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Uncertainty evaluation for the determination of aflatoxin B, in sesame sauce
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ABSTRACT: Objective To evaluate and compare the difference of uncertainty of determination of aflatoxin B, in
sesame sauce by 2 kinds of high performance liquid chromatograph. Methods The content of aflatoxin B; in
sesame sauce was determined by Agilent 1260 and Thermo U3000 high performance liquid chromatography, and the
mathematical model of uncertainty analysis was used to analyze and quantify the sources of measurement
uncertainty. Results The results (Agilent 1260, Thermo U3000) showed when the determination results of aflatoxin
B; were 6.1236 ug/kg and 6.0230 pg/kg, the extended uncertainties were 0.42706 ug/kg, 0.31115 pg/kg, and £=2.
Conclusion The uncertainty introduced by the preparation of standard solution, the calculation of sample
concentration by the least square method fitting standard curve and the determination of recovery has great influence
on the results. Under this experimental condition, the relative uncertainty introduced by the Agilent 1260
measurement is greater than that introduced by the Thermo U3000 measurement, which is more stable and more
accurate.
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1 5

ZIRBEE SRR, ER M AR m Y R
R KR ERCMIBIE RS, RILRA S ZHERES
e, U HAT SR B0 VE 00 8 i A 2 DY, v R AR
68 15 o I TLAE AT A B 2 b 45 T IR R 24 it i
PSR E T # i % £ B (aflatoxin By, AFTB,) B MRS 4%
wE L B E 2R b BR B O < 5.0 pgkg . GB
5009.22-2016 { £ fb &4 FE R hnifl i h B IR B %
MG HEMINE ) T RUE & 5 B ET AFTB, IR 154 5
FRUOL P OB AR R T B I, BRI AR A T
WA, SR TP E, AR b= AT A AT
FATATAT A RH, . PedE, Al R HAa v R R
AFTB, Zil AN BRI TR Ak, L o, 1
T RAEREN I BRI 1 T P S S R v
b, BALFRAS R 2, XA 4t SR it pi A S i IR 2 s 22 1),
Je el G 2 BB AT B E | Rl ER ARV AR
BIIERE, BRTHALL S A S AFTB, BANHG 2 B PEAG 1R
Z, [ALEZIREE T AFTB, ARSI 7 A o B VAL A
A R R A g R AR A 22 5, I E
N Z B RAH R 2 % AFTB, I E A E
EWMERINEL,

AR5 2 RS A ST S hR RO, 43 51R 2 A
) ) R0 e SO T AR A I 2, 3 ok A ST B AR,
X2 R AFTB, & & AT BRI e, 2 s
B 2 AR A5 DL BT LRSI 415 (v 3, LA
R AN i o 5 SR 1) o A R S

2 MRS

2.1 RIS

ZRREG: VLTI A 2 W B R W B G RE A

AFTB; AREA(2.0 pg/mL, NSRRI
MY, 0. WEL(EIEH, EE Fisher Aw]); LR K
(Milli-Q Integral 5 B LA 5 —HoK); BER 5. &
TR . BEIR A 4N . EALsN . nhiR-20(40 b al, [ 24 A Ak
A BRA A

MR Eh 2% 1A W (phosphate buffered saline, PBS)fit #l:
FRUL 8.00 g & fba . 1.20 g BEMRE 4. 0.20 g WML 4
B 0.20 g SEST, FH 900 mL /K¥AEME, FHELERIR Y pH &
7.4%0.1, fZK#REZ 1000 mL,
22 NEEERE

Agilent 1260 755 850 AH 035 A (BL AT 2 6 K I 2%
fluorescence detector, FLD, % [H 4 FE/S B+ A R #));
Thermo U3000 FY @3 A (415X (A FLD, 3¢ EFRERK
HRBHEA BRA W) KRC-TIRDG AL 24437 A 5 (75 15 3 B 76

A T AR PR WD ); ME204E Y 704 RS- G M 40
R 2B H A R FD; KQ-700VDB T8 A i v we (2 1L
Hi MR B8 BR A 7] ); HC-3018R #1758 R 55 LA L
PR PR AR A R FD); Milli-Q Integral 5 B4k
BLEE IR EA R A ), SRR A= 300 ng, #
¥ 3 mL, fEEFERA ).

23 LWHE

2.3.1 ARBIRIREH

WERIL L AFTB, ARHEIR TR 0.800 mL, FH ZJi Bt
JEZY R 1000 mL ZF iR, R AT, BC B N
160 ng/mL FIFRHERS 5

A 1 mL BAARZ IR A MERR S EL 1.00 mL F5 IEfE £
% 20.00 mL T, HZNEMBIEES, Bl sk
8.0 ng/mL AR EH HI A -

43 0.5 mL 43 B RS HERR AL 0.50 mL AnifE
BV T 5.00 mL 2550, 20300 1, 20 3. 5 mL s
RN R EEMAE I 1.0, 2.0, 3.0, 5.0 mL ARvEFR AR T
5.00 mL AEHAF, 5 mL 20 8RR S HEHBE 4.0 mL
PRUEF AT 5.00 mL &, HOBmRFERE
Z0)%, Bl 0.80, 1.6, 3.2, 4.8, 6.4, 8.0 ng/mL FRUER
G
232 HsEraE

PRI S g il RECKS B 2 0.01 g) T 50 mL &5.045 9, A
20 mL ZIEHEW, REEIRAT, BT I PR 20 min, 7E
6000 r/min T &5.0> 10 min, B BB M.

Feik: WERAZEL 4 mL bR B3EW, A 23 mL 1%0t
i%-20 /Y PBS, EA5), #5 M. B2 MA#E#T 50.0 mL
PERETEGT R b, PR R, SRR L 3 mL/min )3
FERGGE T MREUR SIS, AR AA 2x10 mL
K, DIFAE WM s E A . fiKisER, HESE
T SEMAE, BB EAs R, R THRRCE 10 mL Z1
R, BUT 50 mL S #R 11, 2x1 mL BRI R AT,
FEHlAE 3 mL/min YRR T, FHEZS MR, Ik
LTV EIRE . £ 50 °CFHASZEZE N
WREIET, FAWIRSIHEZR S 2.0 mL, IWHE 30 s F#
BREAY, 0.22 pm A HLRIEMES U8, WA IR T HERR P L
R

25 PSS AFREURAE, i iR kil (525,
233 PELH

WA 5 WORE T AN A ] — AR i i, i Ak 4
—2, BT

4, 7% 41 &1 Diamonsil Plus C;4(250 mmx4.6 mm,
5um, Jbatil R DRHE A BRA F); HEE: 40 °C; A HE:
1.0 mL/min; &3+ #& 360 nm & 4 440 nm; 3
AH: R 2 K=30:15:55(V:V:V); #HFER: 20 pL, 4
JFE VR
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24 HERBBENEHERITE
FAMRFREMZaT T2 AFTB, &, THEA
_ pxVyx¥5x1000
V,xmx1000
AP X-iRFE R AFTB, &8, ng/ke;
V-1 PR ORI, mL;
Vo FH T G2 5 AR i AL I BOR AR, mL;
V-5 b I 0 e 2 8 25 IR, mL;
Pp-FEVR 200 A8 FEbR HE M 26 P i 545V ¥, ng/mL;
m-IAAE IR, ¢
1000-# 55 25 .

3 LRSS

3.0 THEERKRESH

WM E AFTB, FIBCFBOR, M A ol B A
FESR U T A () BRAEORIE 5 A RO ARH (bRt
TAEMMZR LA 3 AR BE; (3)RE SRR LS LA B Ao
SR (RS ER S AMRHIERE: (5))7ik FRm &3]
AT 5 BE  (6)RE ol T AL P 72 5 A AS A 2
3.2 FRERRECHISINNAHEE
3.2.1 ARV NG R T

WL AFTB, b o 4 JF0IE 45 b 25 i o 395 W0 vk
(2.0 pg/mL)AYBRUEAHE ER+0.015 pg/mL, K HFEAH
*Hxiﬁﬁﬁﬁﬂimﬁﬁiﬁiﬂq:Lﬁd:9§%;:4100750
302 AR A TR B 3] A ) R R

AR o T A e R O S W 2 R R
3 2R RS 5 ) A BOBR A B B, T B L
51 A B P AR 2 b G 0 152 2 T B A A 2 1 192
AU, TR

3221 BWRETIARATHEE
20 °CI 1 mL 73 B W &8 1 AR 25 8+0.008 mL,
R, EIARHE A B g, == =0.004619 mL.
15 1 52 8 25 UL BE 7 (2042) °CIE B N A8 3, W) 2 )5 1
RBUE I R ECH 1.37x107, #8515 45, TR 54k 5]
ABIRBEREN: gy, 1):71‘37”0'3*“2:0.001582 mL. Hi I

V3
R, BWE S AN S A E E R

= [y2 2 = A B A a2
T /u(&,) + e =0.004882 mL, AR E A E

H: u,emg=“Vif=0.oo48820
3222 FEMBIAMAHE R

4G JIG 196-2006 (BB K0 MR ) B,
10 mL A (AR 5 AR 22 0+0.02 mL, FEHITEATR,
SR ARBIE LA wy =5 =0.01155 mL,

[ SO~ S -1 N/ N {7 N < - S

_137x1073x10x2
U(i’.ﬂ@f 2)7770.01582 mL,

mooe oAl S, A R S A B A B E R

Uy = szo.oww mL, & AT A AR
N U1
N e =5~ =0.001959 .

Zi b, FiHl 10 mL ARHER RTINS | AR A AR AT 2
EE I — 2 2 _ 2 >
BE N wa(Vio= JM(relﬁ)w(rel’#ﬁ)7\/0.004882 +0.001959

=0.005260.
323 MBI TARRIR TN T R

T AR ARV W AN B R R RS . A
RERBIA, HAAFER 222, &8 BAHNFREARTE
WEELE R 1, B AFTBI bR TARR WS AR FIXT &
AT EFE A 1,0(71)=0.01980,

*1 FSEAEMRETHEETESER

Table 1 Relative standard uncertainty of each volumetric glassware

BB 25 2551 Kk FREAHEE /ML AR /mL T AHRT AR AN 2

1 mL BABRLR I HEAE +0.007 mL 0.004041 1.0 1
N 0.004340
R 8 +2 °C 0.001582

2 mL BAFRZE I S KERE +0.010 mL 0.005774 2.0 1 0.003292
R B +2 °C 0.003164 ’

3 mL FRARLE IR A R +0.015 mL 0.008660 3.0 1
N 0.003292
TR U +2 °C 0.004746

5 mL FRARZE IR A Kk +0.015 mL 0.008660 5.0 1
N 0.002346
R 5 +2 °C 0.007910

0.5 mL 7 W 48 KR +0.005 mL 0.002887 0.50 1
T o 0.01684
R 8 +2 °C 0.0007910

5 mL 43 FE R A4 KEE +0.025 mL 0.01443 4.0 1 0.00393

R B +2 °C 0.006328 '

5 mL FARE A B HEAE +0.020 mL 0.01155 5.0 6
N 0.002800
T U 3 +2 °C 0.007910
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3.2.4 ARBIERIING T
HT U ERZLEAME, FHILH AFTB, AR MER RIS
o5l A MO X AR AN o E R

urel(std)z\/ urelﬁzﬂlmi (V1) e (71)?=0.02182,
3.3 Hm/IFEENATRERZITEERKESIA
BT E B

FHT 6 MKV AFTB bRUE R, B4 millE 13K,
PR AR SR BE A TR E R UG, ARTERR LA ST AR
Ay BEFE UL AR

2
Sa= |53 [4-(atbe) ]

=X
u-RERT A5 5 I A AN E 2
Sa-H5 HE 2R bR E 2
P-FE VA IR R YRR
n-FRIE IR I R SR E
b-FE k£ i ARk 5
a-FEHE I 2R A
- Fh R VE R 2R SRAS AR S A M R BB, ng/mL;
C- AR RV P BB (- 2448, ng/mL;

ci- FIBR M T AR 0 4207 ARG HH 1 s o 8 Y8 v e 1
EMH, ng/mL,

3 Agilent1260 AU AR5 {1 Thermo U3000
TRUBORR A I 2 b v 2R, A v ZR A5 5 A B AT
EEARINE 2. %3,

Pt, AR E C SIAMAX R E B w(C)
bk

Agilent1260 7! u,el(c1)=% =1.579%
1

Thermo U3000 BY: u,y(C2)= % =1.041%
2

34 HEMESIANNTHEE

WA AL % TP UE A, ERPEFRRTLEN 0
Sm<50 g M, NEHBREE H+0.0005 g, SLERFRBEES 5.0 g,
W A, k=3, WARE 5] A B A A2 B R
(m)=0.005774%
35 HRRERRERSIANTHEE

AR FRBUS S5 A 20 mL Z i #EATIREL, FHL
4 mL FIE@ETEAL, AR TG AR RIEE RS
2.0 mL, SEREIRELEQ0+2) cCzialgh, 5 3.1.2 [AH,
R 4, SIARAEXTARAEAIAE B R 1,0(7)=0.005442,

2 Agilent1260 B EHE & ESURERIRNESE R
Table 2 Determination results of standard solutions by Agilent1260

JE e B /(ng/mL) 0.8 1.6 4.8 6.4 8.0
Ai/(LU*s) 0.117724 0.247891 0.477799 0.678226 0.916173 1.14823
R IEET Y=0.142220X+0.00842606(+*=0.99972)
5,=0.01163 b=0.14222 P=6 ¢=3.1096 1=0.04910

# 3 Thermo U3000 BiRER RN EL R
Table 3 Determination results of standard solutions by Thermo U3000

SR M /(ng/mL) 0.8 1.6 32 4.8 6.4 8.0
Ai/(LU*s) 660.807 1437.5900 2853.2104 4273.1659 5636.529 6990.0210
bR h £k Y=877.0225X+16.8607(r*=0.9997)

Sx=46.3463 b=877.02225 P=6 n=6 ¢=3.0585 1,=0.03185

*4 HRERT

FESINBE X T E E

Table 4 Relative uncertainty introduced by the sample volume adjustment process

B R H A5 551 KR FRUEART E FE /mL ZH/mL T AR AN 5
2 mL FARLR IR R Kk +0.010 mL 0.005774 2.0 1
i 0.003292
T EE I 5 +2 °C 0.003164
5 mL 40 5t Kk +0.025 mL 0.01443 4.0 1
o 0.00394
T RE U 5 +2 °C 0.006328
20 mL HUBRZE R A Kk +0.030 mL 0.01732 20.0 1
o 0.001804
T EE Uk 5 +2 °C 0.03164
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3.6 HmMESMNESIANNTHERE

o 3 R R B ATLAE 5 B AN R R T L3 g
o i B0 A E R T 3R, TER AR B RS RE A AS 6 1,
R B IR ST AL B FPA T E, U el AR AL R ARSI A

AR A B 6 00 F s B 22 S(o)= /2' Lo

DNV HEAN B 72 urel(x)_ T 100%, 4RI 5.

3.7 EH&$5ﬂ11E§IAE@$ﬁ%EF§
bR R G EAT 6 WO bR [k SR 5
Agilent1260 B S OBAH €35 H Thermo U3000 #Y

43 5
=¥

AR EGE AT FAT AR, TR RER 3.5, 45R 0
# 6,

38 MENHEEITE

3.8.1 A RARHEE u(X)

A5 Z I AFTB, & iR Hesiiny, &My

FRRSBR AN E JEE 2 20

Uy (X) = \/urel (std)* +u(m)? +u(V)? +u(G)? +uu (X)* +1ug (R)?

T 2 A AER I A X BR MEAS B BE 4 R R
Agilent1260 %4 3.487%, [A# Thermo U3000 %Y A :
2.583%, N 7.

x5 HRNESER

Table 5 Determination results of samples

(NEIRE 3 T W22 {H/(ng/kg) FHIME/ (ng/kg) PRI 22/ (ng/kg) MRS AR A RE BE/ %
FE 1 5.8662
#E2 6.3845
3 6.0788
Agilent1260 6.1236 0.2056 1.371
¥t 4 5.9903
FES 6.0662
¥ 6 6.3556
FE 1 6.0853
FE2 6.0987
¥ 3 5.9356
Thermo U3000 . 6.0230 0.07499 0.5083
FE 4 5.9966
FE 5 6.0810
F 6 5.9405
F6o EERMNELER
Table 6 Recovery results
(NEIRE 3 T W REAE/ % SESEME /% PRI 22/ % AR HRHEARTA E B wa(R)/ %

H1 93.8
H2 100.6

) H3 92.9

Agilent1260 93.6 0.03789 1.653
H4 93.4
H5 92.1
H6 89.1
H1 90.9
H2 91.2
H3 90.5
Thermo U3000 91.7 0.01173 0.5222

H4 93.1
H5 91.3

Hé 93.2
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*7 ¥ AFTB MEHERNTHEESE—E
Table 7 List of uncertainty components that affect the results of determination of AFTB;
AR R A 2
AN 5 FE S u(xi) AN 5 R U5

1260 7 U3000 %
Urei(std) FRAETEC ] 5 1A BIAR X AN 1 i 2.182% 2.182%
u(m) FE PR 0.005774% 0.005774%
u(V) FE B E 2 0.5442% 0.5442%
u(C) A U045 0 A R R S | AN 1.579% 1.041%
Urei(X) it B S M E 5 LA BOAN 58 B2 1.371% 0.5083%
trel(R) RT3 5 5 | A AN A2 i 1.653% 0.5222%
Urei(X) AHXT R B BN o 3.487% 2.583%

3.82 ARATY R TR PA—

M4 Agilent 1260 50 AH (3% B2 Thermo

U3000 I @20 iopl i 3o g, By REF k=2, HAXF

PIRAHE AL N U=ura(X) <k

(1]

AXF BATHEE: Agilent1260 4 6.974%; Thermo

U3000 %N 5.166%.
3.83 ¥ RRHEE

A2 Agilent 1260 B =80 AH G35 (L M2 Thermo

U3000 7 i35 & Al o g0 i, HorFBE 508 A

1260 B = SORA A 1E4Y 6.1236 pg/kg, Thermo U3000

BB AR 6.0230 pg/kg, TUIAEE 45 R F R H)N:
Agilent 1260: U;=(6.1236+0.42706) ng/kg, k=2;
Thermo U3000: U,=(6.0230+0.31115) pg/kg, k=2

4 45

ABIEFEIE 1 XA E S i B TS, TR 6 DA E

gilent

S

Syt rh, BRI BT 5 IR E o iR, b il 40

B I A b R JRE AL RSO3 5 5N E B, B

st PR 5 AN S JEE /0N, B X ik BB E 7)o

1EL

Je B SEBRINE i R rp, R AT AR B AE , [ IR
Jinsi SN LH RIS RE, SR/ SR A AN E B

AN, 2 BIERIAR E SRR R, Agilent]2

60 1

A ELF Thermo U3000 HUAH & B £ EAH 20K H T 774

PR R EE VRN E, TEARSRAAMT, J5E
SERBAER o £E LR 1S58 P [R] AS 0 A R A
FEIIEE b AT A Il D S5 SR AN E

iﬂo\ﬁ_’i7
HKIE,

MRAGFE A IE LR, 2R AFTB, 7 il e 4%
RKFHE G <5.0 pg/kg AYBREEZSRI, st mr

REZ 2 RIS . A7 7 ORISR, s BRI a3 T8

JERGLEETE, BT Ik AFTB, & i bR H A 52,
JO A P A LA A s i A A

DYE

T ARNEEE AR A B S B KU A9 5 [D]. M g Lol
K2#,2018.
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