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Ultrasound assisted enzymatic hydrolysis combined with ultra-high performance
liquid chromatography-tandem mass spectrometry for determination of lutein

and natural vitamin K homologues in poultry eggs

CAI Zhenlin' LI Tao*

(1. Changsha Commerce & Tourism College, Changsha, Hunan 410116, China; 2. Hunan Provincial Key Laboratory of Food
Safety Monitoring and Early Warning, Hunan Institute of Commodity Quality Inspection, Changsha, Hunan 410111, China)

Abstract: [Objective] To develop an ultra-high performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) method
for determining lutein and natural vitamin K (VK) homologues, including phylloquinone (VK,), menaquinone-4 (MK-4), menaquinone-7
(MK-7), and menaquinone-9 (MK-9), in poultry eggs by optimizing ultrasound assisted enzymatic hydrolysis. [Methods] The target
compound is extracted from poultry egg samples by ultrasound assisted enzymatic hydrolysis and then separated on C;3 (100 mm X 2.1 mm,
3.0 pm) column with 0.1% formic acid aqueous solution-0.1% formic acid methanol for gradient elution. Meanwhile, the samples are
quantified by external standard with APCI source for detection and analysis. [ Results] Under the ultrasound assisted enzymatic hydrolysis
conditions of enzyme dosage of 1 500 U and hydrolysis time of 1 hour, the linear relationships of lutein and natural VK homologues are
good in the range from 1.0 ng/mL to 5 000 ng/mL (R*>>0.996). The detection limit is 0.8~1.5 ;tg/100 g, and the quantification limit is 2.0~
5.0 pg/100 g. The average recovery of lutein and natural VK homologues is 80.1%~94.9% when the spiked concentration is 10, 20, and
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100 pg/100 g with the RSD of 1.3%~5.5%. [ Conclusion] This method has high detection efficiency, sensitivity, and selectivity and can be

used as a detection method for lutein and natural VK homologues in poultry eggs.

Keywords: poultry eggs; ultrasound; enzymatic hydrolysis; ultra-high performance liquid chromatography-tandem mass spectrometry;

lutein; natural VK homologues
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Table I MS/MS parameters of lutein and VK homologues

fom  wrET aemmr o R

J&/eV  JE/V

M E 569.550>>551.530  569.550>>551.53  11.15 171
569.550>>477.387 11.78

VK, 451.450>187.125 451.450>187.125 23.03 167
451.450>>185.125 21.55

MK-4 445.450>>187.125 445.450>>187.125 20.84 129
445.450>>427.375 12.46

MK-7 649.700™>187.054 649.700™>187.054 30.61 174
649.700>>463.440 15.07

MK-9 785.762>>187.054 785.762>>187.054 36.21 197
785.762>>599.655 16.63

BRENE BEEYERE R AR —RRREENESREPMHERRXA VKR RY

22 @it utmL

[ 72 A FH A 0.1 g/100 mL H R /K %5 W, %5 %5 B AH 43 %)
J NG H 0.1 g/100 mL H R FH#E 0.2 ¢/100 mL H iR
FH BT it 38 2 RIR SR VK ISE . 25 3R B, YA HLAE
NG, R R N AR 5, MK -7 B T IS TE 22 H 2 g 58
Bi , T MK-9 5 HH 0 5 5 HLAR S B B, v % 3% ) 7
559, H MK-7 fl MK-9 ¥k 4 . 54 B 0.1 g/100 mL
R BT, S R A A R I SR BN BT Y 43 B R R i
JE 5 MAT PN 0.2 ¢/100 mL B 2 P A, i 3% 28 A VK ]
F W0 R e BB A R B o TR AT BL R Bl A 0 18 R AR
L B R T A SORR E I 3R OR VK TR R Y 4 L T
A HUAE TR R A R R X H BRS04 e B A )
2 ] LAAR 3E H BR A6 G W 00 e 8 DT £ v o o7 B, 2o g i
J Y B R AL 2 B AR L A AL £ 0 1 il BB AT Ut 35 5 AL
FEhAH 0.1 g/100 mL B R B 2. 7 I 10 00 45 14 F A
M€ 3% 25 10 T B 2R R R VK bR v 2 B T (0%
A 1R,
23 BEEBEMEIAELFRL

R HAT R 7S A BT U SRS AT DU

4.23
10071

80f R
601
40+
20+

0
1007 6.06
801 VK,
601
401
20+

5 0
= 1007
80 H
601 H
40+ “
20+ |
0
1007 8.12
80
601 MK-7
40+
20+
0
1007 17.55
80[ I
60+ I
40t |
201 [

0 | | | | | | VAN I |
0 1 2 3 4 5 6 7 8 9 10

s [

Time/min
Bl vt xR VKR AHETHTEHRA
Quantitative ion chromatograms of lutein and

VK homologues (100 ng/mL)

AT B
Retalive abundance

Figure 1



38

24 517l SAFETY & INSPECTION

SNy 42 ol T AR, 4R g YR ), W B T AR S0, AT
P R AR o B T [ T R PG 7R B
fift 0.5~2.0 hX%f 5 F 4t A 28 1150 (4 52 W) L 9 I 7 e fE R 7
ol S At B D) L 45 A B 750~6 000 U X 5 i 4 A
Wl 52 M B S L b or 7 R & iR A GB
5009.248—2016( £ i & A F bR £ rh k#3190
FE ) 52 I E B0 A 0 R A . S [ R A S B A e ) X
5 Fifr i A 2R TR0l R 5 i 45 A O 1R 2, Bl R 7 el B IS 1) A 4E
K B b TP IR 0T % AL R L B VA MR A AR R AT BRI, ot
R M VK R0 i S8 3% 20 T, Y R I AR
1.0 h i, BE 5 P IS 07 58 S W, BE R SRR A R e R
I, EL IR 7 B ) A 4, 32 S AR B2 A, i 3R VK [R]
F M R WG AT AR DR O R £ A 7S B B R R 1.0 he FE
S5 AR 7 il D T e B IR T, AS [T Rl % S R A A 2R Tl
RN 5 0 45 S DL EL 3, i 0 30, BR T R R R A B
A, i R VKRR Y0 IR B S R 2 i
1500 U, dh o 5 Fh 4 25 25 [l i SR B A 35 A8
& W 22 T g o 5K B — S R T A R R B e L PR
B AEINEE R4 1500 Us X He GB 5009.158—2016 £ i &
S GARE B T A ZK I RE ), 35 R A7 I ]
ST 50%, BN RE FFAR T 90% , B 5 - R KT
24 ZEEFEKMHRMESR

251 FE TN — S TR b o T F AR AR &
PRI LALA BT, M 3R 5 VKR R {E L (S/N) =3
I ) e BE SRy G B A TR LE (S/N) =10 I A e B Ol R it
FRL, 5 Fil i A= 3200 2o M D7 R (R PRV BT RS R R et PR DL
2, G E W b E O MK-9 7E iR ik % N 5.0~
5000.0 ng/mL ¥ [l 2P R R4F, R>>0.996, %t BR

BEE 28983 | 2025 F 11 A | RASHA

[ ™JO.5h BM1.0h @I1.5h CI2.0h

1001
N - | i
o N ’ N
N T N
R I i
= i
\ / Wi lg
\ ’ N
ol M Al J :
-8 % VK, MK-4 MK-7 MK-9
(A= B4
Compound
B2 A5 4B B AR 1) 2ot s & A2 VKR &2 4
R R DA
Figure 2 Effect of wultrasound assisted enzymatic

hydrolysis time on recovery of lutein and VK

homologues
[ [J750 U @81 500 U E43 000 U @6 000 U
100 &
H
hl
K
S B
%% 3
= & S0 ;:I |
=z H
g b
= 3
K
k
b kil
M#ZE VK, MK-4 MK-7 MK-9
13 4 7k
Compound

K3 Mzt ZA VKE 2=k E6%0
Figure 3 Effect of enzyme dosage on recovery of lutein

and VK homologues

1.5 pg/kg, E BB N 5.0 pe/ke; VK, \MK-4 Fl MK-9 7 Jfi &
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Table 2 Calibration curves, detection limit, and quantification limit of lutein and VK homologues

=g’ Ly LML/ (ng-mL™") R K BRA10 2 pgrg ') EHIRA(10 2 pgrg ")
I E Y=224.991X—1272.13 5.0~5000.0 0.999 8 15 5.0
VK, Y=8406.57X—21 927 1.0~1 000.0 0.999 9 0.8 2.5
MK-4 Y=2783.81X—6 653.52 1.0~1 000.0 0.999 8 0.8 2.5
MK-7 Y=2266.76X—6 801.83 1.0~1000.0 0.999 6 0.8 2.5
MK-9 Y=726.05X—1586.91 5.0~5000.0 0.996 1 1.5 5.0
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6 2 ¥ iR A br O, 3 A K E 43 9 R 1000, 20.0,
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M vk HEAT ARSI L HLA BT, D B R R VKR &R 4 Il
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Fh 10.0 pg/100 g B, [l 4 3R S 84.0%~91.1%, RSD K
3.1%~5.5%; 24 1 b5 /K 9 20.0 pg/100 g B, [ 4 & Ky

80.1%~93.9%, RSD A 1.3%~5.5%, 4 i ¥z /K ¥ R
100.0 11g/100 g i}, 1] Ui 3 Hy 86.8%~94.9% , RSD 4 2.1%~
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Table 3 Average recovery and precision of lutein and VK

homologues (n=6)

10.0 ng/100 g 20.0 pg/100 g 100.0 pg/100 g

. [l % /% RSD/% [0 %/% RSD/% I8l %/% RSD/%
HEE 911 5.5 93.9 43 94.9 2.1
VK, 84.0 42 80.1 13 93.1 2.5
MK-4  89.8 3.1 86.3 2.7 88.2 3.9
MK-7  88.4 5.4 87.4 5.5 86.8 3.4
MK-9  88.1 5.0 90.3 49 89.0 2.1
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Table 4 Content of lutein and VK homologues in different

types of poultry eggs 1g/100 g
FE i iR VK, MK-4 MK-7 MK-9

WM E 861 1.6 29.8 Rz R
59 2 802 1.5 28.8 REH RAGH
B 993 23 13.1 R KRR
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AR L 2 606 1.9 22.1 Rl R
W M A 1 1165 1.6 33.7 KK REH
Wi Y 2 2 966 1.7 30.2 RE KA
G K 3 982 1.8 31.5 R R
1 g - B8 B 805 1.7 40.4 REGH REH
1t 7 862 2.1 422 KKz KK

5 606~1 165 pg/100 g, VK % 14 1.5~2.3 11g/100 g, MK-4
BN 13.1~42.2 pg/100 g, MK-7 fil MK-9 ¥ £ 46 H .
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