%946 5522
2018411 H

B 2 4 T iR o
Journal of Food Safety and Quality

Vol. 9 No. 22
Nov. , 2018

S A - HR DT S
RO IR

K

B E Hf

=

=4

~
U PG-AR M A 2 e R B R I o, BT

7

530001)

VI E R SRR (3 - H IR B A I R R IR RS RIS E L . B K

CNAS-GLO6 { Ak 53 Mt AN & B A IFAR FE R ) Al JIF 1059-2012 CNEANH & 1 538 ) RLE, Hr 40y

BETY, XA RE BRI T 73 H G R

44.77 pg/kg if, HY RAWHEE N 5.81 ngkg(k=2). it

AR e AU

M X AN E B AT ARSI, A R P R R R D

S RGN 45 SR A AN 5 B BRI B v R

KU RO (- RIS, REE R, RS Rt

Uncertainty evaluation for the deter mination of patulin in juice by ultra
per formance liquid chror matogr aphy-tandem mass spectrometry

ZHANG Yan, WU Yi’
(Guangxi-ASEAN Center for Food and Drug Safety Contral, Nanning 530001, China)

ABSTRACT: Objective To evaluate the uncertainty of determination of patulin in juice by ultra performance
liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods According to CNAS-GL06 Guidance

on evaluation the uncertainty in chemical analysis and JJIF 1059-2012 Evaluation expression of uncertainty in

measurement, a mathematical model was established to evaluate the sources of uncertainty. Results

By quantifying

and synthesizing the uncertainty component, it was concluded that when the content of penicillin in the juice was

44.77 ng/kg, its expansion uncertainty was 5.81 pg/kg (k=2). Conclusion The major sources of uncertainty are

preparation of standard solutions and the standard curve fitting.
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(Penicillium)“ FLT ™ Az 19— 3R i 2 o A At =412,

HCEAT Bl 22 T P 38 PRSI IV AE 1 S e s ey
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ik SAREIEES . A Rl S -
FEIAUO R T T SRR BT A AL SR €3 - S
PRI [P A - o AORR (i B P )0 3R R v
RO €0 18- ER B T TR U4 L JHOrh ) BOME € - Rk R
T AMERR AR, 2016 4F, IRIENCR TR E & L2
ZFRE GB 5009.185-2016 CEdh R E B R AIE ). W
AN 2 SRR G D B RARSCHR I S 8L, SRAE S HLH R
TR A A b A AR S A L A E AU D,
SR I KO AR, B R 7 ks )
I, I A o S B 2 A e N PP AR — I H R
ot M BT A 0 B

A SO LA T AL B AR R, SR R 8 OB €233 - o
B ik (ultra performance liquid chromatography-tandem
mass spectrometry, UPLC-MS/MS){ll g i+ HEHEHERX,
Z: i CNAS-GLO6 (L2437 s A s BE A 4t ) ')
F1IJF 1059-201 2 Wl A 7 BE 5 30 WO S2g0r ik, %)
J TR R AT S P FOARH i U, AT A S
RGN 5 Jr 5 2 R ALY B 2R K B 10 o e 4 o B A AR A

2 MHERE

21 XE5EH

AB 6500+ = 5 DU AR BT A {U(3EF AB SCIEX A
F]); ms3030s HLF R T (MR -FE 1) 2 (U8 (1) A BRA
r]); sigma3-15 B ELOHL(E E Sigma A ),

J' T B B AR UE AL (AR R 4 (100.3£1.4) pg/mL, 46
JE 4 99.9%, 3 o2si AH]); PCo TR R IRUES [ AR
7R }(25.08+0.7) pg/mL, ZEEEK 99.9%, 1E[E Romer A Hl].

. ZR(t 1540, Fisher 24 wl); MycoSep TM228
AL (F5E Romer 23 H]); K h#R4lK
22 ZWHE
22,1 sS4

HERFRI 4 g SERTHAFET 25 mL R Z bR,
IMAZIEEZIE, RAEHA), BBEE 50 mL #.0%8, 78
6000 r/min 0> 5 min, Rl $2 8T A Ak AT (0
ULRHERAE, B E s v Ak, 3EE PR 1 mL
O, WOR S B2 5r HER RS 5.0 mL AL, A 20 uL
LR, £ 40 CTRAAREZEZRZIET, A 4% RIER
Z 1 mL, WHE 30 s EMAFRRE, 32 0.22 um P8 S R IE
L I Y (B a7 [ G S
222 R ZHBCRA - B RA AT

(1) BigE

{4384 ACQITY UPLC BEH Cjg f4i%#:(150 mmx
2.1 mm, 1.7 pm); ishAH: A M 7K, B A NG BAEE TR
5% B(0~5 min), 100% B(5~5.4 min), 100% B(8.6~9 min);
P 0.3 mL/min; #Ei: 30 'C; #EFEE: 10 uL.

() kst

AU BSTE T B bk —4500 Vi %5
LR EE: 550 °C; kuill gy = £ & hy W I 2 (multiple
reaction monitoring mode, MRM), Ui RESHILE 1,

#1 FREURESH
Tablel Acquisition parameters of mass spectrometer
&Y BET T BN BEE O AOH miREmE
ZF (mlz)  (mlz) |Al/ms JEDP/V JEEP/V CE/eV

w153 109 100 -10  -10  -13
TR 53 81 100 -10  -10 15
se, 160 1S 1000 -0 -10 -1
WHR 160 8 100 -10  -10 16

223 HFRAMEL
R AR A1)
CxV x1000
- m %1000 M
K X WREFERRAE, ngke CHMARHERZE R
WEEHR P REHERKE, ng/mL; V il HERRLE
FHAATR, mL; m A AR O AR 1 BT, g

3 ZR5TH

31 ATHEEXRIESH

MR S ) 7 BB F R oy, BRSO
FEMARE . FEMARECRIL . MRES . (RIS, HIL,
ARSI (9 ANH R T T B IR TR R R TR S AR
WERE . FEMFRES AR E . AR IR S AR
AHENE . WRCE BB ARSI AR EE . EEME
G CIPNEN i

32 THAEESHh
32,1 BREFEEREREIIANG AT

Jre 15 B 3% R B A A A B R bR S ) Bl L bR
HES TAEAR B R . AR RN TR FE . PRl 42
AT A

(1) v & A T TR 2 3k R 5 A A R X AN W
Ura(C-1)

BBURH B ZPRMEMN G 1.00 mLAR)T 10 mL %
W, AR E2 8, ENEER. BB &R
0.5 mL F 10 mL &, A ERZEZE, 1E MR
TR BHL PCy R B R ARUE S (MRS : 1.2 mL/#)0.4 mL
F 10 mL 2550, HCWE A EZ208, ENFN R TR,

FrufEsh Al P ol AR A 2, AR A HAE
ftrR, BEHER. "C, BHERE T EH9 01003+
1.4) pg/mL. (25.08£0.7) pg/mL(k=2), #&ZMIH5) AT,
M4 P 5l MR AHE 51, JREHER: uwaPy)=
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Mo (Xs) _ 14 0con Be, R HE K ua(Poe () A7 U R 3 3 I 4 ok R A B M R g
2x M, 2x100.3 ’ S Uet(C-2)

eret(X) _ 0.7 000 SNSRI TR T 2 mL 2P, AR
2xMg  2x25.08 PEZFRIE T VR 0.1 mL(50 ng/mL), FHZ. Wi iiise 75 2 2%

B ES T AR R B 5 | A BRI AR5 B, MR ™
A BN FE RIS . BIMAEE A . AR JIG
646-2006 { Boimiante e AL ) POK 1IG 196-2006 ¢ 3 3L
BT ) PURLE R, S A, S5 2.
P BRI T AR 55 AR 5 A B AR AN 22 BE M

B, B REERWE N 12,5, 25, 50, 100, 200 ng/mL
FYVPRHERS I o P 2500 200 B TR 25 SR B U sh R s WA AR ™
A AR 2 FEAE R L3R 3.

FiRARGE N A2 EIWNGNY RSN i Sk

urelz(VO.OS) +6 X urelz(VO.l) + urelz(VO.Z)

u lZ(PS) + urelz(Psi) + urelz(VO 5) + C-2)= =0.451
C-1)=| "re : =0.0285,  a(C-2) 2 2 2 451
u(C-1) \]urelz(vl.o) + Upel?(Voa) + 3 X tpe12(Vig) Fure*(Vos) + ure?(Vog) + 5 X e 2(V2)
#x2 ERITERBESIANNTHEE
Table2 Uncertainty introduced by dilution of the working standard solution
ANH R AT HiH 1000 pL F%#% 1000 pL B9 #% 100 uL BB Wi#R 10 mL /(A 20)
H AT V/mL 0.5 1.0 0.4 10
2R R A S/mL +0.01 +0.01 +0.01 +0.02
R s
ANHRE BE u(V)= N /mL 0.00577 0.00577 0.00577 0.0115
W5 52 M Re/mL 0.005 0.005 0.005
EHE ) R
ATEE u(Vr)= T; /mL 0.00289 0.00289 0.00289
RS2 7/°C +5 +5 +5 +5
VEL R 3 2 LA ES g Ao 1.37x107 1.37x107 1.37x107 1.37x107
s TxV
RHEE u(Vr)= ﬁxﬁx /mL 0.00198 0.00395 0.00158 0.0395
\/uz(V )+u2(V )+u2(V )
B B B (V)= v R T 0.0135 0.00757 0.0166 0.00411
v
#x3 IERVBRESSEINNTIHEE
Table3 Uncertainty introduced by standard solution prearation
AN E 5iH 50 uL 100 pL 200 pL 1000 pL 1000 pL 2 mL 5%
ki . B BWw O BWS BWS BWES  mA%
AR V/mL 0.05 0.1 0.2 0.4 0.8 2
IR FAHEA2E S/mL £0.0015 £0.002 +0.003 +0.01 +0.01 £0.015
S
AN RE u(Vv)=$ /mL 0.000866 0.00115 0.00173 0.00577 0.00577 0.00866
W F 2 M Re/mL 1.5 1.0 1.0 0.5 0.5 -
\EE M . R
AW E JE u(VR):T; /mL 0.000433  0.000577 0.00115 0.00289 0.00289 -
RERE T/C +5 +5 +5 +5 +5 +5
R LIRABUIK R %L prC™! 1.07x107  1.07x107  1.07x10°  1.07x10°  1.07x10°  1.07x107
. TxV
AVEE u(Vr)= B ﬁx /mL 0.000154  0.000309  0.000618 0.00124 0.00247 0.00618
\/u2(V Y ul () +u>(Vr)
XA BT TE stea(V)= 4 R T 0.0196 0.0132 0.0108 0.0164 0.00864 0.00532

14
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Table4 Result of standard curves

e it O SR R bR, O RERAER IR X
12.5 50.2 1.060e+06 8.537¢+06
25.1 50.2 2.103e+06 8.805e+06
50.2 50.2 4.379¢+06 9.150e+06 Y=0.0095C+0.0053 0.9999
100.3 50.2 8.686e+06 8.805e+06
200.6 50.2 1.801e+07 9.411e+06
(3) FRiEHHEAE T A I A RE BE ra(C-3) I 100% —R| " N
DRI, IR YIRAER LBl LR PRI, = =5.056, SR ML R4, A

W (C, ng/mL)X e 8 R 5 HF RS 8 1 iy g
BB () & 57 b o iR 2R, BLA B R TR10E O AR R
Y=aC+b, a AR, b HEUE; WEmaiRLE 4, £5. W
— A PAvERE S A I 5 W, R R R A R
BE R C,=35.82 ng/mL. FRMEMZRILE T A B AT
AR BE et C-3)H:

n 2
> [Y =(aC; +b)] _
SR=\/ il ~ (@G +h)1 /0000428:0'0120)
n—2 3

—\2
sg |11 (G-G)

axCo\[P 0 N (o AV
4o Zi=1(ci _Ci)
AP Sp AFRUERN LR N TIRATIE RS, C NS bR RO
CoM ATl 28 4% 5 Tk B O SE-34918, C=77.74 ng/mL; Cy A FH
PERE S B i B PS4, Cy=35.82 ng/mL; P i FHHEAE
BIUREL, P=5; n NFRAEE I IR EL, n=5,

®5 REBERERBMNESER
Table5 Result of determination for patulin calibration solution

) (C=3)= =0.0243,

e Y e *aCitb  [Y~aCitb)? (G + C)?
1 0.124 125  0.12405 2.5¢-09 4256.26
2 0.239 251  0.24375 2.25¢-05 2770.97
3 0.479 502  0.48220  1.024e-05 758.45
4 0.978 1003  0.95815  0.000394 508.95
5 1.910 2006  1.91100 le-06 15094.58

1 *a=0.0095, b=0.053,

322 AN AR R u(rep)

TE 4 g 25 PSRRI S IR 5 % % 200.6 ng, #1475
WEEME, HEERIE 6, FH & EX=44.77 ng/ke, b
2% S,0p=1.80 pg/kg, ue(rep)= XSXMQZ
323 ERE A AR R ua(R)

WYER 6 115 T B % R=89.28%, #riff I 2%

Saec=3.60%, tei(Ry=—REC_ —0.0180. i e [l 377 58
Rx \/;

=0.0180,

H I FAE 3T, £0.05, 4)=2.776, > 1(0.05,4), 1B [Nk
15100 %A BE

#6 PHAMHMAMESR

Table6 Resultsof determination for positive samples

Jr5 Frim/g  EHFERER/(ng/k) [ET e 32 /%
1 4.01 46.59 92.90
2 4.02 4274 91.63
3 4.00 45.47 87.57
4 4.01 44.29 90.40
5 3.98 41.26 83.90

3.2.4 MERE AW R ZE ue(m)

FREEF=HE AN B R EORTIE TR . AR 4 g SR
TR, RO IE 15 B R i K AV 25 9+0.005 g, 3%
Fy ST AT, SR A TE FE ()= > —0,000722.

\/5 x4
3.2.5 RAREIE A WA RHZE u(V)

IRFREBU™ A (N0 5 i B 2R IR T 8 2 AR B ik
FEIARR,

(1) FERAETRIC, ik B 25 A8 = A AR XN B
BE w(V ) FEA BRI, bl BRI 2 OB K—IR B
TR, FRASAN 20 R 25 ROl B AR A X AR AR A A B 2
BRI 7,

H# 7 2R
trel(V 10)=ytre1? (Vs.0) + trer? (Vzs) + tirer? (V1)=0.00938 .

(2) WAHVEREE 7= A BT AN ETE wea(V ) S5
ST ) R 55T R i A R AR AR g AR Ko R XA o Al 2

1%, HH AT, R R (Y m)=%

=0.00577.
AT IO | AR X AN 5

al1)= [tra? (Vi) + et (V) =0.0110.
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Table7 Uncertainty resulting from volume of solution changes

LI LR

AN B YR el : :
5000 puL F£ i 7R 25 mL (A 4R) 1 mL (A %)
AR V/mL 5.0 25 1
SR AR SimL +0.03 £0.03 £0.01
AN AE B u(Vv)=% /mL 0.0173 0.0173 0.00577
T2 M Re/mL 0.01 - -
M
RHERE u(Vr)= Re jmp 0.00577 - -
3
REIRZE 7/°C 45 +5 £5
YELRE 3 5 HRUZIK R % prC! 1.37x10° 1.37x107 1.07x107
e TxV
AHYSEFE u(Vr)= ﬂxﬁx /mL 0.0198 0.0989 0.0309
\/uz(V YHul () +u>(Vr)
KA AT EE (V)= 4 R r 0.00538 0.00402 0.00655
1%

3.3 ABBEXNTHERE uga(X)
BT AW 2 B A LR 8

*8 BEMNTHEESELER

Table8 Summary of each relative uncertainty components

PR e s $TRAIE
T ity A R 1) 0.0285 19.57
ue(C)  ARIE RSB 0.0451 30.97
B 2 005 0.0243 16.69
Ur(Tep) ) FE 2 M 0.0180 12.36
tra(R) Bl EriEs 0.0180 12.36
) FE S PR 0.000722 4.96
(V) FESVERARTRELEL 0.0110 7.55

=0.0649,

u (X): urelz(C) + urelz(rep) + urelz(R)
el "'urel2 (m) + urelz (V)

34 T RAMEERER®R

A JIF 1135-2005¢ P25 Ml ANt 52 A )22,
MFRZHMERHAWUEHET =2 fE, toikxh e e
EEER 95%, MBEHEHERSTEMY BRAHEE U=
Ugrel (X) X X X 2=0.0649x44.77x2=581 pg/kg, k=2, ¥il%k
WRIR R X=(44.77+5.81) pg/kg(k=2).

4 %

UPLC-MS/MS 0 % S 71 o i v 25 28 S5 i A o A
MRIRRE . $REC, b, BRUESRYAlEE, AR RSB,

ACERIE, A HE LA G S M R ST AR E B . A
S AT S I R R A AR AR AL . TR AR T
T TR T 71 45 R B DR A A BBE, R BN B = R
TR B S br e th &G, HyChEEME . [l
R E A SRR, A TP AR R ARk, At PR 2
AR K,

X H A M A R AR AT GE B, TR TR BRI
BRI Z, 7 A AN E R . ARSI T F
bR, B, FEARVEVS ORGSR h g T AR, T
HOAER AN E

H T, 0 N T B AR Sk R B A o S B =
WO I — SR T B, TR R R A B A AE, X
S A I 4 2R 1 o s ) LA R

SECHE
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