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Recent research on Vitamin K has shown its importance in maintaining vascular and bone health. Brazilian
food composition tables do not show phylloquinone content in national foods. These data are needed
to obtain more reliable results in nutritional status assessment studies of individuals in relation to this
vitamin as studies have shown a geographical influence in food phylloquinone content. This study aims to
determine phylloquinone (Vitamin K, ) levels in its most important source: dark green leaved vegetables.
Several varieties of vegetables were purchased directly from CEAGESP (General Warehouse Company
of Sdo Paulo) at different times. Phylloquinone was extracted using organic solvents and quantified by
High Performance Liquid Chromatography - HPLC. Results show the concentrations of phylloquinone
in commonly consumed foodstuffs. In general, results showed variations with data from literature on
the amount of Vitamin K in the plants analysed.
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INTRODUCTION

Vitamin K is a fat-soluble vitamin that was originally
identified as an essential factor in blood synthesis of
coagulation proteins (factors II, VII, IX, and X) (Booth,
Davidson, Sadowski, 1994). Several recent studies have
demonstrated an important role in maintaining vascular
and bone health through the Vitamin K-dependent
proteins (Claussen ef al., 2015; Viegas et al., 2014;
Yamaguchi, 2014; Beulens et al., 2013; Booth, 2012).
The natural forms of Vitamin K are: phylloquinone and
menaquinone, the latter being synthesized by bacteria
in the intestinal flora and known as “menaquinone-n”
or Vitamin K, (Booth, 2012; Penteado, 2003). Vitamin
K, (phylloquinone) is found in foods of both animal and
vegetable origin, but is the only analogue of the vitamin
present in plants, being predominantly found in vegetables
and vegetable oils (Booth, 2012; Damon et al., 2005).
Although it is generally assumed that Vitamin K deficiency
is probably more common than previously believed,
there are several questions about recommended adequate
intake (Al) levels and the true dietary requirement of
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Vitamin K is unknown (Booth, 2012; Booth et al., 2003).
The precise physiological functions of newly discovered
Vitamin K proteins are not known except for the function
of osteocalcin in bone growth regulation (Vermeer et
al., 1996).1t is also unclear which markers are best for
evaluating Vitamin K status (Booth ef al., 2003). With
the discovery of new roles for different forms of Vitamin
K, it is important to quantify their content in a variety
of foods (Elder et al., 2006). In place of biological and
chemical methods, the introduction of High Performance
Liquid Chromatography (HPLC) has facilitated routine
analysis of Vitamin K in foods (Otles, Cagindi, 2007;
Pérez-Ruiz et al., 2007; Jakob, Elmadfa, 2000; 1996;
Ferland, Sadawski, 1992). Recently, methods have been
developed for determining Vitamin K levels in foods using
High Performance Liquid Chromatography-Tandem Mass
Spectrometry HPLC-MS/MS (Claussen ef al., 2015) and
Gas Chromatography-Mass Spectrometry GC-MS (Jang,
Moon, Shibamoto, 2015). Although, these methods offer
high sensitivity and accuracy, they are very expensive
for routine assays. However, separation and detection by
HPLC with electrochemical and fluorescence detectors
after post-column reduction is relatively convenient and
stable, and provides enough sensitivity and selectivity for
analysing phylloquinone in plant products (Pérez-Ruiz et
al., 2007; Jakob, Elmadfa, 2000). Brazil still has no tables
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of phylloquinone levels for nationally produced foods
(Dores, Paiva, Campana, 2001). There is therefore a need
to analyse Vitamin K levels in foods grown in Brazilian
soil to assist researchers in the nutrition area, as studies
have shown that geography can influence phylloquinone
levels in analysed foods (Otles, Cagindi, 2007; Ferland,
Sadawski, 1992). This study therefore aims to determine
phylloquinone levels in its most important source: leafy
green vegetables by HPLC fluorescence using post-
column chemical reduction for Vitamin K derivatives.

MATERIAL AND METHODS
Samples

Samples were acquired directly from CEAGESP
(Sao Paulo General Warehouse Company), the largest
supply centre in Latin America (Brasil, 2010). Twenty
different leafy vegetables were collected between February
2011 and October 2012 and a “pool” of samples was
set up with approximately 10 kg per collection for each
vegetable type (Faria, 2013). The samples were analysed
at the Food Analysis Laboratory of the Department
of Food and Experimental Nutrition, Pharmaceutical
Sciences Faculty, University of Sao Paulo. The day
after collection sample pre-analysis preparation began
following procedures described by Kawashima and Soares
(2003). For vegetables that underwent a cooking process,
the procedures were as established by UNICAMP (2011)
according to vegetable characteristics: for broadleaf
samples, baking time was 10 minutes and for floral
samples, 20 minutes. About 300 g of each sample was
weighed on an analytical scale. They were then placed in
a4-L stainless steel pan and 1.5 L of water added. Cooking
was performed on a conventional stove, always using the
same stove with a medium flame. Cooking time began
when the water started boiling.

Analytical reference standards

Phylloquinone analytical standard and Vitamin
K,, used as internal standards (IS), were purchased from
the Sigma Chemical Co. (St. Louis, MO, USA). A stock
solution containing 20 pg/mL total phylloquinone in
hexane was prepared. A similar stock solution containing
of 20 pg/mL total IS in hexane was prepared. All
standard solutions were stored refrigerated (-20 °C) in
amber Eppendorf tubes. Working standard solutions and
subsequent dilutions for construction of the standard curve
were prepared according to Gao and Ackman (1995). The
concentration range was 0.052-2.08 ug mL"! (n=10 points)
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to determine the limit of detection (LOD) and limit of
quantitation (LOQ) for the method. The whole procedure
was protected from light.

The reagents used to prepare mobile phases and
solutions for the standard curves were HPLC grades
from Merck (Merck Millipore Corp., Germany). Ultra-
pure water was obtained through a Milli-Q Plus Direct
— Q3 system from Millipore. All standard and sample
solutions were filtered through a 13 mm diameter 0.45
um pore size Millipore filter unit prior to injection into
the chromatographic system. The mobile phases were
vacuum-filtered through 0.45pm pore size nylon Millipore
filter (FHLCO04700) and degassed by ultrasonic bath for the
required period before injection into the chromatographic
system.

HPLC analyses

The extraction and concentration of phylloquinone
from food matrices used organic solvents with subsequent
quantification by HPLC. Analysis was based on the
methodology by Jakob and Elmadfa (2000; 1996) with an
adjustment in the extract purification stage; after 5 minutes
centrifuging at 3000 rpm and 4 °C, the supernatant was
collected, filtered through a membrane, and transferred
to a 50 mL evaporation flask and evaporated at 40 °C for
15 minutes using a rotary evaporator and vacuum system.
The residue was dissolved in 200 pL of mobile phase
and 50 pL was injected. A Shimadzu HPLC included a
CBM-20A system (SCL-10AVP), LC-Solution Software,
a SIL-20A auto sampler, an LC-20AT isocratic pump, and
an RF-10AXL fluorescence detector. The separation was in
reverse phase with a LiChrospher RP-18 5 um endcapped
LiChroCART 250-4.6 column, with a pre-column from
Merck and a mobile phase consisting of dichloromethane/
methanol (10:90 v/v) with the addition of Sml of methanol
solution with zinc chloride (1.37 g), sodium acetate (0.41
g) and acetic acid (0.30 g) per litre of mobile phase and
was pumped at a flow rate 1.00 mL min ! with isocratic
elution. The post-column reduction (20 x 4.0 mm id) was
filled manually with zinc dust p.a. grade from Merck with
particles <45 p, kept in a furnace (Shimadzu-CTO-6A) at
40 °C, with fluorescence detector excitation 243 nm and
emission 430 nm.

Validation method
A sequence of chromatographic optimization and
validation runs were performed using a set of calibration

samples assayed in triplicate and quality control samples
at three levels in triplicate; these were carried out on
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seven separate occasions. Procedures were performed
to validate the method for: Linearity, Limit of Detection
and Quantification, Precision, Accuracy, Selectivity and
Robustness (Langas, 2004; Ribani et al., 2004; Youden,
Steiner, 1975).

Statistical analysis

The experiments were conducted in a completely
randomized way and all data were tested for normal
distribution (Shapiro-Wilk’s test) and homogeneity
of variance (Levene and Brown-Forsythe’s tests). For
fresh vegetables analysed in nature, analyses of variance
(ANOVA) were performed with a random factor followed
by Bonferroni multiple comparisons (Neter, et al., 1996)
to compare Vitamin K levels at two different times
per sample. Vitamin K greenery from CEAGESP and
American values were compared by using the Student t
test against a fixed value (Kirkwood, Sterne, 2006). The
results were expressed as means of results + standard
deviation. All statistical analyses were performed using
the STATISTICA 8.0 program with a significance level
of 5% (p<0.05).

RESULTS AND DISCUSSION

Vitamin K can be separated by normal and reverse
phase chromatography. In this work, the reversed-phase
C,; system was used as the chromatography column
showed good resolution on simultaneous separation of
phylloquinone peaks. These conditions were also used
by Otles and Cangindi (2007). The use of post-column
reduction proved important for detection as no natural
Vitamin K homologues emit fluorescence. Sample
fluorescence was induced using a chemical reduction
method employed by some authors to quantify Vitamin
K in green vegetables (Pérez-Ruiz et at., 2007; Penteado,
2003; Kamao et al., 2005; Maccrehan, Schonberger,
1995). The method was stated to be specific and linear in
the range of 0.025-2.8 pg/mL (r=0.9997). Precision was
demonstrated by calibration curve standard deviation
(SD=0.0088). The method is robust relative to changes
in flow rate, column, and temperature. Detection and
quantitation limits were 0.0051 and 0.0157 pg/mL
respectively.

Selected method precision was tested and the
accuracy of the selected methods was tested and
phylloquinone recovery calculated by adding three
standard levels (25, 50 and 100%). Standard recovery
corresponded to 80% based on sample concentration.

Leafy vegetables occupy an important place in well
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balanced diets with the most common leafy vegetables
consumed raw in Southeast Brazil being lettuce, arugula,
and watercress, with cabbage, cauliflower, endive, and
spinach used as cooked vegetables (Kawashima, Soares,
2003). The lack of information on the composition of
Brazilian foods highlights the need for more data on
the composition of leafy vegetables as these are present
in the main meals of all social classes (Kawashima,
Soares, 2003; Dores, Paiva, Campana, 2001). Brazilian
researchers explain that the national bibliography is quite
sparse regarding Vitamin K; for this reason, it is necessary
to carry out further studies and improve composition
tables, to increase knowledge of Vitamin K levels in
Brazilian foods (Klack, Carvalho, 2006; Doéres, Paiva,
Campana, 2001).

Table I shows the means of triplicate data for both
in nature and processed samples collected at CEAGESP
at different times of the year in 2011 and 2012. Results
show that higher levels of phylloquinone were found
in raw leafy vegetables, which was present in those
with darker green leaves and/or darker flowers, such as
parsley, spinach, broccoli, kale, chicory catalogna, and
watercress. These results agree with literature (Beulens
et al.,2013; Booth, 2012) which mentions the group of
dark green vegetables as foods rich in phylloquinone
and state that this compound should be associated with
tissues that perform photosynthesis, causing dark green
vegetables with high chlorophyll concentrations to contain
the highest levels of the vitamin. In contrast, lower levels
were obtained in samples of cauliflower, lettuce, and
chard; these vegetables are lighter green. Data from in
nature vegetables were compared for different seasons
of the year. These results generally showed statistical
differences in Vitamin K levels for all samples. There was
significant temporal variation in maximum and minimum
Vitamin K levels except for samples of chicory catalogna
279-280 pg/100 g and chard 150-153 pg/100 g. This
variation factor was particularly accentuated in broccoli
which presented high and low mean vitamin values of
374 pg and 192 ng/100 g, in broccoli raab of 369 and
165 pg/100 g, and in spinach of 383 and 113 pg/100 g.
These results showed that for most in nature samples, the
spring/summer seasons were favourable for achieving
higher Vitamin K levels whereas the autum/winter
periods produced the lowest concentrations phylloquinone
(Faria, 2013). Booth (2012) likewise reports that the
amount of phylloquinone increases more in summer than
winter months. Some possible causes for the variations
in phylloquinone levels of samples grown in Southeast
Brazil are cultivating, planting location, agricultural
practices, such as irrigation and possibly temperature.
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For the latter, drastic temperature changes during the year
cause prolonged periods of drought and irregular rainfall
— conditions which have also been cited by Kawashima
and Soares (2003) to explain the variations in mineral
content found in samples of fresh leafy vegetables such
as lettuce, kale, spinach, cabbage and chicory purchased
from markets in Southeast Brazil.
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Regarding processed samples, the aim was to
reproduce the domestic practice of heat treatment for
products such as leafy and floral vegetables commonly
used in Brazilian cuisine (UNICAMP, 2011). Table I
shows the influence of domestic processing on total
phylloquinone content for the evaluated vegetables.
In most cases the cooking process produced losses in

TABLE | - Concentration of phylloquinone in fresh and processed vegetables

Sample Identification Mean (ng/100 g) Range
Arugula (Eruca sativa L.) 289 228-319
Basil (Ocimum basilicum L.) 335 283 - 386
Raw Broccoli (Brassica oleracea L. var. italica) 279 192 -374
Cooked Broccoli 267 131 -404
Raw Broccoli Raab (Brassica oleracea L. var. italica Plenck) 260 165 - 369
Cooked Broccoli Raab 228 205 - 250
Raw Cabbage (Brassica oleracea L. var. capitata) 328 319-353
Cooked Cabbage 244 197 -290
Raw Chicory Catalogna (Cichorium Intybus L.) 280 279 - 280
Cooked Chicory Catalogna 226 171 -281
Raw Cauliflower (Brassica oleracea var. botrytis L.) 37 23 -46
Cooked Cauliflower 56 47- 66
Raw Celery (Apium graveolens L. var. rapaceum) 295 268 - 322
Cooked Celery 309 293 - 324
Raw Swiss chard (Beta orientalis L.) 152 150 -153
Cooked Swiss chard 122 118 - 127
Raw Endive (Cichorium endivia L.) 176 172 - 205
Cooked Endive 209 175 -243
Chives (Allium fistulosum) 160 105-192
Raw Kale (Brassica oleracea var. acephala) 280 212 -362
Cooked Kale 269 221-326
Coriander (Coriandrum sativum L.) 258 215-300
Raw Chinese Cabbage (Brassica rapa pekinensis (Lour.) Hanelt) 153 118 - 208
Cooked Chinese Cabbage 189 172 - 243
Raw Escarole (Cichorium endivia) 174 110-230
Cooked Escarole 155 119 - 234
Iceberg Lettuce (Lactuca sativa capitata) 113 86 - 147
Leafy Lettuce (Lactuca sativa L.) 135 113-158
Mint (Mentha longifolia) 364 380 - 348
Parsley (Petroselinum hortense) 491 357-558
Raw Spinach (Spinacea oleracea L.) 375 316-423
Cooked Spinach 262 113 -383
Watercress (Nasturtium officinale) 301 264 - 347

Analyses carried out in triplicate and results expressed as mean
cooking process followed the methodology of TACO — Brazilian
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Table of Food Composition - UNICAMP.
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phylloquinone content compared to the raw values with
some samples such as spinach, broccoli and cabbage
showing losses of up to 30% indicating consumption in the
raw form would provide better utilization of the vitamin.
Kale samples lost an average of 1.15% of phylloquinone,
indicating practically no loss was suffered from the effects
of cooking. Chicory, cauliflower and celery samples
showed higher levels of the vitamin in processed
samples than their raw counterparts; we can therefore
conclude that the cooking process favoured higher
vitamin extraction due to disrupting the cell membranes
of the food matrices by heating leaving the compound
of interest more exposed thus facilitating its extraction.
This factor was also reported by Gliszczynska-Swiglo
et al. (2006) in a study evaluating cooking by boiling
vegetable samples. The differentiated behaviour observed
in relation to vitamin content of samples which have
experienced the cooking process may have been caused
by the loss or amount of water incorporated by the samples
through the process. The effects of cooking by steam and
microwave on phytochemical substances (polyphenols,
carotenoids and ascorbic acid) in foods such as fresh
fruits and vegetables have been extensively studied with
both positive and negative effects reported depending
on differences in process conditions, morphology, and
nutritional characteristics of different plant species
(Mazzeo et al., 2011; Pellegrini et al., 2010; Miglio et al.,
2008; Gliszczynska-Swiglo ef al., 2006; Turkmen, Sari,
Velioglu, 2005). Mazzeo et al. (2011) evaluated the effects
of steaming and boiling spinach and cauliflower samples
and reported that both treatments showed significant
changes in the nutritional composition both vegetables.
Pellegrini et al. (2010) demonstrated that different thermal
household processes increased the bioavailability of
polyphenols and carotenoids, highlighting the positive role
of cooking on the nutritional qualities of vegetables. These
improvements offered by heat treatment in vegetables were
also reported by Damon ef al. (2005) and Miglio et al.
(2008). Pellegrini et al. (2010) reported that the absorption
efficiency of phylloquinone can vary substantially and
be less efficient when the food is eaten raw because
the vitamin is intimately linked to the thylakoid and
chloroplast membranes in the cells of these plants.
Absorption is most efficient when foods are ingested
processed because breaking the food matrix promotes
increased bioavailability of many phytochemicals
thereby improving the nutritional quality of the plants.
The authors also emphasize that existing data on different
methods of thermal vegetable processing are fragmented
and incomplete making it difficult to make comparisons
between studies.
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Evaluation of phylloquinone levels in samples
collected at CEAGESP compared to those of USDA.
Table II presents the mean of triplicate samples collected
at CEAGESP during different seasons of 2011 and 2012
compared to levels for the same vegetables in the USDA
database.

TABLE Il — Comparison between Brazilian and American
phylloquinone concentration data in fresh vegetables (1g/100 g)

e Mam UPAT

Iceberg lettuce 113 24 <0.001
Leaf lettuce 135 126 0.315
Parsley 491 1640 <0.001
Arugula 289 109 <0.001
Chard 152 231 <0.001
Cabbage 328 76 <0.001
Spinach 375 483 <0.001
Kale 280 437 <0.001
Cauliflower 37 15 <0.001
Broccoli 279 102 <0.001
Broccoli Raab 260 225 <0.001
Chives 160 213 <0.001
Coriander 258 310 <0.001
Celery 295 29 <0.001
chicory 176 298 <0.001
Watercress 301 250 <0.001

* Triplicate results from GEACESP samples analysed at
different times of the year in 2011 and 2012. **USDA - United
States Department of Agriculture. p = Descriptive level of
statistical test.

Table II shows that only raw leafy lettuce has
statistically the same amount of phylloquinone (p>0.05)
as online data from the United States Department of
Agriculture - USDA. Parsley, chard, spinach, kale, chives,
coriander, and chicory samples sourced from CEAGESP
have lower vitamin content, and iceberg lettuce, arugula,
cabbage, cauliflower, broccoli, celery and watercress have
higher vitamin content than online USDA data (p<0.05).
Table 111 shows data from other studies and highlights
significant variations in phylloquinone content for the
same vegetables. As described here and by other authors,
differences in phylloquinone levels for certain vegetables
according to geographic location suggest that levels of
this vitamin may be influenced by growing conditions,
soil, climate, and agricultural tracts (Booth, 2012; Klack,
Carvalho, 2006).
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TABLE Il — Comparison between different studies for phylloquinone content in vegetables (ug/100 g)

1 2 3 4 5 This study
Broccoli 147 - 205 178 110 113 -180 179 308
Cauliflower 27-39 - 20 20 31 37
Leatfy lettuce 120 - 140 519-1180 160 122 129 147
Iceberg lettuce - - 40 31 - 126
Spinach 294 -433 1001- 1439 270 300 - 380 380 404
Cabbage 174 - 204 449 -719 60 145 339 336
Parsley 530 - 560 - 360 - 548 558
Watercress - - - - 315 320
Kale - 621 -1657 - 440 - 313

1) Bolton-Smith et al., 2000 2) Ferland, Sadowski, 1992; 3) Koivu et al., 1997; 4) Booth, 2012 and Booth et al., 1994; 5) Shearer

etal., 1996

Table III compares phylloquinone content in
vegetables from this study with other data from literature.

Knowledge on Vitamin K in food is very important
in studies which evaluate the relationship between dietary
vitamin intake and nutritional status of the individual.
Significant variations can be seen in consumption levels
for this vitamin in different studies: Booth et al. (2004)
analysing Vitamin K intake and bone mineral density in
men and women, observed a consumption of 171 pg/day
for women and 153 pg/day for men. However, average
phylloquinone consumption in The Rotterdam Study was
244 pg/day for women and 257 pg/day for men (Geleijnse
et al.,2004). The discrepancies between Vitamin K levels
in different food composition tables may reflect the results
of these studies on the intake of this vitamin. Research has
shown that Vitamin K has been inadequately studied; one
of the biggest issues is related to the food composition
tables presenting large variations in Vitamin K levels for
the same food. Researchers emphasize that geographical
differences in food composition data should be considered
when applying database composition values for regional
surveys (Booth, 2012; Souza, Rodrigues, Penteado,
2012; Klack, Carvalho, 2006; Déres, Paiva, Campana,
2001). For this reason, further studies are needed to
improve composition tables and increase knowledge on
Vitamin K levels in Brazilian foods. In summary, the
results of this study show variations in phylloquinone
content between analysed samples and data described in
international literature for the same vegetables; this can
be explained by the influence of geographical differences.
The validation procedure for the analysis method used in
this study was effective and can be used in determining
phylloquinone levels in leafy vegetable samples. The
processing of leafy vegetables by cooking caused changes
in phylloquinone levels compared to fresh samples. Most
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vegetables obtained in spring showed the highest levels
of phylloquinone.
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