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ABSTRACT: Liquid chromatography-electrospray ionization tandem mass
spectrometry (LC-ESI-MS/MS) with a triple quadrupole (QqQ) is proposed for
determining the vitamin K homologues, phylloquinone (PK), menaquinone-4 (MK)
and menadione (MD), in vegetables. The analytes were isolated from the
samples (1-1.5 g) by ultrasound assisted extraction using acetonitrile (2 mL), and
the liquids were submitted to microwave assisted cloud point extraction with
Triton X-45. The enrichment factors were between 20 and 50, depending on the
vitamin homologue in question. The analytes were determined by LC-ESI-QqQ-
MS/MS in the multiple reaction monitoring (MRM) mode, providing unequivocal
identification and quantification, with limits of detection of 0.8, 1.0 and 16 ng/g for
MK, PK and MD, respectively. Recovery assays for samples spiked at two
concentration levels, between 40 and 600 ng/g depending on the compound,
provided recoveries in the 90-114% range. Only PK was detected in the samples

analyzed, at concentrations in the 90-2350 ng/g range.

KEYWORDS: cloud point extraction, K vitamins, liquid chromatography-tandem

mass spectrometry, menadione, menaquinone, phylloquinone, vegetables
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INTRODUCTION

Vitamin K comprises two families of compounds: vitamin K1 (phylloquinone, PK)
and Kz (menaquinones, MK-n). Both contain a 2-methyl-1,4-naphthoquinone ring
in their structure and differ as regard the substituent at the 3-position, which is a
phytyl chain for PK and a side chain with repeated isoprenoid units for MK.
Whereas PK appears in nature as a single compound, MK comprises a series of
vitamers containing from 3 to 14 isoprene units (MK-3 to MK-14)."2 PK and MK
are the natural forms of vitamin K, whereas menadione (MD, vitamin Ka) is a
synthetic derivative used as a pharmaceutical, although the cleavage of dietary
PK to produce MD by intestinal bacteria has been described.?

The role of vitamin K in human health has been reported, being mainly related
with blood coagulation and the reduction of osteoporosis and cardiovascular
diseases.’® Recent studies show possible perspectives of vitamin K in type 2
diabetes treatment, because of its role in glucose metabolism.*

The K vitamin homologue most commonly found in foods is PK, which is
produced by all plants and green algae, where it serves as an electron receptor
during photosynthesis. The green color intensity of vegetables is generally
related with the PK content, although other variables such as plant growth
conditions have also been described.>® Although it has a ubiquitous distribution
in the diet, leafy-green vegetables and vegetable oils are the major dietary
sources of PK.

The synthesis of MK is carried out by bacteria in the intestinal flora, acting as
electron carrier in the transport chain involved in respiration." This K homologue
occurs in meat, dairy products and fermented foods such as cheese.” Interest in

MD, which acts as a precursor of vitamin K and as inducer of mitochondrial
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permeability transitions, has increased in recent years for its activity against
cancer cells among other actions.?

Liquid chromatography (LC) coupled to ultraviolet,>%8-13 and fluorescence'4-?’
detection, the latter involving a derivatization step, has been used for vitamin K
analysis in a wide variety of samples. The literature also shows the coupling of
LC separations to MS and tandem MS (MS/MS) with atmospheric pressure
chemical ionization (APCI)%10.13.22-27 gnd electrospray ionization (ESI)328-31, with
both ionization sources in positive mode.

The food matrices most frequently analyzed for the determination of vitamin
K are fruit and vegetable products,?6-9.13.15,18,19,23,26,28,30.31 yggetable oils,%8 1% milk
products and infant formulas.0.12.14.21.22.29.32 ggmple treatment must avoid those
conditions affecting the stability of the vitamins, such as ultraviolet light, alkaline
and acid media.? Food matrices of a lipidic nature such as milk require a
hydrolysis step. Thus, neutral lipids have been removed by saponification'0.12.22
or by enzymatic digestion.?'?° Solvent extraction into organic phases such as
hexane to isolate the vitamins from the sample matrix and subsequent purification
of the obtained extract by means of solid-phase extraction (SPE) have been
widely discussed.51%18.19.23,25.28,30 Matrix solid phase dispersion (MSPD)%'* and
accelerated solvent extraction (ASE)?® have been applied to extract K vitamers
from different types of food.

Miniaturized techniques for sample treatment allow high enrichment factors to
be obtained with minimum environmental impact. Dispersive liquid-liquid
microextraction (DLLME)'® and solid-phase microextraction (SPME)3® have
shown their effectiveness for vitamin K preconcentration. Non-ionic surfactant

coacervates have been applied extensively in the preconcentration of
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hydrophobic compounds in a technique known as cloud point extraction (CPE).3*
The use of harmless surfactants, in contrast of toxic and flammable organic
solvents commonly implied in conventional extraction methods, place CPE as a
green microextraction procedure of high value. In the case of MD, the possibilities
of using CPE were preliminarily explored by spectrophotometric determination3®
and for PK using LC-UV detection,3® the latter without quantification purposes.
Considering the advantageous characteristics of CPE for limiting the use of
organic solvents in the preconcentration step, a new procedure is described here
and optimized for the determination of PK, MK and MD in vegetables by LC-ESI-

QqQ-MS/MS.

MATERIALS AND METHODS

Reagents and materials. Phylloquinone (PK, vitamin K1), menaquinone-4
(MK-4, vitamin K2) and menadione (MD, vitamin K3) were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Individual stock solutions (1000 pg/mL) of PK, MK-
4 and MD were prepared in ethanol, preventing photodegradation of the vitamins
by storing the stocks solutions in amber vials at -20 °C. The stability of these
solutions was checked for at least one month. Working standard solutions were
prepared daily in ethanol and stored at 4 °C. The non-ionic surfactant
polyethylene glycol 4-tert-octylphenyl ether (Triton X-45), provided by Fluka
(Buchs SG, Switzerland), was used as a 15% w/v aqueous solution. Other
assayed surfactants were tert-octylphenoxypolyethoxyethanol (Triton X-100) and
octylphenoxypoly-ethoxyethanol (Triton X-114). Sodium chloride (99.5% purity),
ammonium acetate and formic acid were obtained from Fluka. The 5 mol/L

ammonium formate solution (Agilent, Waldbronn, Germany) was appropriately
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diluted and used in the mobile phase. Methanol, ethanol, acetonitrile and
isopropanol were obtained from Sigma.

Instrumentation. An Agilent 1200 (Agilent) quaternary pump (G1311A)
equipped with a chromatographic column thermostatic compartment (Agilent
1200, G1316B) was operated as indicated in Table 1. An autosampler was used
for LC injection, solutions being maintained in 250 pyL microinserts with polymeric
feet placed into vials of 2 mL capacity. An Agilent G6410A mass spectrometer
was coupled to the LC system (Table 1). Mass spectra were monitorized in the
50-700 amu m/z range. For data acquisition, instrument control, identification of
the vitamins as well as their quantitation the Agilent MassHunter software was
used.

Individual analyte solutions (10 ug/mL) were directly infused into the ion
source, applying various fragmentor voltages and collision energies (Table 2), in
order to identify the optimal multiple reaction monitoring (MRM) transitions for
each vitamin. Identification of the vitamins was done using retention time and
MRM transitions involving the formation of product ions with highest m/z value.
The transition of higher sensitivity was used as quantifier, and all transitions were
used as qualifier peaks for confirmatory analysis (Table 2).

An IKA A11 homogenizer (IKA Works, INC., Wilmington, NC, USA), an UP
200 H ultrasonic processor (Dr. Hielscher, Teltow, Germany) equipped with a
titanium sonotrode (7 mm i.d.) and providing in liquid media an effective output of
200 W, and an EBA 20 centrifuge (Hettich, Tuttlingen, Germany) were used in
the sample treatment. A domestic microwave oven was used for the formation of

the cloudy solution.
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Samples and analytical procedures. A total of ten different vegetables
(iceberg lettuce, romaine lettuce, lamb’s lettuce, escarole lettuce, kale, spinach,
cress, turnip, parsnip and carrot) were obtained from local supermarkets. The
samples were washed with distilled water and allowed to dry to remove excess
water. To prevent deterioration of the K vitamins, samples were maintained in
subdued light at 4 °C until analysis, which was generally carried out within 48 h
of arrival in the laboratory. All samples were manually chopped into pieces of
about 0.5 cm and homogenized using an electric homogenizer.

Ultrasound assisted extraction (UAE) was applied to isolate vitamins from the
solid matrices. For this, a 1-1.5 g aliquot of sample (depending on the vitamin
content) was weighed into a 15 mL glass centrifuge containing 0.15 g sodium
chloride, and 2 mL of acetonitriie were added. The mixture was sonicated by
means of a probe directly immersed for 1 min with 0.75 s pulses of 105 ym
amplitude and then centrifuged at 6000 rpm for 5 min. A 1 mL volume of the
acetonitrile supernatant was recovered and diluted with 5 mL of 10 mM
ammonium acetate (pH 7) in the presence of 0.04% w/v sodium chloride. Next,
50 uL of a 15% w/v Triton X-45 aqueous solution was injected into the sample
and the mixture was shaken manually for a few seconds. The resulting solution
was placed in a water bath and heated in a domestic microwave oven working at
maximum power for 20 s, leading to the formation of a cloudy solution. The K
vitamins were extracted into the fine droplets of the coacervate dispersed through
the sample solution. The tube was then immersed into an ice bath for 5 min in
order to favour the separation of the surfactant rich phase, which sedimented at
the bottom of the conical tube (drop volume of about 15 L) and was collected

using a microsyringe. The recovered drop was placed in a microvial and diluted
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by adding 30 uL of methanol, before being injected (20 pL) into the LC system by
means of an autosampler.

As a positive quality control (QC) sample, a mixture of PK, MK and MD at 50,
50 and 100 ng/mL levels, respectively, prepared in ethanol was used. This
standard mixture was analysed before each sample batch and stored at -20 °C
between analysis, and its stability was verified for one month. An appropriate
blank sample (parsnip) was also used as a QC sample.

Calibration standards were prepared by adding different volumes in the 10-
300 pL range of a standard solution containing 1 ug/mL of PK and MK and 10
pg/mL of MD to 6 mL of a 1:5 acetonitrile:water mixture.

Recovery studies. For recovery studies, 1-1.5 g aliquots of the homogenized
samples were fortified by adding different volumes in the 50-225 pL range of an
ethanolic standard solution containing the vitamins (0.8 pg/mL for PK and MK
and 4 pg/mL for MD), leading to fortification levels in the 40-120 ng/g range for
PK and MK, and in the 200-600 ng/g for MD. The fortified samples were
homogenized for 5 min and left to stand for 1 h at room temperature to distribute
the analytes evenly and to allow them to interact with the matrix, before carrying
out the analyses as described above. The fortification procedure was applied to
two different samples (iceberg lettuce and turnip). Three aliquots of each sample
at each concentration were analysed separately. Recovery percentages were
also obtained when samples were spiked after application of the UAE and CPE
steps.

Precision study. For precision study, 1.5 g aliquots of homogenized parsnip
were fortified by adding 100 pL of an ethanolic standard solution containing the

vitamins at 1.5 pg/mL for PK and MK and 3 pg/mL for MD, leading to fortification
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levels of 100 ng/g for PK and MK and 200 ng/g for MD. The fortified aliquots were
homogenized for 5 min and left to stand form 1 hour at room temperature, before
carrying out their analysis, in order to stablish the intra- and inter-day precision

method.

RESULTS AND DISCUSSION

Chromatographic separation. Liquid chromatography in the reversed phase
mode was used, optimizing the separation conditions by injecting 20 uL of an
ethanolic standard solution containing the analytes at 2 pg/mL concentration
level. Different mixtures of solvent A (0.1% v/v formic acid and 10 mM ammonium
formate aqueous solution) and solvent B (0.1% v/v formic acid and 10 mM
ammonium formate methanolic solution) were tested. The finally selected
conditions for the chromatographic separation, the retention time of each vitamin,
as well as the MS/MS detection conditions are shown in Table 1. The retention
times showed standard deviations, depending on the compound, in the 0.02-0.06
min range for 10 successive analysis carried out on the same day and between
0.03 and 0.16 min range, for 10 successive analyses carried out on different days.

Optimization of the ultrasound extraction step. Food sample preparation
for liposoluble vitamins analysis generally involves saponification, solid-liquid and
liquid-liquid extractions, sometimes including enzymatic hydrolysis.®” The
instability of K vitamins under alkaline conditions prevents from being applied the
very effective caustic saponification process used in the determination of other
liposoluble vitamins to effectively remove interferences of lipid origin contained in

the sample matrix. Consequently, a direct solid-liquid extraction in acetonitrile

10
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was adopted since this has proven effective for extracting K vitamins from
vegetable matrices.’® Moreover, taking into account the influence of light and heat
on K vitamin stability, sample treatment was carried out at room temperature and
in dim light.

This step was optimized using romaine lettuce (fortified for MD and MK at a
0.5 ug/g concentration level), testing different sample masses in the 1-3 g range
and different acetonitrile volumes of between 1 and 3 mL. The mixtures were
homogenized using an orbital shaker for 5 min at maximum power and then
centrifuged for 5 min at 3000 rpm. The highest signals were obtained for a sample
mass of 1.5 g extracted with 2 mL of acetonitrile, a ratio that was selected for
further experiments.

The effect of the application of ultrasounds for 5 min using a water bath
operating at a frequency of 40 kHz, and by means of a probe directly immersed
for 1 min into the sample:acetonitrile mixture was compared. Peak areas obtained
for the three vitamins using the ultrasounds probe were about four times higher
than those obtained when using the water bath. Thus, UAE by means of the probe
was selected, proving its effectiveness for extracting vitamin K congeners in
acetonitrile from vegetable samples. The application of ultrasounds for longer
times did not increase extraction efficiency.

The addition of sodium chloride to the sample:acetonitrile mixture increased
the transfer of the vitamins towards the organic phase, and also provided a good
separation of the phases. When different NaCl masses in the 0.1-0.5 g range
were assayed, best results were obtained for 0.15 g of salt, while sensitivity

decreased for higher masses. Consequently, 0.15 g NaCl was selected.
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Preconcentration procedure optimization. Preliminary experiments for
preconcentrating the vitamins were carried out using DLLME with ionic liquids
(IL-DLLME) as extractant solvent. For such a purpose, the extraction efficiency
of 1-hexyl-3-methylimidazolium [CeMIM][NTf2], 1-methyl-3-octylimidazolium
[CsMIM][NTf2] and 1-dodecyl-3-methylimidazolium [C12MIM][NTT2]
bis(trifluoromethylsulfonyl)imide was tested using 100 pL of the IL, 0.5 mL of
acetonitrile as dispersant solvent and 10 mL of aqueous phase containing the
analytes at 100 ng/mL. The IL enriched phase (25-30 pyL) was recovered by
centrifugation and diluted by adding 30 yL of methanol in order to decrease its
viscosity. The in situ formation of [CeMIm][NTf2] IL was also tried by adding 50 L
of the IL ionic parts but no significant differences were observed compared with
the addition of the previously formed IL. The application of the IL-DLLME
procedure was discarded because the extraction capacity for the different ILs was
in all cases about one third of that provided by CPE (Figure 1), the latter being
adopted because it avoided the use of organic toxic solvents.

Triton X-45, Triton X-114 and Triton X-100 were assayed as extractants for
CPE, using in the preliminary experiments, volumes of 100 uL of 15% wl/v
solutions of the surfactants, and heating the mixture up to the corresponding
cloud point temperatures for 10 min in a bath water. No discernible surfactant
enriched phase was obtained when Triton X-100 was used, and so this extractant
was discarded. The extraction efficiencies of Triton X-45 and Triton X-114 are
shown in Fig. 1, where it can be observed that the highest sensitivity was
achieved using Triton X-45, which was selected.

The different experimental variables affecting the extraction efficiency of CPE

were optimized by means of a Taguchi orthogonal array design38 applied for four

12
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factors (each one considered at three different levels), namely, surfactant
volume, aqueous phase volume, sodium chloride concentration and heating time
(Table S1). For this purpose, 1 mL of the acetonitrile extract obtained in the UAE
step applied to romaine lettuce was fortified with MK and MD at 300 ng/mL and
diluted with different water volumes in the 5-9 mL range. The volume of the
surfactant (acceptor) phase was between 50 and 150 pL. The effect of the
aqueous phase ionic strength was studied in the 0.2 - 0.4 g/L sodium chloride
concentration range. When the surfactant-donor phase mixture was heated
above the corresponding cloud point temperature (in the 25-38 °C depending on
the concentration),3 the formation of a coacervate resulted in a cloudy solution.
The heating time was studied in the 10-20 min range using a water bath. In all
cases, centrifugation of the mixtures at 3500 rpm for 3 min, and a subsequent
cooling step at -20 °C for 5 min, were applied in order to facilitate phase
separation. A 20 pL volume of the surfactant enriched phase previously diluted
with methanol was injected into the liquid chromatograph. The effects of the four
factors studied on the mean response for the extraction efficiency of K vitamins
showed that the best results were obtained using both the lowest surfactant and
lowest aqueous phase volumes (Fig. S1). A 50 uL volume of Triton X-45
minimized the dilution effect. The high extraction efficiency of CPE even at low
surfactant concentrations is here corroborated.®* When lower volumes than 50
ML were assayed, collecting the enriched phase was very difficult owing to the
minimal amount recovered. Peak area of the vitamins was maximum for a salt
level of 0.4 g/L. From a practical point of view, it is more convenient to replace
the heating step by a microwave oven in order to shorten the analysis time.4? In

this way, even higher sensitivity than that attained using the water bath was
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obtained by heating the mixture in a domestic microwave oven for 20 s, which
corresponded to about 50 °C.

The influence of the pH of the donor phase was studied by using 5 mL of 0.01
M buffer solutions of pH values ranging from 3 to 9 as aqueous phases. The
sensitivity of the three vitamins increased up to pH 7, and then slightly decreased
for higher pH values. Consequently, a pH of 7 was selected. Note that the
surfactant-rich phase volume recovered (15 uL) was diluted by adding 30 uL
methanol in order to reduce the viscosity of the injected solution. Thus, CPE was
seen to effectively preconcentrate the K vitamins using a rapid, green and easy
to apply procedure.
Method performance. An ANOVA test was applied to compare the slopes of
standard calibration graphs and those obtained when the standard additions
method was applied to three different samples in order to check the relevance of

[{gt)

any matrix effect. Since in the three samples studied “p” values higher than 0.05
were obtained for the three vitamins, the lack of a matrix effect was confirmed.
Consequently, the external standard procedure was used for quantification
purposes. For this, standards prepared in acetonitrile:water (1:5) were submitted
to the optimized CPE preconcentration step before being injected into the LC
system.

CPE combined with the LC-ESI-QqQ-MS/MS method was validated for
linearity, limits of detection (LODs), limits of quantification (LOQs) and
repeatability. Calibration curves were obtained by least-squares linear regression
analysis of the peak area vs. analyte concentration using six concentration levels.

Linearities ranged between 15 and 500 ng/mL for MD and between 1 and 500

ng/mL for MK and PK. Calibration slope values expressed as mean value *
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standard deviation (n=6) of 594, 894+49 and 82571 mL/ng were obtained for
MD, MK and PK, respectively. Regression coefficients higher than 0.9970 were
obtained in all cases. LODs and LOQs were calculated on the basis of three and
ten times the standard deviation of the intercept of the calibration graphs,
respectively. LODs and LOQs of 4 and 13, 0.2 and 0.7 and 0.25 and 0.8 ng/mL
were obtained for MD, MK and PK, respectively. Considering the sample
procedure applied in the vegetable analysis, LODs and LOQs varied in the 0.8-
16 and 2.8-52 ng/g ranges, depending on the compound. The LOD value
obtained for PK (0.8 ng/g) allows its detection in vegetables for which a
consumption of 100 g contributes 0.1% of the adequate ingestion set for an adult
person by European Food Safety Authority (EFSA) panel on dietetic products,
nutrition and allergies of 1 ug/kg body weight per day.*!

A precision study was carried out based on the repeatability and
reproducibility, calculated as the relative standard deviation (RSD) for a series of
ten analyses carried out on the same day and in different days, of a parsnip
sample fortified at 100 ng/g with PK and MK and 200 ng/g with MD. RSD values
of 8.8 and 9.2% for PK, 5.1 and 6.3% for MK and 10.5 and 10.9% for MD were
found for intra- and inter-day precision, respectively. These data indicate the
satisfactory degree of precision of the developed method.

The ratio between slopes of the calibration curves obtained for the CPE
method and those obtained without using the preconcentration step was used to
calculate the enrichment factors (EFs), values of 50, 45 and 20 (corresponding
to PK, MK and MD, respectively) being obtained. These EF values indicated that

PK and MK were most efficiently preconcentrated by the CPE method developed,
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whereas MD showed lower affinity for extraction into the coacervate, probably
due to its lacking a side chain at the C-3 position, unlike PK and MK.

A comparison of the developed method with previously published methods for

determining K vitamins in food samples by LC is shown in Table 3. Note that
CPE is used for the first time to preconcentrate the K vitamins, providing, in the
case of PK and MK, comparable sensitivities to those previously obtained using
conventional sample treatments such as SPE'232530 or the miniaturized
procedures DLLME"3 and MSPD, ' in a simple and rapid treatment and avoiding
the use of toxic organic solvents. The analytical characteristics obtained show
that UAE-CPE combined with LC-ESI-QqQ-MS/MS can be used for the routine
analysis of vegetables, minimizing sample handling.
Analysis of samples and recovery studies. CPE combined with the optimized
LC-ESI-QqQ-MS/MS procedure was applied to the analysis of ten different
vegetables in triplicate. PK contents in the 90-2350 ng/g range were obtained for
iceberg and lamb’s lettuce, respectively (Table 4). MK and MD were not detected
in the studied samples, and none of the K vitamins under analysis was contained
in the samples of parsnip, turnip and carrot, at least above their corresponding
LODs. A second treatment was made to verify that extraction was completed. As
expected, green-leaf vegetables were confirmed to be good sources of vitamin
K, whereas it was absent in the analysed root vegetables.

Fig. 2 shows the total ion chromatograms (TIC) obtained for a standard
mixture solution (40 ng/mL for PK and MK and 80 ng/mL for MD) and for a spinach
sample using the optimized method.

The reliability of the procedure was checked by recovery studies for two

different samples spiked at three concentration levels. The recoveries of the
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vitamins from spiked samples (turnip and iceberg lettuce) varied between 90.3
and 114%, with an average recovery = SD (n = 18) of 101 + 7 (Table S2), when
samples were fortified before being submitted to UAE. Recovery values in the
93.2-109.8% range were obtained when comparing peak areas obtained when
the target analytes were spiked before and after the UAE-CPE procedure. No
significant differences were observed in the RSD values obtained for the
recoveries of the three vitamins in each fortified sample, the values ranging
between 3.9 and 8.4%. The analytes were identified using their retention times,
the transitions given in the mass spectra and by comparing the percentage for
each transition obtained from standard solutions and samples. No interfering

peaks were observed at the analyte elution times.
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standard deviation; SPE, solid-phase extraction; SPME, solid-phase

microextraction; UAE, ultrasound assisted extraction
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Figure 1. Effect of the extractant phase nature on the sensitivity of the

microextraction procedure. Vertical lines indicate standard deviation for n=3.
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Figure 2. Total ion chromatograms of K vitamins obtained for a standard mixture
(40 ng/mL for PK and MK and 80 ng/mL for MD) (A) and an un-spiked spinach
sample (B) using CPE combined with LC-ESI-QqQ-MS/MS under the optimized

conditions.
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Table 1. Experimental Conditions Of The LC-ESI-QqQ-MS/MS System

LC separation

analytical column

column temperature
injection volume

mobile phase composition

mobile phase gradient

mobile phase flow-rate

Tracer Extrasil ODS2

(150 x 4 mm, 5 ym particle size)

35°C

20 uL

solvent A: 0.1% v/v formic acid and 10 mM
ammonium formate aqueous solution
solvent B: 0.1% v/v formic acid and 10 mM
ammonium formate methanolic solution
0-3 min, 10:90 A:B

4 min, 100% B (maintained for 13 min)

18 min, 10:90 A:B (maintained for 3 min)
0.6 mL/min

MS/MS detection

ionization system conditions

nebulizer and collision gas

analyzer

ESI, positive mode; Capillary voltage, 3000 V;
nebulizer pressure, 40 psi; drying gas flow, 9

L/min; drying gas temperature, 350 °C
nitrogen

triple quadrupole
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Table 2. Molecular Formula and Analytical Conditions of the Studied K Vitamins

vitamin molecular

formula

menadione (MD) C11HsO2

menaquinone (MK-4)  Cs31H400:2

phylloquinone (PK) C31H4602

a Quantifier transition.

molecular

weight

172.18

444 65

450.70

tr

(min)

2.85

12.24

17.20

ionization target ion
mode transitions (m/z)
[M+H]* 1732 - 77
173 — 105
173 — 42
[M+H]* 4452 — 187
445 — 81
445 — 363
[M+H]* 4512 — 187
451 — 57
451 — 185

fragmentor

voltage (V)

110
110
110
130
130
130
140
140
140

collision

energy (V)

40
20
50
15
40
5
20
40
20

abundance

ratio (%)

83
42

99
12

22
17
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Table 3. Comparison With Other Methods Proposed For K Vitamin Analysis In Foods

compound
PK, MK

PK

PK

PK

PK

PK, MK

PK, MK, MD
PK, MK, MD

PK
PK, MK
PK

PK, MK, MD

sample
nature treatment mass (g)
maize flour, Kiwi MSPD 2.0
fruits, vegetables ASE-SPE 0.1-1.3
fruits, vegetables UAE-SPE 5
kale, collard SLE-SPE 0.3
herbs, spices, seasonings UAE-SPE 0.05-0.2
Rhodiola imbricata root UAE 1
vegetables UAE-SPE 1
vegetables SLE-DLLME 0.2-2
soy-based infant formula MSPD 0.5
baby foods SLE-SPE 0.2
milk, soy bean oil alkaline digestion- 30
LLE
vegetables UAE-CPE 1.5

detection technique
LC-DAD-APCI-MS/MS

LC-APCI-MS/MS
ID-LC-ESI-MS/MS
LC-DAD
LC-FLD
RRLC-ESI-MS/MS
LC-FLD
LC-DAD-APCI-MS

LC-FLD
LC-APCI-MS
LC-DAD

LC-ESI-MS/MS

LOD (ng/g)

PK: 0.4-18
MK: 1-5
1.5

1.0
Not provided
Not provided
4.1;2.1
1.4;0.6; 0.8

DAD: 0.45; 0.45; 0.3
MS: 0.45; 0.3; 0.75
27

13.5; 13.3
138

MS/MS: 1.0; 0.8; 16

ref
10

23
30

19
31
18
13

14
25
12

this

method
ASE, accelerated solvent extraction; FLD, fluorescence detection; ID, isotopic dilution; MSPD, matrix solid phase dispersion; RRLC, rapid
resolution liquid chromatography
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Table 4. PK Contents? In The Analyzed Vegetables

sample concentration (ng/g)

iceberg lettuce 907
romaine lettuce 197 £ 15
escarole lettuce 264 + 20
lamb’s lettuce 2350 + 198
kale 710 £ 55
spinach 980+ 70
cress 955 + 68

@ Mean + standard deviation (n=3).
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Supplementary material
Fig. S1. Effects of the experimental parameters on the extraction efficiency of

CPE.

Tables S1 and S2
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