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LSRN s AR . RS TR AR S . AR D3R S35 LA A S 3 X BR 2 R S AN o B T
BB .

KB KRFL; BREIR, AH0E B, SO sk

Uncertainty evaluation for the determination of furosine in sterilized milk by
high performance liquid chromatography
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ABSTRACT: Objective To evaluate the uncertainty of determination of furosine in sterilized milk by high
performance liquid chromatography. Methods According to NY/T939-2016 Identification of restored milk in
pasteurized milk and UHT sterilized milk, the content of furfurine in the sterilized milk was determined. A
mathematical model for uncertainty evaluation of determination of furosine in sterilized milk by high performance
liquid chromatography was established, the source of each uncertainty in the experiment was analyzed
comprehensively, the components of each uncertainty were quantified and synthesized, and the standard uncertainty
and extended uncertainty of the synthesis of furosine in sterilized milk were calculated. Results When the content
of furosine in sterilized milk was 151.0 mg/100 g protein, the expanded uncertainty of measurement results was
5.8 mg/100 g protein (k=2). Conclusion The uncertainties introduced by solution preparation, protein detection
endpoint judgment, chromatographic peak area integration, sample repeatability experiment, and standard addition
recovery experiment contribute a lot to the total uncertainty of furosine.
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MR 2 AR LA I B rp, SRR . B I TR L
38 2 SR R N T A R R 2 —, H2E 4L R "e-N-2-
W R - L 2R, 7 B PR R T | BB v TR R ] 2K
A 0 R () 42 0 v IR R 1) K B 403 (ultra-high  temperature) L

L ARfpid: —UCK W, AR S MR i 290 0.2,

2.2, 26, 270 mg/L"; A fEWKY 5K & 5 A RE R &
— A 20~250 mg/kg Z ], ErERMRE AR LR, Hifk 3w
47 B R A A R S ] B 0 T 2 el i v i 48 52 B A TR g 5
FEASTE], R A 2 FR A S W S 0 B i T it fE 45 1 — 1
AR bR M2 B OGS R, A
T AR A A A AT L

LA SEE A 28 R NY/T 939-2016 § LR A BT
UHT K7L A & LA % ) Bl sz ) e S0RAR 75
KA PR RN & &, AJrERLRy 1.0 mg/100 g
EAG, WM, BN O sk AL R, B
A CEL T o5 i vk T Ah L L R T S A D KA R AG
WIFE R o R ORIESEIS A HERR M, A R X Aor T 5 #3017
Tt il, AHEGT XS g i R A AR B IR T T
ST, TR T A A AEXT AN A2 B X S AN R B S,
Sy v S 45 SR A A P R S N B ARG I A S B T R
WA

1 MR5RE

1.1 iR

UHT K FL(A R R R R I A RA A, H (G
Tl 8 Meker A Hl); MRERFR (1 HT4l, KR RILEIR
FIHRRAF); RS, KRS R 204
MRS W), CMRE (G2, I8 Sigma A w]); AR
C1,H,,04- XHCI(CAS:19746-33-9, Bk&liEE Z %% 69.6%, &=
Iris Biotech GmbH A #)); WHiR(Hr4l, etk TAIR
AN FEEAREN . BIRR . BRI ERSR (bl EZ
EEHRA A, PLKE RBMEAR O EZRAF); FRn
HE E V(0.1 mol/L, M- AT BE)
1.2 UEEFMEE

UPLC-Class #8 B 50B A il (A LAMEII#E, 25
[ Waters 2\ #)); DHG-9243BS-II T 448 ( b1 397 1 BT o8
W AT B2 F]); ME204E KAF-(J&at 4 0.01 mg, 1 mg, iy
AT R 220 F); Kjeltee 8100 LG E AN 22 /a8 T
NN
1.3 LWHE
1.3.1 Hena

B2 mL @3k, BT REIEAE S, 6 mL 10.6 mol/L

HIER TR R (Eh R 7k =88:12, V), HaiRA), BT 110 °CT
PRAATROKME 12 ~23 h, GRS, TR TR, ¥
1, WBERA, Fug4GLuE, FH.

1.3.2 AFEERH &

BEZ BRAR UERE VAR (500 mg/L): KRt ad e i %
KRS IE B R HE A0 IR 2l B 2R 8 (NetPeptide Content)#iE )5,
FH 3 mol/L R R 7 W IC il A M it 45 VS TR

TR A ER AR UE A IE B _E AR RRAEE R ECN 69.1%,
DIFREL 7.24 mg MREZRFR R, F 3 mol/L Eh R va s i
FEZASE 10 mL, FRIERE R IRITHEE S 500.0 mg/L.

BEE R AR UE TAEWE(2.0 mg/L): BL 0.1 mL FRIERERTE
W, 13 mol/L FhEAVE T A % 25 mL, Al 2.0 mg/L AYHHE
bR TR
133 &iht

6 3% 41 :Waters ACQUITY UPLC HSS T3(2.1 mmx
100 mm, 1.8 pm); Jiid: 0.3 mL/min; M 280 nm;
FEIR: 35 °C; HEFERL: 5.0 uL; FBIHA: 6 g/L LR 0.1%
SRR AT A, FECNRSIM B, 4idkohiE
A Co KDIITF AT SEAGL I 15 min, I A U
0.3 mL/min {3 O €354 15 min J5 FFIREERE . YEIBE A%
PR WshAl A, SEREVEMG . R 5E S FAAK bk g A,
e FH AR AT A D
1.3.4 HRBRASEMNZ
1.3.4.1 A

B2 mL 7K fRE, % GB 5009.5—2016 ik 4 E %
PR £ 5 P AR RIS ) OB T A R R A
1.3.4.2 MR

TE 10 mL L@ PINA 5 mL ZRREER(6 g/L), B
| mL /KB IMAGRST, 18 0.22 um AAEIERSSS, b LRI,

2 HER5H5H

21 PRAEEHRFERBWEL

MR & 2 LUR R A 5 F T, BUA L, mg/100 g 25 (H 5
FoN:

F=CxD/Mx100
A FEEA A 100 g 25 1T Pk (iR 1Y 3 &=, mg/100 g;
C-HE K B PR R BR W B, mg/L; D-10 52 R B A 4
(D=6); M-F£ SRR R H B LB, o/Ls
MR & FT=F-0.7t
AP 0.7 % IR PR AEETE 1 d PR R S B, R
R AEFE RS, do
M=(V,-Vg)xcx0.014xkx100/m

o VBRI RERR AT, mL; Vo-ZS Y FERR AR, mL; c-
FRUERRIA MR (M EE, mol/L; m-FEWIFRE R E, g5 0.0140-%
R R EE JR G kg/mol; k-0 BUHL 2R 11 A0 R 8
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2.2 WM EEE KRS

R A G 0 Ao R R0 B 2 AR R A A, AN Rk
B FE AL B (R R RE ORI . KRR . KRR
Eﬂ%m o VA YT T A L v RO A R S i %

GE R T, A VEAR AR S R AT DL A
REZWHR A, HNITTS %R A EE %"
H/J/\ E=A [7]

h WA A 2 % S I8 2L R R AT RE B ARG 45 SR A 1 22 R
TSI, A o R T o R (1), aE
ANHGREBE, T T ST € 1A T AR K B L A A
T S5 ) &5 SR A M 0 R R, DAGE AR A I A A R
DI,

23 EBETHEESENITE
23.1 HaAHR

REF BB AEH A 1 mL MBRISEEH 2 )k
1 mL WiRE AT SRS . I FR A E T wea(V))
B 1 mL Bt o2z . WA, BBUATE St A
MR EE MR ZE T, AFEE,

1 mL BWAs 25 5 .25 9+0.006 mL(J Ryt i
), F I A % R (K=V3),

0.006

2.1x1074 °C=4.2x10"* mL, PIEES)5340 % 1 (K=V3),
B AT 5 BE R - uz(Vl)—“XlO
HH X AR HE S B0 RE BE N ugpa(V) = Upe (V1) = 2222
_0.0002425 mLfO 02425%

1mL

T A AT E TEPFRE, Ffdh 2 RIS LA RIS A

WA
v [EEY

J1(0.3464%)2 + (0.02425%)%] X 2 =0.4911%.
232 HenKig

REF MK MEEM 10 mL BHEHE 6 mL
10.6 moL/L &b iR 5 W 47 /K A, b3k 2 1 AN i
ue(V2)H 10 mL BIRE M R IEAS . BIUATRAEZ)
HEUFAENEEEHEIRED, AHTEE.

HIE 1IG 196—2006 (¥ B8R feAh e #LAE ) 110
mL B A 22 N+0.1 mL, FRIRIES) A% [E(K=V3),

BRI LA 0y (V2)="5=0.05774 mL;

AR S S (V)= i) - 05T
=0.5774%.

IREERT 10 mL B AS TR A

=0.0002425 mL;

uz V1)

KRR 5 | AN 5 BE 4

PRUEABHAE L 1 (V1)==5-=0.003464 mL; TRITE, I TRRBERARRZRBCY 2.1x107 °C, 2R
HERE B 0 5 1 uml(m—”l(”” e BNERD o JHERERAL D B e
—03464%. 2.1x10*°C=4.2x10" mL, KL% 1E(K=V3),
WEEXS | mL B AR IS A B R i, PRI N V)= E0.002425
TR, PRI R Ry 2110 °C, 5% HIXT 6 2R 7 1 uzrcl(mf"z(v” T
W8 (25+2) °C, AR FAE ALy 1 mLx2 °Cx =0.02425%
FE K R TR e SRt
AR i
—_— FEBARE i AR
——— ——
RN O I
Mol e A e - BRHET BV R B
'\ =
FRAESAUE (AREOEIE S // ,/f

bR R BdE b
e

AR
B e

I AL

P AN JE R R

Fig.1 Sources of uncertainty
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He A SRR, B KB A ORI
I

_(m@)? | (w0)\?_ | 0.5774%% _
urel(Vz)—\/( )+ (2 )—\/+0_02425%2—0.5779%0

233 MEERGHEE

IKFREBAEG, BC1 mL M/KFR B S 6 mL, M AEAY
AESE ur(V3)H 5 mL BIRE A 1 mL B f2.22 |
TR . B IR FRAR Sl A 6 75 00k 7 5 MR i 22

AFLPERE o

5 mL BAE AT .25 8+0.05 mL, IS HA%
B (K=V3),

FRUEAS T 2 ul(V3)=0'03§mL=0.02887 mL;

R B M0 2 T (V)220 - 202007
0.5774%.

IRBEXT 5 mL B B IR R 52 5 | A AN 2 B 38T
A5, T KMEKIAR RZE R 2.1x10* °C, SLRIREE
H1(20+2) °C, FEAEMARFIASE N 5 mLx2 °C x2.1x107* °C
=2.1x107° mL, KI5 % E(K=V3),

BRAIEASHE FE (V)22 0,001212 mL;

AR XA S T (V)= u (V) _ 0.001212 mL

V3 5 mL
=0.02424%,

1 mL (R BAR AN BETR] 3.3.1, u(V4)=0.3472%, W]
LB

R A RAHIE FEVEE, ARSI RE S L AR AR XS
AHREE

Urel(V3+ V4)=\/ (%:3))2 + (%:3))2 + (urel(V4))2

=V0.5774%2 + 0.02424%2 + 0.3472%2

=0.6742%.
2.3.4 HEEREGHRN

B2 mL /K@, i GB 5009.5 77 0 5 2 A B A
it IR AN E BE R (ORE S PR B E T g (m) o
Q)i E WA BS R AT E E (V)3 PRAET E 15
VROV P T 5 | RS N A B wtea(P) o
23.4.1  FEMFRE B HERGBE

MEER I 2 mL EHAE, A2 — K FRRE
BWEE MR, TRRE 2 K, 5 ambs., REr
ARk AR I R R MR 22 T, R . R
SR ETEAS 45 R R ARVFIR 22 0+0.0015 g, FERRER X
[i] P4 BRI 5] oy A, B K=V3,

U LR YA B A () =22=0.000866 1 g;

V3
P BRI A% 0 A0 XA 5 58 R 0 wr(m)=

\/(%)2 x 2:\/(%:6@)2 x 2=0.06124%.,

2.3.4.2 TSR IHFEMRL S R R0 E

BT VoEEET 0, PEEM u(Vo)kt u(VsyMRZ, A4
W u(Vo) RO w(Vs) T8 i AR LA A ()i 2 5
RFRG LA AN 5 BE A3k (2) T B X A A PR RR B 52
(3)2& A5 W I 5 R PR B VEE A R i R R 22 B
EAEMEEE W RET, AHEE,

10 mL Jif5E A5 222 7920.025 mL, $ZIRIY 515341
#IB(K=V3),

FRIEAH E R - ul(V5)=0'°f/5§mL—0.01443 mL;

AH X AR N B2 N wa(Vs)=
=0.1443%.

TEEXT 10 mL 7@ B R SE 0 5 1A B A 2
u,(Vs)Fi T2, T KRR R RECH 2.1x10* °C,
SCBS R BE O (20£2) °C, FEA MRS {10 mL
x2 °Cx2.1x107* °C=4.2x10" mL, P55 5315 % &
(K=V/3),

BREATIAE FE (V)220 —0.002425 mL;

AU S B0 5T o (V)= 2= RCRER
=0.02425%.,

25 W7 T 51 S A S A R U, T A AR
Z0+0.05 mL(1 T AFR), MR e B 5 43 fi (K=1),
FRUEANH 7 BE K- us(V5)=0.05 mL/1=0.05 mL;

HHXHBRHE RSB FE N (V)= =20 t=0.5%
2.3.4.3  BRET E VA R T B R B AN A

B 52 T VRUE B 9 TR AN E B 0.3%, BUZS
R F k=20 00 A o 35k S T | R X AR A R
tret(P)=o=0.15%;

IR A A BEVERE, AL ER FRI S A A A X
A RE R

) (A2)" ¢ (2202

+(292)° 4 (e ()

:\/ 0.06124%2 + 0.1443%2 +
0.02425%2 + 0.5%2 + 0.15%?2
235 HRABAT IR LS

e S TR s 1 A VT O 2ol R AR IO TR o 0 R 4
%2 13.74 mg T 10 mL &%), I 3 mol/L $hBRv s g it
FEAY, Bl R G AR E B FE LT LA 516

(DOFRIESRUETARR A LEE P=(98.4+0.6)%, HUZs ik [Fl
T K=2, WPHESRRAR ) 40 5 | AR b v AN o
N thra(py==5=0.3%.

QFRUER BT FR & 5 | AR AN 5 JiE

OFFH KPR SIS LA B R R ATFIREN
+0.01 mg, 7EFR R X 5] 4% B E 50 43 413, B K=/3, T JLAR

u;(V5) _ 0.01443 mL
Vs 10 mL

urel(

=0.5456%,
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KBS AR E R Y A E BV 573

HEARHA A E ) a0 (m)="2=5.7737%10 * g

QRN sh5 R AT B, $5 IR P2z 44 Hh
AN BE RO VEAL 8 B ) B S GO AE J32 10 WA U5 VB ()
T s BRI TR, B 0.5 RIS — 0 A T .
St FF 42— R, d=0.01 mg, FFLIFR S M0 A
FE FE RN AR FERE ug(m)=d/2=0.005 mg=5% 10° g,

L AR o A R B 5N 1 e R
V(5.7737 x 1076)2 + (5 x 1076)2=7.6378x 10°° g;

A R B () 2D — ZOTOXIOT
0.05559%.

Q)bRUEGtE 50T 255 A AR XA 2

OFBMALZLSAMAREATEE, BIE 1IG 196—
2006 F ABIEE AT MRS HE 10 mL FEAE
22M+0.02 mL, Zi REFEARGHE . T NG
B, FE 5 A B K=V3,

WU VAN B0 5 usl(V1)=0'05§mL=O.01155 mL;

AH X BR HEAS B B B uga(V)=
0.1155%.

QEEXT 10 mL 75 BRARF AR m 5 A B0 B
R, B TKEIKAR RZEON 2.0x10%C, LK
W8 h2ox2) °C, AKX HZ A 10 mL
x2 °Cx2.1x107" °C=4.2x10" mL, [K #4531 % &
(K=V3).

uy(m)=

us; (V) 0.01155mL
v, 10 mL

U A B usz(V1)=w\/;mL=0.002425 mL;
A B AR B0 2 JE 2 ()= =0
f mL
=0.02425%.

Pl A BRI E BT AE, priEdh

5| BRI X AN 52 B A
Ugel(V1)=V0.1155%2 + 0.02425%2=0.1180%.

(DFRUE TAEREL KIS AR o B

SRR U AR B R s B TBORSE S R A v i
W 50 pL T 10 mL 5=, 3 mol/L FhRIFRE R E
ZI . HAHER KA T 50 oL A 10 mL A5
10 mL %5 & E 25 51 A B KR 8 € BE AT LB 3% 51
3.6.5(3)utgrel(V3)=0.1180%, 50 puL FE UG #eAHE B A T4
WA R BHUABUE S EL

50 pL BB R ZE DI AMIARHEATRE B, HA R s
H+0.5 pL() FIER AL UL B), Hed 5] oA % IR K=V/3,

BRIEAH 5 1 usl(V2)=——°'003§ Ml ).00002887 mL;

R PR HE AT R JE (V)= "e2) - 20000007 L
0.5774%.,

TEEXT 50 L BV AR B A R 5 AR 2 R T
SE, HT KRR RECN 2.1x10* °C, SLHHEE

ERZE10mLARR

HO(20£2) °C, = A M K AR fk A 0.05 mL
x2 °Cx2.1x107™* °C=2.1x10" mL, AR5 510 % &
(K=V3),

BRAIEASTSE FE 0 (Vo) et 212 107 mL;

HIRTRRIERAE L wgpa(V2)= 2202221200 L
0.02425%.,

50 WL BB A B B MR 22 0,15 pL() R ALl B
B, HIHI A4 % e (K=V3),

PR S 1 usg(Vz):%:O.oooosw mL;

RO B TR 2 T (V)= M) = Do
=0.1732%.

IR A BAHE TS, FRuE AR RS A AH
PORZN =ik

0.5774%2 + 0.02425%?

tsrer(Vz- V3):\/ 10.1732062+0.1180%2 -0147%¢
R R VA TR 3 R AR X AN 2 A
(rer ()" + (urer () +
(trer (V)Y + (e (Vo +15))
=v0.3%2 + 0.05559%2+0.1180%2 + 0.6147%?2
=0.6963%.
23.6 AHECERMELEN T
FH A R AR A £ 3 SO A2 5 T B AN B8 28 132 F A 0
T TR BB A3 5 AR A 18 L 00 e ot B2 ek R
WIS E ] A PSR E B 3 a4
()RR 4S5 158 B 45 AR A AN — et R 4 BT, (e
WA TR R AR A Ab PR RCIR 22 0.2%~1%"), $edy 51 7041 % &
OO 2 RO T AR BTN A2 42 () =2=0.005774;
LM AR ME RS B N ua(4)= V2 x0.005774
=0.8164%.
QR SR E M 5 | A AN E
PSR MR S A AT E L 1,

Z"rc]( =

*1 HRESHREERmg100g EBR)
Table 1 Results of sample repeatability test

WERE 1 2 3 4 5 6 7 8

s 153.2 149.8 150.7 147.3 155.6 154.5 1459 150.8
=

Py 151.0
wi
T A 22 137
%S\
D5 b B 52 1 5 | AR R B AT 2 0
S, _ 337

urcl(Rl):W1 n 151'0\/5:0.7892%0
)P [T AR 5] AR AT 2 B
FE SR B ET AL B AR SRR AR . AL uE L ISR IR,
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ANHRE B XELAPEE, R AR (D SE 50 3 E o A7 i
X —FEahEAT 8 YO S A PR IAR [ SE 5, 255 L
%20

AHS 95% B AR, n—1 A o1 BEF A9 BUIG FHE ferie
this, HEE=n-1=7, & ¢ ARG 1.:=1.895, >ty
B w, 5 1A B RS, PRI S S RS R

.
7 SLIR &L RSN
Fo MEEATHER R e A HOARRE AR
Table 2 Results of spike recovery experiment 0007036
rel(R2)=— =0.7606%;
WEKE 1 2 3 4 5 6 7 8 trel(RoV =g 52 °

e SCHRURH I A F RS R AN 7 B -

E]liﬁl?r: 90.8 924 942 933 91.5 90.6 94.8 89.6 2 2 2
% urel(HPLP): (urel(A)) +(urel(R1)) +(ure1(R2))

A [ i 2 925 =v0.8164%2+0.7892%2+0.7606%2=1.3668%.,
WZ/% . S — A =~

. 24 ERAREERNTE

PR 2= 1.99 - o —
S5/% ' AN AN R B A w3 3 i o

AR AR EAT E BE (93153

PRt 55 | AR RSB . - ;
(urel(Vl)) + (urel(VZ)) + (urel(V3+V4))

S, 00199 B
u(Rz)f\/Z 7 0.007036, ul(F)= , i )
FH e K g A o P BICR R A5 5 1.0 A 22 5 (e (M) + (wrer(9)) "+ (urer (hplp))
WG ¢ R Sk, =\/0.4911%2 +0.5779%2+0.6742%2 + 0.5456%2
11-0925| 1-0.925 _ +0.6963%2+41.3668%?
" u(®,) 0007036 10.66. =1.9205%.

®3 HENTIHEESE—REE

Table 3 List of relative uncertainty components

AT R R bR ﬁggg R
e ‘ 1 mL izmﬁﬁﬁﬁﬁé w (V1) 0.003464 0.3464% 0.4911%
TS 1 mL RS AR (AR 52 i) (V1) 0.0002425 0.02425%
oV RE S AR ‘ 10 mL @?ﬁ%@ﬁﬁ% w(Va) 0.05774 0.5774% 0.5779%
TRREXT 10 mL B 8 AR 52 (V) 0.002425 0.02425%
5 mL BRE A ui(V3) 0.02887 0.05774%
weaV. VoK TR IRIEXT 5 mL %i&%%%ﬂﬂ?%uﬁ uy(Vs) 0.001212 0.02424% 0.6742%
| mL B4 i Ao 22 (V) 0.003464 0.3464 %
WX 1 mL ARSI F 5 0 us(Vs) 0.0002425 0.02425%
FE R B AR AN B u(m) 0.0008661 0.06124%
T E B ARFRE |ABIAH B4y w,(Vs) 0.01443 0.1443%
uret (MYFE it VA YRR 1R L e i A VAR R uy(Vs) 0.002425 0.02425% 0.5456%
L& NI R bR HE AR 2 B us(Vs) 0.05 0.5%
T Y Y0 A VA VROV FE B A AN o u(p) 0.3% 0.15%
Fr U b E AR s (4 4l B us(p) 0.6% 0.3%
BRI IR 5 A B A B usi(m) 3773710 C 0.05559%
usy(m) 5x10°°
R 6 2 AR Bl 1 usi() 00135 o 01133
el(S) MR W WL ZEE; 000223‘2‘:; ; 00'?527472; // 0.6963%
usy(V2) 1.212x10°° 0.02425%
Pt AR 5 LA AN 2 B uss(V2) 0.00008661 0.1732%
usi(V3) 0.01155 0.1155%
usx(V3) 0.002425 0.02425%
0 e A TR ARG 5 | A B2 u(A) 0.005774 0.8164%
Uzl (HPLP) 5 S50 VBRAH 83 0 5 RS MR T A AN E u(Ry) 0.0337 0.7892% 1.3668%
TR ISR 5 A AN E B u(Ry) 0.007036 0.7606%
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FUEDT, G RBGRO GRS E IR FL PR R 1 AN E S P 575

25 HEYRAHEE

WEFAKT P=95%, WEEF =2, MM RA
WiE Uskxug(F)=2x1.9205%=3.84%, W3 &AW E N
151.0 mg/100 g & 9 ffix3.84%=5.8 mg/100 g & [ .

2.6 ZHERFTR

TAH €8, 3% vk 0 s K T L TP oBR R I e 45 R
Y=(151.0+5.8) mg/100 g & 1%, (k=2).
2.7 REIAFPHRIERAHEE T

3 3 e YRR L 3 3 I A L 1 R N E
Hr(E& 3)FTH, LS KB we(V2)10 mL B 45 &
P ttyers(Vs) B TR I 2 5 T AR AEVRVRC 1] sers1(V2)50
L B AR AL . wa()EIEEETE R | wa(R)FE
MRS . wa(R)INER EIBSCRIRIR 5 | ASH R Xt
B R SN B DT R -

3 4 i

ARSI 5 SR P v 2R (30 ) 2K T L v R
770 AR AN 5 B 14 32 SR PSR 7 45 2R A T E,
S LI AT E S5 R AT, AT ik AN E R
UGN S /8 vkl bu e Sk o SN D R I - = DR a2 S
SHVE . PR ERRIECH] . g AR L R
W AR R, O T PR IEI R A R B R, fEAS
5 i P R REAR AR AN, R R R, RS P
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