 9.2), 3%
SR 5 CE 15 min,
1.2.2.2 WA B 9% 45 HPLC-MS:Dikma
Cis (250 mmx4.6 mm ID, 5 wm); %t 3h 4 .

V 005 wat, st sy ° Vo w,=70/30 (0 min),60/40 (35
min),25/75 (60 min),25/75 (65 min),70/30 (70
min) ;10 mg/mL;20 pL;0.9 mL/min; J& % 0.4 mL/
min;35 °C ;250 nm;30 Pa; ESI-MS 11 85 7 47 4 1
=,

1.2.3 bR T R 6 Fh AR AR R
i (1 REmR BE B R AESR B VR BT
)& 5 e, R E T L (70%,80 mL) , ¥ K %
NI S min, BHEER, 51K, 70 E R E
100 mL, 8 000 r/min £5.0> 15 min, B35 W &
1.24 BRI B AR A E 50 wL,2x107
mmol/L )75 EHI PR W 5 5 mL 0.33 mol/L () filt
LRV R R R IR A CE 12 h J5 1 mol/L
VKBS R 2 A 2 50 mL, I A ALAA R 3 . £0 7] 4%
M

125 WEENERT 40 pL FE®R T8
40 CHRN TR TR 2R R, A 2
mL B B2 2% (0.2 mol/L, pH 7.0) A1 1 mL A4
iRk WA = T IRAE T 495 nm T E WOk
FE Rl XT B

1.2.6 WEEMIFMEIR ik N5 |
i B (LOD) & 2 BR (LOQ) 7T 8 &2 M | B IR ¥
R (&)X 5 MR FEIT IR, IERI F iR 4 3]
(1) 6 Fh 20 JE VE P FE S DNEE B | o 0 B ARORS 4 S
B9 LAk

1.2.6.1 AL bR il 49k R W A
e BE () LU AR, B (S70)i=(Si-a)/Qi, Hvh (S/Q)i £
AR AN SR IORAE (S) SR E (Q) 1Y
B, BPRER  Horh o FoRiZ M2 TE ¢ A #REE
1.2.6.2  HeARA H FR (LOD) 1 fiz {1% 2 £ PR (LOQ)
S A H R (LOD ) < A6 H 1) 4341 490 1) S ARk
LOD=3.3 o/S; Al & IR (LOQ) : fig 2 & A I
SR KR, LOQ=10 o/S, WX o £RXF
PRUESh AT 3 UCEATINE , Bt A Ze bk [l e
i FRTE y AR A9 A5 E I 25 5S R br i 2y
1.2.63 AITEE M AH LM i AR bR R 22 1
FEEME R RN, BIATE & PH=(RSD )eve=(SD (i)/
Mean (i)) eve,SD 3% 78 78 WG B 19 b o I 22
Mean 7 W O FE 19 ~F- 3448 50 275 b M it o £ R
J& (png/mlL) .
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12,64 PBERIEICRE (e) BERIEICRE e=A/
(exl), 3 e BEAL R emYpmol , A s WOHAH ;
¢ FERFEUKEE (wmol/em?®) ;1 /R 642 (em) , AR 3
PEHYERE A 1 em WA S LI, 495 nm A
12,65 EIME S 1K, 3 KME TR
AJEFES— 3 kAT IR, EEM R
Sk AR A O 22 047 2401

1.2.6.6  fEME 38 6 45 4T GSH
(5,10, 15 mg) [EIACIR 56 > PFAk FE A 13

1.2.6.7 K% K&, AR RZB(CVR),iT
BIT RN GSH 1Y [F] —#E & iy 3 AN PATRE R
P A 25 5 F- Y E R LA

1.2.6.8 W THAM 7 H TP HE T (k) LA
FORE RN T k=sle,, P .8, TR GSH(5
pe/mL) 7E £ I 570 b i R R TE O R A, e, R
GSH(5 wg/mL)7EK T EE IR R B

2 #RE5Ve
2.1 TR AR

TOLAEFT % 58 vl DR 5 A R A € g . B 7T L AT 5
AALME, 50 RS BB A A EAR IR 5 RN AR R TE
LAY T BORW AR, R & sk (-
SH, i I 256 ) 19 GSH AR g bk 1 i > i 22 33X A 1
ot fE, aniE 1, MUEARR ER7E 495 nm Ab AT fe KK
W, B A RS AR T G AE R R
22 LLBEMITFMIERR (FRAEHLZ . LOD.LOQ,
AESEH BEUE ERENBETE)

PL GSH (0~30 pg/mL) fEFRE &, WE 2, et
2 bR e 28 R y=0.54153-0.00798x, £k AH &
F500.9997 , Ut L L A vk 2Pk O R R 4T, LOD {H
(0.26 weg/mL) A1 LOQ {E (0.78 pg/mL)# A , & H PR
0.39 g/kg, VLTI HE €030k SRR 55 iy B A i PR 44
fi%; AT PR 90.4%, ULHH I e ik fa e e
4

51K 53 R 7 KLU GSH M br i i F
FH I H i i 6 i 2008 A i (B2 3% 58 B
KA A A )N RALY S E a1
HE R X A o i 25 09 7 4 23 0 Ry 4.0% ,4.6% ,
3.9%,4.5% ,2.5% ,2.8% , ) /NTF 5% , i EIZ T i
HA R E B i i A B GSH 15
] W53 RN S S R B2 1), I 3k 1 A 48 s S ke

[Pdgl> +2R,S === [P(R;S)l4] +2I"
0.8~ [Pdgl> +4R,S == [P(RySyl,*" +4I"
GSHERHE
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Fig.1 UV/Vis spectra for iodoperinate calibration using
GSH as the standard
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Fig.2 Standard curves of GSH

Ll 2 7 1 Y ff B RIORS % 2, & BAR ME i GSHL (1 11
SR T e 80%~120% , 78 7 R B e 0~5% ,
VeI LI GSH Ay b o i 10 16 v B A 0 R W HE

JE RS %L
23 BARHBILBENEHAEFERPLER
tHaE

PL GSH 1B b o d , 43 500 ) FH B0 7 6 L €2
PLNAT 6 Fh A E RS ALY B AR B R R
S HR RA A E A R R (6.5«
1.09)g, (13.87+1.23)g, (13.96+0.98)g, (2.34 =
1.09)g, (1.59+0.74)g, (1.77+0.35)g, M itk— 4
E 1 T 25 552 B o2 A P B E AR, 51 A HPLC-ESI-
MS LT XS
24 HPLC-ESI-MS £ME 6 HBREHERP R
mimeE

DL 12 Fhis Ak W b o & i S04 , 28 HPLC-ES-



342 E N W 2023 4E45 9 )
x1 HHRACBEINOKENERAY
Table 1 Recovery rate and variable coefficient of iodoplatinate colorimetry
# ER & E P XE& EX FiFE iR
GSH /& 2 /g - - - - - -
5 5 5 5 5 5
10 10 10 10 10 10
15 15 15 15 15 15
GSH M & /ug 11.53 15.28 222 1.94 2.08 11.53
17.08 19.58 8.07 6.24 7.68 17.08
20.00 23.47 13.19 10.69 12.78 20.00
24.58 27.50 18.47 15.97 19.58 24.58
2REE I - - - - - -
111 86 117 86 112 111
84.7 81.9 110 87.5 107 84.7
87 81.5 108 93.5 117 87
T3t & 2% 1.24 3.30 0.58 1.76 1.50 0.39
1.84 1.16 1.06 1.21 1.51 1.57
1.61 2.45 1.68 2.61 1.42 1.73
2.55 1.69 2.76 1.49 1.79 2.0

[-MS &5 & FHf kS0 A2 45 6 Fh ZUs VB9 (1 5%
TR VB AR KA SR R R BT TR
BB & it o DA B R AR o (18 3) g
THE T RRH 6 Fia LY, 435152 GSPC
(2¢) .PCSO (3b) .SAC (2a) .SPC (3a) .GSMC (1c) .
GSBC (4c) X1 BTik (B 3, 1 ~v1), ESI-MS iE
BT HMB R T, GSPC (2¢) %W R B W F .
GSPC (2¢,CyHisOsN,S, 4 B 15F 1] 5.3 min, [M+H]",
m/z 290.9), It LLAMRIE A SRR & GSPC
(0.50+0.17 )mg/g; [ H,PCSO (3b, CeH;;05NS ) ,
(0.86+0.06)mg/g; SAC (2a,CeH;0,NS), (3.86+
0.29)mg/g;SPC (3a,C6H;;0,NS) , (1.25+0.12)mg/g;
GSMC  (lc,CsHigOsNSS), (0.91 £0.23)mg/g; GSBC
(4¢,CH505N,S) , (0.78+0.22 ) mg/g , A NS 2 51k
YRR (8.08+0.88 ) mglg, B 5 Fh A JE BE K
YR HR G 7 45 AR A A B i B i, SR
m=E 2 FiR,
2.5 HPLC-ESI-MS it 5mifasshtk X p 3t
bk 43 #7

PL HPLC-ESI-MS ¥l 15 6 B 0 J& # i 1) 45
TRUHE , PEOY LA GSH Ry b o i of LT IRR 46 L £

RIGEE RS A PR AL D A5 SRR vERPE . LA GSH
PEARUE S, Ho@ kT3 45 R 5 HPLC-ESI-MS 7
T FH S I, MR ER H ik (GSH AR
Y i ) T A5 25 5 352 3 SC PR (HPLC-ESI-MS %),
HE— 2 UE B ARG 0 24 B Ak 40 e Ik B 8 3k T R
HPLC-ESI-MS %,

AR SCHEFE MU TR £6 b 1 | FL R 3R VR T
FaE MR AP RAAR B AN T BT A 1 AL B A R
A — YRR A LB AL S R A, 1 TR
K AT, ARk B @, B N AcE 1 AR
o FRE MR i T 2B AR R D (>1 glkg),
] B3 B T Ak & AR 28 | W K
TERFAE  ATE TR 22 BB Ak 4, an e ok 2 e A A
Y, y—45 e e R A A= ) A AT AR B, BT
Pene Jiom , A2 i B A B R R

AR b 3 T 1 T A LA R R A v v s R
IR TR,y AM RS s R A S S s
b g5 2 A SCOR I OGAE (495 nm) R B HE DL K
AT T b HeE T LR R LTI ik iy
M, WL 3, THRAVE AT ERER IO T RS2k
AT 1, BB R T PR N
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=i s
15 k- (iii) X
CeH;ONs (V)
" (i) SAC(a) CeéH1O:NS (vi)
=10 i P
i "2 C H(lz) N,s [|CoHi3OsNS SECON (\J) C12H;;05N;S
# g ey || Peso@b) N CoHy605N,S GSBC(0)
= os @) h GSMC(1¢) '
t t
I ]
Time/min
(i) C; H,305N,S +MS,5.3min (ii) C¢H,30;NS +MS,11.6min (iii) C¢H,,0,NS +MS,16.1min
GSPC(2¢) G p— PCSO(@3b) 3810 SAC(23) 3230
290.09 179.06 [2M+Na]* 161.05 [2M-+H]
161.9 l :
100 200 300 400 100 200 300 400 100 200 300 400
JB A H JB A L JB 4 L
Mass—to—charge ratio (m/z) Mass—to—charge ratio (m/z) Mass—to—charge ratio (m/z)
) +MS,25.3min +MS,32.2min +MS,47.2min
(iv) C¢H;0,NS 349.0 (V) CHONS oo (vi) Ci2Hp 05N, S 6132
SPC(3a) [2M-+Na]* GSMC(1c) [M+H]* 307.1 GSBC(4c) aveeHTH
163.07 264.08 [MHHT" 39625 L ]J
1 1 ) 4lola L L L, A A1 3490 J A L
100 200 300 400 100 200 300 400 300 400 500 600
Jo far Eb T far b A H
Mass—to—charge ratio (m/z) Mass—to—charge ratio (m/z) Mass—to—charge ratio (m/z)

3 XAHPLC - ESI - MS(AAEBEIITE)NEBFHEEFBIE(TIC) 48 5 K &L ¥ 5% (MS)
Fig.3 Determination of total ion chromatogram (TIC) and corresponding sulfides mass spectrum (MS)

of white garlic by HPLC-ESI-MS (derivation with dansyl chloride)

# 2 HPLC-ESI-MS(RA#BAITE)NE 6 MAKRPHENRLY
Table 2 Determination of organic sulfides in 6 allium samples by HPLC-ESI-MS (derivation with dansyl chloride)

o SAC(2a) SPC(3a) PCSO(3b) BCSO(4b) GSMC(le) GSPC(2¢) GSBC(4c) BoiLs
4% /mg- g
8 K 7R 386+029 1.25+0.12 0.86+0.06 - 091+0.23 0.50+0.17 0.70+0.22 8.08+1.10
KR AR 468 +0.60 1.80+0.11 0.72+0.11 4.15+0.83 - 1.73+£0.15 1.61 £0.12 14.69 +0.63
X% 0.36 £0.08 0.16 £0.07 0.35+0.05 - 0.19 £ 0.05 - 0.24 £0.06 1.30+0.19
EIES 0.50+0.13 0.33+0.13 049=+0.15 - 0.08 = 0.04 - 0.20+£0.05 1.60+0.33
HEE 0.23+0.02 0.23+0.02 0.45+0.09 - 0.36 +0.14 - 0.34 +0.008 1.61 £0.18
RER 0.14+0.03 0.13+0.02 1.07 £0.04 - - - 036+0.16 1.70+0.04
®3 BRFHREFLE
Table 3 Solvent interference factor k value
KA 1 mol/L B8 15%F &8 1 mol/L & K 5%% 8 S5%TE S5%AE 80%kvE
RAAL T B E 0.00 0.00 0.00 0.00 0.11 0.68 0.68 0.79
(495nm)
HATFRE T K 1.00 1.00 0.98 1.02 1.03 0.233 0.30 0.09
3 g KA HLAR ALY 5 B SR, PTIE ] T IR

g BT Ak AR R PRSI AT, R RS DU 23 1 A g A TR
w5 IR R GSH FEARfE St AT — et AEAUTIA,
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Iodoplatinate Colorimetry for the Determination of Total Flavor Sulfur in Allium

Zhu Yanwen, Chen Lulu, Liu Ling, Yan Tingcai, Tan Dehong, Bai Bing"
(College of Food, Shenyang Agricultural University, Shenyang 110866)

Abstract At present, the detection methods for allium sulfides have limitations, such as technical difficulty, and single
detection target. In this paper, an instantaneous method for the detection of sulfides in Allium spp. was developed using
glutathione (GSH) as a standard and based on the principle of reduced sulfur bleaching iodoplatinate. The content of sul-
fides in six species of Allium spp. was examined using this colorimetric method. The results showed that the method had
good linearity (R>>0.9997) in the linear range (0~30 pg/mL), and the lowest detection limit (LOD) was 0.26 pg/mlL.
The lowest quantification limit (LOQ) was 0.78 pg/mL, and the reproducibility data was 90.4%. The recoveries of GSH
ranged from 80%~120%, and the coefficients of variation were 0~5%. This paper also determined that ideal testing envi-
ronments were neutral or acidic. The content of sulfides in the six species of Allium spp. detected using this method was
not significantly different from that measured by the high performance liquid chromatography / electro spraying ionization—
mass spectrometry (HPLC-ESI-MS, derivation with dansyl chloride). This colorimetric method was developed to provide a
technical reference for the rapid detection of allium sulfides in the field.

Keywords iodoplatinate colorimetry; allium; sulfides; HPLC-ESI-MS



