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Determination of zeaxanthin in milk powder by high
performance liquid chromatography
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ABSTRACT: Objective To establish a method for the determination of zeaxanthin content in milk powder by high
performance liquid chromatography. Methods The milk powder sample was enzymatically hydrolyzed with
protease at 45 °C for 30 min, extracted 2 with n-hexane:acetone (9:1, V:V) repeatly, concentrated by rotary
evaporation, reconstituted with n-hexane:ethyl acetate (65:35, V:V), determined by high performance liquid
chromatography ultraviolet detector using Si 60 (100 mmx2.1 mm, 5 pm) column, and quantitatively determined by
external standard method. Results The zeaxanthin peaked around 14.018 min, and the zeaxanthin concentration had
a good linear relationship in the range of 0.0—4.0 pg/mL (r>=0.99982). When the content of zeaxanthin were 63.3,
126.7, 316.7 png/100 g, the recoveries of standard addition were between 95.8% and 96.7%, and the relative standard
deviations were between 1.1% and 3.9%. The limit of detection was 20 ug/100 g and the limit of quantification was
50 pg/100 g. Conclusion This method can detect the content of zeaxanthin in milk powder, is simpler than other
pre-processing methods, and has higher accuracy, stability and sensitivity, and which is of great significance for
subsequent detection applications.
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K # i (zeaxanthin) A& — Ff 58 5 1 31l 1A K AR
B NE, S H AT A ME— A T A BN AR A
M2l g bR BAKREE A SE MR, BTy iR
B, ETZAAE TR EMRESE . BT KR MR
FEKP . EAKRN, BEAER . R, B, A
IR S AR NS tE S p b e b O YR X NI R (L
PUAALT, R PUAE AT M IR R B AR IHBRA A
Y i S5 ke A 80T BT LA 1 S A A, DAL T % R i 2 381 £
PR D By LG A I 5 2 75 A A 4, e LB R i
OB EBA A R B A, B N E 2 5 32 5]
WOt . DRIt K BT B 40 LA R B ) R B AR
BEATE AR AN KRR IR, KA
B0 A e TS e s B AR N I L
B0 PR S e A S E R, DA B BRI PN R R AR B T RE
P ISIAE y hE # EEEAOAE  . BLE B [ P SIS
#HZ—

B TR BRI B R TESS ) H O Rtk TE
M P — A BUSRALE 25 5, H AR IR M RO i
P, FEOENE LRE RN, L% S EEZrT4. 3
AR AR T2 OEREEN | R AR mk
WAR 38z (high performance liquid chromategraphy, HPLC)™!!
S5, WA BRI A A . RS R 3 2 S (]
WA R A TS AR S5 B BRI 70 g T
Tl HPLC PRGN Ty 7%, LA S = A aioKk,
LM B R 5 FOK BT 4 AR AR ORER

1 RS

1.1 RS

KRB AR T RAT 98%) . HIME, T HE
L8 (dibutyl hydroxytoluene, BHT, [iiif4%)(3¢E Sigma
2wl IECRE(EIELE, JE DR A F); KRR
e, KigmRAFAFGRAR), ZMROEE. N, =
SR Bk, fEE Merck /A H]); H4E/K(18.0 MQ-cm,
2 [# Millipore 2~ 7)o
1.2 FENSHFRER

1260 ERGEAHE IS -FSERERGEE Agilent 23 r]);
LYNX4000 75 3 7% 4 B .0 ML (35 H 8 B A ); Milli-Q
ZMQS50001 £k HL(ZEE Millipore 22 F]); RE311 kb5 %
X (T P Eh 41 A PR |); DKZ-ZB EIR KR 2 i —
TERM A PR F]); ME203E/02 HF43H7 RS- -46

FIZ 23 wl); MS 3 B 8025 i itk (L (T THAR DR IR D),

Si 60 %100 mmx2.1 mm, 5 pm, 3£[F Sigma 23#]),

1.3 XWFFE
1.3.1 Hamarae

£ 50 mL NGB OB TR 2 g IRA ISR
FE, A 10 mL 7KEf&. FIMAZ 0.5 g AR, ®Y, F
45 °CRGHEF 30 min, WHIEFIRF S HIINA 10 mL JoKZ,
1 10 mL iF %% PIEA(9: 1, V:V)IEEUAWE, 1WHEIRS] 1 min,
JCEF-20 °C¥ R 30 min, JUHJELL 4500 t/min 2.0 5 min.
FEMLA 10 mL 1ECGENERHRBOA R E R 1R 2 1R, SR
W, LA 20 mL 7K Pk, 4500 r/min 2.0 3 min 232, A VAT
FEIRWERAE R T, IEC K LR ZER(65:35, V-V IR
TERGAMIRE T ERZE 5 mL, IS, 1 0.45 um B,
PESRORAR RSO E, WA 1R,
132 AR/ B H

(OAFHERE (0.2 mg/mL): HEFFRI 1 mg(H &=
0.01 mg)FEKFR, Lh 1 mL =& H LeiFiism, JFHES
Yot R TR (65:35, VIR BUE R E 5 mL fram =i,

Q)FRUEFP AR (200 pg/mL): MEMIEL 1 mL &K
PR AR (0.2 mg/mL) P AR, HiECk: o)
ZER(65:35, V:IV)IF R AESA E 10 mL AR A=

QGOPRAE AR DN T K BT 1 v [l R At W 0
5. 25,50, 100, 200 puL W FHEAE/NMET, FIEC L
LR LWR(65:35, VVBIREAZE 1 mL, FRIFEWKEN
0.0, 0.1, 0.5, 1.0, 2.0, 4.0 pg/mL AYEFIFRIE TVEW
133 &i&tt

IR Si 60 (100 mmx2.1 mm, 5 pm), #EE: 35 °C,
PEREAL: 50 uL, W 1.5 mL/min, WEIAHIES ke 2R M
=65:35 (V:V)(ZEEEUERG).

2 FER5HH

2.1 BIEHNERE

FOR BT 5 M-8R BN RS SRR, A SOAH RS AR
Cs. Cis PARMESN B, XFF Lo S 2= W B i b S8 K
B ARG I AF X PRI, PR AR BRI B Si 60 At AT
S0, QI 2 iR, MEERAE 12.471 min 2 H0E, FORE
JRTE 14.018 min 4b 0, 73 BB RAF, BEAESCINE K
MR ik, ARSCEPER Si 60 FEAE N ikt

2.2 MREHRIERE

W BT 2R, FKE A S AR A TN+
W, IR D AR TAL P I P R TP A U,
PECE R, Rt —25 B TR B TR B R Hh 2R S
i R A o e g 1] () B2, ASBIFSE AR 1 S SN HE(0.0
0.5, 1.0, 1.5 ) S¥RGEEHERTEI(10, 30, 60, 120 min)/Hililt
TT55%, BAREAHT 6 IKEE, THENRESCE X FRE
{ffiZ (relative standard deviation, RSD), Z5HAUNZE 1~2 FR,
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Fig.l1 Samples preparation process
i
Foo o
1250 7
10.0 |
N 7.5 ; "
= 25¢ §
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K2 Si60 (i ikAaings
Fig.2 Test results of Si 60 column

*=1 Eﬁul“huXT*EH&?SIKE']E;DH(n=6)
Table 1 Effects of enzyme addition on extraction
efficiency (n=6)

JF s /g SEE BIBCR % RSD/%
0.0 65.8 2.0
0.5 98.3 1.1
1.0 97.4 2.7
1.5 96.5 43

I 1 AJJ, A BN VAR T 2R A A IR [ R A AR,
N 65.8%, & BRI 0.5 g B ks [ k4% 5 ik 98.3%,
PRI L i A R A L R R S TR I R U . R RS IR 0.5

1.0 A1 1.5 g BHIAR BSR4 508 98.3% . 97.4% ., 96.5%, TG
B 25, FEIARSEHC R AR 0.5 g.

2 ESREATE)XT R BN B #ME (n=6)
Table 2 Effects of enzymatic hydrolysis time on extraction
efficiency (n=6)

it A 5} ] /min S R % RSD/%
10 78.2 2.7
30 98.3 22
60 85.7 4.8
120 453 4.4
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M 2 AP, BEE AR RIS, R B A s ] -2 I AR T AR AT UL 3. AN 3 FR T LU H
WA BTG =, AR 30 min I AR RISCACH 98.3%8 51 f; KB ) S R AR A A > R, RS A
1o o LM Bt TR T TR0 0, T K B A e [ A 53
TR R, A5 IEERERE I )24 30 min.

- . 3 REUATIEE BRI E M (n=6
23 {ZEUAFIB IR w3 AREUATIL AR Z=6)

Table 3 Effects of extraction solvent ratio (n=6)

Fo oK ¥ A PR AR O e P on] LB R, DRIk A ERET
- TN Mg = TR :IE S %e(V:V
FEXT 2 ARG I BN [E] A R4 T 0 %, AnaR 3 Fim . V) S35 [T /% RSD/%

W 3 Ha] DUA A [ He 5 ) P R -5 0 e 4

e N — — e 1:9 97.5 3.4
BOAI, FR B BT InbR RIS R . ER 5 1E C ke
BB 1:9 (VaV) B, K #3551 i o AT 3k #) 37 943 1.6
97.5%, DR ERE AR : IE C =19 (V:V)FE R BUAH . 5:5 77.4 4.7
FRUEFE (1.0 pg/mL)FIWIRY IARAE il 28 o ORAR (2 o1 723 2.6
A
£ s
[ x
40 ¢ o
30 S
-
% 205 m!
= 10f 3
- g g
0f  —odc= =
E 1 | -TR)T 1 1 1 1 | | | 1 1 1 1 Il 1 | | 1 1 1 ] 1 | | 1 1 1 L p | | | 1 1 1 L | 1 Il 1 1 1 Il 1 Il 1 1 1 1
0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 225
= PREF I A /min
25: 7 -
F %
10.0 | I
w75 1% &
Hos0 ¢ &
= E 5
a5t 5
0: ~
25 ¢
0 25 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5
AR BR8] /min
B3 ARUHER (1.0 pg/mL) Rk AR St 1 el
Fig.3 Chromatograms of standard solution (1.0 pg/mL) and milk powder spiked samples
25 HMER fEMRLE(S/N). SN >3 ShJrikfiB R, SN > 10 Ry ik &

Y BIHERES £ 0.0, 0.1,0.5. 1.0, 2.0, 4.0 pg/mL  Re BUREN], MR 2.0 g, AW S mL I, T
HOFRAE RSN S0 uL. DU Y s, ks RIRAORIIIN 20 ug/100 g, GERLR Ty S0 ug/100 g-
HEIE(X, pg/mL) A BEASER, 2 TARHEN LR 46 ABE, Tk HRAEERRBAEE S, SHEM 633, 1267,
FRHOTRIESE 0.0~4.0 pug/mL 6 PR E I Ab 6 2% FL 4 316.7 ug/100 g 3 FAR[FIMR BRI IbR &, BV R A2 4K 6
FAB RPN Y=270.214X+7.8099, 1K F %L U, I LIRIESAE, TRMPRETECHA RSD, 4%
N r’=0.99982, i ARG ML F] rP=0.995 (HEK TARREEAMERE, HRIE 4 PR

ER IR, FES RSN 63.3, 126.7. 316.7 ug/100 g 3
2.6 HWHR. ERRMEE AURE R, TR TTAR CRAE 95.8%~96.7%2 ], #]
TEZS R b HROI A K 8 B AR VA T, LR (e I SR MEMZETE 1.1%~3.9%22 8], W& GB/T 27417—2017
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CHEMIEE 2B BN IR/ ) hAE VR
£ 1~100 mg/kg B INFR EISCRAE 90%~110%30 1 N 25K

4 G ERERE TR E (n=6)

Table 4 Average recoveries of zeaxanthin in milk powder

samples (N=6)

VS IR BE /(ug/100 g)
SRR Y% RSD/%
63.3 96.7 1.1
126.7 96.1 1.6
316.7 95.8 3.9

3

g 5

HITYI A 5 MR R P o 28 2000 7 L o

FORER O, HESR A AL AR Ak, DL SR IE O k-
INCLEHATERIL, Cyo TEAT A3, MR &, Jridifer i B
930 ug/100 g, FERFE A 100 pug/100 g, ASHIFST il B
(4 5 I R R BT, P FH P ) 1E L e TR B B, 28 4h
RS T, AMRE i, kR 20 pg/100 g,
LR 50 pg/100 g. 55 CRIE MBS L, 207 b 3
PIRRRIEA . GERE . REUE S ICREE, hF R ROk
T ARSI T AR HE
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