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Analysis of Vitamin K Content in Commonly Consumed Foods in Korea
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ABSTRACT Reliable analytical data of the vitamin K; (phylloquinone) and K, (menaquinone) contents of commonly
consumed foods in Korea is lacking in Korean food composition databases. In this study, we determined the phylloqui-
none and menaquinone contents of various Korean food groups. The vitamin K content of the samples was determined
by either solvent extraction or enzyme extraction, followed by reversed-phase liquid chromatography using post-column
derivatization and fluorescence detection. A total number of 12 nuts, 13 eggs, 28 meats, 18 seasonings, and 65 vegetables
were analyzed. Relatively higher amounts of vitamin K; were detected in plant-derived foods, such as seasoned pecan
(13.55 pg/100 g), pepper (228.75 pg/100 g), and basil leaves (575.34 pg/100 g), among nuts, vegetables, and seasonings,
respectively. Vitamin K, was abundant in animal-based foods such as duck egg yolk (59.58 pg/100 g) and roasted
beef rectum (32.69 ng/100 g) in the groups of eggs and meats, respectively. The present study provides reliable analytical
vitamin K values that can be used for the development of a Korean food composition database.
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N B ©° 2 ¥ A%} Menaquinone 2-methyl-3—-(prenyl)n—
1,4-napthoquinone® T*= side chains® isoprene
HIEMY K& A8 v g FRIZA dutzoz units 7ol whe} 2004 16744 a7t Azt (Reto &,

glutamic acidZ carboxylation 3}¢] a-carboxyglutamic 2007). B MY K& =3}, 5, B85, A, A =x9
acid® H#ete HAoNA 52 BEAAR 28314 2e Azel B FHrEO] A, B KeE S5, HaE
Saea S ggdetsE o #ol stk (Koivu-Tikkanen 5, Fo nFo R =] Jti(Shearer, 1990; Shearer &,
2000). gt A A MxES] S, E3), w3}, 4 A% 9 A 1996).

Z 2+ A543 #¥E sphingolipide] 48 234 HIE} Ko B4 vl o 2= nj Ay dlZ 2ol E T8
(Ferland, 2012). HlE}¥] K= Ak o) v]ElT K;(phylloqui— ¥, 7ZtxazEetEadgy), A AAIZrE 183 (high
none)¥ HE}Y Ks(menaquinone) 2714 HH|E &8}, performance liquid chromatography, HPLC)7} ©]-& % ™
phylloquinone2 21 &< ¢]&) 34 % 311 menaquinone< ] Ho A s ARy =2 HPLCYF AFEH 2 At
A Eo] ols] A A H(Booth, 2009). HIEFH K] 7] Rt (Suttie, 1992; Otles®} Cagindi, 2007). o]2] 3t 7 Z W
+ 2-methyl-1,4-napthoquinone®]™, phylloquinone-<- 2 X 2E ZHAH zinc powderE 78] HlElY K7} 4
napthoquinone 122 3H#A ¥4 $Xd| phytyl side HE T34 o, ¥EN K] YZEFH = 159 zine ions
chaing 7}A| 21 2-methyl-3-phytyl-1,4-napthoquinone Agte] dFof 3t =& NS 53 T AE=HE Slo)
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65%0]13% 011:1
A ARE =8 HolHE 1&37] wiol sujelA
213 DB 7-Fo] 23l (Park 5, 2018). L3 4
E(RDA, 202Dl & 524 2% g el K,
o] WAlE o] YA gfrh. mEtA] & ATl A= Fujell A
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ow, 1 AyE BHiste] HIE K %] 7| xdlolH
o]-&3taat sttt

M
5w

i

&En%ﬂ{ﬂjﬁoﬁoﬁﬁirﬁrﬂﬁ_i'i_\ﬂﬂ-ﬂilérﬁrﬁHNN@HE
M
5

32 O ofk ox mi oo o H U M ol © ox O 2 Jr x oo
QL
K
%0
0
o

oo

. 7}*—1% Fasist
of ~18°C olahe] WA ATUkor] AFLE FA
S18°CoA mbelu A EASITh AR 0 A B

Aol AH&H Ffre AFAGY fFvEANA FY45H A,
= el 2 AF2-3}StE Phylloquinone®} menaquinone
£ Wako Co.(Tokyo, Japan)old F]&te] AL-&313id),
Butylated hydroxytoluene(BHT)3} lipase= Sigma-
Aldrich(St. Louis, MO, USA)elA 948t th. Sodium
acetate, acetic acid, zinc powderi= Merck KGaA
(Darmstadt, Germany)ol A ¢ sle] AFE3FSITE Metha-

nol, n—hexane, dichloromethane, water= HPLC 552

K 33 24 1273

=2 Burdick & Jackson Co.(Muskegon, MI, USA) #|3%-S
R R =

HIER K9 Kpo] EF#S 0.01 g BHT7} ?J%EJ n-
hexanes ©|-&3fte] &alg %, 1,000 ng/mLe] ¥
Y M (stock solution)S A 23}t J—rz"—’fi’ n—hexane
o2 3438le] 1.7 ng/mLe] FEZ A|Fdte] FFgdow
AFEEFAT EFE89d2 -20°C o]t A B3 A AL
gom, EA A AAE o83t n-hexaned A AT H
methanolell A|-&3l|3te] Ao ARE3}SATH
of =
A °] 5% "l A °F 1 g& 50 mL H]#AH ]
A8}l dichloromethane¥ methanol& &3+t &-uf(di-
chloromethan : methanol=2:1, v/v)E 30 mL % 7}8}%1
t}. 2%7F homogenizerg ©]&3slo] &3 & 1 A2 oy
A& FHAIA 50 mL H|AESA~AR o] FAFATE o
FIMUHEFE oA Qtol] Hopr FEHH o] Ge s
3} 31, methanolS ©]&3le] HF 50 mL& L3159}
AL F29 2 mLE FHsl AAE o]&ste] &vlE AAT
< n-hexane 2 mLE 7}38to] A &3313 v}, Methanol#
waterE &3 &vl(methanol : water=9:1, V/V) 8 mLE
1 7Fske] conical tubedl %74 EaL 2¥3F & 2000 rpm
(816xg2o & 5:7F ATtk 459 1 mLE 3t
o] A4 gpoll A &ujE 3] A7 3 th& methanol 1 mL
£ o] &3t A&t ¥ 0.45 ym PTFE membrane filter
(Whatman, Clifton, NJ, USA)Z ¢} 3}&}31 HPLCE ©]-&3}
of A8kt

ol
1-_101' M

EH
=
I

SN 5 mLE H7sla 1 g9 lipase £'ES 231 gl
712 Egaharh. w45 5 s 30~6021F AEE
| A 208 tF o2 15%3F

37°Coll A 2413 -3l k.
gsteint. &3 & 4= <3
=95:5, v/v) 10 mLZ #7}sk 5 1

nates H7lsle] =&35F5ith. Ald#el 30 mL n-hexane
< H7F 3 103 JEsta Fo] R HESF il W
| A 1 mLE el A2 55
3 methanol 1 mLEZ A-&3l3}e] 0.45 um membrane fil-
ter2 o]1}s}i HPLCE o] &3te] #2433l

o
ot
ol
OFO

o (ethanol : methanol
9] potassium carbo-

r.‘,“ioq

HPLC =

HPLCE &% A=717F 2&d A dAa=vteE
(reversed-phase HPLC system, Jasco Corp., Tokyo,
Japan)& °]&3 2™, AXA & (precolumn) .2+ ZORBAX
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Eclipse XDB-C18 column(5 pum, 4.6X150 mm, Agilent,
Santa Clara, CA, USA), ¥XZA 9 (post-column) 2=
XCO0502WT empty column(2x50 mm, YMC Co., Ltd

Kyoto, Japan)& AF&391a AX]ZdH o) oldS %1% &
AAHE AAste] AREEHITE o] 54 2 2= methanol
dichloromethane(9:1, v/v) £3-894& 1 LE AZ3}4] zinc
chloride 1.37 g, sodium acetate 0.41 g, acetic acid 300
LE H7Fstal =3ek & 0.45 um FH=E o fato] AFE-3)
ATh FUZFS 50 ul, FF AE719 97] 37 243 nm,
54 37 430 nmol A 752 1.0 mL/minS.2 A3t

=

HAM dHiHo| HX
[ BN W — Ry oo
EAMY A s AS5e] A8 vl= FHEE7EdA

T-4>(National Institute of Standards and Technology,

JZO]

NIST; Gaithersburg, MD, USA)o| A A &3} ==
Z (Standard Reference Material, SRM)& 3 ¥t&50 2 F

Al8tar, NISTO A Algd Fék(reference value)# & A
o] 54 #k(analysis value)S Bl s £ 3585 3141
th Egk BFEAS o] &3 A&} AFAAE SA S
10
1074
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I s 7
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451905 L 2.42-19.55 pg/100 g0 F Z0H 317t
13.55 1g/100 g& & 7}4 &2 #& vehylth xv|7t
] %—3— AFHot zuE AgFoA o =2 vyl

e, ol x1 Al HIEH] Kjo] F5-3 2™
AHE-3H7] Wit o2 FSEHBooth} Suttie, 1998).
Dismore 5(2003)0] 2w o}E = w3o|= vetyl K7}
HEHA ko AGFUE, vzt Z+2zF 19.4 1ng/100
g, 3.5 1g/100 g & ¥ A g o] BAX KT} #A| Kl o]
AUTE. o2 g Afol & EO]L olfr+ 2 AFolg A=
Aul 34, AL 2D EF whg) xfo]E Hol= Aow
AZrEtH(Claussen %5, 2015)
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Table 1. The contents of phylloquinone and menaquinone in
nuts

. . Vitamin K"
Classification Sample K 5
Acorn starch jelly ND? ND
Acorn starch jelly, powder ND ND
Almond, raw ND ND
Almond, seasoned ND ND
Cashew nuts, raw 6.52+0.24” ND
Nuts Cashew nuts, seasoned 11.48+0.07 ND
Chestnut, raw ND ND
Chestnut, seasoned ND ND
Peanut, raw ND ND
Peanut, seasoned ND ND
Pecan, raw 2.42+0.05 ND
Pecan, seasoned 13.55+0.08 ND

YConcentration of phylloquinone and menaquinone was ex-
pressed as pg/100 g sample.

“Data are the meantstandard deviation values.

YND: not detected.

ok QoA HER Kyl BAEA dEFS 20.77~

59.58 ug/100 gol itk 2.8 Waoll A 59.58 ug/100 g2
2 7 8 @S dERTh A543 RDA, 20210 H
3% we}b o] HIER Ko7h 48 A5 wﬁg X
kel Az glon, Kamao 5 (2007)2] At
w3} vlEMY K e 64431 ug/lOO g°1ﬂi
+12 EA8HA] ‘5%714 =38 Ao

e} fAbet it S8, w5 El“
K& AR 4k Aol 24 thEX %%%—Etﬂ ol&
K7F dofl ehgdstar xe]iyg el 1 ko] x4
1 31 (Ottaway, 2002; Amorim 5, 2012)9F ¥ x| &},

L =

25
)5}

o

Table 2. The contents of phylloquinone and menaquinone in
eggs

) . Vitamin K"
Classification Sample
K K>
Egg, duck, white, raw ND? ND
Egg, duck, white, boiled ND ND
Egg, duck, yolk, raw ~ ND  59.58+1.95”
Egg, duck, yolk, boiled ND  59.35+3.08
Egg, quail, white, raw  ND ND
Egg, quail, white, boiled ND ND
Eggs Egg, quail, yolk, raw ND  45.55+3.39
Egg, quail, yolk, boiled ND  42.75+0.62
Egg, white, raw ND ND
Egg, white, boiled ND ND
Egg, yolk, raw ND  33.54+0.07
Egg, yolk, boiled ND  35.53+0.06
Egg, raw ND  20.77+0.71

YConcentration of phylloquinone and menaquinone was ex-
pressed as pg/100 g sample.

“Data are the meantstandard deviation values.

ND: not detected.
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Table 3. The contents of phylloquinone and menaquinone in meats

. . Vitamin K"
Classification Sample K e
Bacon, raw NDY 4.03+0.04”
Bacon, roasted ND 3.64+0.09
Bacon, blanched ND 1.18+0.01
Beef edible offal, large intestine, roasted ND ND
Beef edible offal, liver, boiled ND ND
Beef edible offal, rectum, roasted ND 32.69+1.02
Beef edible offal, small intestine, roasted ND ND
Ham, raw ND 7.72+0.10
Meats Ham, roasted ND 8.24+0.08
Ham, lean, roasted ND 10.27+0.37
Ham, lean, blanched ND 7.77+£0.30
Ham, sliced, raw ND 7.90+0.02
Ham, sliced, roasted ND 11.60+0.08
Ham, sliced, blanched ND 7.67+£0.44
Meatball ND 9.06+0.21
Pork rind, raw ND 8.29+0.10
Pork rind, roasted ND 9.52+0.01
Pork rind, blanched ND 4.37+0.3

1)Concentratlon of phylloquinone and menaquinone was expressed as pg/100 g sample.

PData are the meantstandard deviation values.
ND: not detected.

72| HIE K 2tz

HHE EaFENS o8t F 1855 w4 3en 1
23}z Table 30 YeRAY. 248 S5 F 15F1A
HIER Ko7} 245 20aL 2454 2 Alas & 5%, &
3, 2ztel itk HIERR] K7F 241 AR 15% < HlEd
Ke] 32 1.18~32.69 ng/100 golnom, whol] A

32.69 ng/100 g & 714 =& 3k ]/]'];]'/\/\E]'. USDA NRS
National Nutrient Database®] B 31x}= (USDA, 2019)l
m2H WolHd nEELS 7+7F 3.5~4.9 pg/100 g, 0.9~
28.1 ug/100 g = & AF-9] &4 Ao} FAg AE
Bk 3 2.2 ng/100 g HIER K o= 2 A9
AR wHA B aEg oY Elder 5(2006)9] ATl
w2 o] Hlehy K 2 1.9 pg/100 goll A 9.9 ug/100
g7kA vheket e Wit

T

Z0|2F2| H|EfDI K &
U EFE SFEHE ol &ste] F 18F S

W 1 A3} Table 40 UrE}LHOiUr =A% &Ulﬁ
6Fll A HIER Kio] A4 5 AL
100 ge]d E} Tl A 228.74 ug/lOO gii 7} e

#He JeEha F dAR 22 S el rley=s
143.15 1ug/100 g2 &, o]+ USDA NRS National Nutrient
Database®] B 1AE(USDA, 2019)d By 3¢ H|E}
9l K 30l 162 png/100 ghthes 2 o2 UEgA
kg dl=o] HlERl K o<1 163 1g/100 goh+= #FAHRE &
S YER AT vhadl=e] vl K §EFo] & d ¥

A7z 2 vpav|=E vjad v vjE K s BoE
, ol ZR2EE Fol7] 98 F715, 7hEehret 22 v

Bl K7} 38 A5 71588 AA ¥l7] wios A7
FtHBoothe} Centurelli, 1999).

'HAEO| I:I|E|-':'| K %I-EF

ANafFe EulFEHE o] &ete] & 65% S HA g
21 A= Table 591 YERNSIY 43 A 4AF 5 49F
A HIE Kpo] A Eda gee 3.30~575.34 ng/100
go|Th vhA QoA 575.34 ng/100 g2 7H% 358 T
YERRQIAL oprbehs A% 432.85 png/100 g, F4e} 424.77
ug/100 g, 724 418.22 ng/100 g, =3 369.88 ug/100
solA =& S BAlTh ol " AAFe] vE K,
g g AFTed va A debged, ol 25 9
zb= Aol A F2 HE Kis YERdtE 7]E9
T Ao} dx18+ tHBooth, 2012). FUEe] A 7t

Al ARG H e geke] HiEk Ko] AEE AT
ol HIEMR K =¥ xg] W] AadAs WA
SAAT, AH YR ) AE o] FHHAA T B2
SFel vl Kol &2 4 dtkal ®Bagk Damon &
(2005)¢] A+ Azet FAL HIE, B, 99, vhE, A
7, vk, 7, Aare A= vEr Kol AEEHA e,
o] HIEH K o] =4 A koA 52 FEE YER]
ol Bre] Rt EAeE i HE Kio] AEEHA
Fe Aoz AZAY(Lee &, 2015).
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Table 4. The contents of phylloquinone and menaquinone in seasoning
. . Vitamin K"
Classification Sample K 5
Barbecue sauce 2.81+0.15% ND”
Caramel sauce ND ND
Cooking alcohol ND ND
Curry, powder ND ND
Garlic, powder ND ND
Ginger, powder ND ND
Hot sauce ND ND
Jajang sauce, powder ND ND
Seasonings Mayonna?se ' 143.15+0.99 ND
Mayonnaise, low calorie 23.13+1.26 ND
Miwon ND ND
Pepper 228.74+8.26 ND
Salad dressing, Italian 7.05+0.22 ND
Salad dressing, Thousand Island 10.82+0.46 ND
Bulgogi sauce ND ND
Vinegar, balsamic ND ND
Vinegar, brown rice ND ND
Vinegar, persimmon ND ND
UConcentration of phylloquinone and menaquinone was expressed as pg/100 g sample.
?Data are the meantstandard deviation values.
ND: not detected.
Table 5. The contents of phylloquinone and menaquinone in vegetables
. . Vitamin K"
Classification Sample K %
Alpine leek, pickled 46.86+2.77” ND?
Amarath sprout 432.85+£39.55 ND
Arugula, raw 424.77£12.86 ND
Asparagus, raw 54.12+0.66 ND
Asparagus, blanched 43.3540.52 ND
Basil, leaves, raw 575.34+5.38 ND
Basil, leaves, blanched 515.12+6.17 ND
Beet sprout 195.70+3.73 ND
Beet, root, raw ND ND
Beet, root, blanched ND ND
Bracken, raw 257.24+0.23 ND
Bracken, boiled 11.74+0.72 ND
Broccoli, raw 63.36+0.19 ND
Broccoli, blanched 54.53+1.19 ND
Broccoli, steamed 56.60+1.01 ND
Vegetables Buckwheat, sprouts, raw 43.64+0.25 ND
Burdock, raw ND ND
Burdock, blanched ND ND
Carrot, raw ND ND
Carrot, blanched ND ND
Carrot, steamed ND ND
Cauliflower, raw 13.45+0.56 ND
Cauliflower, blanched 17.89+1.48 ND
Chamnamul, raw 261.90+2.92 ND
Chamnamul, blanched 303.51+0.45 ND
Chinese cabbage, dried, raw 233.84+2.34 ND
Chinese cabbage, dried, boiled 229.10+1.09 ND
Chinese cabbage, sprout 228.07£2.52 ND
Common chicory, leaves, raw 203.10+1.08 ND
Garlic, raw ND ND
Garlic, blanched ND ND
Ginger slices, raw ND ND
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. . Vitamin K"
Classification Sample K 5
Green garlic, shoot, raw 71.84+2.26 ND
Green garlic, shoot, blanched 66.40+0.40 ND
Hot pepper, Cheongyang, green, raw 49.80+0.65 ND
Hot pepper, Cheongyang, green, blanched 52.45+0.77 ND
Hot pepper, gilsang, green, raw 39.53+0.25 ND
Hot pepper, gilsang, green, blanched 32.09+0.57 ND
Hot pepper, green, raw 17.72+0.25 ND
Hot pepper, green, blanched 16.13+0.38 ND
Hot pepper, green, steamed 14.25+0.49 ND
Hot pepper, red, raw 14.32+0.03 ND
Hot pepper, red, blanched 14.45+0.01 ND
Kale, raw 417.49+3.33 ND
Ligularia fischeri, leaves, raw 369.88+0.30 ND
Ligularia fischeri, leaves, blanched 356.69+3.63 ND
Onion, purple, raw ND ND
Onion, purple, blanched ND ND
Vegetables Paprika, orange, raw 5.43+0.14 ND
Paprika, orange, blanched 5.91+0.25 ND
Paprika, orange, steamed 3.35+0.3 ND
Paprika, red, raw 9.81+0.33 ND
Paprika, red, blanched 8.90+0.05 ND
Paprika, yellow, raw 3.56+0.18 ND
Paprika, yellow, blanched 4.58+0.32 ND
Paprika, yellow, steamed 4.13+0.01 ND
Perilla leaves, raw 418.22+10.33 ND
Perilla leaves, steamed 412.384+9.64 ND
Radish, roots, raw ND ND
Radish, roots, blached ND ND
Rakkyo (scallion), tuber, raw ND ND
Sweet pepper, green, raw 7.26+0.18 ND
Sweet pepper, green, blanched 3.30+0.07 ND
Sweet pepper, green, steamed ND ND
Vitamin sprout 175.36£15.20 ND

UConcentration of phylloquinone and menaquinone was expressed as pg/100 g sample.

YData are the meantstandard deviation values.
ND: not detected.
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Table 6. Recovery of Standard Reference Material (SRM)

Analysis year Run Reference material’ Reference value (pg/g) Analytiocal value (ug/g) Recovery (%)
1 SRM1849a 1.06£0.17% 1.240.05 113.527
2018 2 SRM1849a 1.06+0.17 0.94+0.03 88.36
3 SRM1849a 1.06+0.17 0.9£0.01 85.22
4 SRM3235 0.04+0.01 0.04+0.00 100.00
1 SRM1849a 1.06+0.17 1.17£0.01 110.06
2019 2 SRM3235 0.04+0.01 0.04+0.00 100.00
3 SRM1849a 1.06+0.17 1.02+0.02 96.23
4 SRM3235 0.04+0.01 0.04+0.00 100.00
1 SRM3235 0.04+0.01 0.04+0.01 91.67
2020 2 SRM3235 0.04+0.01 0.04+0.00 100.00
3 SRM3280 22.8+2.20 20.7340.03 90.94
4 SRM3280 22.8+2.20 20.77+0.14 91.08
1 SRM3235 0.04+0.01 0.03+0.01 83.33
2021 2 SRM3280 22.8+2.20 22.15+0.10 97.13
3 SRM3235 0.04+0.01 0.04+0.00 100.00
4 SRM3280 22.8+2.20 22.59+0.26 99.09

])SRM1849a, infant/adult nutritional formula; SRM3235, soy milk; SRM3280, multi vitamin.

“Data are the meantstandard deviation values (n=3).
3)Recovery (%) = 100x(analysis value/reference value).
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Fig. 1. Analytical HPLC chromatogram of vitamin K standard
, (A), vitamin K, in basil leaves (B), and sample vitamin K,
in sliced ham (C) (ExA=243 nm, EmA=430 nm).
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Fig. 2. Quality control chart of vitamin K; in infant formula in the year of 2018 (A), 2019 (B), 2020 (C), and 2021 (D). UCL,
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