52 TECHNOLOGICAL PROGRESS in food processing / POSTEPY TECHNIKI przetwdrstwa spozywczego 2/2022

Dr n. wet. inz. Magdalena POLAK-SLIWINSKA'
Inz. Jolanta REMISZEWSKA?,
Mgr inz. Mariusz SLIWINSKI®
"Department of Commodity Science and Food Analysis, Faculty of Food Science
University of Warmia and Mazury in Olsztyn, Poland
Katedra Towaroznawstwa i Badan Zywnosci, Wydziat Nauki o Zywnosci
Uniwersytet Warminsko — Mazurski w Olsztynie, Polska
2Student Scientific Circle of Food Hygiene and Toxicology
Department of Commodity Science and Food Analysis, Faculty of Food Science
University of Warmia and Mazury in Olsztyn, Poland
Studenckie Koto Higieny Zywnosci i Toksykologii
Katedra Towaroznawstwa i Badan Zywnosci, Wydziat Nauki o Zywnosci
Uniwersytet Warminsko — Mazurski w Olsztynie, Polska
3Instytut Innowacji Przemystu Mleczarskiego Sp. z.0.0., Kormoranéw 1, 11-700 Mragowo, Polska
Dairy Industry Innovation Institute Ltd., Kormoranéw 1, 11-700 Mragowo, Poland

EFFECT OF RIPENING PROCESS AND FAT CONTENT
ON CHANGES IN VITAMIN K LEVEL OF CHEESE®

Woptyw procesu dojrzewania i zawartosci ttuszczu na zmiany poziomu
witaminy K w serach®
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In this study, the vitamin K, (phylloquinone) and vitamin
K, (menaquinone) contents of a selected range of cheeses
were measured by high-performance liquid chromatography
(HPLC) and compared with the fat content, maturation time
and origin of the cheeses.

In our study, the highest vitamin K, content was recorded in
Gouda (678.12 ng/g), Edam (712.70 ng/g) and Emmentaler
(733.10 ng/g) cheeses with comparable levels of vitamin K1
in the analysed products (31.60 ng/g, 34.63 ng/g and 24.35
ng/g, respectively) and fat content (27%, 28% and 30%,
respectively), as well as in Gouda cheese with a fat content
of 48% after 48 weeks of maturation (756.50 ng/g). The fat
content of the cheese was a factor that influenced the vitamin
K content, with products with lower fat content having lower
total vitamin K content compared to the other products
analysed.

Given the reports that poor vitamin K status is one of the risk
factors for cardiovascular disease in the absence of conclusive
evidence of adverse cardiovascular effects of dairy fats, cheese
should be considered as an important dietary component for
those concerned about heart health.

Stowa kluczowe: witamina K , witamina K, dojrzewanie
sera, metoda HPLC.

W tym badaniu oznaczono zawarto$¢ witaminy K (filochino-
nu) i witaminy K, (menachinonu) w wybranej gamie serow
metoda wysokosprawnej chromatografii cieczowej (HPLC)
i porownano z zawarto$cia tluszczu, czasem dojrzewania
i pochodzeniem serow.

W badaniach wilasnych najwigksza zawartos¢ witaminy K,
odnotowano w serach Gouda (678,12 ng/g), Edam (712,70
ng/g) i Emmentaler (733,10 ng/g) przy poréwnywalnych
poziomach witaminy K, w analizowanych produktach (od-
powiednio 31,60 ng/g, 34,63 ng/g i 24,35 ng/g) i zawartosci
thuszezu (odpowiednio 27%, 28% i 30%), jak rdwniez w serze
Gouda o zawartosci thuszczu 48% po 48 tygodniach dojrze-
wania (756.50 ng/g). Zawartos¢ tluszczu w serze byta czyn-
nikiem, ktory wptywal na zawartos¢ witaminy K, przy czym
produkty o nizszej zawartosci thuszczu miaty nizsza catkowita
zawarto$¢ witaminy K w poréwnaniu z pozostatymi analizo-
wanymi produktami.

Biorac pod uwage doniesienia, ze staby status witaminy K
jest jednym z czynnikéw ryzyka choréb sercowo-naczynio-
wych przy braku jednoznacznych dowodéw na niekorzystny
wplyw ttuszczow mlecznych na uktad krazenia, sery powinny
by¢ traktowane jako wazny sktadnik diety osob, ktore dbaja
o zdrowie serca.
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INTRODUCTION

Dairy products have historically been linked to
cardiovascular disease (CVD) risk due to their relatively high
saturated fatty acids (SFAs) content [3], which has changed
with research from the last decade showing that the association
between SFAs and CVD is highly dependent on the type and
chain length of SFAs present in a given food, as well as the
type of food and other nutrients in it, which is known as the
food matrix effect [11, 16, 33, 48]. While some foods high in
SFA are associated with negative health consequences, others,
such as dairy products, have a positive effect on CVD risk
markers in multiple meta-analyses [1, 16]. A systematic review
and meta-analysis on individual dairy products showed that
the consumption of different dairy products has an individual
impact on CVD risk markers [16]. Many of these studies
specifically point to cheese as either a positively positive or
neutral product in terms of CVD risk, despite its saturated fat
content [12]. The specific matrix of cheese and the structure of
the protein and other nutrients it contains may partly explain
these benefits [19]. Cheese and curd are the most important
sources of long-chain menaquinones (MK) in the Western
diet [49]. A number of recent reviews highlight the need to
understand the interactions between vitamin K,, food structure
and other chemical components to fully elucidate the health
effects of the dairy matrix [19, 48].

During the cheese ripening process, a number of
transformations take place, including physicochemical
transformations (curd formation, whey syneresis, NaCl
diffusion), microbiological transformations (autolysis of
the sourdough starter, growth of secondary microflora such
as non-sourdough Lactobacillus bacilli and technologically
harmful microflora), and consequently all biochemical
reactions take place under the influence of milk native,
coagulating and bacterial enzymes [13, 44]. The growth of
lactic fermentation bacteria is influenced by free amino acids,
low-molecular-weight peptides, nucleotides, glutathione and
vitamins present in milk. The opposite effect is exerted by the
presence of fatty acids, immunoglobulins, lactoperoxidases,
bacteriocins, residues of cleaning and disinfecting agents [ 13,
14, 44]. Dairy fat is relatively high in SFA content and has been
associated with cardiovascular disease, yet evidence exists for
either neutral or beneficial effects from cheese consumption,
due to the specific food matrix [16, 19].

Vitamin K is an essential bioactive compound required
for optimal body function [23]. The term vitamin K, or
naphthoquinone, refers to a family of fat-soluble molecules
which have a similar structure made by a 2-methyl-1,4-
naphthoquinone ring but with different origin and function
[24]. Currently, three primary forms are known, which differ
in the side chains linked to the 2-methyl-1,4-naphthoquinone
ring at the position 3 [21]; namely, these are vitamin K
(phylloquinone), vitamin K, (menaquinone), and vitamin K,
(menadione). The main known biological function of vitamin
K, is played in blood clotting, since it acts as a cofactor for
the enzymatic conversion of glutamic acid (Glu) residues to
gamma-carboxyglutamic acid (Gla) in vitamin K-dependent
proteins (VKDPs), through vitamin K-dependent gamma-
glutamyl carboxylase, localized in the endoplasmic reticulum
of the cells of all mammalian tissues [10, 42], and for the
conversion of protein-bound glutamate in carboxy-glutamate,

needed for II, VII, IX, and X coagulation cascade factors,
and for the natural anticoagulants proteins S and C [35, 40].
The source of vitamin K, is mainly represented by leafy or
flowering vegetables (spinach, lettuce, broccoli, cabbage,
Brussels sprouts, turnip greens), but chickpeas, peas, soya,
green tea, eggs, pork, and beef liver also contain vitamin
K, [37, 39, 54, 55]. Vitamin K, is synthetized essentially by
intestinal microbiota and is denoted as menaquinone (MK);
according to the length of the isoprene chain attached to the
methylated naphthoquinone ring, several different forms could
be identified, as numbered from 4 to 13 [29, 31]. Vitamin K,
MK-4 is obtained from the conversion of phylloquinone or
menadione and is found mainly in meat and animal by-products
such as eggs, cow’s milk and yoghurt [7, 23, 49]. On the other
hand, K, MK-7 is a long-chain form also produced by intestinal
bacteria and it is found in fermented food, such as cheese and
soya [15, 49, 51]. The K, MK-4 and K, MK-7 are two of the
most common menaquinones in the human diet, along with K,
MK-8, K, MK-9, and K, MK-10 [7]. Considerable variability
in values was also reported across cheese types and in different
studies. Potential reasons include different starter cultures
used, fermentation conditions, the fat content and milk source
[57]. The difference in structure between K, and K, can be
seen in their different rates of absorption, tissue distribution
and bioavailability. Despite the differences in structure, both
act as a cofactor for the enzyme gamma-glutamylcarboxylase,
involving both hepatic and extrahepatic activity. Only the
carboxylated proteins are active and promote the health profile
of haemostasis [23]. Vitamin K, also known as menadione,
was formerly considered to be a synthetic form of vitamin K.
However, it has been demonstrated that vitamin K, could also
originate in the intestine as the intermediate product of oral
vitamin K, conversion to vitamin K, namely MK-4 [9, 56].
Vitamin K absorption occurs in different tracts of the intestine:
vitamin K is absorbed in the ileum; vitamins K, in the colonic
portions. Efficient biliary and pancreatic function is essential
for its adequate absorption [5]. Vitamin K molecules are
incorporated into chylomicrons and then released to very
low-density lipoprotein (VLDL) and lowdensity lipoprotein
(LDL), with subsequent release to tissues. Vitamin K, and K,
should be continually synthetized and supplied by intestinal
bacteria, due to their relatively short half-life (17 h) [5].
The intake recommendations for vitamin K by the World
Health Organization (WHO) and the Food and Agriculture
Organization (FAO) are 65 ng /day for men and 55 ug /day
for women, based on a calculated requirement of 1 pg /day/kg
body weight [5].

Chronic kidney disease (CKD) is commonly associated
with vitamin K deficiency. CKD is characterized by
a secondary hyperparathyroidism: the progressive reduction
of GFR leads to an increase of serum phosphate levels,
a progressive hypocalcemia, and augmented fibroblast
growth factor 23 (FGF-23) production [5]. Meanwhile, the
reduced activity of the enzyme | alpha-hydroxylase induces
a decrease of 1,25-dihydroxyvitamin D,, further determining
a parathyroid hormone (PTH) rising. High serum phosphate
and FGF-23 levels also stimulate an increase of sclerostin
production by osteocytes [5]. Sclerostin and FGF-23 are
involved in the progression of vascular calcification (VC).
Some of the serious complications of CKD are represented
by cardiovascular disease (CVD) and skeletal fragility with
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an increased risk of morbidity and mortality [5]. A complex
pathogenetic link between hormonal and ionic disturbances,
bone tissue and metabolism alterations, and vascular
calcification (VC) exists and has been defined as chronic
kidney disease-mineral and bone disorder (CKD-MBD). Poor
vitamin K status seems to have a key role in the progression
of CKD, but also in the onset and advance of both bone and
cardiovascular complications [5, 58].

Vitamin K plays different roles, including in activating
vitamin K-dependent proteins (VKDPs) and in modulating
bone metabolism and contributing to the inhibition of
VC [5]. Vitamin K is considered a possible marker of
kidney, CV and bone damage in the CKD population and
its potential use to promote health in this clinical setting is
being investigated. Treatment strategies for osteoporosis and
CV disease associated with CKD should include vitamin
K supplementation [S]. According to a Scientific Opinion
provided by the European Food Safety Authority (EFSA), the
vitamin K dietary reference values (DRVs) for the European
population are estimated to be 1 pg/kg body weight per day
of phylloquinone, which corresponds to an amount of 70 pg
phylloquinone/day for adults, both women and men. Since
data about menaquinones absorption, function and content
in the body or organs are limited, EFSA released adequate
intake recommendations for phylloquinone only [17]. This
amount of phylloquinone could play a role in reduction of
CVD progression, especially in Arterial Hypertension acting
on arterial calcification activity and arterial stiffening [4,
41, 46]. Intravascular thrombosis and pulmonary fibrosis
in COVID-19 patients with pneumonia are significantly
associated with disease severity [45]. Vitamin K is known to
balance clotting mechanisms and prevent calcification and
fibrosis of extrahepatic soft tissues. The paper by Souparnika
et al [45] presented reports collected from WHO, PubMed,
Scopus and Clinical Trial Registry databases searched using
relevant keywords. Among the original articles were the few
observational studies that showed reduced levels of vitamin K
as well as activated extrahepatic vitamin K-dependent proteins
(VKDP) in COVID-19 patients compared to healthy controls
[28, 45]. Chronic treatment with vitamin K antagonists did
not reduce the risk of in-hospital death. A docking study was
conducted using Swiss docking and showed a significant
interaction between menaquinone and SARS-CoV-2 major
protease (SARS-CoV-2 Mpro). The studies presented show
that vitamin K deficiency in COVID-19 may be caused by
overuse of antagonists or faulty ingestion or absorption
[45]. This causes an imbalance in the normal coagulation-
anticoagulation mechanism by diverting available vitamin
K to the liver, thereby causing a deficiency of the same in
extrahepatic tissues, ultimately leading to thrombosis. This
also prevents carboxylation and activation of extrahepatic
VKDP required to prevent soft tissue calcification, leading
to pulmonary fibrosis. The authors concluded that vitamin
K supplementation should be considered as a potentially
modifiable risk factor in severe COVID-19. Randomized
controlled trials are recommended to provide more conclusive
evidence in this regard [45].

Alzheimer’s disease is defined as a progressive brain
disorder that affects memory, thinking and language skills
and the ability to perform the simplest of tasks [2, 27]. In

a study by Huy et al. [26], serum levels of vitamin K, were
reduced in Alzheimer’s disease (AD) patients. Vitamin K, has
the potential to slow the progression of AD and contribute to
its prevention. Hadipour et al. [22] investigated the effects
of vitamin K, at concentrations ranging from 5 to 200 pM
in rat pheochromocytoma PC-12 cells to provide protection
against hydrogen peroxide and B-amyloid-induced toxicity.
In Alzheimer’s disease, P-amyloid led to neuronal death
through direct toxicity and by promoting apoptosis, which is
prevented by vitamin K, [22]. Thus, the study showed, among
other things, that pretreatment with vitamin K, decreased
apoptosis signalling proteins (B-amyloid, caspase 3, etc.),
attenuated ROS levels and increased glutathione levels. The
study confirmed the protective role of vitamin K, mediated by
its antioxidant and anti-apoptotic properties [22].

With the growing interest in the health benefits of long-
chain menaquinones [50], it is important to have up-to-date
data on vitamin K concentrations in the human diet. In the
present study, we focused on the vitamin K content of different
forms of cheese. We compared the vitamin K content of the
most popular Dutch cheese taking into account the influence
of ripening period and fat content, and also examined popular
cheeses available in Poland and cheeses from different
geographical areas in Europe and their relative vitamin K
content. The data obtained can be used to calculate vitamin
K intake from food frequency questionnaires in population-
based studies.

MATERIALS AND METHODS

Reagents and standards

All solvents were of high purity: n-hexane and 2-propanol
for vitamin extraction and acetonitrile, methanol and
orthophosphoric acid for chromatographic analyses were
purchased from Merck Life Science Sp.z.o.0. (Poland).
Certified analytical standards for vitamin K, (Supelco,
>99.0% purity) and vitamin K, (Supelco, 99.9% purity) were
purchased from Sigma Aldrich. Vitamins K, and K, were
identified by retention time and quantification was performed
using the standard curve method. For this purpose, six
dilutions of the analytical standard of vitamin K and K, were
prepared in acetonitrile with concentrations ranging from 5.15
to 250 pug/ml.

Origin of cheese samples for study

Most of the products mentioned in this paper were
purchased in Polish supermarkets (industrial Gouda, Edam
and Emmentaler cheeses) and specialty grocery stores
(foreign cheeses), as well as from a Dutch manufacturer
(Gouda cheese after different ripering time) for their analysis
for vitamin K determination. Popular cheeses on the Polish
market, differing in fat content, were selected. These cheeses
were compared with those from different European countries
(Greek, Italian and French cheeses). The fat content reported
in this study refers to the content reported on the labels of
the products selected for the study (Table 1). Immediately
after transporting the samples from the place of purchase to
the testing laboratory, all samples were stored frozen at -20( 1,
protected from light and oxygen to prevent loss of vitamin K
during the storage period until analysis.
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Table 1.
Tabela 1. Material badawczy

Study material

- Primary | Purchase location/Country of
Sample description samples, n origin
Gouda cheese 2 Polish supermarkets /Poland
Edam cheese 2 Polish supermarkets /Poland
Emmentaler cheese 2 Polish supermarkets /Poland
Gouda cheese, 4 Dutch manufacturer /
8 weeks of ripening The Netherlands
Gouda cheese, 4 Dutch manufacturer /
48 weeks of ripening The Netherlands
Polish specialty grocery
Feta cheese 2 stores/ Greece
Polish specialty grocery
Mozzarella cheese 2 stores/ Italy
Polish specialty grocery
Grana Padano cheese 2 stores/ Italy
Polish specialty grocery
Camembert cheese 2 stores/ France

Source: Own study

Zrédlo: Opracowanie whasne

Stages of the production of Dutch gouda cheese

The gouda cheese used in the study was produced from
milk from Holstein-Friesian cows in their third and fourth
lactation periods, kept at the Farm,,De Bitenhoeve” located
in the village of Haaften, the Netherlands. The average annual
yield of cows was 12 000 kg of milk, while the daily average
was 34 liters of milk, with 4.2% of fat and 3.3% of protein.
The production of gouda cheese used raw milk obtained from
evening milking using a Lely Astronaut automatic milking
robot, which was pasteurized at 72°C for 15 seconds, then
pumped from the pasteurizer to the cheese boiler and cooled
to 32°C. After reaching the required temperature, deep-
frozen concentrated starter cultures were added to the milk.
After the initial fermentation period, the enzyme that causes
coagulation of milk- rennet and calcium chloride were added
to the processed milk. The milk was then subjected to thorough
mixing. Subsequently, sodium (V) nitrate (NaNO,) was added
to the raw material. The milk thus treated was left until
curdling (about 35 minutes). Once the curd was formed, it was
evaluated using a cheese knife to see if the curd was ready for
slicing. The curd was then sliced into 3-6 mm grains for about
10 min. After slicing the curd and pre-drying the resulting
grains, the excess whey that had formed, in the amount of 30-
40%, was drained off. The next step was grain drying, which
involved removing excess whey from the grain by stirring
the curd with warm process water. This was followed by
reheating the grain to 38°C and re-drying it by intense stirring.
After that, a grain compression test was carried out, namely,
it was checked whether the grain was dry and did not stick
together. After this step, the cheese grains were transferred
to their respective molds and were subjected to turning after
about 15 minutes of molding. The 10 kg cheeses formed in
this way were pressed for 3 h. After this procedure, they were

transferred to brine with a concentration of 22% and left for
about 24 h. After this process, the cheeses were placed on
appropriately prepared shelves and re-dried for another 24 h.
In the next stage, the cheeses were covered with paraffin and
turned daily for several consecutive days. After this time, the
cheeses were transferred to a ripening room with 85% humidity
and 12°C, where they were subjected to the ripening process.
Care of the cheeses during ripening consisted of turning them
(once a week) and wiping their surfaces and shelves with
a chlorine solution. In order to obtain the appropriate sensory
qualities, short- and long-matured gouda cheeses were aged
in the ripening room for 8 weeks and 48 weeks, respectively.
After reaching the required maturity, a total of 8 samples
(4 of each type of cheese), with an average weight of 240 g,
were taken from 4 pieces of short-matured gouda cheese and
4 pieces of long-matured gouda cheese. The cheese samples
prepared in this way were then vacuum-packed (Figure 1) and
transported in a portable isothermal container at a temperature
of 4+1°C to the laboratory for quantitative and qualitative
analyses including analysis of vitamin K content (Figure 2).
The tests were carried out within the shelf life declared by the
manufacturer.
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Samples of long and short matured Gouda cheese
—vacuum packed.

Rys. 1. Probki sera Gouda dlugo- i krotkodojrzewajacego
— pakowane prozniowo.
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Fig. 1.

Source: (photo. J. Remiszewska)
Zrédlo: (fot. J. Remiszewska)

Extraction of vitamins from cheese samples

Sample preparation followed the procedure described by
Schurgers and Vermeer [39].

The cheese sample was crushed, then an analytical
portion of 1 g was taken, followed by the addition of 4 mL of
2-propanol and 2 mL of distilled water. After homogenisation,
the mixture was heated to 60°C and then extracted with 8§ mL
of hexane. The hexane was evaporated and the sample was
then re-dissolved in 2mL of hexane. After prepurification over
silica Sep-Pak cartridges, to allow for the final determination of
vitamin K, the procedure was modified by replacing the solvent
with acetonitrile and filtering through a 0.45 um membrane
filter immediately before analysis by high-performance liquid
chromatography (HPLC) after prior evaporation of the solvent
under a stream of nitrogen [47].

Analysis of HPLC

All analyses were performed on a Shimadzu HPLC
system equipped with a photodiode array spectrophotometric
detector (DAD) (Kyoto, Japan). Data were processed using
LCSolution software. Chromatography was carried out at
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Fig. 2.

Samples of long (a) and short (b) matured Gouda

cheese - cross-sectional area.

Rys. 2. Prébki sera Gouda dlugo- (a) i krétkodojrzewaja-
cego (b) — powierzchnia w przekroju.

Source: (photo. J. Remiszewska)

Zrédlo: (fot. J. Remiszewska)

25°C. Sample separation was performed on a Phenomenex
Kinetex C18 column (150 x 2.1 mm) packed with 1.7 pm
particles. The chromatographic conditions were as follows
[43]: in gradient elution mode, a mixture of water and
methanol (1:1, v/v) acidified to pH 3.0 with orthophosphoric

acid (A) and acetonitrile (B) was used as the mobile phase, the
eluent flow rate was 0.8 mL. The sample injection volume was
20 pL. Vitamins K| and K, were recorded in the same run. All
data given are means of duplicate samples that were analyzed
separately.

The limits of detection (LOD) and limits of quantification
(LOQ) were checked experimentally using an established
standard curve for a series of standard solutions [32].

DATA ANALYSIS

All analyses were conducted in triplicate and the data
expressed as mean + standard deviation.

RESULTS AND DISCUTION

Analyses of selected cheese samples for vitamin K
determination were preceded using an HPLC/UV-DAD
system (270 nm). To improve selectivity and ensure high
accuracy, the evaluation focused on linearity, LOD and LOQ
as validation parameters. Six different analytical standard
solutions of vitamin K and K, were analysed three times (each
separately) by chromatography and regression equations were
obtained (Table 2). The linearity of the detector response was
established using the squared correlation coefficients (R?)
determined for the calibration curves and, at the same time,
the regression line was shown to be linear over the range of all
concentrations tested (Table 2). The limit of detection (LOD)
and limit of quantification (LOQ) were determined according
to the formulae: 3.3xc / S, and 10xc / S, respectively [32],
where o is the standard deviation of the response/signal and
S is the slope of the calibration curve. In our study, the LOD
and LOQ values for vitamins K, and K,, respectively, are
presented in Table 2.

Cheese is an important source of this microbiologically
synthesised vitamin [52, 53]. Several studies have reported
high levels of total and individual MKs in cheese and
fermented dairy [20, 25, 30, 36, 38, 49, 53].

Selected cheeses commercially available in Poland with
different fat contents and cheeses produced in the Netherlands
with different ripening times were analysed for vitamin K and
vitamin K, content (Table 3). Dairy products are arelatively low
source of K, buta good source of K, which was also confirmed
in the conducted study. The presence of both types of vitamin
K was found in all analysed cheeses, with lower vitamin K,
content (468.20 ng/g) determined in the young cheese samples
with a shorter ripening time than in the older cheese samples
(756.50 ng/g), similar to the study by Vermeer et al. [49].
A study by Veermer et al. [49] found that in the most popular
full-fat cheese (Gouda 13 weeks, 50% fat in dry matter), the

Table 2. Values of correlation coefficient, recovery, LOD and LOQ and regression formulas for K1 and K: vitamins

Tabela 2. Warto$ci wspolezynnika korelacji, odzysku, LOD i LOQ oraz réwnania regresji dla witamin Ki i K2

. . . . LOD LOQ
Compound Calibration Curve Correlation coefficient (R? Recovery (%
P &) YOO (ugrm (ng/mi)
K, y=1.4831x—0.1171 0.9987 85.50 0.25 1.94
K, y=0.4115x + 0.3638 0.9998 91.30 0.30 2.15

Source: The own study
Source: Badania wlasne
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content of menaquinones was around 650 ng/g, while in the
very young cheese (Gouda 4 weeks) it was significantly lower
(473 ng/g). No significant differences were found between
freshly cut cheeses and vacuum-packed products. Most likely,
this difference is mainly due to increased levels of long-
chain menaquinones in more mature cheeses, which come
from bacterial growth during fermentation. The main factors
influencing vitamin K, formation are the bacterial strains used
and the scalding temperature, which has a direct influence on
the bacterial species [53]. Mesophilic lactic acid bacteria such
as Lactococcus and Leuconostoc species are known for their
menaquinone formation potential. Thermophilic bacterial
strains as well as high scalding temperatures lead to reduced
amounts of menaquinones. In Emmentaler, ‘eye’-forming
propionic acid bacteria are responsible for the formation
of tetrahydromenachinon-9 [MK-9(H,)], which is typical
of this variety [53]. The contribution of selected cheese
types to vitamin K, supply can be very significant. The large
differences between varieties can largely be explained by the
cultures and processing procedures used, especially for the
stages that have a large impact on the growth of the cultures,
where the temperature chosen determines the survival of the
different bacterial species [53]. Differences within a given
variety, both between seasons (winter/summer) and between
different cheese producers, can be very large, but cannot be
reconstructed with the data collected. Further detailed research
is required for this purpose [53].

Table 3. K, and K, content of cheeses purchased in Po-

land and the Netherlands

Tabela 3. Zawarto$¢ K| i K, w serach zakupionych w Pol-
sce i w Holandii

Sample description Fat content K, K,
[g/100 g] [ng/g] [ng/g]
Gouda cheese 27 31.60+1.55 [678.12+3.51
Edam cheese 28 34.63+1.77 |712.70+4.10
Emmentaler cheese 30 24.35+1.80 |733.10+2.89
S&?ii;if:i;’ening 48 36.71+1.82 |468.20+3.91
S;l&iilil;?fsffpening 48 39.45£1.46 | 756.50+5.40
Feta cheese 21 14.50+0.38 | 114.80+1.60
Mozzarella cheese 22 15.24+0.81 | 60.50+2.21
Grana Padano cheese 29 20.64+1.15 | 2.94+0.56
Camembert cheese 24 48.15+£2.20 | 121.25+1.76

Concentrations are presented as the mean of duplicate analyses +
standard deviation with a variation coefficient < 15%.
Source: The own study
Source: Badania wlasne

The study Bertola at al. [6] analysed the effects of ripening
temperature, type of packaging film and storage period before
packaging on the degree of proteolysis and texture of Gouda
cheese in order to determine the optimal ripening conditions.
Gouda cheeses from a local plant were subjected to different
ripening conditions. Only ripening time and temperature had

a significant effect on water content, non-protein nitrogen
concentration and rheological parameters. The results indicated
that the texture characteristics of Gouda cheese ripened in
low gas permeability plastic films were similar to those of
traditionally ripened Gouda cheese. Texture development was
accelerated by increasing the storage temperature [6].

When comparing cheeses from different countries in
the study, significant differences in vitamin K, content
were observed (Table 3). In particular, cheeses produced in
Mediterranean countries (feta, mozzarella) were characterised
by low vitamin K, content (114.80 ng/g and 60.50 ng/g,
respectively), and Grana Padano cheese had negligible levels
of K, compared to the products tested (2.94 ng/g). French
Camembert cheese was characterised by higher levels of
vitamin K, (48.15 ng/g) and K, (121.25 ng/g) compared to the
other cheeses tested. Vermeer et al. [49] conducted a study of
vitamin K, content in cheese and other foods. In a study by
Vermeer et al. [49] the highest vitamin K, content in French
cheeses was measured in Miinster cheese (made from raw,
unpasteurised milk) with 801 ng/g of total vitamin K,. The
two British cheeses measured (Cheddar and Stilton) contained
medium to high amounts of vitamin K, (235 ng/g and
494 ng/g, respectively), as did the Swiss cheeses, Emmental
(433 ng/g) and Raclette (323 ng/g), while Gruyere contained
low amounts (65.30 ng/g). The study authors highlight
the fact that the Swiss Emmental cheese contained almost
exclusively K, MK-10, which is produced by the probiotic
Propionibacterium freudenreichii, which is also thought to be
responsible for the large holes and typical taste of this cheese.
In contrast, the two Norwegian cheeses measured, Norvegia
and Gamalost, contained relatively high amounts of vitamin
K,, 415 ng/g and 542 ng/g respectively Vermeer et al. [49].
Based on the global state of K, deficiency and the strong
evidence indicating that it is a cardio-protective nutrient, the
researchers recommend cheese as a component of a heart-
healthy diet due to its vitamin K, content. However, the actual
content of menaquinones varies considerably and depends
on the type of cheese, maturation time, fat content and the
geographical area where the cheeses are produced Vermeer
et al. [49]. The results of the study showed that the total
amount of K, in cheese ranged from 3 to 802 ng/g. Therefore,
the researchers’ recommendation for K, is in the range of
180-360 pg/day [49]. In the last decade, more and more
attention has been paid to the health benefits of vitamin K,
especially the long-chain menaquinones K, MK-6 through
K, MK-9. This research complements important population-
based studies that have shown that food-derived vitamin
K (including cheese) improves long-term cardiovascular
health outcomes by more specifically providing a spectrum
of long-chain menaquinones, from menaquinones 5 to 10,
while menaquinones 6, 7 and 9 are among the most bioactive,
representing the best dietary source of menaquinones in
Western countries [7, 8]. Nevertheless, it is important to be
aware that the majority of the population cannot consume
enough of these daily to obtain optimal amounts of vitamin K,
nor is cheese a practical source for extracting menaquinones
[7,8,19].

Recent study in the USA found that vitamin K, was present
in higher amounts in the higher-fat dairy and yoghurt products
tested compared to lower-fat and non-fat products [20, 57].
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Vitamin K, is found in much higher amounts in cheese, but
noteworthy is the significant variation in the same cheese
varieties from different studies. For example, Fu et al. [20]
reported values of 281 pg/100 g for total vitamin K in cheddar
cheese, while Vermeer et al. [49] reported a much lower value
for total vitamin K (25.66 pg/ 100 g) in the cheddar cheese
analysed in their study. Values reported for blue cheeses are
similarly variable, with total vitamin K values between 5.05
and 37.2 pg/ 100 g reported by Manoury et al. [36] from some
French blue cheeses, while US blue cheeses ranged from
399.30 to 480.70 pg/ 100 g [20]. As MK content is mainly
derived from bacteria, some specific fermentation factors in
the cheese may influence these levels. Starter cultures are one
potential influencing factor and are of particular importance in
cheese production. Lactic acid bacteria (LAB) are commonly
used as primary starter cultures in cheese production [18].
This is confirmed by several studies reporting high levels of
total vitamin K, in Gouda cheese from the Netherlands (47.30-
72.90 pg/ 100 g), Edam cheese from the Netherlands (64.70
ug/ 100 g), cheddar cheese from the USA (266.80-290.40 pg/
100 g) and 4% fat Cottage cheese from the USA (49.10-55.70
ug/ 100 g) [20, 49]. Thermophilic fermented cheeses show
much lower levels of MK compared to cheeses fermented
by mesophilic bacteria. [57]. Manoury et al. [36] found no
detectable levels of total vitamin K, in Comté cheese from
France and Mozzarella cheese from Germany. Other studies
have reported relatively low levels of total vitamin K, in
Comté cheese (11.50-13.60 pg/ 100 g) and Mozzarella cheese
(6.22 ng/ 100 g), and the main MK recorded in these cheeses
is actually K, MK-4, which is not bacterially synthesised [25,
49]. Hojo et al. [25], Vermeer et al. [49] and Walther et al.
[53] reported significantly higher levels of total vitamin K, in
Emmental cheese of 30.80—39.50 png/ 100 g, 43.30 pg/ 100 g
and 13.30-60.40 pg/100 g, respectively, compared to studies
by Koivu-Tikkanen et al [30] and Manoury et al [36], who
found that these were relatively low at 5.13—6.61 pg/ 100 g and
only 3.19-5.12 pg/ 100 g, respectively. Temperature, carbon
source, aeration and metabolic mode were found to have an
effect on the growth of lactic acid bacterial strains and MK
content [34]. Therefore, ripening time alone cannot predict
levels of K, vitamin, and further research is also needed in this
area to clarify the optimal conditions for different fermented
products [57]. In our study, high amounts of total vitamin K,
were reported in Gouda (678.12 ng/g), Edam (712.70 ng/g)
and Emmentaler (733.10 ng/g) cheeses with comparable
levels of vitamin K in these products (respectively, 31.60
ng/g, 34.63 ng/g and 24.35 ng/g ) with the fat content of the
analysed products (respectively, 27%, 28% and 30%). The fat
content of cheese is another factor that may affect vitamin K
content, with lower-fat products such as reduced-fat quark,

cheddar cheese and cream having lower total vitamin K
content compared to full-fat cheese or cream [20]. This may be
due to the fact that vitamin K is a fat-soluble vitamin. Walther
et al. [53] observed a positive correlation between fat content
and K, MK-4 in Swiss-type cheese. However, they also noted
a negative correlation between fat content and K, MK-6, K,
MK-7, K, MK-8 and K, MK-9, and more in-depth studies are
needed to clarify these reports.

Deadly diseases such as cardiovascular diseases or cancer
are increasing day by day. Undoubtedly, at such a time, it is
very important to identify which foods contain substances that
support the body, and at the same time are beneficial and natural
for health, such as vitamin K. Cheese, which is available to the
Polish consumer and consumers in European countries, can be
a good source of vitamin K, and a dietary ingredient so crucial
in the fight against many dangerous diseases.

CONCLUSION

This study provided data on vitamin K levels in cheeses
available in Poland and other European countries. All samples
contained both forms of vitamin K. This study has contributed
to a growing number of reports indicating that forms of
vitamin K and their concentrations in foods, including
cheese, may vary according to ripening time and regional
differences, as these dictate not only the type of cheese, but
also the fat and nutrient content. A larger project would be
warranted to develop a comprehensive analytical database of
food composition in the context of the occurrence of vitamin
K (PKs and MKs) in a broad spectrum of foods commonly
consumed in EU countries so that vitamin K intake can be
estimated in a given population and the knowledge on the
subject has become comprehensive.

PODSUMOWANIE

Badanie dostarczylo danych dotyczacych poziomu
witaminy K w serach dostgpnych w Polsce i innych
panstwach europejskich. Wszystkie probki zawieraly obie
formy witaminy K. Badanie to przyczynito si¢ do rosnacej
liczby doniesien wskazujacych, ze formy witaminy K i ich
stezenia w zywnosci, w tym w serze, moga si¢ rozni¢ czasem
dojrzewania i réznicami regionalnymi, gdyz dyktuja one nie
tylko rodzaj sera, ale takze zawartos¢ thuszczu i sktadnikow
odzywczych. Zasadny bytby wiekszy projekt w celu
rozwinigcia kompleksowej analitycznej bazy danych skladu
zywno$ci w kontekscie wystepowania witaminy K (PK i MK)
w szerokim spektrum zywnosci powszechnie spozywanej
w krajach UE tak, aby spozycie witaminy K moglo by¢
oszacowane w danej populacji i wiedza na ten temat stata sie
kompleksowa.
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