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Uncertainty evaluation of the determination of canthaxanthin in eggs by
high performance liquid chromatography

LIU Shu-Hua', ZHANG Yi-Wen, WANG Bing-Yue, ZHAO Shao-Lei, ZHAO Hai-Bo

(Beijing Institute of Metrology, Beijing 100029, China)

ABSTRACT: Objective To evaluate the uncertainty in determination of canthaxanthin in eggs by high
performance liquid chromatography. Methods The sample was extracted by acetonitrile in a water bath and
centrifuged. The supernatant was degreased with n-hexane, after concentrated with rotary evaporator, the volume was
fixed with acetonitrile. The sample was analyzed by chromatography column C;g with fow equivalence elution, the
sample was analyzed by high performance liquid chromatography (UV-Vis detector) at the wavelength of 471 nm.
The target was quantified with external standard curve. According to JJF 1135—2005 Assessment of uncertainty in
measurement of chemical analysis and JJF 1059.1—2012 Assessment and expression of uncertainty in measurement,
sources of uncertainty in the whole measurement process were investigated (such as weighing, constant volume of
sample, preparation of standard solution, standard curve fitting, sample repeatability and recovery rate). The
uncertainty introduced by each factor was calculated and synthesized. Finally, the extended uncertainty was given.

Results When the determination result of canthaxanthin in eggs was 0.39 mg/kg, the expand uncertainty was
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0.017 mg/kg (k=2). Conclusion The uncertainty in the experimental process mainly comes from standard curve

preparation, standard curve fitting and sample measurement. In the process of measurement, it is important to control

and reduce the uncertainty of measurement results.
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FE SR S SRR A R R, R T Y
B S S AR AT B s 2 ol g R Rk h
KEENEYZ —, MUEFRTE, BF&ZMEYIEEL
AR T B T A AR e A T (WX R A I i, BE
(B T RS R A R SR B T e R R
S 2045 5 ClRPEHR DN FD E 5£(2019)) 1, MEE
AT LR R O RS R P s e o (HAE R WOk
5 R R R R B IR AMKSRAEAE, 4R S Lo e A R B
Mo EAORMBIR SRR, AR R G SR
PP -, DT BSR4 R e (81 S s 4 H ]
P57 By Ff 5 248 A ik (acceptable daily intake, ADI) A%
JT A 0.03 mg M ET KA TR R, HATMAEEER
BRIy i T AT OR3P R AR 3 -
PRI B A Pl A DA AR v, 400 S 4 R A R A
IR, BT AN RE B A TTA B CRAS I 45 S 0 v ff
Pk o FEE LRI A B A R, AN B PR E
AT DL 1R G 0 2 SR v A I R T AR o A B T S A
T 235 TR 30 B B T AN R Pk RO AR BE, 0 AN A E B A,
FE TR I 225 S A ety mT U200,

AP SN/T 2327—2009 3k H O sh# vk £
AR . ARE RN R ) AR g e S
M E SR TS, FRRYE JIF 11352005 {fk2Ea0Hr
W RHA 5 BETERE ) A JIE 1059.1—2012 & A8 5 B
VEE 53R ) WA SR A b T A 1 A A A e T 3
O FIHEE, BE R RN R, 3k FiH
TE S5 RERR P B A5 TR A

1 MR5REE

1.1 XE5RF

LC-20AD ¥AHE I (BLA SPD-20A £54h-1] HLA
EH(HAR I HEAH]); KQ5200DE M g vk as (R LT i s
X254 FR2N Fl); SEPX6870D WFEE{Y (34 [ SPEX /A wl); RVS
ERE 7 AR (HEE IKA 2An]); 3K15 B.0HL(H A Sigma 24
A]); XPE205DR HLF K- 0.01 mg i+ METTLER /A A)).

CHE . IEC kS, Rk, MERAR); 58
i: 5.25 F11 200 mL, A %, ZKE A G M, #Baik:
MiLLipore B il & & F7/K, HBH3% 18.25 MQecm; Jo/KHRAR
e, 28 REER A BRA R

1.2 ®igsE

{57541 ZORBAX Eclipse Plus Cyg (4.6 pmx100 mm,
5 um), A Z85-7K(95:5, V:V), ViiE: 1.0 mL/min, ¥
PP 471 nm, PR 50 pl.

1.3 MEFRZE

FRAE SN/T 2327—2009 HAREARE G 22 T T 5t
Wi, IRAHSR)A S5 g R 0.01 g)F 50 mL #5.04
A, A 30 mL Z G RBGR & 10 g oK BRERENIG, R HETR
4 1 min, 35 °COKIEE AL 10 min, F-LL 3000 r/min 2§
L5 min, 4 LERHAESR 20 mL IELKEAY 125 mL 43
WE - B 0.5 min 5, $ESZE, WETIZZIEM,
1E CUBEH A AE 2 WO b v o 4 B AR B R B0 R Y R
Fn B A 20 mL G HRBUN B R I 2 ik, i LR
IR B8 43 WO S W IE B BRI R il . A 9F 3 WOl
NBJE R EE I T2 L EAH, A 5 mL IENEE . 7E 40 °CHY
KU PR ALR G ET . HOEHEMFERE 5 mL,
1t 0.22 pm A HLUERELL R, SRR 0 A2 AR IV RS O |
HEEEAT, W MOFES A
1.4 fRERRAE
14,1 AFRAE& R H &

HERIFREL 5.00 mg M B RIRUEM, BT 200 mLAFAE
W, HCNEER, E%5, HRIFEKE R 25 pg/mL 1)
FEE R BREN W
142 ARk TAEER

433 1.0 mL R EASHEC0.1. 02, 0.5, 1.0 mL
FIHT 5.0 mL A9 5 45 8% HUBT S BE 0 25 pg/mL FRiERE A
WCE T 25 mL 5P, H BRI BSR e
0.1, 02, 0.5, 1.0, 5.0 pg/mL MM ZFRUERTIEW
1.5 HEFER

FE AR AR R 0 R A (O

CxV
Y

X

(1)

Hor,
X—Ff ity v A 8 2R B0 i, me/kg;
C—HrifE AR P A B R A BT RV E, pg/mL;
V—E AR, mL;
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M—HERR R, g KRS A AR EERSE D 22 REEEURRE SR TN HE B,
PR ZERNE AT A R B A 3 A4 R

03918 L5 mL Y RLRRLENT 772 B R 52 T3 UV, ) R 2 T S
Xy~ 09 meke. R B ARSBAE FE U(V,) 5 AP AU MR R 2%

1.6 AifEERITE
X 3 T R B SR AGHI 45 SRS B A S AR OR IR AT LI 1

2 HER5SH

2.1 HmREFENTHEER U,

FREE 5 A BN BE B ZOR UG KRR ek e
VR 2E | ROFFR R R RN 1520 o 728 BORAS R Rk, 7%
S AT 2RI, B RO IR T AL, FREE Y e
K2 H+0.05 mg, PRz }+0.015 mg, HEH 2 KK
WEAEIT, —UCN K E, 7 —UChBE 2 WA B,
35157 4 o

2x(0.05% +0.015%
m:\/ x( + ):0.043mgc
NE)
bRy S mg FURESVFRTE S g ORI AR BE
Sml g Sm2 45 )y
ml m2
Un _ 0043 mg _ o oee
m 5 mg
Unp _ 0043 mg _ 0 1000086 .
m, 5000 mg

OPR B 5 D AR X AN 5 2R

“Fm =+/0.00000862 +0.00862 = 0.0086

SR AE FE u(Vs) -
(YRS V25 R Y AR AR = A B AN 5 B u(Vy)
20 °CH} 5 mL A 75 A 25 5 7225 H+0.02 mL, J&
F B AU LR S, B2 RV
PR B A 2 5 -
0.025

u(vp) =5 - 0.014 mL .
VUPARH B AN B 22 JEE
0.014

(V) == = 0.0028 .

Q)EE M A AT ERE uV,)

WXt 5 mL A R R 10 FFrE, K80
WK 4.9983. 4.9754. 4.9892. 4.9408. 4.9787. 4.9685.
4.9697.4.9914.4.9678 1 4.9759 g, J&T A BAHERE,
T M A AR AR AN 2

1

n —
Zizl(mi - m)2
Uy (Vy) = =4/ Zi= 1~ =0.0031 .
m n-1

(3)AE AT 22 77 15 (AN 22 JE u(V3)

ZERIRTE 20 °CRUERL, T S25e % = NIRETESS °C
Z e Bh o R 22 57 A AN S B T AR B R I B
MR TR i R BOR AT . S B IR FE Ik R B0k
1.37x107° °C™', 7= A & FLAE fb h £5x5x1.37x107°
=+0.03425 mL, J&T B FRHE R, WIE SR 1)
AHXF R AN R S

BELTR BeshER BES TR
o Ko Kot
Bk AR —ggy
&
R T
ﬁ &
(Y > AEEEHR
PR R | RE
dgpfy FARIFRE| o A ST
i _><_
#E v R
o
% B2 ) g B WM
e h < f—4LquL TR
Fa R -~

T

K1 ARHRE R R
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Fig.1 Component diagram of uncertainty

rawrﬁﬂﬁé_ommo IO K =3 bRHE R A R R LR 4 2 A, 2
x\3 KA —MEE2045) °CHEM, 20 °CF ZIE B 5
PRI, AR IR S E 257 AR AR X AN 2 BE R - Bl 1.37x107 °C, 3 e T B AR BE 55 00 VA B K 2 %%
l\J/—V:\/urel(vl)2 g (V)2 +Uggy (V) = 0.0058 . 101075 °C™ . SCFR BRI 1 AR 3 BEAT VA ARV A
e, BRI k=3 5 ACRE A A I AN E B A
23 BMARFRRRRESIANTRER LA RO TAT PR ST, L e B 028
231 AR E A AL, HARHE L ZE 1 figE 2,
HARFRAEE 15, A5 2 40 R (99+1)%, {8 514y 200 mL 7% BHHUE A RFR A 5 N0 52 R -
i, HAa&ET kN3, Mu %—0.58%0 Urel(v200)=\lU12+U§+U32 =
Uy _ 0.58% 10.0004332 +0.0001022 +0.00395% = 0.0040 .
YU AR R E AT AE A Uy (P) = % =0.0059 . 25 mL £ EHE A5 ATR 19 G ORI 22 B N
232 AR TR KELH A TR »u;*; u(c,) Upey (Vs) = yJUF +UZ +uZ =

WA L4 R R T AT, G e
ERATERE . BORASTLIORNE . e A AR 2
AU BT 2. DA, AR

TR B 2 ML 52 VE-F5 4 AR B 2 FL A K A VIR, e Uty = U7 U3 +03 +Uf +u2 +U2 =0.0041 .

0.0006932 + 0.000609% + 0.00395% = 0.0041 .
B EMEFR ARG AT EE N

F1 REBRARFZREPESRECE. NAEZRMTERE)NAHEE S
Table 1 Uncertainty introduced by calibration (human factors and environmental temperature change of measuring vessels during
preparation of standard solution)

A Fm IR AVFR 2 e i} FRUEASTHE B /mL AR AT R B

AR HAR +0.15 mL NE) 0.087 u;=0.000433

200 mL EEME - - 0.020 u,=0.000102
T 2 +5°C 3 0.791 u;=0.00395

T B £0.030 mL NE) 0.017 u4=0.000693

25 mL HEME - - 0.015 us=0.000609
25 5 +£5°C NE) 0.0898 Uug=0.00395

®2 RERRESEETSEREEREMFRER)N I HEE S
Table 2 Uncertainty introduced by calibration and environmental temperature change of indexing pipettes during preparation of
standard solution

Al EL FHY BEAR/ML K AGIRE ¥oymAn  AREAHIE E/mL AHXS AN E B
1 THE AR 0.1 +0.008 mL NE) 0.000462 u,=0.00462
tok 1 25 0.1 +5°C B 0.000395 us=0.00395
1 T AR LA 0.2 +0.008 mL B 0.000462 Us=0.00231
tmt 1 i BE 2% 5 0.2 £5°C NE) 0.000791 U1p=0.00395
1 PHa AR 0.5 +0.008 mL NE) 0.000462 u;;=0.00924
tmt 1 2 5 0.5 £5°C B 0.00198 U1,=0.00395
1 THaE R 1 +0.008 mL B 0.000462 U13=0.000462
tmt 1 TR 2 5 1 +5°C NE) 0.00395 U14=0.00395
5mL 1 THE AR ME 5 +0.25 mL B 0.0144 u;5=0.00289
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1 RS 5 +5 °C

NE) 0.0198 U;16=0.00395

o

B

SE A RTR AR BAN G E BE N -

USince

U7 +U8 +U9 +U10 +U11 +U12
rel(4)) =

2

0.004622 + 5% 0.00395% +0.002317
=0.011,

+0.000924% +0.0004627 + 0.00289>
TROBR HE T AE Ml 2R e il 7 A B AN 2 B w(CL) R

”C2 = JUZ s + U2 =V0.0041% +0.011% =0.012

233 *m/ﬁ‘ﬁvzim/a\ﬁiéﬁmfm/i u(Cs)
R FBR A F1A0 5 AU B K F BOAR HE R TEAS S5 0 (8
TSRS BEATIN A, WROAH €35 130 43 A 75 1) LA vk B2 Ay A Al

b, AR TR, Mo e m A Mk, W
%‘I_{ 30
#=3 fREILEfhE&R
Table 3 Standard operating curve sheet
PRGNy wprma THIREC
Cy/(ug/mL) /(ng/mL)
0.1 11946
0.2 25290
A=138011C;-
0.5 63225 372047 1.36
1 149391
5 688435

Hrp, % a 138011, #RHE b #-37.2047, WHIE T
A TR P /A wa =

S:JZLM—m+mm2

n-2
2 Se I FR S AR R AT 3 Y E, LA T iR
BB RIRIE C=0.39 pg/mL, NWARAEMZIIETI AL
AN E BEF A ARG

=7266.71,

(C-C)

U(C3):% l+l+n7f2
pon 3. (-0

_7266.71 \/ 1. (0.39-136)
138011 15 zi”:l(ci -1.36)?
b S - LA AR MR ABR R 22
b — LA T AR LA AR,
n - WG TAR ML T2 A REL, n=15;

=0.040 pg/mL .

- DB R R, p=3;
C; - FrUE R M E, ng/mL;
C — il B3 HJE (19 F- 218, 1.36 pg/mL;

ey, Yes _ 0.040
WSORF X ANTf 5 A - C, 0

2.4 HEMESINHAEEE ulCy)

TR U T AR DU i 5 9 O i o 2 2 A AR U T AR
T2 AP R e O A RS A A S B 2L
24.1 MEARE LM ANGIA T Uy

BRI SRR 6 Yk, MNAS X FE A B R (T ARy
B : 53787.9.54015.5.,54309.5 ,53987.6.54025.5.53789.5,
HAPME R 53985.9, FH DL ZEIR A 5515 B Bk I e 0

n A_* 2
TR AR 1 s o g 22 sxiz,/z“n(x‘lx)zwzsz, g g A

w%%&@%&x%%ﬁﬁ%=%%ﬂwumwﬁwm

=0.010,

=0.0015 .

u u 78.51
WEE A =L
Cy, x 539859

242 FHEORAEEFIATHEE U,
SEOG IR B EERAR A AN, MR ANERIE S, B
KRAVFRE 1%, US4 k=3 Z1E, IR @R

S 1Y R Uy, =2 =0.00577 , AR R o

NG
Yie _ 000577 _ 5 600000107 .
A 53985.9
2 b, ek W TR R 5 | A AR R AN E N
Yea _J0.00152 +0.000000107 = 0.0015 .
C4

R, IR o 38 2 AR S
:%%f+&%“f“fﬂ%w
p %) C3 Cyq

U
c

J0.00592+0.0122+0.0102+0.00152=0.017 .

2.5 fAAREIRE R WAHEE u

BRI AR T, @R ER S, TR T
fliaURE T RN TR R AR BOHCR 5| A BRI E s ER9 2R
Ol 50 pg MABE R AR ENSCRT-IMEN 94.9%, K
UL SN/ W o I A 15 o 1 N - S vl [

n '_72
%aghﬁj”:ﬂn,ﬁﬁﬁﬁwﬁﬁw@ﬁ@x

Wi FEH U = j_ow T

wfo 0032 .
94.9
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MR A7 20 BT P A R B2 O PRAS 9 R, 000 12 [m]
WeRHEATR A t KRR AT BE VRS, DA [ R

fE B A S R R t=%:15.9, ST g

tos,s5=2.571 B, BWHARISCRY 1 A B &2 R, W
AIAEA 2R A 25 SR E B IE

2.6 ARITENHEENYT RIVETHERE
AR DL b AN 5 B2 3k ) RO R 25 A S A BE X 5
AT E BE R LB LI 2, 28 J0ER -5 BUR THEAN i 5 B2

Ux _ [Umy2, Mvy2, boy, Uk
> J(m)+(v>+<c>+(R>

= \/(0.0086)2 +(0.0058)% +(0.017)% +(0.0032)> =0.021 .

=
=
40
s
<
jpind
&
»
&
2
<_
&
W WEEEA WRAERAEEKE Rk
SIARBE S

P2 AN A XA AN SE B R e 471

Fig.2 Ratio of each input to the resultant uncertainty

AL H  SF R, ARG o R
0.39 mg/kg, & BUAR HE A B 58 N ux = X xug(X) =
0.039%0.021 = 0.0082 mg/kg -

EARMERY 95%I), BUELE R k S 2, A i
9 A E FETH RS SRR

U=2xuyx =0.017 mg/kg
ARG BB it v £ 9 2R I35 SR T SRR
X=(0.39+0.017) mg/kg, k=2

3 4 i

SR FHIROAH €0 3i5 J17  00 X6 8 v 90 3R A AN o T R AT
T, 5 RGNS R Y RAEEE N 0.017 mg/kg
(k=2). ISR SIS A AR T 7200, bt
b LT | v R RL R 0 X ) 5 SR e
it A el A P A A T A AP 45 2R A AN E L
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