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Uncertainty evaluation for the determination of aflatoxin B, in peanut oil by
ultra performance liquid chromatography and fluorimetric detection
combined with large volume flow cell
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ABSTRACT: Objective To evaluate the uncertainty of determination of aflatoxin B, in peanut oil by ultra
performance liquid chromatography and fluorimetric detection combined with large volume flow cell. Methods The
residues of aflatoxin B; (AFTB;) in peanut oil were determined according to the third method of GB 5009.22—2016
National food safety standard-Determination of aflatoxin B and G in food. According to JJF 1059.1—2012
Evaluation and expression of measurement uncertainty, a mathematical model for the uncertainty of determination of
the residues of AFTB; in peanut oil by ultra performance liquid chromatography and fluorimetric detection combined
with large volume flow cell was established, and the uncertainty components of each source were analyzed and
quantified. Results At the 95% confidence interval, the expanded uncertainty was 0.1864 ng/kg (k=2) when the
AFTB; content in peanut oil was 1.0655 ug/kg. Conclusion The uncertainty of AFTB; in peanut oil is mainly
affected by standard curve fitting, sample recovery rate, standard solution preparation and repeatability determination.
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¥ Ei 7 X B, (aflatoxin B,), # AFTB,, gt A T
A IR E I EEY, X REIE L2 Al A s T
F T AR I 0 SRR Ao R e, B 2 B o i
FEMIFYES GB 2761—2017 (&G Z A EFmME &
il P LR R ) P RLE T A I AFTB, ER
TEA 20 pg/kg. HFERAMAIN, & FAEYH o LA
T AFTB, K H AR Ak R a7 Kl AFTB, 97
BT R R W G e W BRI O B
PRAT TR | v 5 A e g 3k U TR A £ 3 I K
P A PR AR AT il A ARG R o il g R
P, fAfE-penk . REUE R . EEMEL, EAERSE]T
20

A 5T R FBB W OB AR 3 R &, FRCAE KRR
WA I RS, KR GB 5009.22—2016 (£ 524 [H
FhiE BRI SRR B EM G I E Y5 =k, it
AT R SRR B, HETIE, MR JJF 1059.1—2012
CIMBEA & B2 53R ) A CRlE Mt e, #or
BEFASERL A MR T SR (3% - TOAT A R DU A A6 AR
W R E By R IS AR AR E BRI, XA
AN BRI TP AT, SRR AT R B R
B, SRV RAHERE, MieAmbEhERE B, Al
4 B A — i I A

1 MR5RE

1.1 XFE5RF

Waters ACQUITY UPLC 8 i &5 B M (o % A% (B A KA
TR M2 YEA 2%, 92 E Waters 23 F]); ME303E HHi F
A3 MR- (M FE ) - A 225 AT PR A]); AflaStar R 3
M B #E R R FIAEG mL, 500 ng, 3£E Romer A wl);
0.22 um /K R IERECRELEUBE A D) .

W TR B AR MEIA(2.00 pg/mL, 1788 kS -ARiE
YLy, (%4, £ E Fisher 24 F]); B (G IS4,
f5[E Merck 23 Fl); SEI0 = 7K b Milli-Q #E 4K,

ACA I TR T b 24 R B0 A T e £ S A 56 BT
W AL A
1.2 A E
1.2.1 AR/EIE R BLH

HEF R BT I & R B AR 0.5 mL T 10 mL 45
HOfR, FHEEEEZ, BoHlAL 100 ng/mL & M2 % B, br
WA RSV . TR AR T Sh AR B i BB B R 0.1, 0.5, 2.,
5. 10, 20. 40 ng/mL RFbriE TAEWR, BAHMAEL,

122 #suara®
FRELS g AT 50 mL B0, A 20 mL Z -

KW (84:16, Vi), WHEIRS], B THIKTIRY 20 min,
9000 r/min B.0> 10 min, I 4 mL LFHWR, WA
46 mL 5 1%03R-20 1Y PBS IR, k.

I 1.2.2 R bR S a2 B fkE, A 10 mL KE
WTE 2 K, FJEH 1 mL HEEE QPR 2 8 AR 2T T,
FAWIR RS E S ZE 1 mL, 0.22 um AL R IE FAL.
123 &AB&E4&Mt

Waters ACQUITY {44 BEH C,g (2.1 mmx100 mm,
1.7 um); VEENAR: K =38:62(V:V); Wi#: 0.3 mL/min;
PERERAL: 10 pL; ARJE: 40 °C; BRI 365 nm; A%
K 436 nm,

1.3 HEFER

bR R B, R RN AWM

K1),

X:prle3><1000 (1)
v, xmx1000
A
X—ig s AFTB, B &, pg/ke;
p—IERES I AFTB, # BRAMR L AEAR 1 il 26 b X R
By BTk, ng/mL;
Vi—ist R SR OB AR Y, mL;
Vs i G G B SR AR A RIS 1 B 2R, mL;
Vo—FR T G088 35 FEE (1) 53 BURE S AR FH, mL;
1000—H5 55 254
m—ifFHE FRAE L, go

2 HR55%

21 T HEERKIES T
FRYEME AFTB, BECERER, SPrE I BAHE
FERIR FEA: (DFEMFRES AR ER,; QM mES
SIARIARHE B, Q)RR M e T ARAHERE; (4)
PRV 5 ) A ANER 2 B (S)niE AR I &5 5]
AN BYAS R BE 5 (6) 1% [T IC 30 5 5 AN 2 3 o
22 HmMESIANNTHEE
MR IE B AR, BT R 0<sm<50 g il
FBU/RIEIRZEN20.005 g, JRT B FARHEE, HH55H
k=~3, WERRFREURES, 5.029 g, FRit s | AMAR R b7 A i
FE N
0.005
5.029x+/3
23 AHEHREFAMERSIANTHEE

2.3.1 RIRF| e AARARF| A GG A T
1 25 mL AT RSN A 20 mL #2567, 25 mL i Af

=0.000574,

urc](m):
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TR EE R 10 B, HA R RIFIRZEH20.6%, HIL
SIS E BE R ul(Vlo):%ZO.OOMM, DU IBGR
TG | R AR S B v AT 5 S
trea(Vao)= 2 x ui (V1) =0.004899.,

232 FEREIRYE TN R

56 Hh 5.0 mL B A% i B 4 mL $EBOR G B AT,
VeI R ASWRT, 1.0 mL R4S ESR . 5.0 mL #
TR AR VPR 2£40.6%, HILS AR AR HE AT E
R

urel(m:%:o.ooma;

1.0 mL BIRAs A& iR 2Z+1.0%, mIks| AR

SPFRUEAS T 5 HE Ay

urcl(Vl): % :00057740

2.3.3  HRRIBE BT NG FAIT AT TS TR 69K
FERRBU B A5 AR AN AR v E R

_ (2 2 2
(V)= \/ Urei(Vy) + (V) Fa(py) 0008327

24 HEMEEMNESIANNTHEE
R it I A R B AT AR 5 | A AN A 3 AT L i
FEH B I E AT 3RO . HERRARBGRIGAE S & 6 1y, 4%
R AR 0 S5 R UE T A B AT I E, AR EE SRR 1.
D0 R R S B S A AR SR A I o BT
i%

SEHE x=E =1.0655 pg/kg;
n

>x-x)7
P2z S(x)= le =0.03533 pg/kg;

s(x)/\n
X

FEXSHRAEAN E L 41 (x)= =0.013537.

25 tRERRESISINWTAREE
2.5.1 AFRBEMRIING A EE

HRAE AFTB, A ) STTIE 5 T A1, s v 1 98 o v
2.00 pg/mL, NEE H£3.0%, BT B BAHEE, #
95% B {E X A1 HL k=2, W AFTB, F7MEY) 00 B (A7 A i
EEN: u(P)=0.0150 pg/mL;

AFTB, MR HEARTE N 14,0(P)=0.00750,
2,52 AFEAEE R ELE 5N T T

R o A TR TR R L R, e R R E R A
i RS ARRHEARTEE . | mL MR
PSR IBUR R E S 2.00 pg/mL 0.5 mL, EAZR 10 mL, 15
F| JF e A 100 ng/mL i TAEM .

10 mL A MR D22 0£0.020 mL, A%
JERLEE XK RECSE IR, ST, k=3, it
B 10 mL A 255 5HUE 255 | AR BRUEAS I 5 N

Z"rel(VlO): (1)00\7;) =0.001 1550

| mL B #R k€ 5 RS E 0.5 mL B Ak iR 2=
H 0.4%, SN IE, k=3, A BB S| AR
SR HEA T E A

urcl(Vl): 0\(/)24* :00023090

T A 2 VA IR T 5 | AR REAS B AN B 5 L -

_ ’ 2 2 —
urcl(V)7 ul”el(Vlo) + urel(Vl) *00025820

2.5.3 AR R BB 5N R T

A AIFEC0.01, 0.05, 0.2, 0.5, 1, 2., 4 mL brifig
VW 10 mL AR, AWM R B2 2%, %
LR AR VAN 2 e ok RS R A R T I AW
#2).

PRt R ARG T L R P 3 10 mL 2550 7 K, ©
HO10 mL A A B E 25 51 A B bR HE S 1 B O
0.001155, T4 vk 22 4] ¥ ¥ I ) 2ok 7 5 ) AT AR R A A AS 1
TE

1 (Vo w) 16 Vg ) +14° (Vago )
ura(Ve)= |+ Vsgo PL)+u2(V1000 HL)+u2(V2000 W) =0.051036

+1 (Vao00 w) + Tty (Mo 1)
254 AREERBE FINGARXTARAE R A LGB AR
urcl(Std)i—i‘%"éélr%y‘j:

Uei(std)= \/ufel(P) +ul (V) +uly(Ve) =0.051649.,

2.6 tRERMZHUENEHERKESIANNAHEE
2.6.1 AFTB, #+ /& th & 6944

Bl TR EE N 0.1, 0.5, 2. 5. 10, 20, 40 ng/mL
FROBRUETAEW, A WRBE S B 3 Wk, Wi AR 344A,
GER W 3.

2,62 R ZREMEAFE LA W KL T I N GG T A
4

DA 349 06 v BRI o R A A v 2, R R /N TRk
BTG, 13 2R HEM Ryl 4=2695208¢+237935,
17=0.9999, M 4 HIEHEIF, ¢ MR AFTB, ¥
(ng/mL), #}% b=2695208, MIE ¢=237935.

XF 2.4 YIRS 1| AR 7 R, Bz R
BASIAFE T AFTB, MM 43 3120 1.09340, 1.09343
1.09301, 1.09550. 1.09626. 1.09707. 1.09763 ng/mL, “F-
HIMH ¢ v=1.09519 ng/mL,
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F 1 TEEHP AFTB, EEMHNELE R (0=6)
Table 1 Repeatability test results of AFTB, in peanut oil (N=6)
B 1 2 3 4 5 6
T/ (nglkg) 1.0889 1.0875 1.0007 1.0483 1.0890 1.0784
T {EH/(ng/kg) 1.0655
R2 BRBBESINNTHBEE
Table 2 Uncertainty from the pipetting process of standard curve
B IUAT/UL ok s A/l B RFIRE % HEARK AR BRAEA 2
10 10~100 8.0 0.080/3 0.046188
50 10~100 3.0 0.030//3 0.017320
200 20~200 1.5 0.015//3 0.008660
500 100~1000 1.0 0.010/+/3 0.005774
1000 100~1000 1.0 0.010/~/3 0.005774
2000 500~5000 0.5 0.005/~/3 0.002887
4000 500~5000 0.6 0.006/ /3 0.003464
®3 RELEREERNESER
Table 3 Determination of peak area of standard
working solutions H —380536.199:
E=RY
PRI HETTL 4 PRI B
c/(ng/mL)
0.1 279485 280608 280396 280163 Ei:11.086;
n
0.5 1462320 1472947 1475329 1470199 1t -
8= (c—c)” =3807.026,
2 5430872 5427419 5437360 5431889 i=l
FEWEH AFTB; % 5 o 72 Bt 51 A B A X b A off
5 13885708 13893735 13905319 13894921 N
&
10 27162761 27156144 27155190 27158032 u(c
Uel(c)= ( ) =0.059944,
20 54912213 54942381 54929297 54927964 °H
2.7 230 E AN EE
40 107753168 107588946 107609532 107650549 Bl N 5 A B A e

AT 5 g /s 3R e LA b v T AE il 4 oR A5 R W
AFTB, & BRI 5| A BRI N
Sa l+ +(Cﬂ‘ )

u(cy=—=
© P n S

A Sa— A (e PV 0 T R 2 A v O 22
C — bR B B, ng/mL;
Se—Hm AT Ve B 5 22 1 °F- 5
n—HRAESE VR A0 8 YRR, TR 21 IR, n=21;
P—RER I E B, IRk T IR, P=T;
b—REHE M2 i AR5
a—RCHE M 2 AR
¢ w—HI R HER LSRG MR AR TR B2, ng/mL .

=0.06565 ng/mL;

XHAFELL 0.8 ng/kg BT IIKEZEAT 6 Ympx B
5, TTBCRINE 25 43 WA 83.255% . 94.077% . 91.860% .
105.564% . 94.437% . 86.963%, “F-HIAIR R H 92.693%,
D] Fl TSR B A A Xo Ao oA 8 R A
SR/\/—
R

urel( R )= =0.033728;

KA SRR [ENBCR IR E S 22, %;
n— AR DR A E R, 75 6 IR, n=6;

n —
> (R-R)?
[=171 =7.658%.

n—

28 EHAHERE
WIEIE A AFTB, & &
AFTB, M &5 R E E Ik 4 iR,

R A AR, R
B A
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PRIFEAN 2 BE A XN ETEMITE]. 0l THUIK, 2018, 34(3): 79-81, 150.
- (Std)2 T itgy (C)2 + Mrcl(m)z XIAO LL, HUA J. Uncertainty evaluation of the determination of
um(X): ) -5 =0.087472, aflatoxin B, in peanut butter by high performance liquid chromatography
Ftpe) (%)7 + 1ty (R) [J]. Food Mach, 2018, 34(3): 79-81, 150.
31 BU/NE, SO, B3, . BT AR IpE R ok i E SR B,
x4 NEFHEESE—RE T A RO, £k SHLBE, 2016, 32(10): 111-114,
Table 4 Uncertainty components of measurement LUO XH, QI LJ, FANG WM, et al. Effects of electron beam irradiation on
AN RE B3t AN 78 R VR AEXT B HEANT 2 B the degradation of aflatoxins and the physicochemical properties of corn
o) — 0.000574 [J]. Food Mach, 2016, 32(10): 111-114.
[4] KLICH, MAREN A. Aspergillus flavus: The major producer of aflatoxin
"“’/
Urei(V) FEdh BRI E 0.008327 [J]. Mol Plant Pathol, 2007, 8(6): 713-722.
() B T P 0.013537 [5] % [k, 20, BHHE, 4 MIESRIED AR, (R
g e e T A JE[]. fiFHE, 2015, 36(3): 250-257.
tra(std) R | 0.051649 7). S @)
LUO ZS, QIN Y, XU YQ, et al. Research progress on biosynthesis,
Ura(€) b DL 00 R e e 2 0.059944 metabolism and toxicity of aflatoxins [J]. Food Sci, 2015, 36(3): 250-257.
U R) [] Wi 00 5 E 0.033728 [6] =0T, Z2FH, skeizs, 45 2015 4R IIAER sl X & A oot b o i 25

29 FRIAHBEENITE
AW S M E AR A AR S P AFTB, & D
1.0655 pg/kg, MR G HT =2(BEKE 95%), HEE

HAEA I B & By ARXT RN E
Urer=hkXtt,(X)=2%0.087472=0.17494;
PIRAHERE U=1.0655%0.17494=0.1864 pg/kg.

MELERRETHEENIRS

I 1R 2T A 3 TC A A A I R A A T P o R
HE B oW, MAEASKET =2, MELSERITERRA
X=(1.0655+0.1864) ng/kg, k=2,

2.10

3 &

AW GB 5009.22—2016 45 = 8 30 AR
TR ARG 1 D A I AL AR St TR AFTB, ROS 5,
Nxﬁmﬁﬂ%ﬁﬁﬁﬁ%ﬁ& B v R AL 7 R
WS IARARH 8 S B foK, AR Va0 e ] DA R TRl lie 3
W5E 5B E IR Z, FES AR 5B A 8
AN TERRUHES TR LT B R, AR RSy, B2 R
i . A RRAGRI R HASHE BE R, BEH N [ E,
15T AR B B FREACA I &5 S A i e B . AR
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