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H OE. 257 SRMEE- %Mk (HPLC-FLD) F) o Heik o S A% A BT 444 B Hwm 8%, &
FME AR T 2AEEETK, 95k, HREHB LA FR AR ILELEE, A Aglent ZORBAX SB-C 4 &
%4 (150 mm x4.6 mm,5 pm) 5 & , A5 4 R A (35 mm x4.6 mm) #7 4, AP E (A H R T 10% | kB8R
0.03% # A4 1.5 /L AKTEAN 05 /L) AR A, FAREENZH /TN, EREAW, o 7R
(Menatetrenone4 , MK-4) .-t} ¥ 2 &% ( Menatetrenone7 ,MK-7) /£ 15 min P& & sk 2 P44 £ K, £ & AL MET
BALFZRT, ME L3 r=1.0000, BRHEZTH2 g, £5 2 mL B, MK-4 #9544 0.01 pg/100 g, & SFE %
0.04 ng/100 g;MK-7 844 i FE 24 0.06 png/100 g, 2 S FE 4 0.2 ng/100 g, HIRAES A 10 g, £ 4 2 mL i, MK-4 ##
H PR 0.002 pg/100 g, & FF- A 0.008 pg/100 g; MK-7 #9# hFE 4 0.012 pg/100 g, 2 S 4 0.04 pg/100 g, %%
(RSD) ¥ R4t 3.56% , BDk & A 80.6% ~95.5% , 8 AP Fa P M 1 L4 B4 b R PAUE A MK-4, 2 o b 2F
& P 4B AR AUA (034 £0.02) pg/100 g, B3P 48R 5,4 (2538 £0.85) wg/100 g, AT, 285 %4 & P44 MK-7,
oV REIT S EAK, A (2545 £0.83) pg/100 g, M E P EBERAES,5Hi5(923.20 +11.45) pg/100 g, Zk s, T
BB TATRESEPEAER K, hZ@ 4k,

KA F AR G 35— 38 A ik (HPLC-FLD) , &%, 4 A & K, , w5 P 28 (MK-4) , L% 7 282 (MK-7)

Determination of Vitamin K, in Food by High Performance
Liquid Chromatography with Fluorescence Detection

DENG Meng-ya,PENG Zu-mao,ZHU Li, YANG Jun® ,YANG Shi-tian,ZHANG Xie—guang

(Shenzhen Academy of Metrology & Quality Inspection, National Nutritional
Food Testing Center( Guangdong) , Shenzhen 518131, China)

Abstract: A method for simultaneous determination of two kinds of vitamin K, in 8 kinds of food, including pork, pork liver,
pure milk, yogurt, butter, eggs, lobster sauce and natto, by high performance liquid chromatography — fluorescence detector
(HPLC-FLD) was developed. After enzymatic hydrolysis, saponification, extraction, nitrogen blowing and resolving treatment,
the sample was separated by an Agilent ZORBAX SB-C column (150 mm X 4.6 mm,5 wm) and derivatized with a post—
column zine powder reduction column (35 mm x 4.6 mm).Methanol ( containing 10% dichloromethane ,0.03% glacial acetic
acid, 1.5 g/L zinc chloride and 0.5 g/L anhydrous sodium acetate ) was used as mobile phase for detection by fluorescence
detector.Results showed that the chromatographic peaks of menatetrenone 4 (MK-4) and menatetrenone7 (MK-7) were found
within 15 min.A good respective linearity of two kinds of vitamin K, was obtained with the correlation coefficient(r =1.0000).

When the sample size was 2 g and the volume was 2 mL, the detection limit of MK-4 was 0.01 wg/100 g and the quantitative
limit was 0.04 wg/100 g.The detection limit of MK-7 was 0.06 pg/100 g and the quantitative limit was 0.2 pug/100 g. When the
sample size was 10 g and the volume was 2 mL, the detection limit of MK—-4 was 0.002 wg/100 g and the quantitative limit was
0.008 ng/100 g.The detection limit of MK—-7 was 0.012 png/100 g and the quantitative limit was 0.04 g/100 g.The relative
standard deviation( RSD) was no more than 3.56% , and the recoveries ranged from 80.6% to 95.5% .Among the 8 kinds of
food , pork , pure milk ,yogurt,butter and eggs only contained MK-4 , among which the content of pure milk was the lowest(0.34
+0.02) wg/100 g and the content of egg was the highest(25.38 +0.85) wg/100 g.There was only MK-7 in pork liver,lobster
sauce and natto,among which the content of pork liver was low(25.45 £0.83) wg/100 g and the content of natto was the most
abundant,up t0(923.20 + 11.45) pg/100 g The method is accurate, reliable, efficient, and can be used for high— throughput
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KIRGEAZR K(Vitamin K, V) 2 —ZEIEA LYy
S 2-F -1, 4-ZRER NI 4L R, = 5 ANid
AR RN B A= S, SR P -G G EE L i JEE 1) 0 75 W T,
HA 1 M EDRE , 2G4 PN Bk = Ak r] i e s . AR
P HAMEE LA AN TR], RIRAEAE R K A 43 M4 A 3R
K, (Vitamin K,, V) .44 2 K, ( Vitamin K, ,V,, )
A, YR K, IRFRITSRIR, 7R C-3 8 B —
AFEREUR I, BB Ty b . 45 EK K,
JRFR R ZER 2 RO B3R C-3 (v & 7
IR IC B AN, 43 2 14 Fh, DL MK—n 3ROR
(1), Hirp n 45 578 @ s a8 4t % K,
EEAMAEYRE L, PEAFEET RIS YN
WE RS LA R B S E S R R
$et T K, EME— B AEYE 4R R K, Hop 2
PO B Z5 AR ( Menatetrenone 4, MK —4) - J% B Z5 R
( Menatetrenone 7, MK—7) £ ELft 2™ . sk A ®i
ENEZLEA R K EREnsasinal & s 4, 2
TR K AR, fAE R K, ZRRER
LB, B4R E K, FFAEFIEN L i A R K,
A BEWE AR W R, HAE AR N 04 A= 9 ) SR AR
& K, oy "

Btz H25 M E M 2 8, 4i4: 2 K, B4R E
B BT — A% T 7 RN IR T T B R A B AR A R
1995 4, H AT YO 4 A= 2 K, VB iGyT B BB s 25
PIRNFR . 2008 4F, 3 [ £ b 24 b B B3R ( Food and
Drug Administration , FDA ) & 44 T2 Ak 55 27 s 4T 1 KR 1%
) MK=7 B A 26 4= 25 hasmsn . 2009 4¢, /i B4
( European Union, EU) i 5k 2009/345/EC Y1, #t #E
DL 9N SR, B ZE A B R R 4 A K, AE S — BB
U SRS R T 5 . TR 5 M X L 4 R
K, YRR A\ EFRAIH" dom s g ahh . 2016
A, E R DA R AT Z R STEC Tl 3R e 5%
BRSNS 2 (2016 455 8 5) ) Hhol 4
R K, (RBEE) S B IR AL F I Fh Y

H T, BN ARE &SP 4 A R K, K 4H ¢
T, AH A I Ty ik H B W AR 2D, R AR S RO A
o — S ARG I 1O B AR e TRk | R A
il - T A, 4k E K, RSP ER D,
H.5) 225810 AT O8O RVE T4y fd . LA 1Y
TR RSO (2 3% — 8 AR I 32 i Ak B R B9 T A L
PR AL B N 2 sl AR s 5 48 2R Bk T X B9 RS 5 32
TR 2 AN TR S B R O T S B
BYRESL, T B MR B 2 EE I &3k, 5%
ZEMANSE A 2 i TR O WEZ alifb i an Ab B AT 4,
TG T M v A R R T 5 5% ARG U R 14 32 B T R A

FEARAS N, ORI B b 4 A R K, RN 7
SRUOETS BN R kA IR SR TR P 22 5w R AT
{08 — TR vk R R (A B 2 A B B, R
ShiET . YA K YOS T R 55 4 e A &R A0,
NEEr= YO HEg M ARk K K FRY
FORIAZ ZEIR 3R 72 A 55, DA 3 v H A T RO AR 23
FECAG I % 1 0 W R AR, DT I8 B A H . E
WRAEFH SnCl, 1 2B 0K 4E 2R 3K, 285qk, il
T DESCAE I A% B D P A5 AR i I P MK -4 19 & &,
5 LR P R 4 A 2R K, B FCO A
S 28, S SE T FH K I RE 2 4 il 59 b 4
= K, R FNTEOCH I T2k

LA by iR B R AR AT A B A o 4k R K 29
1k, A< 3C %% AOAC Official Method 999.15" 41 Xt£r
fihH MK—-4 MK-7 , SR 5 fir A 2 i i 4E 26 &
Witk K, 72 AT, IF 45 A 28K I 4% 3 4T K
M, AT EE S, & MK-4 MK-7 @20 iEfs Pk .
R RT3 B I AR, LB S & v rp 4 2B 3 K,
PRGN 1y FH R WA B R R S

Vitamin K, n=1~4
Vitamin K (MK-4)n=4
Vitamin K (MK-7)n=7
1 4B % K, feegiig

Fig.1 Chemical structure of vitamin K,

1 MBERE
1.1 Rl 5EE

WA BN a4 ERWh BRI SR L SR g
& T ;MK-4 brdEs:  3€[E Supelco 2 Al ; MK-7
RSy 32 B ChromaDex 2\ w5 I i i (B 1% 71 =
700 U/mg) 3E[E Sigma 27l EEILEN VKR &k
BE TJCIK L BREN VAN UK BREREN s all, Nk
ERFN TR ZEE e, ) B ER B 0 A BR
NEGFEEOECE. S P e Ogal, 75 E Merck
NEIN

ThermoUltimate 3000 Y& #H {2 1% 4% ( e 2 26 45 I
%)  ZE[E Thermo 4\ &]; BSA224S—- CW U g, T/t
FPAL BLEE L FIHT 4 7 s MS3 IR HE{Y . KS4000ic 25 =,
PERBEIR  FEE IKA 4+ ; Hei— VAP B 55 g §% 28
I FEEMEERA A N-EVAPL12 AL o E g
501 5 Agilent ZORBAX SB—C18 A% (150 mm x
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= Agilent 23 F] s 44 5 BF 314 IR AE
(35 mm x4.6 mm SEURFHEERY T BPR4% 70 wm) |-
WGLERE SR I A PR A .
1.2 XWH*E
1.2.1  FRUEFEWREIS  SRAR A8 R : 43 0 HETR AR
B MK—4 MK-7 fRufE i, B9 i 0 2 25, T il ot
HR BRIk 2000 me/ L ) BRARG AR, T-20 CUKFA
HECARTT . 1R A v R 43 590 W L MK -4
MK-7 $RuEfE£W 1.00 mL F 100 mL FR A2 )i,
FHHR B E R B2 #75) , T-20 CrkKFaRGIRAT
1.22  BEAHIES FREL IR EMRRES 2 2 o R AREE
iy 10 g ORI 2 0.0001 g) F 50 mL &0 4, it A
231 g JRIiEE . 10 mL 58S 7oK, RG M, T (37 =
5) CESIITRE IR T 3 ho HH B A 47 09 i
FELARIRINA 5 mL JE7K 0% .2 mL 50% S8 L%
WL PRFBIR S [ H B k58 45, A 30 mL IE & %%,
FEAPRFE , T 5000 r/min T B0 3 min, BT
53— 50 mL B, iNA 10 mL f F 1SR A 8R55
Y7k v, F 5000 r/min R E 0> 3 min, B L VE T
100 mL jjEz8id . |EEEAE 1 K, &IFEVUE, HA
HUARZS i TR BRIR AN e 7K 2k U8 B e ZR M P, 7E L 2%
KA ETF (40 £2) CFEEZIRET, BART, EINA
2.00 mLH B ,0.22 pum JEAETUE , LB A HH -
123 (A& F  {ai%4E: Agilent ZORBAX SB-C,q
EIEAE (150 mm x4.6 mm,5 pm) ; 15 B i JE AL
35 mm x4.6 mm, 2T AR, K #2254
25 °C ;“/Jﬁiizl-S mL/min;iﬂ';Fﬁi;lO ML;W?JH'J?ﬁJLQ:
BRI 243 nm, & GHE AN 430 nm; JishAH : B B
(&H ZEPLE 10% PKESTR 0.03% G LEE 1.5 g/L.
JCIK 248 0.5 g/L)
1.24 442 K, 2ail®E LA AR
M i MK—4 3 MK-7 &4 .

X=cxVxdx100/m

A, X SHEESHS T MK-4 3% MK -7 & &
(ng/100 g) ,c R H MK-4 5% MK-7 ()57 i ¥
B (pg/mL) , V NFE S E AR (mL) , d S #6 Re A%
B, m SRR SBREE R () o
1.3 HELE

Wit 5 EFACEAY Chromeleon 7 T Euk #4458
TR 0 R AE S A
2 #RE5ITE
21 EEREFKMFRERE

YA 3 K, SR rEdE A 2 R b S5 g Bt
TEo BRI 7T A5 250 0 fe B o v BG D, AR 1Y) R B 2%
it e B TR X 4 A2 32 K, PR BCE — 2 S2 . AR SC LA
MGEE R, AR T ANFI A& (0.5.1.0.1.5 g) (1 i
(UL 1) FAA RIS (1.2 3 4 .5 h) A& )
LR (WFE D), G5B, e AR ST
(5 h) ,BERAERFHE R 1.0 g Bl Al Egff e 4. HESCH
AR, B SR R R R R S A
S, T FH 2 3 I vl A RO R LA IR G i A A R
FEREBGL R TR R . SHARVH R, Ak
10 g g 2., AEAHFEHE ST (MHE
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4.6 mm,5 pm)

bl

1.0 g) , Milgfi 1.2 h S5 ARARG, FEEAe Ak TR AN 2 5 250RE
B ANTE 4 o WA 3.4 .5 h FRSLIIE S5 38 TAaE ,
45575 FE I [R5 A3 TR A, AR Sk B it eF 18] 24 3 b

F 1 EHEARAR LA

Table 1 ~ Comparison of enzyme solution conditions
A () AT
Bl 1 h fipfE 2 h fifE 3 h iR 4 h S h
0.5 / / / / 20.9
1.0 18.9 20.6 254 26.8 25.7
1.5 / / / / 26.1

22 BUFMHHIERE

Bhh PR R K, WS IR D DU 8 2
XA FAE , HB b b HAB SRR 2 & W i A7 e )2
AR R K, A a0 TP IR, PR s X B i 2 T
1o, WEIRLE 2R 3R K, Shi iy o, (ige 2k 3K K, Wi e
ik o TR AL RN, B A AR 2 R B e S A R D
AL NG W5 IR £, e A2 3K, B o, DA T A2
B, T4 3K, X iR | A Sk P XS R R
fin, PEFE 50% A AL AT I A IR, X A ) (1
2345 mL) BT T HZ (UK 2) . G5HRERU], i
A1 mL B, S5 AR, 3X 0T BE 55 B H AN 8 A
BALARTE A G, Bl 2 mL A LA A2 S50 5 oK o
B 345 mL 5L Wi ek, nTBE-S RO B
L YRR K, BB IR AT G LRGN S0k
1 2 mL 50% S AAALET IR

K2 RS HEL

Table 2 Comparison of saponification conditions
B (mL) 1 2 3 4 5
G
(pg/100 ¢)

2.3 AL

HECHEE (A, WWIE 2) HEE (S @& HEE 5% )
(B, ULE2) (FIEEC &S =P % 10% ) (C,WWE2) [ H
B (B AW E 15% ) (D, WWIE 2) (¥ &4 VKBS 1R
0.03% SHALEE 1.5 g¢/L TC/K L BREN 0.5 /L) 55140
H bR 53 25 B S iR ], S5 3R ], MK-4 MK-7
T Bl A A T 30T A8 2043 8, v sh A v ds
TH P BT E R BT . Bl S T e Ee i Y 1
i, B bRigs H g s Rl b, R B A B e XA
EHEA MR ARSCGERRE AP R (&A A
bt 10% (DKEETR 0.03% SHAL%EE 1.5 g/L JC/K LR
0.5 g/L) RHLahAH . 1EIZ&MT , MK—4 % 1 g} [A]
“f7 3.560 min, MK—7 {1 H WA [E] & 11.332 min, 32 B4
IZ OIS EF A RATAT(LE 2,0)
24 ZMXRKHREEEZMR

FETR A5 v i TR 75 VA0 8 R Il ik B 2y 0.02 ~
2.00 pg/mL (RSN TAEW , 7€ 1.2.3 G K4 T K
M), KR A W T AR (y) X B a8 (<) AT [l e,
1558] MK-4 MK-7 1447 il 28 77 12 . 2P 30 B A e
KFRE . MK-4 PR TR LR TRy =
1.37 x 10°x—4.49 x 10° , #H % &% r = 1.0000, MK-7

19.1 254 26.2 240 232
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33001 1MK4-4.613 26ed
306 7566
i i
. [Z) .0€C
2 7366 £ 1'6c6
£ 2.0e6 2 l.4e6
g 80 S 12¢6
= 13¢0 E 106
213 & §0e 2-MK-7-14.501
= 75¢3 MK-7- 0o AT
13¢5 2-MK-7-20.757 4063 k
dael 0.0¢0)
2565 -2.0¢
503 -4.0¢3
00 50 100 150 200 250 300 ‘5‘.8630'0 25 50 75 100 125 150 175 200
I ) (min) [ 1) (min)
3.0¢6 2.2¢6
2'8¢6 1-MK-4-3.560 2.1e61 1 MK-4-3.056
3066
2606 2.0¢6
3:4c0 18¢6
o€ 1.6¢6
2.0e6
2 18¢6 2 14%
£ 1606 £ 136
g 11406 5 1766
8 126 8 1:0c6
4 1
E {003 2-MK-7-11.332 B g3 2-MK-7-8.036
4.0e5 3803
5063 38e3
foe hal L
. .vel
4003 1365
30000 25 50 75 100 125 150 175 200 298007 235 50 75 100 125 150 175 200
I} fi1) (min) I ) (min)

K2 MK-4 MK-7 brifidh (i [&l
Fig.2 Standard chromatogram of MK-4 , MK-7

FRUE TAES LR 18] ) )5 #2 9 :y =6.01 x 10°x-2.58
x 107, A Z2 8 r = 1.0000, 6 H B 52 H B 43 51 LA
345N 10 f5(EMR L (S/N) 3, S5 SRR B, S HURE &l
2 g, EFE 2 mL I, MK—4 §94 HBRH 0.01 wg/100 g,
S BR A 0.04 pg/100 g3 MK — 7 By K HY KR
0.06 ng/100 g, E RN 0.2 ng/100 g, 4HURE RN
10 g, B4 2 mL B5F , MK—4 f9#6 H R > 0.002 wg/100 g,
S B 0.008 pe/100 g3 MK — 7 f4 K B K
0.012 ng/100 g, &=L 0.04 png/100 g,
25 EWREBEEE

HRAE 2.6 SZBRAE i 10 00 5 435 5, e IOuy 2R | o uk
OIMBRSC I % 9207 WL MEwn BE . B h & MK-4, R
i MK=7, [ X9 2 h s m 0.5 .1 .2 fi5 & i MK—4, &
UPRUERRZRAG P B & I MK=7, S8 h R &
MK—4 , & 457 MK=7, i) 55 o s inps e f 20 b s

PR MK—4 5 0.5 1 2 ff 3 BEYR I MK—7., 454>
KFFAT 3 Gy (I 3) 0 MK =4 (5 i o] g 56 1
85.8% ~94.1% 2z [a] ,MK-7 AR ol e K AE 80.6% ~
95.5% Z [a] K52 B RSD ¥ RNBid 3.56% , 45 30
1207 18 A% BLAT R 8 L5 , S SR
26 T

B IERAEHE, F—20 °C B 53 R AF 0.4
812 Fil 24 h, EERE S it MK—4 MK-7 (98 HE (L
Fed) . GBI AE24 h N, MK-4 MK-7 5 kA
K47 HE G 2 (RSD) 349 K 8 it 8.69% , B2 1] MK —4 |
MK~7 (1§58 PELF .
2.7 FLERHESHNE

A7 v B TR T S22 1 RS B X
G N8 PRSI AT (L 5) . SRR
WY B Y Y BT AR T L S AT MK—4, 2

s >N

K3 YEMETEOPYEER K, BRSO AR 22 (n =3)
Table 3  Spiked recoveries and RSDs of VK, in eggs and fermented soya beans(n =3)

. ey FE AR R i (% ) -4 [a] g % RSD

(pg/100 g) (pg/mL) (%) (%)

0.50 87.4 89.2 93.6 90.1 3.56

MK-4 25.4 1.00 84.0 86.3 88.9 87.6 2.84

\ 2.00 87.9 86.6 82.8 85.8 3.10

iR 0.02 87.4 85.4 89.6 87.5 2.37

MK-7 KA 0.50 90.5 86.6 91.4 89.5 2.87

1.00 95.0 93.0 94.6 93.8 1.14

0.02 88.2 85.0 97.0 90.1 1.85

MK-4 KA 0.50 91.9 94.6 95.7 94.1 2.10

B 1.00 93.6 92.1 93.7 93.1 0.93
X33

0.50 82.5 79.1 80.3 80.6 2.12

MK-7 58.9 1.00 82.6 84.0 83.3 83.3 0.84

2.00 96.9 94.6 94.9 95.5 1.33
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F4  SRBORAFHON RIS 4EA: R K, SR (n =3)
Table 4  Effect of different storage time on the contents of Vi, (n=3)
e FE K, FiE(pg/100 g) A RSD
fetm D P P

0h 4 h 8 h 12 h 24 h (ng/100 g) (%)

1 15.3 14.3 14.1 13.6 13.5 14.2 5.07

MK-4 2 16.6 16.1 15.8 154 15.0 15.8 391

3 16.7 15.6 15.6 15.3 14.7 15.6 4.65

1 16.4 14.7 14.0 13.5 13.3 14.4 8.69

MK-7 2 18.0 16.3 15.7 15.6 14.9 16.1 7.28

3 17.8 16.5 15.5 15.2 14.7 15.9 7.74

#5 SMEMPYEAER K, 87 (ng/100 g,n=6)
Table 5 Contents of Vy, in the 8 kinds of food( wg/100 g,n=6)

waEy A WEIF a4y i3] Eiglil A3 T3 MNE

MK-4 1.69 +0.03 ND 034 £0.02 0.72+0.02 10.44 £0.28 25.38 +0.85 ND ND
MK-7 ND 25.45 +0.83 ND ND ND ND 58.86 +0.98 923.20 +11.45

T :ND FonARA %
B A LR AT L (034 £0.02) pg/100 g, 1% 181-183.

B e ,15(25.38 £0.85) pg/100 g, M.
B G S MK=7, oA g I & eIk, 2 (25.45
+083) wg/100 g, WG F FHERNEE, Wik
(923.20 +11.45) wg/100 g, A SCHFMAE &b 4EA: R
K, & & 5 Schurgers %[3] . Peter 5;‘1‘,::]9] 1Y B 5T 45 5
FFF
3 Zig

A ST T v MR AH A — 22 SR I % [RI B 43
BRI S 2 AP R K, (MK-4 \MK-7) [ 53#7
J7ie MK—4 MK-7 7E 15 min 5385 0, 2 Fii4k
EFEK, TES H MR METL B e R R AT, M R
r =1.0000 45 H BRAFNE SRR 4351 LA 3 4% R0 10 545 1
L (S/N) I, MEURE R  2 g, A 2 mL B, MK-4
K BR 27 0.01 wg/100 g, & & B 7 0.04 wg/100 g;
MK — 7 [ & H BR 2 0.06 pg/100 g, & i1 KR A
0.2 wg/100 g, A E A 10 g, E A 2 mL Af, MK-4
AR BR A7 0.002 g/ 100 g, 52 R 0.008 pg/100 g;
MK — 7 [ & H R & 0.012 pg/100 g, % 1 R K
0.04 ng/100 g K% B (RSD) ¥ 3.56% |, IR
4 80.6% ~95.5% . 7K MG A HE I LAl A 1h R I
T YR U YN 8 R SR I A, A 45 IR SR
B8 P e A1 B h I SR TP A MK-4,H
Hhali A & S AR, { o (0.34 £0.02) pg/100 g, 3%
HrhE e iR, 15 (2538 £0.85) peg/100 g, JEITF .5
G AN P E MK-7 g S m Ik, i (25.45 +
0.83) pg/100 g, 4N R FREC N FEF, Hik(923.20 =
11.45) pg/100 g, Z5 PR, Z Iy LR TS ), R %
BEFERBE R AT, S Bt AR, rTiE—25 i s b 4
HZE K, BIFSE.
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