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Abstract The Korean food composition database lacks reliable analytical data on the vitamin K|
(phylloquinone, PK) and vitamin K, (menaquinone, MK) contents of commonly consumed eggs in
Korea. This study aimed to determine the vitamin K content in eggs using solvent extraction and
enzyme extraction, followed by HPLC analysis with post-column derivatization and fluorescence
detection. To ensure the validity of the analytical method, key validation parameters, including
accuracy, precision, detection and quantification limit, and linearity, were thoroughly evaluated. A total
of 20 different types of eggs were analyzed for their PK and MK contents. PK content ranged from
0.11£0.001 pg/100 g to 1.36+0.01 pg/100 g. The vitamin K, content ranged from 15.04+0.03 pg/100
g to 165.97+6.92 pg/100 g. The vitamin K content in fertilized eggs was significantly higher than
in commercial eggs. The yolk of the egg is abundant in vitamin K but undetectable in the egg whites.
This study provides reliable nutritional data on vitamin K, contributing to the development of an
accurate and comprehensive Korean food composition database.
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1. M2

[

HIEH K= 19299 dlint=9] A3keka} Henrik Damof| ofsff o g-a1o] Fp2]Ql 2|84 HlEH
o7 AL AR Q0w (Japelt®} Jakobsen, 2016), & 7FA A+ FEjel BER] K, (phylloquinone,
PK)Z} H]EM Ky(menaquinone, MK)Z Z3ttt, 0|52 35292 2-methyl-1,4-naphthoquinone
728 1A, MK PKe} 9] 39 9I7J0] thaet 2ole] 444 2418 2t} o] 2499) ofol
2380l T e YHHHOR 4-13719] BES} ofo] 218 k0] =2 of2ol A0, no] gro]
Iﬂra} MK+= MK-n0 2 UelithSzterk 5, 2018).

Al ET} s 270 EAsto] AY - AFA T =4 dAao] FHEIL §HH, MK ]

IR %Oﬂ ofsf = FAE, 1t I, 7 5 T ARA & AEET I REMER
H 3 72 HaAEE MKF AEHe A0 E BiE1 Qtk(KlapKova 5, 2018). HEFT
K9 8 A& 7|52 7HoA @9 3110 "Rt T2 EEH|(prothrombin)?] TAS = A8

H i AT U
of e} W 232 &4, thild 9 A Aol Boidth(Szterk S, 2018). T Ao Al= H]ER

_1:_ z

ol

K7F A2 olZ30ld SRS s1ro] Amute] A8ka] BohE SESR: fermoptosisS A5
F2% 42 Sk BaEgckMishima 5, 2022). BABARO] W2, 2020 =9 I
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AF7IE00A 194] o9 el K #% HFE2 94 75
ug/Y, oA 65 ng/d= AA|E o] Jth(Ministry of Health and
Welfare, 2020).

97 of)iAl /0] 5% A Bl AlEo s, @Y
AlEOo BN ©4dhE, @id, A4 9ok HIERlY ndE 5
Qo] Kol JUAE T2 G4 UkYang 5, 2014).
o] Willo = thiamine, riboflaving 32§t H|elY B}
folic acid®} -2 =84 H[EHRlo] ZJFE|o] QlT, Hhofl= H]
Bl A, D, E, K& 22 -84 HlEtHlo] 3hfE o] Utk(The
Korean Nutrition Society, 2009). 5HZAKIE 3 EA 0

2, S 199 22 72 20184 26870014 20213
281712 F7HoH, 22 SAATE 20179 1289 7fo)A
20219 1379 7|2 7% 275k 102 B 19k Ministry of
Agriculture, Food and Rural Affairs, 2023).

QAP 2] ekl K 24 Qe F2 03, U,
vl SolH APEgton, Hugel A, W, vhale) vt
9 K gFF B3} v5olA f-8EE 98 AR TR
gt BAo] o]Fo]x 2th(Jensen 5, 2025; Kamao 5, 2007;
USDA, 2019). £3] ul= - G= - ofHE 5 A= H]EHdl
KE 4 A= A4 43 $4E skl loH, o
of meh @42 biofortifications &3 HIEHI K H3F= &
ojgi= A7 &is| AFPH L QUH(O’sullivan &, 2020). H]
B K& Ao - 247 - A¥ate] e thie F4l Aol
A F8A40] AAIL o, Ui AF A& HloEH|o| Ao+
AR FZ9 ety K ARG £EF 0] Q)AL HIER] K,o o
3 AFE= o418 FESITHRDA, 2024). B[EH KO AeHt
T AR =0 AHF 740 TeHolng, S f5 22
< W& 3t A EAo] Qs & A= AgE @
ZF A RS Yot AFSAd 55 vEv K #4549 &
L2 A5 tlolH 44 FHe H, AFA /5 U
Aur T} o] TRt #9114 PKeF MK g 5%
steteh

2 Aol A ARt 20714] FEjS] 2 AR 2024 5
ATz AT Alzes SHolA AlEE 74
- AR e VR, 9% MR, 2 9ER AR
it GZ2 FHA 15T AlES skl ARgeRier,
FAES F8 BAA 47 A FolA sk 22 3
e HokE WEs] A A2 €42 B =01AM 1083
Z2SIAE. Y 71, 3R MR, 2 9F A4 AlS
AEZ st B4 ol g5ttt e AaEe sEX

ol 4o
o Okﬂ

https://www.ekosfop.or.kr

o4 A 5 -80°CoA Y5 HBSIom, BT Eow
ol58 A% 20°Co] BB B4 Aol ALoA FE

sfel ALgstec.

2.2. Algf

Phylloquinone2 Wako Pure Chemical(Osaka, Japan)ofA]
91519 2™, menaquinone-4, butylated hydroxytoluene(BHT),
lipase Candida rugosa(Type VII, >700 unit/mg solid), sodium
acetate, acetic acid, zinc powder, potassium phosphate
monobasic Sigma-Aldrich(Louis, MO, USA)OJA U5}
o}, Magnesium sulfate anhydrous, potassium hydroxide,
potassium carbonate, zinc chloridet= Samchun(Seoul, Korea)
oA Fdste] AREsFATE £l AHEH methanol, ethanol,
dichloromethane, hexane, water== HPLC 552 Honeywell
(Muskegon, ML, USA) AEZ ARESIO T E4H HS 9 Y&
2ABARYE 8 HENFTHNN QIZHZE A (standard
reference material, SRM)Q] SRM 3235[soy milk, National
Institute of Standards and Technology(NIST)]Q} E2Zg], ¥

THA EFET 2 BGE AT Aglsict

|uiFEHE AESH9 v K 2AH(MFDS, 2024)
71& A5 ¥H(Jeon 5, 2024)Z 7HtO 2 SFEQITE A
3F 5% o]} A& 1 g& dichloromethane:methanol(2:1, v/v)
30 mLe} &3t & #3519 oj3F & methanolZ 50 mL
Z}-8-5}111, magnesium sulfate anhydrousE o]-&3f ©45}9H.
ALM 2 mLE AAZ AZXSH T hexane 2 mLZ A&}
t}. &3--80f(methanol:water=9:1, v/v) 5 mLe} SH7 Q41E
(715.5 xg, 58&) F 454 1 mLE 3J45to] AX sk o] %
methanol 1 mLZ A-&3}|5}17, 0.45 um PTFE membrane filter
2 of3} T HPLC vialo] Re¥ste] 240 A8tk

B FEHS AETHY HEH K 245 (MFDS, 2024)

2 A7 9 (Jeon 5, 2024)S 7|Hto g SFE|QT). 7
W 5% ol AR F 1A= 1 g, A 10 g& AFsto]
40°C ©]3} HPLC water?} &3} £, lipase 1 g} QA48
5 mLE #7Fste] 37°Co)Al 160 pm o2 2A]7F Eaaic.
QA2 MO potassium phosphate monobasic 54 g& 25
= 350 mLo]| &3f5t &, potassium hydroxideZ pH 8.002 &
okl SFTE AREote] AF FOE 500 mL2 83t A
ARE-5HIL}. ©]F potassium carbonate 1 g} ethanol:methanol
(95:5, v/v) 10 mLE #7138t F, hexane 30 mLE 7}5lo] 105

A 5 % BOE Rusdth 4342 slhdel 4yEe
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(178.9 xg, 10&) &, hexane A4SH 5 mLE AR 55519
th. 2£Z0Z methanol 500 pLZ ALl &, 045 um
PTFE membrane filter2 oJ¥}5}o] HPLC vialo] E335}9ich

2.5, 77| & 24X

BM2AS AEFAC ekl K EAMMEDS, 2024)0]
w2t JIAHE7]7F A&E HPLC(Nanospace SI 2, Osaka
Soda Co., Ltd.)& 0|85}t 4 AHL ZORBAX Eclipse
XDB-C18(150 mmx4.6 mm, 5 um, Agilent Technologies)Z}
ofd £ 4 EZAE ZHH(XCO502WT empty column, 2x
50 mm, YMC Co., Ltd.)2 dZ5}9] 35°CE FA5FATh I
AZ27]9] AL Exh 243 nm, Em) 430 nm@l.0.1, 940
mL/min, A& FYFL 50 pLATh. o]sA2 Methanol:
dichloromethane(9:1, v/v) 1 LO]| zinc chloride 1.37 g, sodium
acetate 0.41 g, acetic acid 300 pLE &% & 0.45 ym ZEH=Z
ojztsto] ARSI

2.6. 24X LIOJE] MAF 2 BAZXIE

BAZAAEE 712 AT 9 (Jeon 5, 2024)S 7]Hto &
YA PK MK EEEUS methanolZ  5]4]3}0]
0.007-0.87 pg/mL W90 871 T2 2Aeky, I20kE]
#Ho| WAL ZA5to] HETHLS AT B4 AFes
gtast7| 8 HESHA|(limit of detection, LOD)Q} A 3F3HA|

(A)
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)
g g
g g
E g
=
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E <
: 2 s
= H
A 3
I ;
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| I
\ \
| |\
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tinses
(©)
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3

0
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F
g
L]

(limit of quantification, LOQ)E H7}5}% 2™, Z}ZF LOD=
3.3x0/s, LOQ=10x0/s(c: ¥F3-0] WA}, s: AFA 7127])
212 o]-&sto] AAleIT HWHE(repeatability)> 75 A
'5H Sk 53] whe AR5l BF7FsHAaL, AT d(reproducibility)
50101- /\10—] 0 5017]- H]—_ET —/,\—“2,40]-05‘11} E?l‘, SRM 3235
(soy milk) £4-& 53] NIST A3 Afk(reference value)Z} Al
s 2 7k(analysis value)2 B W3}, HE A4 (coefficient of
AbEste] Aol =S ASsoih

variation, CV)&

2.7. &4 24

= A 23] WHEAY] et B (mean)tEZHA}
(standard)&2 UERA{CE A2 ol gt 5A % 2= R(Version
45.1, Boston, MA, USA)E o|g3}o] Baw} BZHaE Lt
WAL, ZF A2 7he] §-9)4dol thet AE2 ANOVAE °o|&
oto] 9-9J4-S ERISH &, p<0.05 ~F°f|A Ducan’s multiple
3to] BAsH

range testS ©]-2

=k
=

K

3. 71 &
3.1. 248 HE

HIEH] K 89 SRMI} A|25 HPLCE EA3%t Z 20}
EIYL Fig. 13} 2k B4 WL A5 99 ASEL
slels}7] 913 SRM 32358 o]-83te] Agtat 2 AR9] 24

(B)

100 100

|

]
»
4
vitamin K1 (phyloquinone)
=]

e
N

Mintes

Fig. 1. HPLC chromatogram of vitamin K (K;, phylloquinone; K,, menaquinone) (Ex»=243 nm, Em\= 430 nm). (A), standards; (B),

SRM; and (C), fertilized egg, raw, whole (region 4).
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2 Bt & AHREHAE HSSFSITH(Table 1). NISTO
A AlF5k= SRM 32359] 2 3.700+0.004 pg/100 go|=,
E Ao A BEAE Zh 3.732+0.083 pg/100 gO = 100.81%
o §=3t A Elth 7899 AUAE HSSH| el
HHEAg T S H7IeE 23 CvE 47 3.508%9F 2.231%
Z A e AUEE GRISIATK Table 2). HFAL 2
A Az}, AgA AL y=50,000,000x-26,885% TZE| Q1 A
TASR)E 12 Foet J44e SRlsict. & Ao &
2] Wh o] LODE 0.008 pg/100 g, LOQ: 1.190 pg/100 go]
At Kim 5(2021)9] #-toll A= PKS] LOD2} LOQ7} 2zt
0.38 ng/50 pLe} 1.15 ng/50 pLE EI5}POH, Jeon &
(2024)2 LODE 0.095 pg/100 g, LOQE 1.258 pg/100 g=
Husioley, £4Y 52 B & A+ 242 A=T &
s AE TS AU IS Rlstat
3.2, ZOJA F= AH[E= EZFO HIEfAI K 25
2 doAE FHolA AHlEE 242 AT vty
o= AH|EE IZE BERFoty, 7 229 x4 i &
Apolg BASH & AFolMe A T s%E 7SR
| FEHAYLE 5% vh 54 FEHAEDEF 5%
oy ARESt] A &5l oH, AW g AMYZ sl
AlFAAERY] 7|ES JALSHATHRDA, 2024). A o]
5% o]l AEF9] A%, A WEGA 0 AFH HEY K&

a&Hog Besy] 93 AFE g4z East H FAA7
-
k=3

Table 1. Analysis of certified reference material

="
S3UHKim 5, 2022). ‘PR G 2EHE AMESto] AXE
AASIAL, FES At M, 3 B9 54 FEHES 4
ottt FUolA F2 AHEe 28 9 71 P e
9ZFe| gk, i, Weko] eyl K b2 Table 33} Zth.
MK 3L 16.26+0.02 pg/100 gol|A] 70.90+0.13 pg/100 g At
o] Yeyon, & wslo] 70.90+0.13 pg/100 g2 714
L8 FAE 7|=3I ). W, AR DS 16.26+0.02 pg/100
g 7P} ¥ $£AE Helon, ARHAog 1 dET
W2 MK g YErlth dgtk R0 A9 PK7L 0.65+
0.01 ug/100 g0 & BAEQ 1, MK 3HFE 36.71+0.31 ug/100
go|Ath. A 7FRof| AN PK7F £4E of= 7HE AR Al
T2 o] HobA iAo g PRI HEE SIS 7ol 2
o wrekEch EAE g9 W BelolA= HERl K7 A
SEA BUTE Lee 5(2022)2] AFoA HiH 42 o
MK 3EF2 35.53+0.06 pg/100 g0 &, B 7oA BAH 4
< W] MK $(47.2740.75 ng/100 )3} FARE gk 23
t}. USDA NRS National Nutrient Database(USDA, 2024)9]|
ofstd, A @2 42 229 PK A 0.3 pg/100 gO =
FYoHA HaE o, MK 3ol thet glolE = ASEA|
AUt Jensen 5(2025)> Wt} HFHEO|A] Alo| AL
294 s7HIA AR 229 BB K @S B451e
™, PKE 0.89-1.31 pg/100 g, MK-4= 29.6-30.9 pg/100 g©
2 HUsHYh PKE 529 AUolA MKE Hed 4= 9l
™(Fusaro 5, 2017), ThJgt @29 HIEN] K &4 Z3}ofA
e 39 Apol= -5 P04 wake 279 gy ¢

Sample Content” Recovery (%)
Reference value Analysis value
SRM (3235)" 3.7040.004” 3.73+0.083 100.81

DStandard reference material (3235, NIST).

IConcentration of PK (phylloquinone) was expressed as pg/100 g sample.

JAll values are meantSD (n=3).

Table 2. Precision and detection limits of vitamin K analysis method

Parameter Precision Detection limit (pg/100 g)
Repeatability Reproducibility LOD LOQ

Mean" 62.66 64.30 0.008 1.190

SD 2.198 1.435

CV (%) 3.508 2.231

Linearity ¥=50,000,000x-26,885 (R’=1)

Yn=5, ug/100 g sample on raw weight basis.

https://www.ekosfop.or.kr
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FFA 54 7197 Aer AZEH

oA AnlEE A9 R FHY 29 A% A
o, W, Jgho] viekl K 92 Table 33} ). Ze|5kA] ¢F
2 9AH F AY 1(0.11£0.00 pg/100 g)T A Y 4(1.36+0.01
ng/100 g)oll A5t PK7} AEE 9o, MK T2 80.88+0.31
ug/100 g-165.97+6.92 ug/100 go] e} GATS 4H2 & PK=
AZEEA A9ro}, MK FHFS 15.04+0.03 pg/100 g-22.73
+0.15 pg/100 go]3Uth. & AFoM = 22oHA] 2 R
Heto] Hepl K go] 22jd fet Attt o 2 s
Btk 87gto] Ugola= PK 3ol 0.23+0.00 pg/100 g, MK
ol 62.50+0.19 pg/100 go]lom, £ Fol= PK o]
0.1240.00 pg/100 g, MK 3FgFo] 47.89+0.21 ug/100 gC & 1}
Bt 28] %9 g Aol FA] otk dHllo A= &
SE= out 2] At fAfsHA vlEkl K7F HEEA ¢

Table 3. Vitamin K content of eggs commonly consumed in Korea

9tk Eregama 5(2024)0] WEH, Wiz U 727} 7
A WSS AoWA 57 Rl Aol Wo] By
¥ 7ks4ol rkn Bt 2l et vekl K 4ol
sk, 894 Wabh 54 9% R0 tao] G v
7Hs4el 9

3.3, FUOIN Ab)5=
g% bl

FUolA AB|Ee it 92 AT HE K dFS
v w3F £ ASHE boxplot Fig. 29} Zth PKI/F A&EA] &
< A&7} gol MK §& v ottt Mgz Blwgt 4,
9% MK §o] Uut gkl s =9ttt ol= 8%

gz QB9 HEEI K

Egg fraction Processing type Region" Vitamin K (ug/100 g sample)
Phylloquinone Menaquinone
Commercial egg Whole Boiling - ND* 16.26£0.022
White Boiling - ND ND
Yolk Boiling - ND 47.27+0.75%
Fertilized egg White Raw - ND ND
Yolk Raw - 0.120.00° 47.89+0.21°
White Boiling - ND ND
Yolk Boiling - 0.23+0.00° 62.50+£0.19"
Whole Raw 1 0.110.00° 158.37+0.07°
Whole Raw 2 ND 107.47+1.52°
Whole Raw 3 ND 165.97+6.92°
Whole Raw 4 1.36+0.01° 80.88+0.31¢
Whole Boiling 1 ND 20.72:0.30
Whole Boiling 2 ND 15.04+0.03'
Whole Boiling 3 ND 22.7340.15Y
Whole Boiling 4 ND 18.44£0.11
Etc Whole Baking - ND 25.23+0.02'
White Baking - ND ND
Yolk Baking - ND 70.90+0.13°
Whole Powder - 0.65+0.01" 36.71£0.31"
White Powder - ND ND

PRegion numbers (1-4) refer to the four production areas sampled for fertilized eggs.

PAll values are meantSD (n=2).

Means with different superscript letters (*') within the same column are significantly different by Duncan’s multiple range test at p<0.05.

YND, not detected.
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Fig. 2. Comparison of menaquinone content in commonly consumed and fertilized eggs.

T+

—_—

3 7F54o] 9182 AkIthKang 5, 2024). L
A%, 193 9 B Gl AL 25 MK}
9o}, @zel Wt 3l MekelAl: MKV} B}
itk ol MK7} Ugo] 22 EAfse, 719 =
3 o MK9) BEZ0] 4THOR 2 THsAol
B 5, 97 BuolAE dgelAg MK7H
2 748 lH MKe) £40] 4] e 5 UASS
oh A7 A3 4 SRS ARS RE AE F
MK @2 Uehfglon, 53] Ugo] 28 A% $9l= &
T2 stk ol 220 MKY F3t FUo]

the 7Rs4e Holzd,

C

jancy
o, My g
1,

ol

N
Mo >

2 UL HLo§Q Ho

o M rr
=
H

]

iy
) %

3.
o oY Mo >
o
)
o rlo BN o

f

il
b
39 9

4. 9

B A7 FjelA 2l 920 HEh K ek B4
Soick. WEb K BAS AW deel] whet 8o 324, @
& 2390® thieo] BAS Aselon, AT, AT,
A, AAHS B AFA £ Aol B4 Lt

Ao g AH|E= 979 il 929 %, MK T2 16.26+
0.02 pg/100 g-70.90+0.13 pg/100 g HYZ YEPF O, E3]
T H8H(70.90+0.13 pg/100 )9 A 71 &2 FAE B
ot 28 A 44 H2o] MK ke 80.88+0.31 pug/100 g-
165.97£6.92 ng/100 gO 2 Ut GZFH T} =gt} iloj A=
MK7} AE=A] Forom, st ddoAgt Exsh= HTF
< Hlth MK+ 929 583 g0 & &8E 7Ms40] A
omj, A 2 % 7R BHo] MK ol FFs w1 5
Ut AFE FAHolA AvlEE B2 29 Y ESEE
=oto] Bl K ks AASIGoH, 27 EEAR R R
glolEHo]A FL5of| 7|0 4= QIZ AOE V|tjHTh & A+
+ ARt MES deE HIEl K T E4R 41=E,
FE AoA= 2k ¥3h AFR 24 Z}o] 5 TRt 890
IR F7F A 4 A oE AlEHoh
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