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Abstract

trometry. [ Method ] The samples were extracted with 5% trichloroacetic acid, defatted with n-hexane and derivatized with dansyl chloroacetone

[ Objective ] To evaluate the uncertainty of determination of biogenic amines in salmon by liquid chromatography tandem mass spec-

solution. The contents of 9 biogenic amines in salmon were analyzed by LC-MS/MS. The relative standard uncertainty, standard uncertainty
and expanded uncertainty of the method were evaluated. [ Result] The average values of tryptamine, B - phenylethylamine, putrescine, cadav-
erine, tyramine, histamine, spermine, spermidine and norepinephrine were 4. 30, 5. 59, 5. 72, 6. 21, 4.85, 5.48, 7. 18, 6. 79 and
4.77 mg/kg respectively, and the expanded uncertainty was 0.46, 0.56, 0.48, 0.54, 0.42, 0.50, 0.64, 0. 55and 0. 41 mg/kg respectively
(k=2). [ Conclusion ] The preparation and dilution of standard stock solution and the linear fitting of standard curve have the greatest contribu-
tion to the uncertainty. It is suggested to select a measuring instrument with good accuracy and standardize the experimental operation and pre-

treatment steps.
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LC-MS/MS 3 [l B 2 FR W H 16 Fh A= Wit , 7 vk A s B
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UK (Grtral) R
MR

112 FEfYER, UPLC-Xevo TQ-S i m ROHUAH (5 H Ik
= DU B AN, 1 A SE[E Waters 23w ; ACQUITY UPLC
HSST3(2. 1 mmx100 mm, 1. 8 pm) A4, 1 H 3 F Waters
O3] ZWE=110X30 fH R KRR, W A E R W00 Hr il s
il A PR CFI6RX TES.CHL, 1 H H 4 HITACHI 23]
1.2 75

12,1 BRifEs i i

L2. 1.1 ARUERSF I EC R . FRECE G B4 Sk JE e |
J7 e LR (T e SR e K bR M i 4, 1T 0. 1 mol/L HCL
P STk 4 1 mg/mlL BOBRUERE AR, BT -20 C ok
FatEfr s L ORAF I 4 1 H

L.2.1.2 JREGHRMER SRR H . e F AT AC . e
“1.2.1. 1754 1 mL,F 0. 1 mol/L HCl # &% 100 ml, 15
£ 10 pg/mL {9 ], BBObR I b £ 25 2 0,10.,50,100,500,
1.000,2 000 L 0.1 mol/L HCl EZ¥ 2 10 mL, 753 2R EE R 0,
0.01.,0.05.,0.10,0.50.1.00.2. 00 pg/mL [IRAFREET
1.2.2 FeEahifil .

1.2.2.1 AFEARRIR. HERRFRI 5. 0 g AU BUALAs il &
F 50 mL B0, A 15 mL 5% =5 2 BRI W, i
1 min, #7510 min, 10 °CF 8 000 r/min Z.0» 5 min, | KE%
P2 50 mL BLOAE R BRI IILA 10 mL 5% =S8 LRI,
TAHE 1 min, #7510 min, 10 °C T 8 000 r/min &.0> 5 min, &3
BT B0 R,

1.2.2.2 FEaEE. 17 FRIFESRIBOR A 20 mL 1EC
e, IRIENE 5 min, 10 °CF 8 000 r/min B.0> 5 min, 3% |
EAEYU, FIERERERINA 20 mL IF S b FBRIE—K, T
JEAREE RS 2 25 mL AR 5% — RO RRIFRE R Z
I AR

1.2.2.3  FEATTA: o 43RS 134 S BROH R A P e 3R
HEEWAS 0.1 mL, 8 T 2 mL g0 T ARYIA 100 WL 6
FRIR Z AN 20 Wl 1 mol/L S AL A ORI 0. 1 mL
P (10 mg T 1 mL VBRI , #2985 1,60 CbG
SR 25 min S SERE IS, LA 10 L 20K, 60 °C 5t 52

fE4ind A, H
/'x*f
sis
kY

ok & KA

M2 (53 i) X0 A 1 25 4 A4 2 atGr A

15 min Z 1k, AR TR A CIEESRZE 1 mL, 31 0.2 pum
R UERE (GHP ) RS , il BTH RS € o
1.2.3 @iEscff, ikl Waters ACQUITY UPLC BEH
Shield RP18 #3:(2. 1 mmx 150 mm, 1.7 pum) ; izhAH A A&
0. 1% H R 50% LG /K T, B AH8 C 06 s A1 30 °C 5 ik
0.3 mL/min, JEFERE 5 WL FEBIAHEEE L3R 1,

F1 BERBRRF

Table 1 Gradient elution procedure

IR a] T A s B ik
Time Mobile phase A Mobile phase B Flow rate
min % % mL/min
0 80 20 0.3
6.0 80 20 0.3
9.0 60 40 0.3
11.0 30 70 0.3
13.0 20 80 0.3
13.1 80 20 0.3
16.0 80 20 0.3
2.4 B aeit. H07 300 iS5 1E & 1 (EST+) $14H 5

K75 X 22 S R (MRM) 5 BARAE LR 3.0 kV; B 1I4
HEE 120 °C 5 BEIAR) i B 1000 L/h, JBEi 7] il B 500 °C,
HEIZ AR 150 L/h, FHERINSH0L% 2,

R2 9 MEMBRREHRNSE

Table 2 Mass spectrometric parameters of 9 biogenic amines

5 HHERR HEFLALHE

Impact Cone

sy AT EMET R

Analyte . Parent Qualitative Quantitative voltage voltage
ion (m/z) ion (m/z) ion(m/z) © ©

eV Vv
Trp 394.3 170.3 144.2 25 40
Phe 355.3 220.3 157.2 30 45
Put 555.4 220.2 170.3 32 55
Cad 569. 4 234.3 170.3 33 55
His 578.4 315.4 170.3 29 55
Tyr 604. 4 234.2 170.3 34 50
Spd 845.5 170.3 360. 5 40 60
Spe 1135.6 638.3 360. 3 49 55
Ne 869. 0 851.6 170.3 55 30
2 RG4S

2.1 AWEEMIRBIFIRIE AKIGI0E LR, 0 =3 fa
AWy I I 4 R AN 5 BE R SRUR B DL I 1

EFRKAHRE

> AR (r)

B 1 FEEHIRSIFISRIE

Fig.1 Identification and sources of uncertainty
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2.2 THBEEHSHT
2.2.1 BANEYIBEREE u(C) o ARifERE W HIECH 6B
DA B o T 2 ) 23 P D05 2 2 W) 0 ) T e vk (©) A
R BN 2 Y T B R
2.2.1.1 FrfEff B RS AR ATIEE u(C)) .

(1) ARAE R AE D) S Uk P 42 A4 4 b il 25 p Rl B2 e
22 AR5 oA I8 o A E 51 B AN S A AN E

gﬁwﬁmm=%§ﬁ§ui%@ﬁﬁ%?mﬁx

R3 INEMRAESINNTHEE

Table 3 Uncertainty of purity of reference materials

B e AR
Analyte Purity//%  Purity error//% u(p) ta(P)
Trp 99.20 2.0 0.011 55 0.011 64
Phe 97. 60 — — —
Put 99.90 2.0 0.011 55 0.011 56
Cad 99. 80 2.0 0.011 55 0.011 57
Tyr 99. 60 2.0 0.011 55 0.011 59
His 99. 90 2.0 0.011 55 0.011 56
Spe 98. 40 2.0 0.011 55 0.011 73
Spd 99. 80 0.5 0.002 89 0.002 89
Ne 97.00 — — —

=" SR Z Y BRI TE B AP A R 1R 2%

Note: “—" means that the material standard certificate does not provide

purity error

(2) BRAER BORR 5 L BN E B ol R (iR FRvF i

e R, He 4 5] 43 A 5 18 u(m,):%:o. 005 77 mg.

u(ml)

7'}'—‘% 40

un-l( m, )=

x4 IREYRRESI NNAREE
Table 4 Uncertainty of standard material weighing

ﬁﬁ}?ﬁ Zlg u(m,) un»l(ml)

Trp 9.62 0.005 77 6.00x107*
Phe 9.74 0.005 77 5.92x107*
Put 9.54 0.005 77 6.05%x107*
Cad 11.44 0.005 77 5.04x107
Tyr 9.58 0.005 77 6.02x107*
His 10.20 0.005 77 5.66x107*
Spe 10.07 0.005 77 5.73x107*
Spd 10.53 0.005 77 5.48x107
Ne 10.59 0. 005 77 5.45x107

(3) bRt & W e TG LA JE (V) T2k
VT4 e 2 MR 5200 o E AR HE A 3 A i 21 1 3k
10 mL A 2R, 20 °C I 10 mL A R RS i L 28 =+
0.02 mlL, #% = I 704 %5 1, HARMEAR B0 o u (V) =
InxZ5 /222706 =/1%0. 02//6 =0. 008 16 mL;u,, (V,)=
u(V,)

=8.16x10™", IR IE N (20£5)°C 20 CHE KA
I

JKZRBCH 0.207x 107 C™", W Eh 1R (33% ) IR B IK R 5k
0.455%10™ °C™",0. 1 mol/L £hFR 7 rh ik £h iR 5 7K (R 4R

b 8.6:991. 14, 0] 0. 1 mol/L 5 BV - IR B ik R Bk
0.212x10™ °C™", Hel B 3l 34250 454 k=43 ,10 mL A 2%
A MbmBEESI ENEBRANEE N u(V,)=
ATV XJn =0.006 12 mL; u, (V,) = ulVn)
Ne Vig
6. 12x107, b off 1l 45 W a2 28 PR BLB T Y R i a2 B
w(V,) = Ju(V) +u(Vy)? = 1 02x 10725 uy, (V,) =
wg (V) Hu, (Vyy)? = 10023107 bR £ v e il 72 5|
A AR B8 B R uw (€)= Julp)+ulm,) +u(V,)?
w (€)= u(p)+u,(m, ) +u, (V) W35,
F5 IRERERREITIEI NN REEE

Table 5 Uncertainty introduced in preparation process of standard

stock solution

SHTH

i u(C) ua(C))
Trp 0.017 46 0.011 72
Phe 0.013 09 0.001 33
Put 0.017 46 0.011 64
Cad 0.017 46 0.011 64
Tyr 0.017 46 0.011 67
His 0.017 46 0.011 63
Spe 0.017 46 0.011 80
Spd 0.013 40 0.003 18
Ne 0.013 09 0.001 31

2.2.1.2 FRUERERS IR B G AMIAH E R u(C,) .
PO T mLL AR B 22 100 mL 435 10 pg/ml Hi]
T, FR B 5] 43 A b B, 3 38 2 ELRTRL BE I 3 5 RS A N o
W2 6, u(C,)= +/0.00286+0. 041 27° = 0. 041 37,

u,,(C,)=+/0.002 86°+0. 000 48> =0. 002 90,

2.2.1.3 ArfEM&IG B AR ERE u(Cy) o BEHIARTE
FRONMZ W, W B2 (LA R R, Hox 8 R AE M S Gl iy
REFRAEBEARRD) 43514 0. 962 4. 810.9. 620,24. 050 .48. 100,
96. 200 ng/mL, FAZ I E 2 Yk, LAk BE i As b e T R R A
AEARZE bR S0 0128 FURE S oI — 8 B i 19 (6 e A5
FNBAPERE S BE A Cy , 42 4E I A0 BR AL 1 5 d 52 T 3
WG HEER LR T, bR LG 51 A BARHA & B TR
Ah:

(C )_Si 1 . 1 . (CO_CL‘)2
N TG

S_Jzumrwqwnz
- n—2

R

30.C,
6
u,(Cy)=u(C,)/C,
Horbron YR 6 A H I E 2 I (n=6x2=
12) ,p & C, IEREL(C,=3)

C=
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Table 6 Uncertainty introduced in dilution process of standard series solution
e sy 0.1 mol/L HCI e XA
- R N o (L 7S - my A K
= apacity S R OO o 4 ol/1L HCL - A BE "EPC Relative
Appliance tolerance u(V,) error . u( V) Combined .
w,a(Vy) N Volume expansion (V) . combined
mlL .. -1 uncertainty .
coefficient //°C ’ uncertainty
1 mL B £0.007 0.0074/6= 0. 007//6/1= +5 2.12x107° 2.12x107%5x  6.12x107°/1=  0.002 86  0.002 86
1 mL pipette 0.00286  0.002 858 1//3=6.12x107° 6.12x107
100 mlL 254 £0. 1 0.1//6=  0.1//6/100= £5 2.12x107° 2.12x107°%x5%  6.12x107°/100=  0.041 27  0.000 48
100 mL  volumetric 0.040 82 0.000 408 1004/3=6.12x10°  6.12x107°
flask
R HEHEUSHEROTHERE
Table 7 Uncertainty caused by standard curve fitting
SN G Co G LMEITRE >
Analyte Sn ng/mL ng/mlL Linear equation R u(C3) a (C5)
Phe 222 993. 145 17. 038 25.838 y=332 329x+54 458 0.999 8 0.528 0.0310
Trp 245 367. 280 20. 266 25.520 y=251 874x+226 171 0.999 5 0.516 0.025 5
Put 72 105. 098 23.178 25.308 y=97 075x+11 836 0.999 9 0.142 0.006 1
Cad 91 554. 649 19. 671 30. 348 y=71 923x+43 174 0.999 8 0.233 0.011 8
His 108 117. 404 22.712 27.058 ¥y=99 617x+73 409 0.999 7 0.222 0.009 8
Tyr 68 188. 085 20. 505 25.413 y=122 712x+37 184 0.999 9 0.142 0.006 9
Spe 5285.316 20. 118 27.984 y=14 128x-5 363. 8 0.999 9 0.012 0.000 6
Spd 56 799.212 22.400 26.713 y=31 209x-86 669 0.998 3 0.117 0.005 2
Ne 1451.099 22.251 28. 093 y=1465x+1197. 3 0.999 4 0. 003 0.000 1

SR AT A5 TRORCH] RS A AR A IR A i
LA T I A AT RE BE , Bl 1 Jo I e B2 5 | AN 5 JEE
Jo:uw (€)= Ju(C) +u(C) +u(Cy)* | uy (C) =

(€)1, (Cy) *u, (C1)* A 8,
#8 WNEHRRBRESINTHEE

Table 8 Uncertainty introduced by mass concentration of determined

substance
SR
1
Analyte u(C) 1 (€)
Trp 0.518 7 0.045 72
Phe 0.5305 0. 047 60
Put 0.1516 0.038 42
Cad 0.2390 0.039 72
Tyr 0.151 6 0. 038 56
His 0.228 3 0.039 17
Spe 0.054 4 0.037 98
Spd 0.128 0 0. 036 61
Ne 0.051 8 0.036 12
2.2.2 PUREEE PR OREE I w(X) . PR A MY

BRI, SEAT I GE 6 Wk, 157 2 8 i XA v e 22
SX) I+ 58 A 5B S B 72 L TR X A Bl 5
u(X)=S(X)//6 w,y(X)=u(X)/X, RIERIFE 9,

2.2.3  [ACRPEAERIANETEE w(R) o HRAEIIRE IR, T
FFH IR R BrifElRZE S(R) I IR S AR A
SE BEFIA B E JE su(R) = S(R) /6 u,u(R)=u(R)/R, R
PRI 10 IR B VER IR 5 5 P-4 R 2R 5 L O A7

1_
BT ISR T= R BT 95%,

Ug

AT 165(6)= 2. 45,9 T AW T{EII KT 165(6) , Ui ]
ZESPE R u(R) AT LUH TARALE
R EYENEESWERNTHER

Table 9 Uncertainty caused by repeatability of biogenic amine meas-

urement
e W u(X) ()
Trp 4.303 0.250 0.1020 0.023 8
Phe 5.587 0.091 0.0370 0. 006 6
Put 5.724 0.084 0.034 2 0.006 0
Cad 6.212 0.078 0.0320 0.005 1
Tyr 4.852 0. 081 0.0329 0. 006 8
His 5.480 0.229 0.093 4 0.017 1
Spe 7.179 0.325 0.1330 0.018 5
Spd 6.789 0. 165 0.067 4 0.009 9
Ne 4.772 0.216 0.088 0 0.018 4

F10 9 FAEYBRNEKERSINNAHEE

Table 10 Uncertainty of recoveries of 9 biogenic amines

ol * u(R) ua(R) T

Trp 88.23 0.009 5 0.0112 12.429
Phe 84.17 0.0105 0.0115 15.076
Put 92.52 0.012 9 0.013 8 5.798
Cad 89.45 0.014 7 0.015 8 7.177
Tyr 88. 80 0.015 1 0.016 4 7.417
His 89.43 0.0119 0.013 4 8. 882
Spe 88.45 0.0113 0.012 8 10. 221
Spd 87.24 0.011 1 0.0118 11.495
Ne 85.48 0.009 4 0.010 9 15. 365
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2.2.4 ABUEBGS AR ATERL u(V) .

2.2.4.1 FEFUAFREIGIABIAEE u( Vi) o FERIZ

e, WA, 1 mL SRS EEGIA w(Vigy) , 325753

77,1 mL WA A5 A SR I AR E BE R w (V)= 0.01//3 =

u(V,) 0.005 77
Vem - 1

PG R I R B A A Y ANl RE JEE 4 249 23 oA

1 1
B w(Vy)=a( ) x5x— =1.37x10° x5x— =
B A

0.005 77 mL.u_,(V, )= =0.005 77, jEJE

0.003 95 mL u, (Vy)=———
M
ABIARFERE u( Vi) =/ u(V,) *+u(V,,)* =0. 006 995 mL,
WA AR R 5] A B A X R B B e (Vi ) =
u (V)  +u, (V) =0. 006 995,

2.2.4.2 {UERHEREARG IABIATIERE u(Vig ) o u(Vigg )=

=0.003 95, VEFIATREEIS |

FEREE 28 U X 5 o i 22//3 = 0. 01/4/3 = 0. 005 77 plL.,
u(Vig) 0.005 77
HERERFH 5
IR E L u (V) = Ju( Vi) +u( Vi) = 0. 009 07,
U (V)= 1ty (Visny )+, (Vi ) * =0. 007 04,
2.2.5 FEAFRESIEIAFERE u(m) . FRS5.0 g HEfh, K
PR AVFRE A 20. 1 mg, B 53 ,u(m)=0.1//3 =
0.057 7 mg.u,,(m)=u(m)/m=0.057 7x107°/5. 0=1. 154x
107,
2.3 MHEMBEERABEENEE WA A - §E
JECTE A = SC A A I A R 6T AR R O B
W (X)) S bR A EE uw (X) 2 u, (X) =
1,y (C)Fuy (R)*+u, (X) *+uy (V) g (m)*  u (X)) =
(X)X, BRI 11,

(Vi )= =0. 001 15; AR ™ A2

F11 EYRRNE BB ERRERE

Table 11 Relative standard uncertainty of biogenic amine synthesis

ST

Analyle Uye) ( C) Uyl ( X) Ul ( R) uw—s]( V) Uye) ( m) Uye) ( X) u ( X)
Trp 0.045 7 0.023 8 0.0112 0.007 0 1.154x107° 0.053 2 0.229
Phe 0.047 6 0.006 6 0.0115 0.007 0 1.154x107° 0.0499 0.279
Put 0.038 4 0.005 9 0.013 8 0.007 0 1.154x107° 0.0419 0.240
Cad 0.039 7 0.005 1 0.0158 0.007 0 1.154x107° 0.043 6 0.271
Tyr 0.038 6 0. 006 7 0.016 4 0.007 0 1.154x107° 0.0430 0.209
His 0.039 2 0.017 1 0.013 4 0.007 0 1.154x107° 0.0453 0.248
Spe 0.038 0 0.018 5 0.012 8 0.007 0 1.154x107° 0.044 7 0.321
Spd 0.036 6 0.009 9 0.011 8 0.007 0 1.154x107° 0.040 3 0.274
Ne 0.036 1 0.018 4 0.010 9 0.007 0 1.154x107° 0.042 6 0.203

2.4 FEAHEE RHE JIF 1059. 1—2012, U=u(X) Xk,
kST W p=95% ) B AGMER, W& T k=2, 5L F

UPLC-MS/MS BRERTAHTAE 1200 g — 3040 v A= Wl 35 i i) 245
R 12,

K12 FRIABEERKBNER (k=2)
Table 12 Expanded uncertainty and test result

S K BRSNS B AL SEIAH P IRAHE B K2
Analyte Combined T'elatlve Combined uncertainty Measured value Expanded uncertainty Test results
uncertainty mg/kg mg/kg mg/kg mg/kg

Trp 0.053 0.23 0.46 0.46 4.30+0. 46
Phe 0. 050 0.28 0.56 0.56 5.59+0. 56
Put 0.042 0.24 0.48 0.48 5.72+0.48
Cad 0.044 0.27 0.54 0.54 6.21+0.54
Tyr 0.043 0.21 0.42 0.42 4.85+0.42
His 0.045 0.25 0.50 0.50 5.48+0.50
Spe 0.045 0.32 0.64 0.64 7.18x0. 64
Spd 0. 040 0.27 0.55 0.55 6.79+0.55
Ne 0.043 0.20 0.41 0.41 4.77+0.41
3 #ig T LA L o o i 2 O e P AUL 5 X6 A 2 B8 19 SR e A, [l i

RGP T = 30 A= R R € — R B T 1k
HANEAE B, (B (B~ R e S e ) e I e L 2L e R e
KGR EH Y DR RS 58 4.30£0.46.5. 59+
0.56.5.72+0. 48 6. 21+0. 54 4. 85+0. 42 5. 48+0. 50 7. 18=
0.64 .6.79+0.55 4.77+0. 41 mg/kg, 45REKH,RIGIRIEL
PR 2 207 5| NSHHE BE, 430t & BUbR A A WA TC ) A

HRZ o TERI S, BRI E2 TH AR Y

SRS SPATREAR I UK ) HE A5 7k ] sl N ek

FRIANIAG S o

Sk
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