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Comparison of vitamin K contents in different meats
commonly consumed in Korea
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Abstract Vitamin K is a group of fat-soluble vitamins that naturally exist in phylloquinone (vitamin K,) and
menaquinone (vitamin K,). In this study, the vitamin K content in different meats commonly consumed in Korea was
analyzed using HPLC, and the analytical method was validated. Vitamin K, was not detected in any of the meat samples.
Vitamin K, contents in different cuts of beef ranged from 0.00 to 5.87 pg/100 g, whereas the corresponding value in
different parts of chicken ranged from 16.59 to 46.64 png/100 g. In the case of pork, vitamin K, contents varied from 4.33
to 22.90 ug/100 g. Among the different types of meat, the highest vitamin K, content was found in boiled chicken meat
and skin (46.64 ng/100 g). The analytical method was found to be reliable and had high accuracy. These results provide
accurate nutritional information and contribute a food composition database for meat consumption.
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HIER K& 84 HIEF O 2 naphthoquinone®] +EAo]H,
AAANA AAEol 1He] olFAHRE 7ERl HIE K,
(phylloquinone)3} &3} isoprene ©HE 7Fd BIEMY K,

(menaquinone)®] 2712 HEIE SRS chFanali 5, 2017).
Phylloquinones 2 2]&Ao] EA15lH =3 A7} sz
Foll Wo] g=o] A3 menaquinone> F= H§F % dgAF
o " gHfslo] UthBooth, 2012). o3 HIER] K& LW
© 2 glutamic acidE y-carboxyglutamic acid® A3 gl
Zgshs B AR LA W ZhllA E4garel HFofshe &
o] FAdoll FES T, AAAMEL] F2, &3], sl T
3= sphingolipid®] ¥AS ZAste] ¥ 75l FEFS T
&#A Uth(Ferland 5, 2012; Koivu-Tikkanen %, 2000). 53],
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THLim3} Kim, 2011). HlER] K& A5& S8 AFH=7A 2
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4 ATHKim 5, 2014b). HIEF K2
23 71E 6575 pg2 2, AFS Bl vER!
Me 4 AXE B AdFEE vERD K Skl o 3
ARt Ag= ool SHH(Ministry of Health an
Korean Nutrition Society, 2020). =7}E52]3F4
g JF 2 Y SXE EHOE s ol & TH
AFA AF, A A, A9 A 2859, 20164 71E
SUlell A thar] s 2070 AE, 3,000 A& YA
ARE AFEL ATHRDA, 2016). 2 v £7]2 3} n)
9 ARe] dlolE AFES oF 0%, IF YT AR
O H oS Q&38t37] Wil Folx 2 243 HolH
Jo]2 F&o] AlF3tth(Choi 5, 2018).
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, =% YER K= B[4, thin layer chromatography (TLC),
gas chromatography (GC), high-performance lipid chromatography
(HPLC)} 72 ¥4 HAH|EE #2X o] 7Fe3lthKim 5, 2014a).
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A8 X2E ZH¥(post column)Z AME-3te]  quinoneFE
hydroquinone® 2 #3sl= A4S AXl & FFHE7E o8¢

2o] 3 3th(Lee &, 2016).
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ARE AEZ oA o 2HER e FepE 237 9%,
a7l 9%, ;AL 1S
ol Aol ARgskalh. 2E
o AlFste] EHlEAT & =
B, T & R 3027 PSRt e & 7k A, 4 A
j=3

= o] 15255, 42 27| (meat and skin), 4>
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7] el SRR AR 3 Aske
a2 A7) FakE]l ZE, W], 2%, A, fl@eaEidR)

T4 F Este -18°C W5 3LIBK-500F, Infobiotech,
Daegjeon, Korea)ll Al om, & 4 el 4°C YA (IBK-
700RFA, Infobiotech)oll A 24A17F &<t 3l&3t & AL&3IAt)

AleF #H|

Vitamin K, (phylloquinone) X% FE&-2 Waco Co. (Tokyo,
Japan)o A4, vitamin K, (menaquinone) ¥FEZ, lipase (from
Candida rugosa, 1,000 Units/mg, type VII), monobasic potassium
phosphatei= Sigma-Aldrich Co. (St. Louis, MO, USA)|A ¢
3le]  AFE-3FA T Acetic acid, sodium acetate, zinc powder
(particle size <63 um)= Merck (Darmstadt, Germany)ll4 +3}
%3, potassium carbonate= Daejung Chemical Co. (Shiheung,
Korea) A& AM83992™, nhexane 2 isopropanol (J. T.
Baker, Philipsburg, NJ, USA)3} methanol, ethanol, dichloromethane,
water (Burdick & Jackson Co., Muskegon, MI, USA)< HPLC
THOE ARSI

S5 AR FE T AEE oF 1g Fst HYdrRd
=27 7|(MX-50 moisture analyzer, A&D Co., Tokyo, Japan)Z

4 =EHS 0|38 H|ER K =&

AlE 5 HEH] K 532 Tarvainen 5(2019)2] &4 (lipase)S
ol g3t ARE Eaf & FEsh= WS Faste] Fasisinh
AR 1gg A1E Q200 mmx24 mm)ol] FH3led 40°CE o &3k
HPLCE waters 71et ¥ 23-717](ESW-2850B, Hwashin Tech
Co., Gwangju, Korea)= 57+ Aglete] A8E #43} sl
o] Bt AFof lipase 1 g2 3718t ¥ phosphate buffer (pH
79) 5mLE H7FSIATh @49 458AS HUKS AEE 25
712 oAl 1027F #2321 F 37°C shaking water bath

(ISSB-30T, JS Research Inc., Gongju, Korea)oll A 2A17F 59 &
3 2 H-SAIATE HEgo] Ek AlE9] potassium carbonate 1 g
H7ret & 43T 8 (ethanol:methanol=95:5) 10 mLS 7}
3l3, n-hexane 30 mLE 7ISIATE ©] & AF7HolA shaking
incubator (JSSI-100C, JS Research Inc)® 1087} wwrlkalw u|e}
9l KE FE31th it & S5dS S0mL conical tubedl] &
A HaA 676xgol A 5%7F AAEE](416, Gyrozen Co. Lid,
Daejeon, Korea)tith. & smLS FH3+ & A4 7[2E 9
&3t ulE AAZ H, oA FSd s5mLe FHohed dx b
22 &S A AL methanol 1 mLE THA] &l A|ZT} o]&
045um PTFE syringe filter (Whatman International Ltd., Piscataway,
NJ, USA)E oJ#}gk & HPLCE w43kt

HPLCOI 2/gt HIEIR] K 24

AFoM F23 Bl K 4ol HPLC-FLD (Infinity 1260
II, Agilent Technologies, Santa Clara, CA, USA)S AM&-3}93th.
2o ALg-3 AHLS ZORBAX Eclipse XDB-C18 (150 mmx4.6
mm, id. 5pm, Agilent Technologies)®|™, quinone®$] BIEFT K
£ hydroquinone® 2 3A1717] $J3l o}dE F71g post-column
(2.0 mmx50 mm, YMC Co., Wilmington, NC, USA)S <1Z3}
AFE3IAT}. o] 5 A4S methanol?} dichloromethanes E313F 8-
(metanol:dichloromethane=9:1, v")E& 1LE A|Z3d+d  zinc
chloride 1.37 g, sodium acetate 0.41 g, acetic acid 300 pLE 7}
slo E3He 3 02 um membrane filter2 o 35t] ARSI
HPLC ¥4 ZA22 442 1.0mL/minZ A& 139 50uL F
Yatlom, Ao 25 35°CE A8t ¥4 HE719 3
2 excitation wavelength 243 nm, emission wavelength 430 nm
AN 2315

derpES
GUFAHEE(true retention, TR)S Z2] AF Alg FH3} 1
BF K §HS olg3tel ofelel Aol wet Asint.
%TR=(NcxGe)/(NrxGr)x 100

Nc: nutrient contents per grams of cooked food
Gce: grams of cooked food

Nr: nutrient contents per grams of raw food
Gr: grams of raw food before cooking

HIERR Ko BAS HEet7] 918t AOAC (2002) &4
H AF 7tel= gl Wl A 84 (accuracy), 2414 (linearity),
#AZ SHAI(limit of detection, LOD), 73 ZF3HA(limit of quantification,
LOQE =743t A3 I EEU SRM 3235 (soy
milk)®] BIERR] K S BA41% & NIST (National Institute of
Standard and Technology)ell #AIAIE Q15 3k} Blwste] 35&

< HEH K, 2 K, E58Y
(E% 08024 pg/mL)yS methanol® 3]413k] 9719 &%(0.0031-
0.8024 pg/mL)=E 3|A¥ FFE&NES THEATE 2] M| £
F89L 50uL¥ FYste] HPLCE EA431th a2neay
oM Z4zte] s MR Z4E peak WA F45t] peak HH
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LOD=3.3x(SD/slope of calibration curve)

LOQ=10x(SD/slope of calibration curve)

SD: the standard deviation of the response

SHXE

FAIAE = SPSS 23.0 (Statistics Package for the Social
Science, SPSS Inc., Chicago, IL, USA) T2 &S o]&3lo] &
A Aol Aty EFAAE o, Al 1F ol A8
ZF 5914 AZFo]i= Duncan’s multiple range tests AME-511oH,
T I8 AR ZF Fod 2ol tests ARSI BF p<0.05 5
FollA HF3HA

SR FolE 4E Y
Feld A¥ls e SR R FRAFS 24 2

8851%5 oM, ¥ gasls HALse FREFS 247}

61.45-78.20, 48.59-82.23%%Z 72| FF9} 9ol ug} 7 g

ol fol7k Ak & 1 B el F PRl ks
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SR F9Y v|EN K & Hl

UM AHE Qe S/ 23], ®avl, SixaT)e]
o HER K, 2 K, S Table 19] VBRI RE 39
o] &7 ABNA HER K2 AEEHA Zghth vk, v
KE £ 73 A%, 283 & A9 WA (aw)e A3 nE
Qo] SR HEHAT. 257] 79 F HER K, T
& 4 H<H(boiled)ollM 5.58 ug/100 go] AEHJoH, & F A
(raw)@} &2 & F(boiled)ollA] ZH2F 5.07 H 5.87 pg/100 gol
EHAX 27 AT /K94 zol= AATHp>0.05). HIL7
$ 3 4 F377|(meat and skin, boiled)olA 46.64 ug/100 g &
HlwA E& HERl K, s Jepiith 5 A (aw) &
2 Hi(boiled)e] HIEFR! K, T 29.19 2 20.99 pg/100 gol 7
ZHoH, o4 Aole AATE ' A WA (raw) > B
A (boiled)y2] BIEF K, 332 39.66 2 40.03 pg/100 g& 2
o7 ol gPou, +& B A (roasted)I A= 33.57 ug/100
g2 B A% AA(aw)d -2 Z(boiled)oll VI3 2 TS
e o 7F A raw)t A2 B ZHboiled)e] HIEFRI K,
ke 7H7) 18,687 16.59 pg/100go 2 494 2ol gidont,
& & ZHroasted)oll A= 29.76 ug/100 g2 2 & 7+ ZE|3IA|
%o AA@aw)F a2 A(boiled)Brt E& TS YR
A 27)e] K9 vlER] K, TS AiAr] g $91E &
2 A 16.99 ug/100 gol AEEHNCH, &2 =R =27
AME 1127 pg/100 go] HEFATE &2 A A3 @ S), 7, 5
uke] vlel K, &3S 27k 20.10, 4.33, 17.15 ug/100 go] HE=
Row, #e HA LG JiFF)€IME ZhzF 473,
2290 pg/100 g2 AZEHATE 79 vER K S 248 4

ooy WY ® o

_{

2}, A2ar7]e] F9dE Hlel K, 2 0.00-5.87 ng/100 g2 =7t
BEFAEAE Ho|EHIo] 2 RDA, 2016)14 A58t 2771 (3h-,
+55) A% 3853 & ¥4 1159 vl K, g2 0.00-
16.69 ug/100 goll BI3ll RUAAIRE ol =7IRTAFAE dlolH
wlo|ze] FAJE Aa17] A& FL7F & FAHE HlE] 2 H|
B K, 38 YeRlo] £ Arola EAH Ax] 1991 7H
A, AA, F& & FEEA AS 7919 zols vehd 3
° 2 HATKRDA, 2016). & HH AA(raw)ell A= HIER K7t
AZHA FAA o)E 42 A(boiled)olM= AEEHULH, ©]
E 2 HE AAaw)@ a2 Z(boiled)e] +E 3FFo] zbzt
88.51, 76.13%= 2k § x| JA Fo FE &Aoo EAYste
HIE K, $fo] Ao g Zr7kst Aoz Rt Harle
ol vlER K, S 16.59-46.64 ug/100 g1 o™ 4 &
327|(meat and skin, boiled)”} 46.64 ug/100 g= ©]+= Palmer %
(2021)9] AeA B A e w7l BER K, ¥
e 2640 ug/100g BT} =A AEHUOH, & Apor] B4
s ok A, 7k e 5 FaERg = 39S yERS]
oh S B Apox BEAE o &3¢ Hixar|Rg o
2o vl K7 AEEAET, ol Elder 5(2006)2] F7-olA
7 2 fAF 59 AFelA vER K e BHT A9
327](chicken, barbeque)”} 22.10 ug/100 g2 713 =4 AEE A
o2 HIES] Hil7|(meat and skiny2] HIENY K, o] T
SF AS 2 FakEe) vjs)] A4 Jeh B Al fARE 2
H5 BAoh o e 2 M5 vEe K, 3R] oAl |
37k Tk & A AAaw)S #e Fol JUYLBEF0
100.4%= HIER K, o] H3l7l QIR & A (roasted)2]
PEREZELS 84.7%2 VBN K, o] oo sl
ok wbE 5 7 AAaw)ye 2 & HER K, §3Fe] Aolzt
PAA T T2 A(roasted)?] FUALHEEL 167.5%= HIEH K,
o]l fejHo R Fketlom, ol vERl K7t HlwA g
Pgste] 22 HAHE AR Folz 2 Fgo] Wit Arks B
3(Sim &, 2018)9F 215Fe] F-9lof el wEh vE K §
gko] o7} UtkeE Bl (Lee &, 2018)0] weh E AgoM &
AE #a7] RE we R9leh ey wE v K, ¥
Zge] Hsls 1T = ATk

YA 27 drh)ad aH2 Z(boiled)e] HIEN K, TFHS 16.99
1g/100 go]H, o] Palmer 5202104 £+ Z2|Ex] e =)
2719 vlgRl K, &9 1590 ug/100 g7+ AR 2342
ERSITh =X 5] Fakee] H9pd HIE K, $H 4.33-22.90
pg/100 g= F-9EE gl ztol7t AT Greenfield 5(2009)
o] Ao mEH TFA HR I FYALE BA G At H]
eVl As} HIEN E 53 22 X84 HElle] =ix|ar]e] A
719} A F-9lo] met o] tEA HEE Z0FE Hiy
Atk RDAQ016)9A Ak 98 == 37 (ka4 HEx
71, A%, 21, S}, 2%, $he] AW RS 3.10-11.90 g/100 O]
o, FoH T3 7|(meat and skin, ¥ W, A%, 7He} FAE &
2717y, AE, AR, el AW e Z7F 3.90-14.60, 0.00-
4.60g/100 g0 2 HA|Eo] B Ao A& &7/ A8 Fgt
ole} FAteh At ke UERd Zom A7bE. ol g At
F o7t S5/ R 9l
< FE ZoE AzdErn

I~

HIEI K MY HSZ
2 ATl EAE HE Ko ARl gt
Z317] 98] AOAC(2002) A1 A

i)
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Table 1. Moisture, vitamin K content, and true retention (TR) in different parts of meats

Vitamin K, Vitamin K,

.. . o 0/)3)
Meat Part Description Moisture (%) (ug/100 2) (ug/100 g) TR (%)
Raw 65.33+0.28%) N.D.? N.D. -
Liver (Gan) Boiled 60.54£1.12° N.D. N.D. -
Roasted 61.12+0.30° N.D. N.D. -
Raw 88.51+0.33° N.D. N.D. -
Omasum (Cheonyeop) )
Beef Boiled 76.13+£0.40 N.D. 5.58+0.23 -
Raw 83.73+0.31° N.D. N.D. -
Blood (Sheonji) . ]
Boiled 84.47+0.06" N.D. N.D. -
Raw 73.14+0.12° N.D. 5.07+0.08* -
Stomach (Yang) .
Boiled 83.79+0.23° N.D. 5.87+0.13* 114.4+£2.6
Meat and skin (Dakgogi) Boiled 65.88+0.04 N.D. 46.64+0.29 -
Raw 68.29+0.09° N.D. 29.19+0.48" -
Feet (Dakbal) . ] ]
Boiled 70.15+0.44* N.D. 20.99+1.27° 71.6+5.1
Raw 78.20+1.16* N.D. 39.66+0.80* -
Chicken Heart (Simjang) Boiled 67.01£0.24° N.D. 40.03+2.40° 100.4+4.3
Roasted 61.45+1.24° N.D. 33.57+1.41° 84.7+3.4
Raw 70.69+1.19* N.D. 18.68+1.34° -
Liver (Gan) Boiled 68.05+1.32" N.D. 16.59+0.63" 87.9+4.7
Roasted 68.98+0.95% N.D. 29.76+2.16° 167.5+7.8
Shoulder (4pdari) Boiled 50.19+0.54 N.D. 16.99+0.44 -
Head (Meorigogi) Boiled 48.59+2.17 N.D. 11.27+0.83 -
Heart (Simjang) Boiled 67.63£0.14 N.D. 20.10+1.14 -
Pork Liver (Gan) Boiled 64.22+1.48 N.D. 4.33+0.09 -
Lung (Heopa) Boiled 82.23+0.21 N.D. 17.15+0.78 -
Small intestine (Sochang) Boiled 68.38+0.26 N.D. 4.73£0.20 -
Stomach (Osorigamtu) Boiled 69.89+0.23 N.D. 22.90+0.41 -
YEach value is meantstandard deviation. Means for the same part of meat with different letters in the same column are significantly different at
p<0.05.
“N.D. means not detected.
TR (%) means true retention of vitamin K, content after cooking.
Table 2. Accuracy of vitamin K analysis
Reference material Component Reference value? Analysis value® Recovery (%)"
SRM 3235Y Vitamin K, (ug/1000 g) 3.70+0.35 4224022 114.05

USRM (standard reference material) 3235 was soy milk.

DReference value of SRM 3235 was provided by NIST as the certificate value.
)Analysis value was obtained by HPLC-FLD for vitamin K in the current study.
PRecovery (%)=100x (analytical value/reference value)

Table 3. Limit of detection (LOD), limit of quantification (LOQ), and linearity of vitamin K data

Vitamin K
Quality control parameter
Vitamin K Vitamin K,
Calibration curve equation (y=Ax+B) y=0.0006x-0.0009 y=0.0005x-0.0007
Correlation coefficient (R?) 0.9999 0.9999
LOD (ug/g) 0.011 0.034

LOQ (ng/g) 0.033 0.102
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