%16 % 5 6 ] JEg I R Vol. 16 No.6
2025 43 Journal of Food Safety & Quality Mar. , 2025

DOI: 10.19812/j.cnki.jfsq11-5956/ts.20250114001

SIAE: 2, WEGE, (ISR, 5. 8w O O -SRI T L A NG E b 24 b p-s2 AR RIS 25M0[0]. 12
B4 TR 244, 2025, 16(6): 106-113.

LI Z, FENG RX, HE YQ, et al. Determination of 24 kinds of p-blockers in eggs by ultra performance liquid

chromatography-tandem mass spectrometry [J]. Journal of Food Safety & Quality, 2025, 16(6): 106-113. (in Chinese with
English abstract).

AL L A 1% - R IR 1% 1 Rl A
24 b p-Z AP

5 8, mmE, ATRE, KEE B OBR
(PEET RN BRI, % 710100)

I

W E: HE @ M SO 3 - B BE BT 75 (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)[RIAF & M3SE H 24 F -2 KRR FIZR25 M ik, T35k T 80% L G K%
WEEICH A7, QuEChERS X HRBURIE T L, ZHEIRAIECLERRIE, 4 Waters ACQUITY UPLC BEH
Cig(2.1 mmx100 mm, 1.7 um) @348, LL0.1%H BR/K A Z G VE AR sh AR, HEA TR BEVRAR o SR i et
55 BT URAE B B, (2 SO R U A T A, AMRIE e R SER XYL 24 B g7
AR FL 70 7 25 S V4 J3E 0 BT D9 2 AP P R DG R (r=10.9963), MFRFETN 1 g(RE i % 0.001 @), EZAFN 2 mL
B, AR R R 3 pgke, EEBEHR 10 pg/kg, FHIMBREILEN 63.6%~108.0%, FHXTHRIHEN2E(n=6)H
0.9%~7.4%. G5 L EARAERR, BIleR, RS, TG, w08 R A F SR e E S g2
VR BH R 5% B A A iR ik R &%

KBRIE: XM B OB C% - R IR TR I B2 AR BELAR 711

Determination of 24 kinds of f-blockers in eggs by ultra performance
liquid chromatography-tandem mass spectrometry

LI Zhuo', FENG Rui-Xue, HE Ya-Qin, ZHANG Ya-Feng, SUN Xiao

(Xi’an Institute for Food and Drug Control, Xi’an 710100, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of 24 kinds of S-blockers in
eggs by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The
80% acetonitrile aqueous solution was used as extraction solvent, QUEChERS was used as purification method,
acetonitrile-saturated n-hexane was used for degreasing, Waters ACQUITY UPLC BEH Cig (2.1 mmx100 mm,

1.7 pm) column was used for gradient elution with acetonitrile-0.1% formic acid solution as mobile phase. The
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ionization mode was spray positive ion mode, and quantitative analysis was performed using multiple reaction

monitoring mode. The quantitative method was external standard. Results The 24 kinds of S-blockers in eggs

showed a good linear relationship (#=0.9963) in the concentration range. When the sample weight was 1 g

(accurate to 0.001 g) and the final volume was 2 mL, the limit of detection was 3 pg/kg, and the limit of quantitation

was 10 pg/kg. The average recoveries were 63.6%-108.0%, and the relative standard deviations (n=6) were

0.9%—7.4%. Conclusion This method has the advantages of simple operation, high accuracy, high sensitivity and

good reproducibility, and can provide technical reference for the analysis of f-blocker in fresh eggs in daily life and

sports events.
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A% IR (CAS: 13523-86-9, 4l 97.6%)[2 MM (L
AR A RA A, 20 IK(CAS: 99200-09-6, 4l
96.19%)[ % E BUM L ¥4 K LR = ]; R BEAR % /K (CAS:
28163-36-2, 4HfE 100.0%) . f5 9% /R (CAS: 63659-18-7, 4fi
JE 98.0%). FEEIKIR(CAS: 22664-55-7, 4liJF 98.4%)( M
FERFH A BRA F]); HZ % /R (CAS: 42200-33-9, 4fi
B 94.5%) . EhBRRL T 9% /K (CAS: 34381-68-5, 4l 99.9%) .
BENG IR IR (CAS: 26839-75-8, 4liJ¥ 98.1%)(Iz 88 kG4 %
A RA T, B4 /K (CAS: 13655-52-2, 4 99.85%) .
R E IR IR(CAS: 6452-73-9, 4l 99.51%). KPR
(CAS: 57775-29-8, #ii i 99.71%) . Bl B &% /K (CAS:
68377-92-4, 4FE 97.14%)(3 [E MedChemexpress A #RH 5
AT, ERRREZEIE IR (CAS: 318-98-9, 4fiJ¥ 100.0%). A
1% £ 4515 JR(CAS: 56392-17-7, 4lEE 99.9%) . £ IR Z 1K /K
(CAS: 959-24-0, 4l 100.0%) . £hHR Ze 41 15 1% /K (CAS:
27912-14-7, 4 100.0%) . Fh 8 3wl /R(CAS: 81161-17-3,
4E1E 99.0%). & DR L RIEIR(CAS: 104344-23-2, 4
99.8%) . EhERTL D14 /R (CAS: 32780-64-6, #iJE 99.8%) . £
1% D1 L% JR(CAS: 42864-78-8, 4IFF 100.0%), hERIEF
/R (CAS: 57470-78-7, 4l 100.0%) . I 4k #b 7% (CAS:
72956-09-3, 4fifE 99.6%) FhH2 2 MK /R (CAS: 144481-98-1,
i 99.2%) . R~ B % /R (CAS: 51781-21-6, 4fi i
100.0%)(H £ & 24 Sk e AFAE B ) o

HiR. 2. 2B OB . RIE(taigsE, 3EE Thermo
Fisher Scientific 23 A]); EALE[Mr4l, R ORH) L2t
FIBERRA], CBR . WREREN . S baN (ot at, E254ER
B RARA A, CmeEk(Orirat, i bk R
BB A RA ), 2 VMR M (ariral, Eiga
T HBRAF).
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(2.1 mmx1 3 . . N e ~
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SR . . > -B 8 fm 0
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e ‘ﬁfﬂﬁ(%ﬁﬁﬁﬁi\\ﬁ]); SMW-MV2500 ZfLif fiER ' 56.1 33 140
BB BB A A o) CX-6610 4T R 4 ORURHE 2662 — 21
(Pl o A BR A A 116.1 7 120
24Ty 77.1%
1.3 SIBES 5 FEILKR 2682 : 73
7’:@.175/% 56.1 65 130
1.3.1 AR/ R B 6  TMIER 2731 255.1* 13
R AN 2rise ' 100
fy 6. AR T R BUTCRLAR Iy 100 pg/ml JEAR E =
g{ﬁ:ﬁ(ﬁ%%m, AR Al o S ] 2 1 o 3 VAR R B ’ R 2922 5: ’ 180
Ly B[4 VE BT e e o .
jm(@fiﬁﬁ{rbﬁ%{ﬁ CAE. F—20 °CLL T RBIRAE . T 33
HE 6 1A ’ SR 2922 —— LA
. : 29
1.32 #H&Baa
%ﬁ;;m LR o FEWE 2932 —ll 17
R SRR IR O o s P
TRHETHRAE, F-20 AP T 8 B 117 461 0 LR 2962 —e 29
TEFFR ) - : 56.1 130
a@&:ﬁ BRI 1 ORI %8 0.001 g)BURE, 4 mL 2 —Jiehy R AT i
& *_’ﬂfﬂ (ethylene diamine tetraacetic acid-2Na, EDTA-2Na) R 22 56.1 a1 145
VW, AHE 1 mi o ‘
% 10 mi e j].M 20 mL LA 3 g SUALH, et 12 R 3082 —ol 23
i min, 10000 r/min Z5.0> 10 min, E&HE 10 mL 1S 55.0 37 85
T 10mLEOHD, T 40 CFRUAT, MHMA 1L 3OREWE 302 —l0 B
ET{ﬁ’iﬁ@ﬁjé%%a /l%ﬁ}?‘ﬂﬁ?%‘ 1 min, ﬂ 0.22 pm Ejﬁﬁ}l_‘?)@ﬂ;’é 116.1 25 45
AL . 4 mEEE 302 17
133 &ihE i 56.1 41 140
e T 261.1%
(8385 Waters ACQUITY UPLC BEH Cyq (45#5kE2.1 mm 15 BEMIEIR 3172 — i 17 .
1 NS . ’ . 2
00 mm, 1.8 pm); FBNAH: A K 0.1%H BOKIER; Bl N N . 5
PP 300 uL/min; AETR: 40 °C; YEREEE A 16 HZRIE/K 3260 74.1 16
J?W,i’% 1 ;MR 2 HL; ﬁgﬁﬁﬂﬁ%{ 116.1 28 135
7R 392 —2 13
5 e b g4 73 91.1 49 120
Tabl 1%51 ﬁf;'ﬂﬁiﬁ 18 BET K 56.1* 2
e 1 Gradient elution conditions " A 3372 116.1 > 160
5} 18] /min A A/ e - 41
5 T - % WA B/% 19 BULEA 3462 165.0% 37
T n 5 150.0 7 80
17 95 60 20 BB 3721 316.1* 17
% s 5 298.9 5 130
5 21  ZEMEIK 3802 74.1% 25
251.0 33 155
134 RlSFAEM Lo R 151.1%
B LS E R 2 RLHIR 4062 : 36
. i A HWESEIE 21494 (electrospray ionization 44.2 35 180
SI+); A7 22 S il (multiple reacti itori 23 RHYR 100.1% 25
MRM): HiH%E P ion monitoring, #4072 70
50 ); ~ BSR4 KV BRI 300 °C; Piss s 224.1 33
°C; EAVE B . AU : 24 ZHUIKIR 157.1* 41
Siat: 3 L/ming SHBIIN#AEA R 10 L/min; H %) 510.2 131 m 195
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Fig.2 Effects of extraction solvent on the recoveries of
24 kinds of f-blockers
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Fig.3 Effects of vortex time on the recoveries of
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Fig.4 Effects of reconstitution solvent on the recoveries of
24 kinds of f-blockers
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%5 6 3 25 i, A R RO - H I TR 1 [R] B R XS ZE e 24 B - AR AR I 2 2 111
BN, MGEEFLT T 24 F BARPI I R R, SeEAHc x4 RMEBERINE R E LR (0=6)
x> 0.9963, PR 3, Table 4 Average recoveries and precision results (7=6)
BL O3 MEGEMRC(ON=D) AR AR R R IR p mm KT PRENER gy
(limit of detection, LOD), L\ 10 {51 H(S/N=10) Kl 9 G ‘ikg) 8(;/6 —
Mg A Sy BB (limit of quantitation, LOQ), 4% 42, L e 2 9.7 29
AT YFRERE N 1 g E 0.001 g), EZAFIN 2 mL 100 88.8 49
NG EEL T 24 il B-SZ ARBHH ) A B BRBEN 3 ng/ke, 10 937 1.8
ERRIEN 10 pg/kg. 2 (IREZN 20 101.0 42
272 }filfﬁ}i%\?%%’&;‘/?g 100 95.1 42
AT FE R FH S I RIS SR UER B BORS 2 1%, 847 3 4> 10 8.1 21
5 KA R EL /A e e 3 HEZEKIR 20 101.0 47
IS g, Fma s ilh 1 FEEmR . 2 5 100 5.0 e
PR 10 f55E R, SEATIAE 6 K o SE56 2 R XS & 0 902 13
24 FLE T ECRIE 63.6%~108.0%2 6], HIXTHR 4 FIHIR 20 97.9 49
WM 22 (relative standard deviation, RSD)7E 0.9%~7.4%Z [A], 100 93.8 4.9
L BZ Iy L U AR 2 8 v, SEBLMEGY, LR 4. 10 929 14
5 EFEIHR 20 98.9 3.9
28 HFEME 100 927 3.9
Fi BRI GT B BY T 38 LT B XY &R (10 & fEAY 10 63.6 3.0
B LWE . SWASE . RS ESE LR RGP T 6 ENLALZA 20 76.1 55
TR, 255 RIS A X 24 Fh B-3Z ARBH A IS 254 100 80.9 >3
#3 WEARPLEMESE SETEREXRY 10 oL >
Table 3 Linear equations, linear ranges, and correlation 7 ZEATHTTR IR 20 101.0 4.7
coefficients in egg matrix 100 94.9 4.7
N S i 10 95.6 15
o arre I e o w m 0 v
1 WWEKIR  ¥Y=6455.66X+7813.73 2.0~200.0  0.9971 100 94.9 4.5
2 BEIBIK ¥=3600.01X+2033.09 2.0~200.0  0.9983 10 90.6 2.1
3 EZERIK Y=3605.51X+3247.83 2.0-2000  0.9978 9 ALK 20 99.2 52
4 EIRIKIR Y=10753.98X+6117.53 2.0~200.0  0.9983 100 94.7 5.2
5 EFERIK Y=2041.76X+914.16  2.0~200.0  0.9985 10 86.4 2.0
6 EMBHIK  Y=4251.73X+641237 2.0~200.0  0.9968 10 RAEDALZN 20 100.0 49
7 KEATHEIBIR Y=6073.44X+4120.97 2.0~200.0  0.9979 100 96.9 4.9
8 WIAIIK/R  Y=14265.58X+7485.04 2.0~200.0  0.9984 10 05.1 2.5
9 WHli/R  Y=3145.88X+171436 2.0~200.0  0.9986 11 MEZHIR 20 714 5.1
10 KHOIKK  ¥=6502.96X+7151.42 2.0~200.0  0.9972 100 69.9 5.1
11 YNZIBIR Y=3427.84X+2055.16 2.0~200.0  0.9983 10 95.9 2.1
12 HEERK  r=3461.12X+859.65 2.0~200.0  0.9994 12 FERHER 20 99.4 3.9
13 PIOLIS/R ¥=3566.73X+1401.47 2.0~200.0  0.9990 100 94.5 3.9
14 BETIR/R Y=115027X+1139.11 2.0~200.0  0.9980 10 92.1 11
15 DULIK/R Y=5377.87X+5925.61 2.0~200.0  0.9971 13 EORIRILZ 20 96.2 5.6
16 BUZIE/K Y=4840.42X+4267.76 2.0~200.0  0.9974 100 972 5.6
17 ZEFIEIR  Y=2514.74X+1432.08 2.0~200.0  0.9984 10 844 19
18 FYEHbiE  ¥=2915.25X+443679 2.0-200.0  0.9963 14 RRLZE 20 999 48
19  ZHIE/R ¥=3416.50X+2021.79 2.0~200.0  0.9974 100 7.1 48
20 fHBIKIR ¥=2483.61X+1471.59 2.0~200.0  0.9983 s 1 L ;g zz:g ;i
21 FERE/R Y=2639.79X+1434.45 2.0~200.0  0.9984 100 P 51
22 MEMIEIR Y=4912.61X+3469.16 2.0~200.0  0.9981 10 206 27
23 AAMEIR ¥=3073.88X+3215.71 2.0~200.0  0.9980 16 BT 9 20 920 48
24 REIK/R  Y=6427.74X+4957.42 2.0~200.0  0.9983 100 91.1 48
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e )
o) Sk K S [l R RSDS%
Anglkg) 1%
10 89.8 0.9
17 FERNIKIK 20 95.8 5.4
100 932 54
10 84.4 1.8
18 3 RS 20 103.0 5.7
100 101.0 5.7
10 76.8 2.6
19 22K IR 20 78.3 7.4
100 945 74
10 925 2.0
20 [RALIEZIN 20 100.0 4.1
100 95.0 4.1
10 91.8 1.5
21 FREIR 20 99.5 5.9
100 952 5.9
10 89.9 3.1
22 WEND YR /R 20 99.9 49
100 94.4 49
10 96.1 22
23 ZRANIEIR 20 108.0 5.7
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