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Comparison of Extraction Methods for Determination
of Vitamin K1 in Vegetables
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“National Academy of Agricultural Science, Rural Development Administration

ABSTRACT The objective of this study was to compare two extraction methods for determination of vitamin K1
(phylloquinone) in vegetables. In addition, analytical method validation parameters such as accuracy, precision, limit
of detection (LOD), limit of quantification (LOQ), and linearity were calculated to ensure the method's validity. Vitamin
K1 was quantified by reversed-phase HPLC using post-column derivatization and fluorescence detection (ExA=243
nm, EmA=430 nm). Higher analytical values were observed using solvent extraction compared to those from the enzyme
extraction method. The results from the method validation showed high linearity in the calibration curve with a co-
efficient of correlation (Rz) of 0.9994. The LOD and LOQ were 0.1335 and 0.2784 ng/injection volume (50 pL),
respectively. The inter-day precision and inter-day precision were 2.0% and 2.1%, respectively. Overall recovery was
close to 100% (n=5). The phylloquinone contents ranged from 9.42 to 1,212.57 pg/100 g. Our study provides reliable
data on the phylloquinone contents in commonly consumed vegetables in Korea.
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glutamic acidE carboxylation 3] y-carboxyglutamic
acid® H#ste FAHolA H42 <l BRxlAw 28351
SN A S g5k o dofgh(l). e K& A A
oA HlEl7l Kl(phylloquinone)®} HE}Rl K2(menaqui-
none)?] Fe|& #£A5H phylloquinones 2]&<| ol &
A %31 menaquinone F|AE] o3 AET}. HEW
K3(menadione):= 3}8H%4 st oz A dubd oz
T2 ALRO) o] 8-dth(2). ¥EYl K¢ 7] &FZE 2-meth-
yl-1,4-napthoquinone®] i, phylloquinone< naptho-
quinone 18] 3WHA T4 ¢ X9 phytyl side chain
7}AH  2-methyl-3-phytyl-1,4-napthoquinone2. & 3%
A3t} Menaquinones  2-methyl-3-(prenyl)n-1,4—
napthoquinone®] 72 %4 side chains®| isoprene units
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M2 Y Al
e
7l (perilla leaf, Perilla frutescens),

AHEE AAaFe 20133 T8 AFA G A
I(carrot, Daucus
carota), ¥-3(Chinese chives, Allium tuberosum), B 2
Z](broccoli, Brassica oleracea), »| 5| (spinach, Spinacia
oleracea), ©}2=3}2}A2=(asparagus, Asparagus offici-
nalis), 2743 (lettuce red leaf, Lactuca sativa), A4
(kale, Brassica oleracea)S T3te] A8kt T8
Ho =z AR E phylloquinone(vitamin K1)& Wako
Co.(Tokyo, Japan)oll Al +43te] AF&3}A T}, Lipase(from
Candida rugosa, 1000 units/mg, type VII), monobasic
potassium phosphate, potassium hydroxide, potassium
carbonatet™ Sigma-Aldrich Co.(St. Louis, MO, USA)9|
A FY3FH 21, sodium acetate, acetic acid, zinc pow—
der(particle size <63 pym)© Merck Co.(Darmstadt, Ger-
many)°ll Al - ake] ARE-SEATE Aol AR&-Fl methanol,
2-propanol, ethanol, n—hexane, dichloromethane, wa-
terte HPLC 5322 Burdick & Jackson Co.(Muskegon,
MI, USA)®] AlE& AHE-8E3lth
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2 mLE 7tsto] gasigint. Metea & £t
=91, V/V) 8 mLE # 7}t conical tubed] %
T3 Sk & 2000 rpme 2 587 YAEE SFSh A
T 1 mLE FH3lo a2 & A3 AAT F v
< 1 mLE 7}8te] A3 3 0.45 pm membrane filter =
o3t HPLCE ©]-§3ke] 4133l

H(enzyme extraction method)
1 g& A T(200 mmx24 mm ID)ol F 3] 40°C
olgte] & 156 mLE H7tetal wHt7]| & o] &3te] £31314]
H=EN(0.8 M) 5 mLE 718t 1 g9 lipase
s Y wi|R E3egith. 7 dstE O UES
53

slaL 37°Coll A} 2A17F Bafetgitt. el &

Qe dEe EEAEIRE  MEE=055, v/v) 10
L0 g9] 74 BARES Aol £
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HPLC =

HPLCE &% A&77F Az 94 Az 2etE 185
(reversed-phase HPLC system, Jasco Corp., Tokyo,
Japan)E ]33 o™ AXZ= (precolumn) 2.2+ ZORBAX
Eclipse XDB-C18 column(5 um, 4.6x150 mm, Agilent,
Santa Clara, CA, USA)¥} &7 ol & 338 Tz
(post-column)& AZA3s}] ALE-3ISI Y. o] 5o 2= Het
S iHEFRRA 01, v/v) £ &4 1 L2 A x5}
zinc chloride 1.37 g, sodium acetate 0.41 g, acetic acid
300 pL2 #A7}sla Ea+e T 0.45 um dE 2 o7t
ARESF T U= 50 L, ?ﬂ‘a} =719 o7] 3 243
nm, 4 33 430 nmo A %42 1.0 mL/mine.2 A3}

Sajurol #E
ool AEE BAPES AFs] gkl 4a4

(linearity), A2 (precision), A &4 (accuracy), AE3+
Al(limit of detection, LOD)?} &g Al(limit of quantita—
tion, LOQ)E 43} tH9,10). Phylloquinone ¥i--8& <
S A&l spike ataL, A= AT HA e} FE3 F
HPLCel skl €2 93 WA v & o]&3te 3|8
(recovery)s T3F3lth A4 9 vh&
H7yst7] flste] a5 53] Wb A9
A (reproducibility)& 597+ %
skl Peak purity®] 735 Al 7FA]
243 nm, 253 nm)@} 430 nme] 574

A (repeatability)<
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Table 1. The content of vitamin K1 in vegetables using two
different extraction methods

Extraction methods

USDA"
Sample Solvept Enzyme data
extraction extraction
Asparagus 79.96+1.63”  3.06+0.03 41.6
Broccoli 228.12+9.37  18.02+4.40 101.6
Carrot 9.42+0.91 0.00£0.00 13.2
Chinese chives 293.42+2.21  88.43+2.95
Kale 548.30+35.48 51.70+17.75 704.8
Lettuce red leaf 342.91+£16.99  7.52+2.87 140.3
Perilla leaf 1,212.57£14.00 25.97+1.49
Spinach 470.90+42.16 22.20+4.81 482.9

YUSDA, United States Department of Agriculture.
?Concentration of phylloquinone expressed as pg/100 g sample.
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Fig. 2. Standard calibration curves of vitamin KI.

9.0

Fig. 1. Analytical HPLC chromatogram of
vitamin K1 standard (A) and sample (B) (Ex
A= 243 nm, EmA=430 nm).

10.0 110

BNl K19 25845 o] 88ke] UEhdl peak ratio= -
H] 28 s UERdo] e EeEe] X§H A o
o 5= Qi) wrEA I A FA o] W5 A S (coefficient of
vriation, CV) #-2 7t7} 1.98%, 2.10%= 53 A&

Table 2. Peak purity of vitamin K1

Excitation wavelength Measured fluorescence ratio"

(nm) Standard solution Sample
243/253 1.97 1.93
233/253 1.51 1.62
243/233 1.31 1.20

DFluorescence ratios were calculated by dividing the values for
two peak areas for each analyte obtained from separate chroma-
tographic runs at two different excitation wavelengths, with
the emission wavelength constant at 430 nm.

Table 3. Precision and accuracy of the solvent extraction method

Parameter Precision Accuracy”
Repeatabilityz) Reproducibility3) Recovery (%)
Mean® 299.548 294.011 99.439
SD” 5.927 6.194 4.476
CV (%)” 1.979 2.107 4.501

l)Accuracy is a measure of the closeness of the analytical result
to the true value determined by analyzing a spiked sample.

2)Repeatability was evaluated using five independent analyses
of replicate sample performed on a given day.

3)Reproducibility was evaluated using five independent analyses
of replicate sample performed on a different days.

“n=5, ng/100 g sample on raw weight basis.

*Standard deviation.

9'Coefficient of variation.
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