#5154 565 19 ) Jo T i Rl 1 Vol. 15 No. 19
2024 410 H Journal of Food Safety and Quality Oct. , 2024

DOI: 10.19812/j.cnki.jfsq11-5956/t5.20240814004

B R AR R i - IR T I T kv
3 Pl AU o

R, REFY, ZRKS G &L A FL A FLART L dae”
(1. FEBYEEIR A6 X R W ERIIIEEE, S8R 830011; 2. HsmA bR A Bl B BARE S A A
WFFEIT, M ARATEBAC 7= ff T 12 2 4 U PRAT S B0 2= (8 K5, B =i i £ &K=, B8AF  830091;

3. FrmpRll R Bl 5252k, BEARSE  830052)

W OE: BB R M & a0 1 - 53 BB 15 (ultra performance liquid chromatography-tandem mass
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ABSTRACT: Objective To analy the content of selenoamino acids in Cuminum cyminum L. from different regions
of Xinjiang by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods
Using the water extraction method, a binary mobile phase system consisting of 0.1% acetonitrile (A) and water (B),
and multiple reaction monitoring mode for detection, matrix-matched external standard method for quantification,
chromatographic separation and determination were performed for 3 kinds of selenoamino acids: Selenocysteine,
selenomethionine, and Se-(Methyl)selenyl-L-cysteine. Results The total content of the 3 kinds of selenide amino
acids in the whole Xinjiang and the eastern Xinjiang was relatively similar, and the average amount of the eastern
Xinjiang was 2.635 pg/kg was close to the average amount of the total amount of the whole Xinjiang of 2.705 nug/kg.
The total amount of the northern Xinjiang was the smallest (2.396 pg/kg), and the total amount of the southern
Xinjiang was the largest (3.003 pg/kg). Among them, 3 kinds of selenium amino acid content was high in Cuminum
cyminum L. from Turpan. The total content of selenoamino acids in the different links was in the order of wholesale
links>retail supermarket links>agricultural market links, with selenocysteine being the most abundant among the 3
kinds of selenoamino acids, having the largest proportion. Conclusion This study employs water extraction and
UPLC-MS/MS analysis for the accurate and convenient determination of 3 kinds of selenoamino acids. The results
show that within the same region, the content and quality of selenoamino acids in Cuminum cyminum L. can still vary
significantly. There are also clear differences in the content of various substances at different stages, with the

wholesale stage maintaining the stability of selenoamino acids, and the content of the 3 kinds of selenoamino acids

being relatively high. The aim is to provide data support for the efficient determination of selenoamino acids in

Cuminum cyminum L..

KEY WORDS: Cuminum cyminum L.; organic selenium;

chromatography-tandem mass spectrometry
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PREE, P2 IA AR R A R R, B ORI 4 AR
FRTEENE o 8 S RO i - BRI T 3592 (ultra. performance
liquid chromatography-tandem mass spectrometry, UPLC-
MS/MS)H) MRM 0 HAT R AL P R e ) R AEUEE,
AMFFEN ] UPLC-MS/MS Xif 7 377 X P9 408k Fr i ¢ bk
G . WA ZRR . Se-(H BRI AE-L-F b 2% 3 Fhm £
FERRBEATRIN, Ay AT A AR DGR T R N A, Wi
FIRE AR SRR CORAE DT A R, SR THPOR I A I3
FETE BB PR S

1 RS

1.1 MR5RF

ORE F 58 R 557 KO & 1l 3 (s 2 kA B s
R IR FR A HEIE LU E 7 4h)

AL B2 (GBW 10087, 0.560 umol/g). fiftEH R
(GBW10034, 0.499 pmol/g), Se-(F JL)fiff k-1 b & ik
(GBW10088, 0.441 pmol/g)(db st R FMRH A BRA Fl); L0
(et 36 EPE CHRBHEA BRA A,

12 UFE5EE

Xevo TQ-S Micro ## = S0 AH €3 FR BEFSX . HSS
C g H:(100 mmx2.1 mm, 1.7 um)(3& [E Waters 23 #]); Stratos
AUBL AL E PR G R B A BR A R]); KQS5200DE Y
B P D v e (R T A AR A B H]); MS 3
digital U i 1R S %5 (T8 E IKA 23 wl); BCD-521WDPW %174
SHVKAE (FF 5V /R B UKAR A R 2> w]); XSE204 A [TT 052 —
ST RNEF L Mettler Toledo 23 +]); Milli-Q 47K ¥ (3
Millipore 23 H])o
1.3 SKWHE
1.3.1 ARG R B

B S R v I 45 TR B i 45120 2 DR B Bk BRI £
JheamR . WA SR Se-(FH )M AL-L- P 2R 3 vt I
Ah%9 10 mg (K22 0.01 mg), JN7K¥ARE, 7540 1 min fHiH
SERVHR, THREATRTER 22, #5MA 1.0 mg/mL
PIATHERB TR, SRS P AR R 0.1.0.2.0.3,0.5.1.0 pg/mL
) ARV . 4 °CIC A7, (TR E 2.

132 HSegaTas

K FK ARG 0 RE8FRE 1.00000 g 2247 HYFURFE
b, HILA 15 mL 90~95 °C7K, 10000 r/min 5 5 min, i#jiE
30 s, @A 30 min, FEJS7E 10000 r/min $3% T #5.0 5 min,
B E 5 #GE 0.22 um HPPTEE €M
1.3.3 UPLC-MS/MS &1

WA 51 (3% H: S HSS Cig (100 mmx2.1 mm,
1.7 pm); AR 40 °C; HERERE S pL; WA A 20E; i
BAH B: /K, GRBIAERR BRI R 1.

®1 REHEBERLER

Table 1 Gradient elution program of mobile phase

s} 17 /min W#/(mL/min)  WBIAH A% - BIAHE B/%
0 0.200 5.0 95.0
0.30 0.200 0.0 100.0
5.00 0.200 45.0 55.0
6.00 0.200 100.0 0.0
7.00 0.200 100.0 0.0
7.10 0.200 0.0 100.0

A Fa SR IE B TR (electrospray ionization,
ESIH); MRM BERPT; BANHLIE 3.0 kV; RIHAEST)
JREE 500 °C; EVAEFIMEE 800 L/h; & FIRIRE 150 °C.
3 FP AR I R L A W 1 ME — B0 R 51 5 5 (chemical
abstracts service, CAS) ., & F X} . #EFL B B A48 BE 25 40
B AL 2.

1.4 IR
SZHG FFASE0HE 2R Origin 2021, Excel 2020 Fl
SPSS Statistics 25.0 #F A . BEMEAHT . AP

2 HRED

2.1 FHEWIELE
2.1.1 3 FmRAABRAFEZER MRM 547 4 R

EST IE BT, WAL iU 2R | Se-(F 55)
A 3L b 2 2 A T MRM (i 18], TLIET 1

®2 3 MR EEBRIRES TS

Table 2 Parameters of mass spectrometry analysis of 3 kinds of selenoaminoacids

latgy] CAS BERF(m/z) TBF(mlz) HEFL AL R /Y fill 4 B /e V
i A% e 2 iz 29621-88-3 240.0 56.17,98.1 20 20, 15
g A8 2 2 W 3211-76-5 184.2 166.8", 94.9 25 10, 16
Se- (2 ) Ailh 5 - L-2F bt 24 iR 26046-90-2 198.0 56.1%, 181.0 20 15, 10

e S R T
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@100
S 184.2>166.9
= 1.675¢+007
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AT L XA T L ROANT OO ATY0OAT L RS AT O R oSO 0o Y 9 x
S O OO~ =~ o~ [o I o NN o\ o\ B o\ MRS TN o S TN o S R o S T o o TR o S RS R N " T 2 T2 T "o B = BN« RN RN o RN o R ol o s L
P4 B ) /min
c y 1.20
@00 240>56.1
1= 1.210e+005
=
= 0 L L L L L \ L L L L L L s L L L L L L L n L L L L L L L s L L L L L L L .
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AT O XA T L RXROANT OO AT Y 0ON O X0 AT O RO AT O XS AT 9 x
S O OO ~ —~ o~ o~ AN AN AN AN AN N NN N o < S ST NN n OO0 O O O
5 B4 Bsf 1] /min

1 a: Se-(H B 3E-L-2F e adiig; b: L ERRR; o MCHEER .

&1
Fig.1

212 HEBMLKFTAE, MEAARK, ABTEH, B ER
Fa & F R

PL 3 Bhiba Pt i AL () A bR, i M (X,
ng/L) MR A bR 22 bR i 2R, A5 21 Sk a1 2 KA 26
ZHG DMEME L S/IN=3 1 S/N= 10155 )5 B 46 H PR (limit
of detection, LOD) Fl 7 4 F (limit of quantitation,
LOQ)™, 3 Pl HL IR Ik Ml . iR . A
RBC R RS BRI 3. 3 R IR L
0.01~1.00 pg/L JE[FER, FHIEREIIKT 0.999, B
PR R R AT 3 Al = LR 1) LODs 7£ 0.0140~0.2430
ug/kg, LOQs 7E 0.04624~0.8019 pg/kg.
213 EHEFEEE

FH S 13 BURGZ R AR A VA W, ARTS AR
MR AT v st 7K 42 L ) ) B8 s 500 R s v 75

3PS IEFRMRM (a3 5]

MRM chromatograms of 3 kinds of selenoamino acids

T, 53 5 B TR v 2R AR I TR TR . BRI R AR
PLonp Fm: p=(GERVCECHRE R ZR AR — W RIbR i 2R
HIRER) AR TR ER AR o #71n|<10%, BEH]ICH] Xk
JRAKNE; T2, DTS RA LA B S 5 o i el 55 2 i 2
PERRAS IR BEI, MFRIbES R . ARSI A Se-(H
FoFE-L-F PR =B INFR A2 0.10 0.5, 1.0 pg/L, R
FKERW:, BARIACEE T 6 ROTPATIER:, 115 3
AP B R R 2R . 3 Al &R 1L & 8 el
ISR IR 85 B s I 3% 4.

il R 2 AR X B 2R H41 AT B S0 1) ik T &z,
Se-( )i IE- LY e AR W S i LTy, HLSEJR
THERK o 3 TR SERR AR ESCRAE 74.8%~102.6%,
RSDs 7E 1.2%~7.9%. UiHIRAKIZELL K UPLC-MS/MS
SYHT 3 IR 2 SR I A 45 SR v L

#3 IMMARBEERMNEMNEE. KiEHRE HXRY. RHERFMEER

Table 3 Linear ranges, linear equations, correlation coefficients, LODs, and LOQs for the 3 kinds of selenoamino acids

selenoaminoacids
&Y 2R P/ (ng/L) i MXEZEH ()  LODs/(pg/kg) LOQs/(ng/kg)
1 £ e 22 R 0.01~1.00 Y=137.4X+514.1 0.9993 0.2430 0.8019
g A% 2 = R 0.01~1.00 ¥=23039.5X+37167.9 0.9994 0.1310 0.4323
Se-(HH HE )il & - L -2 B = iR 0.01~1.00 Y=100979.0X+213548.0 0.9998 0.0140 0.0462
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Table 4 Recoveries and precision of 3 kinds of selenoamino

acids (n=6)
[&sLY] WM/ (pg/L) [ER/%  RSDs/%

0.1 87.6 6.5

AR 2R 0.5 76.8 6.3
1.0 102.6 12

A 0.1 74.8 7.1
TRVE =Y 0.5 792 7.6
1.0 96.0 5.1
Se-( 1) i - L- g-; ;2‘5‘ ;g

S A A . . .
R 1.0 81.8 39

1 AHXFFRIE IR 22 (relative standard deviation, RSD).

22 BEARFHEHAR 3 MHKSERSFTSITFN
%R

RN AR R . R Se-(HH5)
TSE-L- bk oA 3 Fiili 2 i & i i (B 2.700 pg/kg
41 AR 3 PR EEIR & s fEoN 6.970 pg/ke, A
R, 3 R R O =R 0.91 pg/ke, FoHILY
. FRUERTIL, RNk A X, A B PR AR X AR
th, BT Z2MNTERIMER R, [[— X8 AN B
BRI 2 R ) & A R A T RE R B R 22 5. AN
T, BMELER X, HHERRIA AL . AL
Fig it PRBEE LA 1A S50 B i A ] R AU [R]
AR B PR AR SR B A TR AL A M R
AR, HhEF X BT R, (AR
H A . BRIRZERNZNHUNEL, W] B8R b Y
XA CER W S AR, BRI R BAE 3 Al C 2 iR
PISEBRF R AKE o S34b, PR R BN 54
SRR LR S B = k. FHE I GERER . Bl
8. e R F R F AL BRI AR, HESY
Wi 25 VE I R R RR AR K R T R A SR H . B, Wk
BRI T At RPN 1 TR 2 5 ) 80 PR 8R A Al 2 R PR 1 Ao e ik
AE PR,

221 KA 3 AR LA AL

SR PN 25 HUPOAR AT AR S Bk I 1 B A A I DL AR R R A
B 2 fw, Hhasm, Rig. s m s i el 5 m &
T2 R R AT A s R O = IR B, AR
A S IR AL 2 A TR A AN T B 3 s .

HRAR ] 2 S P4 HACER 3 P A 3k iR & i o A 1 DUAE
TIE A s AERAY 3 R Qo Rl e i A i A
I, H AR B 2.635 ng/kg 5488 2.705 pg/kg #ET . 7
1.5 509 4 i BE N SR U fE, R AR | F s Ot
—MEEE, BRBEREES TEmENSEE. tmaE
B A g, HOBEE 2.396 ng/kg /b, AR

(575 (E . R SRR S O A e A, LRI 3.003
ng/kg B R o e e s e 1 o B L 5 2,500 pg/k,
AR S P U AR . Z5 RTIR, SORER T B 3y
TER/NUT Sy P >4 5> A s> L8, v (2 BRI
W AR AR>S >R R

[ 25%~75%

9r T 1.5IQRN ML
gl — Pfigk
XM
= 7t * * * SE
T
¢ I
= X =
o 2t _1
g L _L V.4 L
O_
| L L ; :
Gt IR s FE i

NG

U433 (interquartile range, IQR), U EHE A LSS —A~ U4
EIR1SIQR, BT A aliil B i, S ohus N 8 NI R gt
B MRS X (AT BE . R, BRI BTSEIR);
bR BE AT AL,

&2 ARIFIHA SRR & i A I DA B

Fig.2 Box plot of the distribution of 3 kinds of selenoamino acids
content in Cuminum cyminum L.
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Fig.3 Tissue distribution radar chart of different selenoamino acids
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DRI 2 S BR AN Se-(FP 2 ) WS- L2 b S PR 24 (L 4%
BE/N, RS ROR A R o A R, e A
HAN T LA M XA QAR R A Se-(H R )l R -L-F I 2
TR S (A5 R, MOk 25 Hh A AR B 2R & i I 45 R
K10 f, SHLIX Se-(FF 3kl 3k -L- 1 e (iR & E (A 25 R
P 100 fFEVER . HHIE 3 AT, 45 1 AT AC e 20 R B B
TR/NBT Hy: WE AT >R =E K>S B > B > AR
Fe>uk & > AL =B B A1 0B 2R 1 I E KNI
e B > B 5 5> 0 B >R AT > B > B R S =i Ah>
PPRALS SR ), Se-(FP 3 VAT - L Jpe S IR 5 2 34 {1 K/
JF e B E >R > B8 R 55> 15 B > B R > 5B A>T 5
TR R > HRAL,

222 HAKHRBT 3 AEARLRE LS

BORAE S P 3 FPARAC LR &7 b T 4 R, i
4 5, WA ER SR 96.70%, (5 HiRR, Hik
EMEAR SR G A 3.10%, Se-(FHL)ZE-L-2F k47
B o ity Fedm/, HAEN 0.20%. S7E HU M R IRE, 453X
/NI AR 2R & B K /NITUT — 3, Se-(FH k)
-L- PR R B KNI S MR /)

0.20%
1

3.10%)

= Ut R
= AR AR
= Se-(FT1 L) 6- L et SR

96.70%

Fl4 3P EUEERR I b LR/ IVIRIR R
Fig.4 Pie chart of the proportion of 3 kinds of
selenoamino acids

223 AREZRF ¥ 3 ABmXKALRES TSN
FOER A5 BAT il A S R TR 22 Pl e b 1 - B (B AR
EUNRE 5 iR
H A ] 5 558 PN 25 P8R 45 R v 3 I A 2 Sk R - 1
HARRE AT LA, R RO AR S e e,
PR T BTN, RAR R AR, RN
HAER AT LA THERNK, BT g
55 Se-(FH L) 5L L Ik 2R 1Y 5 i 0 265 0 T A 1Y e
, HUORR AT, SR RHLE IR 3 Al &3t mR
SR EEARE AN RS, HREEETIAY, 5
T FIRAT iR PRT R ] BB BRI e T
e RN T A, RE A% AR ICEDRG O 0 2 A0 b o Ak AR

&
H
&
78
&

FREIAER, X AT RETR A RS TR A R, JF
Zed Bl PR TEAL A BE, A TTHE A0 A QL IR ) )
FRACRIAR R, I HA R PR BRI, St I S 97
SAT T e G A A BRANAE A, DD T Az A A A
MR R, (R T AR RR i R ED Y, MR
LRI 200 ZUCHE TR, RAh AT RESk A 2
[l i /N P m A e, LRI A B R R R, BT
PRI & A — 2, BRI TR 5 g h T
B A& AEBR A, A A7 PRI AT REA A TR PR IR IX 2 5
SEIRBTR R TG B AR, WO R R R A R R
AR BRI R N L LR, AR R
HRY BT RA B2 R, 3 DI R UE SRR B A R
AR/ St A 3015 > 5 R T R = SR, Horpfit
RIRAT 3 i f QA R e

CO it 0 Se-(THE)AL-L-F A

Se
(N i R =Y &

TR

3.5
3.0
2.5
2.0
1.5
1.0
0.5

0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

TR R i A F/ (ng/kg)

T KR i3
AR

F5 PR IR 3R AR V-2 5 IR ]
Fig.5 Bar chart of average content of 3 kinds of selenoamino acids in
various stages of Cuminum cyminum L.

224 BRHRIFERALARLETHA

e 3 P LR BAIME N B C B LK 41 1L
BR3P A RER B R AL B. C. D 44, 41 MFF
SRS L I S b SN2 S R, HAMREE RN 6
JT7R o

P S BAE AT AL, 7E A G 8 NFUIRFE S, kT
Db 4 FER R, A BREAS R, WA S 24, 5
EARFFRBTEA S S 14, 76 D P& 35X i b 25,
P B5CHE TT o  h [X SR T R AR A R D A,
SRR R, BE X S RETE 2.200~3.280 pg/ke,
SRR AN B . BRUL, M. B, 5
BARFE . BTEfT . BEARME .
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number, origin and total place of purchase

BAERBRS . =it WEBREEERR

Table 5 Information table of Cuminum cyminum L. sample

= . MR
5 7 WA ST b 45, Nughe)
D-1 &% AL 3.660
D-2 By [ £ AL 3.630
D-3 PRAL AL 2.060
D-4 &% JbEEFEM LT 4.620
D-5 &% JbEHEM LT 0.910
D-6 &% BAGE= - k) 1.730
D-7 &% BAGE= -k 2.000
D-8 &% b E T 1.720
D-9 &% b E T 2.860
D-10 B 58 55 JehE FH & T 2.100
D-11 % BlAGE=i ¥ 41127 1.130
D-12 AL JLEEFEM LTS 1.000
D-13 otk BlATE==iiw a7 3.000
D-14 oo it B AT 1.900
D-15 B 5 55 B AT 2.560
D-16 B5E B AT 3.280
D-17 &% B AT 2.990
D-18 W&t Bt kT 3.810
D-19 B 58 55 Bt & 2.580
D-20  FEFH I A AN Bt kT 2.880
D-21 FETih Bt & iy 1.730
D-22 &% B AT 2.190
D-23 W&t B AT 1.770
D-24  JEFFEIE A G B AT 2.430
D-25 7% B R T 2.830
D-26 LR JUR It & T Y 3.870
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