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Simultaneous determination of 5 kinds of carotenoids in red yolk of duck’s
eggs by high performance liquid chromatography
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ABSTRACT: Objective To establish a method for simultaneous determination of 5 carotenoids including
capsaicin, astaxanthin, lutein, zeaxanthin and capsaicin in duck eggs with red hearts by high performance liquid
chromatography. Methods Samples were extracted with acetonitrile. After being concentrated, the acetonitrile
phase was defatted by hexane. Chromatographic separation was performed on an Agilent Poroshell 120 EC-C3(4.6
mmx100 mm, 4 pm)column with acetonitrile-20 mmol/L ammonium acetate as mobile phase by gradient elution. The
flow-rate was 1.0 mL/min. Photo-diode array detector was applied and was set at 471 nm. The analysis process could
be completed in 25 min. Results The results showed that the baseline separation was obtained for the 5 carotenoids.
All the 5 carotenoids had excellent linear relationships (r>0.999). The recoveries of samples at 3 concentration levels
were 84.39%-93.42% (n=6). Conclusion This method is simple, rapid, highly sensitive and with good repeatability.
It can be used for determination of 5 carotenoids in red yolk of duck's eggs.
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Bl AATTAE TG AT ORI i &, AR & & i 2k
AU B AR B SR T RO, XS K midAg T
HEREsKk . EEEOZE -DRAMTRE, KHE RE
R FENEARRY, B TERARG REES W
XS R, TENTRENEY PR, iRz
FE P N, EERHOIACK R IR R, fig
R B & A s, DL s [ 25 B b s n sl A
MZEEHE MR, BUMECNEA, BB EET NN, &5
WA L SE E F, DR 2500 8 N KA fil
R L RS . B ATIRER R E X R P IS
RO ERIIbRE, ISR,

EEH ok, KA N RERRR E A,
FKHE PRMMEARE, 45206, . ], WEREY
M, S EE R 2SEA S N RS I B T MER . BT,
FEE N F A 3B A 0T O vk 2 RO AH €8 3% % (high
performance liquid chromatography, HPLC), {Hif A UL fE
(A BRI B e 2 RS b RO kR RE . RS AT AL A
T FZRE AR ZAS | ALK R R | g2 P
B, SRER, AWEMABIRENI . Aamit. &0, &
R £ Tia 55 2 ¥ 2 A w50, SR A R fEER K. A0F
GRS —FI AT [R] B E LT O RS R AT K IFE
M FOREEMMEER S FSIE MR WSRO
ek, 2O B RAERIE . S5 RSP R, DL
1A 10 M B 1) o i 40 e W AR AR B AR (R e

2 MRS

2.1 XEF. KNSR

Agilent 1260 =80BAH €35 (B — S RE 5 & A 5,
e B LEHEAR 2 v]); KQ-400DE Hds Al 1 e i (B2 1 i
PR A RS F); SIGMA3-18K 8 3 74 5 B 0 L (fi [
Sigma 2\ H]); R-300 BEFEZE &N G 1 2P i A w]); Milli-Q
Integral 10 # £l /K HL(3E[E Millipore /A ]).

LT E (95%, INEK TRC 2AH); FARKFEH(89.6%,
3E[E Stanford Chemicals 23 H); 85 % (89.1%, 3% Stanford
Chemicals 23 7]); MFH % (98.1%, f%[E Dr. Ehrenstorfer 23 7);
fATE % (98.3%, %[ Dr. Ehrenstorfer /A H)).

O WL IEC KB4, SEE TEDIA 23 H);
IENEEGHTEE, T RIGERHH R A IR A W) oKL
o prat, B ERL2ASRARAR), L8 AKEH
Milli-Q Integral 10 #BZA K ML 4

22 WK

22.1 AREBREE
FEFRBCHRMAI R . BARHE ., MHEER ., M EAMH

BEPRES 10 mg 737 B T AR A 100 mL 5 &=, FL
AW, BRI EAEZZE, Tl sk A
100 pg/mL MFRHERR AR, -20 °CLRA7 . BT AR HAR 5L
FH 70 R RIS Wk B 1) R A BR e T AR -
222 &EEN

{4,341 Agilent Poroshell 120EC-C,5(4.6 mmx100 mm,
4 pm) B FERE; HEE 35 °C; #EAER 5 ul; K 471 nm; i)
#H A: 20 mmol/L ZFR%, JiahitH B: 4fF; i 1.0 mL/min
BAREVEI R P ANk 1,

1 BEERER

Table 1 Gradient elution program

I [ /min WM A HB/% WA B L B/%
0 15 85
12 15 85
15 0 100
20 0 100
25 15 85

223 HSAra®

TERRFREUY AL 5.0 gCREHAE 0.01 )T 50 mL B0
o, A 20 mL 2 & 5 g ToKBRERENG, TABEIRS) | min, #
FEHEHEL 10 min, FFLL 4000 r/min 2.0 5 min, B IR ER
% 100 mL JEfEZE &M 0 208 i sE BT 20 mL
G E AR 2 I, A3F 3 IKER A, A 5 mL
IENEE, T 40 “ClefkzE Rk =T, H 5 mL ZH5AE I+
R E 15 mLE.LEH, A3 mLIESSE, RHEL min, DX
4000 r/min Z.0> 5 min, % FEIEC R, TEIEH
0.22 um MRS, ALY

3 HER55H

3.1 REEMHREE

KIS N RETIHMELSY, E TR A L
BRI, AETK, HISH SO, A —
AWLE. ONE . TNESEAPLIERIVE IR BOAR I T 4%,
A EE BT A RAR, PRBRCRE 2. NIt T &M
B, TEIER A P S aih, MELUERE. S P ML
i R ISR B, H S e il IR, 7ESCIG e FR
Xof NG IR 0 A5 K o WS 8 rh A K i & 1 SRR
FH BV ARG T BA (R 8 AR M . i BB itk A
FRIBGR A, FEIMATC KB R A1 OB W P i K 4y, 42
RO . FEVWUEZE L I AIEDIRE, WA 808 1% 7
T R BRE FHIE O bE X RE R — 2 g, a2
R 7 < Tl 1 2

3.2 BERHMRK
AW T Agilent ZORBAX SB-Cg(4.6 mmx250 mm,
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5 um). Agilent ZORBAX SB-C g(4.6 mm»250 mm, 5 pum)#
Agilent Poroshell 120 EC-C,g(4.6 mmx100 mm, 4 um){ii%
HEXT 5 28 DRI B RCR AEARI 25 T, ZORBAX
SB-Cy (i AL: ek 1L, JUBZL 28 AR 75 2R 7 AH [F] I 8]
W, Joi4rIF. ZORBAX SB-C g il HERENT 5 FP2H % 1
IR B SE A0 B, E R AR DA I (] 5 MG, 52 A I 2805
HABRAIERGGER ™ H . {1 Poroshell 120 EC-Cyg 3%
FERT, 5 RSSO DR AR M IR, I B R, IR
BE, s 1R,

AT CfE-HE-— ke . ZIE-2TROHR . H -
K ZHE-7K . 20 mmol/L Z Rk -Z NG AR 5 Fi2RiiE b
RO . MR EOK B R il A R A Y Sl
MR, HNESS AR, U — AU RS i Fay
W ERICAERL, FRCE-FEE-—E e, 2E-CROERM
- K A R 35 0k S M B R A FOKR B R A8 . 1

- KT LASEER 5 Rl 4y 1 58 443 8, EIRE R IE R
Hi B, AR 20 mmol/L W ZMER)E, K 5
T2l B R 15 5 oy (AT P4 v, IR R R 1B ol
BB, 5 IS N RIRA AR R G E WK 2,
i 5 R L 3,

33 HEMREEKIERE

T8 N 3o A L0 2205 S JLFRh B €0 5%
FH, FIF LA 5 7 400~600 nm 3 FE 4 A3 fe Rl F —
ERESRI AR X 5 Fh2EEH B N R AE 350~600 nm 1Y KT
Bl AT, SR WE 4 R, BURAE . RS A
HEAE 471 nm EAWERK T ARR, MEEMEK
BRIE 450 nm F1 471 nm ALK, fE471 nm KT
WA S FHSEE b, B9 EoR AT A3 B A R R 1 5
FIEEE R 471 nm #K .
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Fig.1 Separation effect of different chromatographic columns
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20 20 mmol/L Z, @44~ ZHHM‘?
60 2
js]
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: 1 3
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o b A M I
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K2 5 Feis N RIRERMER R GSE
Fig.2 HPLC chromatogram of 5 carotenoids
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Fig.3 HPLC chromatogram of sample
" ! ST, DASETIRAY) AR, LAV EE OO J B A b
" xBTS T O A TRV VR Y
50 W, MEEY{5ME  (signal to noise ratio, SN)N 3 B,
40 3 Bk B e o7 iR K PR (limit of detection, LOD). £%
=}
T 4 AN, MCRE. RBREER LK 2.
20 R2 EUAVNSEIESTE. X RMMB R
10 Table 2 Regression equations, correlation coefficients and
0 detection limits of 5 carotenoids

375 400 425 450 475 500 525 550 575
P /mm

TE: LA 2P &, 3 BIA R, 4 15, 5 FAKWR
4 5 FZEEE N RAESNIOEIEE
Fig.4 UV-absorption spectra of 5 carotenoids

34 FRERZSHR TR
Bk 38 0.5, 1. 2, 5. 10, 20 mg/L AIbRIERF

ST QI A

) .
llatt?] LML © fmg/ke)

BRBIZLZE Y=16.68545%X+1.73546 0.99991 2.5
LINES Y=65.40209%+0.104565  0.99999 1.0

FAEE  Y=28.24842X+0.140187 0.99993 2.5
R Y=17.66359X+2.95034 0.99987 2.5
MR Y=46.89563X+1.29087 1.00000 1.0
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3.5 INFREIREREEE

] — LR LD B AN 3 SR AKOF AR HEIR T,
P8 2.2.3 Pk ik A TRIALBE, AR IAR KA T E 6
Wo B 3 AL, 3 PR [ v B2 7K S 16 in b TRT i % 7
84.39%~94.76% 2 (8], #H XF 4% #fE i 2% (relative standard
derivation, RSD)7E 1.07%~3.02 Z[a], 13 B J7 v 4 [l

3.6 EPRHEmIQMLE

FAE M A 21 RO R S AT,
SRR 4. 21 IAFERRKIR BT R, 17 3 (hFES A
HIFEE, ST 1.41~63.2 mg/kg ZJA], &AL P& A 1
R, FREEMMANRE, SRS 1.78~30.5 mg/kg.
3.92~32.9 mg/kg Hl 1.15~17.9 mg/kg JLIHE A .

®3  FHIERERERFEEE (n=6)

Table 3 Recoveries and precision of samples (n=6)

EY FEL T B/ (mg/kg) JindrE/ (mg/kg) S IR % RSD/%
ND 2.5 88.92 1.45
BMLL R 5 85.67 1.82
20 89.33 2.36
ND 1.0 90.12 1.90
LNt 10 92.23 2.32
50 91.08 2.61
3.92 2.5 87.80 1.67
FKRER 5 84.39 3.02
20 89.88 2.35
8.27 2.5 85.76 2.21
e 5 88.74 1.70
20 86.56 1.78
ND 1.0 87.92 1.07
MER 10 90.65 2.08
20 94.76 2.43

T “ND” N RKH

®4 HEPSHERAT MESE

Table 4 Contents of 5 carotenoids in in samples

PSSR BRHILT 2 /(mg/kg) I £ /(mg/kg) n# & /(mg/kg) F A FE/(mg/kg) A H K /(mg/kg)
1 ND ND 23.1 5.77 1.97
2 ND ND 14.6 4.02 1.41
3 ND ND 218 5.32 1.94
4 ND ND 29.7 7.36 2.56
5 ND ND 272 6.89 2.16
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(A PRMILT E ((mg/kg) IFE % /(mg/kg) -8 % /(mg/kg) F K FE /(mg/kg) I # R/ (mg/kg)

6 ND ND 23.1 5.79 2.12
7 ND ND 223 6.23 2.61
8 ND ND 25.5 6.52 2.64
9 ND ND 30.5 9.22 3.13
10 ND ND 242 6.05 2.55
11 ND ND 11.2 31.6 13.9
12 ND ND 14.4 18.9 6.9
13 ND ND 11.7 14.6 4.05
14 ND ND 11.8 329 15.2
15 ND ND 7.44 17.9 5.17
16 ND 33.4 9.72 13.7 1.15
17 ND 63.2 9.38 14.5 1.18
18 ND ND 1.78 8.64 10.52
19 ND 1.41 12.1 182 14.6
20 ND ND 7.36 15.6 17.1
21 ND ND 8.27 3.92 17.9
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