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Meat is a natural source of vitamin K, a vitamin associated with reduced bone loss and prevention of osteoporosis.
Whether vitamin K content varies between breeds and muscles in cattle is not known. In the present study, con-
tents of vitamin K1 (phylloquinone) and K2 (menaquinone, MK) were analysed in three different muscles from
steers of two different breeds, Norwegian Red and Jersey, respectively. Results showed that MK4 was the most

dominant of the vitamin K2 analogues, while only traces were found of MK6 and MK?7. Both breeds had higher
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Beef
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Muscle
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ﬁ/[enaquinone

levels of MK4 in M. biceps femoris (BF) and M. longissimus dorsi (LD) compared to M. psoas major (PM). The results
also showed significantly higher MK4 levels in muscles from Jersey compared to Norwegian Red. Furthermore,
MK4 was not associated with intramuscular fat, suggesting a physiological role for MK4 in skeletal muscle
cells. There were no association between vitamin K content and tenderness.

© 2014 Published by Elsevier Ltd.

1. Introduction

Recent literature suggests various ways to improve the health profile
of meat, e.g. by emphasizing beneficial components and generating new
knowledge about physiological functions (Arihara, 2006; Ferguson,
2010; Weiss, Gibis, Schuh, & Salminen, 2010), but there has been little
focus on meat as a natural source of vitamin K. Vitamin K (Fig. 1) is the
generic name for a family of fat soluble compounds possessing cofactor
activity for y-glutamyl carboxylase, important for blood coagulation,
bone formation, soft-tissue calcification, cell growth and apoptosis
(Biigel, 2008; Erkkila & Booth, 2008). Dietary intake of vitamin K is obtain-
ed from green plants in the form of phylloquinone (vitamin K1), and from
animal foods and some fermented legumes in the form of menaquinones
(vitamin K2) synthesized by bacteria (Conly & Stein, 1992; Damon,
Zhang, Haytowitz, & Booth, 2005; Schurgers & Vermeer, 2000).
Menaquinones is a family of structural analogues with side chains com-
posed of a variable number of unsaturated isoprenoid units, designated
as MK-n, where n specifies the number of isoprenoid units. Intake of vita-
min K1 is generally higher than K2, but this is equalized by a higher bio-
availability of vitamin K2 (Conly & Stein, 1992; Schurgers & Vermeer,
2000). In addition, vitamin K2 has shown better efficiency in reducing
coronary calcification than vitamin K1 (Beulens et al., 2009), and it has
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a vital function in bone metabolism (Btigel, 2008; Shearer & Newman,
2008). Vitamin K2 may also have functions independent of carboxylation.
Several studies have demonstrated that intake of vitamin K2 is associated
with retardation of bone loss and reduced risk of osteoporosis (Booth &
Shea, 2008; Biigel, 2008; Olson, 2000). Beneficial effects on atherosclero-
sis (Gast et al., 2009; Witteman et al., 2004), cancer (Linseisen, Nimptsch,
& Rohrmann, 2008; Ogawa et al., 2007), inflammation (Booth & Shea,
2008) and insulin resistance (Yoshida et al., 2008) have also been sug-
gested, but results are controversial.

Despite all the positive health effects associated with increased con-
sumption of vitamin K2, there are only a few papers reporting its content
in meat (Elder, Hayto%itz, Howe, Peterson, & Booth, 2006; Koivu-
Tikkanen, Ollilainen, & Piironen, 2000). Both these papers report relatively
low content of vitamin K in beef, without specifying which muscles or
breed the sample material was obtained from. Therefore, the purpose of
this study was to investigate several muscles collected from two different
breeds to evaluate specific muscle or breed variations.

2. Material and methods
2.1. Animals and muscles

Muscle samples were obtained from 12 Norwegian Red (NRF) and 11
Jersey steers which were reared at the same farm in Rogaland County in
Norway. During summer, the animals were grazing at pasture while
they were fed indoor during winter with roughage ad libitum and concen-
trate (0.5-3.0 kg per day). Both breed groups were given the same quan-
tity of concentrate. The concentrate (Formel Biff, Felleskjgpet, Norway)
contained no forms of vitamin K or menadione. Five Jersey and 6 NRF
steers were slaughtered at}S months of age while the other animals

j.meatsci.2014.01.005
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Fig. 1. Molecular structure of A) vitamin K1 (phylloquinone) and B) vitamin K2
(menaquinone). In menaquinone, the side chain is composed of a varying number of
isoprenoid residues.

were slaughtered at 23 months of age. Carcass weights and grading
results are given in Table 1.

Three muscles, Longissimus dorsi (LD), Psoas major (PM) and Biceps
femoris (BF), were excised from the carcasses 2 days post mortem and
stored in vacuum bags at 4 °C for 13 days. Then the muscles were cut
into slices for different analyses, mcludmg analy51s of vitamin K content,
intramuscular fat and tenderness. Samples of approximately 100 g were
vacuum packed and stored in the dark at minus 20 °C before analysis of
vitamin K. The LD and PM samples were analysed by AS Vitas (Oslo,
Norway). Unfortunately, one PM sample was lost during transport to
the laboratory. The BF samples were analysed by VitaK BV (University
of Maastricht, The Netherlands). Two different laboratories were used
because the BFAsamples originally were intended as part of another pro-
ject. However, because the samples originate from the same animals,
the results are reported together. All samples were analysed at one labo-
ratory only, which means data regarding inter-precision between these
laboratories was not obtained. Both laboratories perform routine analyses
of menaquinones on a commercial b351s therefore, , recovery experiments
were not performed on the present samples

2.2. Analytical methods

2.2.1. Vitamin determination for LD and PM muscles

The LD and PM samples were analysed using a modified version of the
procedure described by Koivu-Tikkanen et al. (2000), which was set up
for detection of phylloquinone and menaquinones MK4-MK13. In short,
40 g of muscle was homogenized with an Ultra-Turrax in phosphate buff-
er (13}—[ 7.2). An aliquot of this homogenate was transferred to a 50-ml Fal-
con vial and heated in boiling water for 5 min. After cooling, fipase was
added to hydrolyse fats, before extraction with hexane/isopropanol con-
taining vitamin K1(25) as internal standard. The extract was washed

Table 1

Carcass data, from where the muscle samples were obtained.
Breed NRF Jersey
n 12 11
Carcass weight—range (kg) 267-347 176-240
Carcass weight—average (kg) 308 204
EUROP conformation scorea—range O-R— O0-P+
EUROP conformation scorea—average O+ 0—
Fat scoreb—range 3-4 2+-3+
Fat scoreb—average 3+ 3

2 15 classes, where P— is lowest and E + is highest.
5 15 classes, where 1— is lowest and 5+ is highest.

with methanol/phosphate buffer, reduced to dryness and re-dissolved
in isopropanol before reversed phase analysis by HPLC (Agilent 1200 sys-
tem). The vitamins were separated using a Zorbax C18 column and
reduced electrochemically at —850 mV online. Residual oxygen in the
mobile phase was removed using a palladium-based O, scrubber to
enhance the detector response. PK and MK4 (Sigma, St Louis, MO, USA)
and MK5-MK13 (Eisai Co. Ltd., Tokyo, Japan) were used as reference stan-
dards. MS/MS detection was used in addition to fluorescence for confir-
mation of chemical structure.

2.2.2. Vitamin determination for BF muscle

Vitamin contents of the BF samples were quantified using a slightly
modified version of the procedure described by Schurgers and Vermeer
(2000). In short, ] g of tissue was transferred to a glass tube and supple-
mented with 10 pg of vitamin K1(25), which was used as internal stan-
dard, distilled water and ethanol were added before homogenization
using an Ultra-Turrax. The homogenate was extracted with hexane and
pre-purifed on Sep-Pak silica cartridges. The eluate was evaporated to
dryness, dissolved in isopropanol and analysed by reversed phase HPLC
using a Hypersil C-18 column with fluorescence detection after post-
column reduction on a zinc column. Authentic phylloquinone and MK-4
were obtained from Sigma (St Louis, MO, USA) and MK-5 through MK-
10 were kind gifts from Roche (Basel. Switzerland). These purified prod-
ucts were used as reference materials.

2.2.3. Intramuscular fat (IMF)

Intramuscular fat (IMF) content was analysed in homogenized meat
samples by Low-Field Nuclear Magnetic Resonance (LF-NMR) (Maran
Ultra LF-NMR, Resonance Instruments Inc., Witney, UK) as described by
Serland, Larsen, Lundby, Rudi, and Guiheneuf (2004).

2.2.4. Tenderness

Tenderness was measured by Warner—Bratzler (WB) shear force as
described by Redbotten, Lea, and Hildrum (2001). Slices of muscles
were vacuum-packed in polyethylene bags, heat-treated in a water bath
at 70 °C for 50 min and chilled before analysis in an Intron Materials Test-
ing Machine (model 4202, Instron Engineering Corporation, High
Wycombe, UK).

2.3. Data analysis

Because the chemical results were obtained by two different laborato-
ries, the data was analysed independently for each set but also as a com-
bined set. Due to unbalance in the number of samples, the GLM procedure
of Minitab (vers. 16.1, Minitab Inc., USA) was used for data analyses
where muscle, breed and their interaction were the factors. Tukey's test
was used to identify significant differences between the muscles.

3. Results

Levels of phylloquinone and menaquinones in M. biceps femoris (BF),
M. longissimus dorsi (LD) and M. psoas major (PM) from steers of Jersey
and Norwegian Red are presented in Table 2. Detectable levels were
found for vitamin K1, MK4, MK6 and MK7, whereas MK5, MK8, MK9
and MK10 were below the quantification limit. However, MK6 and MK7
were detected in very low quantities, and only in a few samples of BF.
Hence, MK4 was the dominant vitamin K2 analogue. Vitamin K2 contents
in BF, LD and PM for Jersey compared to Norwegian Red were increased
by 53%, 49% and 25%, respectively. In general, the level of MK4 was higher
than K1, but the ratio K1:MK4 varied somewhat between muscles, and in
PM the levels of K1 and MK4 were similar. The numerically highest value
of MK4 was found in a BF sample, and the combined model where all
three muscles were analysed together showed significantly (P = 0.010)
higher MK4 content for the BF muscle compared to the PM (Table 3). In
this model, the amount of MK4 found in LD was in between the two
other muscles but not significantly different from them. However, when

j-meatsci.2014.01.005

Please cite this article as: Radbotten, R., et al., Vitamin K2 in different bovine muscles and breeds, Meat Science (2014), http://dx.doi.org/10.1016/



http://dx.doi.org/10.1016/j.meatsci.2014.01.005
http://dx.doi.org/10.1016/j.meatsci.2014.01.005
Original text:
Inserted Text
"ed"

Original text:
Inserted Text
"rams"

Original text:
Inserted Text
"utes"

Original text:
Inserted Text
"ram"

Original text:
Inserted Text
","

Original text:
Inserted Text
","

Original text:
Inserted Text
"23 "

Original text:
Inserted Text
"2 "

Original text:
Inserted Text
"2 "

Original text:
Inserted Text
"13 "

Original text:
Inserted Text
"ed"

Original text:
Inserted Text
"analyzed "

Original text:
Inserted Text
"analyzed "

Original text:
Inserted Text
"analyzed "

Original text:
Inserted Text
"the "

Original text:
Inserted Text
" – "

Original text:
Inserted Text
" – "

Original text:
Inserted Text
" – "

Original text:
Inserted Text
" – "

Original text:
Inserted Text
"50 "

Original text:
Inserted Text
"palladium "

Original text:
Inserted Text
" – "

Original text:
Inserted Text
"one "

Original text:
Inserted Text
", "

Original text:
Inserted Text
"analyzed "

Original text:
Inserted Text
"-"

Original text:
Inserted Text
","

Original text:
Inserted Text
"Muscle"

Original text:
Inserted Text
"Muscle"

Original text:
Inserted Text
"Breed "

Original text:
Inserted Text
"Tukey’s "

Original text:
Inserted Text
"were "

Original text:
Inserted Text
", "

Original text:
Inserted Text
", "

Original text:
Inserted Text
","

Original text:
Inserted Text
","


t2.2
t2.2

t2.2

t2.2
2.2
t2.2
t2.2
t2.2
t2.2
t2.2
t2.2
2.2

t2.2

164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193

194

195
196
197
198
199
200

t3.3
t3.3

t3.3

t3.3
t3.3
t3.3
t3.3
t3.3

R. Radbotten et al. / Meat Science xxx (2014) XXX-xxx 3

Table 2

Levels of vitamin K (ug/100 g) in M. biceps femoris (BF), M. longissimus dorsi (LD) and
M. psoas major (PM) from steers of Jersey and Norwegian Red (NFR). Values are presented
as mean =+ SD.

Muscle n K1 MK4 MK6 MK7 Sum Vit. K
(ug/100g)  (ug/100g) (ng/100g)  (ug/100g)  (ug/100g)

BF

Jersey 7 1374088 4854215 0.004 +0.01 0.006+ 0.02 6224 245

NRF 7 0944048 3.02 4+ 3.18 0.006 +0.01 0.082+ 0.11 4.06 4 3.44

LD

Jersey 11 190+ 0.72 339+ 1.62 nq nq 529 + 2.12

NRF 12 114 4+068 243+ 139 nq nq 357+ 1.79

PM

Jersey 11 2.19 +£0.88 246 +0.89 nq nq 464 + 1.41

NRF 11 1894055 1824058 nq nq 3.71 £ 0.95

nq: not quantified.

the LD and PM muscles were analysed separately, a significant effect for
muscle was shown, Table 4. The content of vitamin K1 was significantly
higher (P = 0.018) in the PM muscle than the LD. Also, the combined
model showed the PM to have a significantly higher (P = 0.003) level
of K1 than the other two muscles.

The samples obtained from Jersey had a higher content of both K1
(P <0.018) and MK4 (P < 0.031) compared with the samples from
Norwegian Red, irrespective of whether there were 2 or 3 muscles
in the variance models. Therefore, the average sum of both vitamins
(K1 4+ MK4) was higher (P < 0.009) for the Jersey compared with
Norwegian Red, 5.27 and 3.74 pg/100 g, respectively. However, the
separate GLM-model where only the BF samples were analysed did
not show a significant effect for Breed.

The carcass weights of the Norwegian Red steers were heavier
(P <0.001) than the Jersey carcasses (Table 1). Muscle samples
obtained from Jersey had higher (P = 0.004) contents of intramus-
cular fat than the Norwegian Red samples (Table 5), 6.8% and 5.5%,
respectively. Without respect to breed the BF and LD muscles had
similar amount of fat (approximately 5.7%), while the PM samples
had an average value of 7.1% intramuscular fat. The content of K1
was highly correlated (r = 0.44, P < 0.001) with the amount of
intramuscular fat, while no such relationship was found for MK4.
There was no correlation between tenderness, measured as War-
ner-Bratzler (WB) shear force, and the content of vitamin K1 or
MK4. Tenderness was not different between the breeds, but there
was a significant difference (P < 0.001) in WB shear force between
the muscle groups (Table 5), with highest WB values obtained for
LD indicating that this was the toughest muscle in this study. The
BF and PM muscles had similar WB values, although there was a
tendency for more tender PM muscles.

4. Discussion

The study shows that phylloquinone and MK4 levels in meat from
cattle vary between breeds and different muscles. The muscles investi-
gated, M. biceps femoris (BF), M. longissimus dorsi (LD) and M. psoas
major (PM), showed varying levels of vitamin K1 and K2, where MK4
was the most dominant vitamin K2 analogue. Only traces were found
of MK6 and MK7, while MK5, MK8, MK9 and MK10 were below the

Table 3
ANOVA results for the combined model where the LD, PM and BF muscles were analysed
together with respect to MK4.

Factor DF SS F p
Breed (B) 1 1599.2 6.56 0.013
Muscle (M) 2 27724 5.00 0.010
B x M 2 310.2 0.56 0.575
Error 53 14,687.5

Total 58 19,369.2

Table 4
ANOVA results for the model where the LD and PM muscles only were analysed with
respect to MK4.

Factor DF SS F p
Breed (B) 1 689.4 4.99 0.031
Muscle (M) 1 669.9 4.74 0.035
B xM 1 30.2 0.21 0.648
Error 41 5848.6

Total 44 7238.1

detection limit. The results are in agreement with previously reported
data (Booth, Sadowski, & Pennington, 1995; Elder et al., 2006; Koivu-
Tikkanen et al., 2000). Booth et al. (1995) reported the phylloquinone
content of beef steak to be 1.8 ng/100 g, whereas Elder et al. (2006),
without specifying muscle group, reported quantities of MK4 in US
beef products to be in the range 1.7-8.1 pg/100 g. Koivu-Tikkanen
et al. (2000) analysed roast beef, without further muscle description,
and found MK4 to be in the same range as in the present study. In addi-
tion, they reported low concentrations of MK5, MK7 and MKS. In the
present study MK6 and MK7 were quantified in some BF samples, but
not in the PM or LD samples. Because the analytical method was slightly
different for the BF samples compared with PM and LD, the observed
difference could be an effect of the method. However, the BF muscle is
one of the major muscles in the hind leg of the animal which means
this muscle has high activity when the animal walks. The two other
muscles PM and LD are less active during movement. Different func-
tions of the muscles may explain why they contain unequal amounts
of the menaquinones. It was documented that both bovine rumen and
liver contain long-chain menaquinones (MK6-MK13) which probably
were synthesized by bacteria (Matschiner, 1970; Matschiner &
Amelotti, 1968). In light of the present results, it seems that these
long-chain menaquinones, to a very limited extent, are transported
into the studied muscles.

Another interesting discovery is that the vitamin K1:K2 ratio varies
between different muscle groups, with BF having the lowest ratio and
PM the highest. It has previously been shown that the content of vita-
min K1 and K2 differs between different tissues and organs in rats
(Davidson, Foley, Engelke, & Suttie, 1998; Okano et al., 2008); therefore,
it is not surprising that the ratio varies between skeletal muscles also.
The present results may indicate that different mechanisms regulate
the synthesis of vitamin K2 in various muscles in cattle. For the LD mus-
cle, there was a significant correlation between content of vitamins K1
and K2 (r = 0.55, P = 0.005), while no relationship was found for the
two other muscle groups. There are several studies indicating a role of
vitamin K in calcification of smooth muscle cells (Erkkila & Booth,
2008; Saito, Wachi, Sato, Sugitani, & Seyama, 2007; Vermeer & Braam,
2001), but so far there is little reported on a possible function in skeletal
muscle cells. Some transmembrane Gla (gamma-carboxyglutamate)
proteins have been found in soft tissue, but the function of these is
unknown (Ball, 1998).

Table 5

Intramuscular fat (IMF) and Warner-Bratzler (WB) shear force in M. biceps femoris (BF),
M. longissimus dorsi (LD) and M. psoas major (PM) from steers of Jersey and Norwegian
Red (NFR). Values are presented as mean + SD.

Muscle n IMF (%) WB (N/cm?)
BF

Jersey 7 56+ 1.8° 41.0 + 5.7%¢
NRF 7 5.8 +08° 34,5 + 3.9
LD

Jersey 11 63+ 1.8° 429 + 7.0°
NRF 12 51+13° 498 + 125°
PM

Jersey 11 83+ 1.8° 31.8 4+ 4.2¢
NRF 11 58 +1.7° 33.9 4 7.8

a-c within a column means the values are significantly different (P < 0.05).

j.meatsci.2014.01.005
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From the present results, it seems BF has higher levels of MK4 than the
other muscles which may indicate that MK4 is associated with physiolog-
ical functions of the muscle, maybe through processes involved in muscle
activity and energy metabolism. Recent studies have indicated a crucial
role of vitamin K2 in mitochrondrial function, helping to maintain ATP
production (Vos et al., 2012). However, more research is needed to con-
firm whether there is a correlation between the amount of MK4 and
physiological function of the muscles.

The present study further showed that individual variations in MK4
content were high, in particular for the BF samples, where 0.68 and
9.33 ng/100 g were the lowest and highest quantified levels. Although
smaller muscle samples were used during the preparation of the BF sam-
ples (1 g) compared to the LD and PM (40 g), it seems unlikely that the
analytical methods were the source for this variation, because the varia-
tion for vitamin K1 was similar for all three muscles. In addition, most
of the muscle samples were analysed once, though one sample was sub-

jected to the analytical procedure three times. The coefficient of variation

for these samples was 9.1% compared with approximately 50% for the
other samples, which indicated that variation between samples was larg-
er than the analytical variation.

To our knowledge, this is the first time an effect of breed on MK4 levels
in muscles of cattle has been reported. Since all animals in the present
study were reared at the same farm and given the same feed, the
observed difference was most probably due to different genotypes.
There was no source of vitamin K or menadione in the concentrate the
steers were eating, and both groups were given the same quantity of con-
centrate. The Jersey breed is a smaller type of cattle than the Norwegian
Red which was reflected by lighter carcass weights, Table 1. Differences
in MK4 content could theoretically have been a result of unequal con-
sumption of feed but should then have been opposite for the breeds.
The steers were slaughtered either at 18 or 23 months age, but no age-
effect was observed with respect to vitamin content in the muscles.

The study also showed a highly significant correlation (r = 0.44,
P <0.001) between intramuscular fat content (IMF) and
phylloquinone, whereas no such relationship was found between
IMF and the content of MK4. Similar results were reported by Elder
et al. (2006) when they analysed ground beef with various contents
of fat. The difference between K1 and MK4 supports the novel obser-
vation of this study that the content of phylloquinone and MK4 dif-
fers between these breeds. If the concentration of both forms of the
vitamin had been correlated with IMF, then the breed effect could
have been explained by the generally hfgher fat content found in Jer-
sey. The present samples obtained from Jersey had an average of 6.9%
fat which was significantly higher (P = 0.003) than the 5.5% in the
Norwegian Red samples.

It is well documented that vitamin K1 is a precursor that can be con-
verted to MK4 in most tissues of rodent (Al Rajabi et al., 2012; Okano
et al,, 2008). It is likely that ruminants have similar enzymes, and there-
fore the same processes take place. However, menaquinones are also syn-
thesized by microbiota in the rumen (Conly & Stein, 1992). More than 40
years ago, Matschiner (1970) and Matschiner and Amelotti (1968)
detected Iong chain menaquinones (MK10-MK13) in both bovine liver
and rumen. In the present study, none of these long chain menaquinones
were detected which may indicate that these vitamins have their main
function in the liver.

Although the measured contents of vitamin K2 in beef are low com-
pared with other products like green leafy vegetables and natto, it still
could make a significant contribution to human nutrition. A typical dinner
composed of 200-g beef could give approximately 10 g of vitamin K. Rec-
ommended intakes of 90-120 yg/d are much higher, but the recommen-
dations are based on vitamin contents in foods and do not take into
account the bioavailability. Little is known about the bioavailability of
vitamin K from foods, but the food matrix, the dietary fat content and
the length of the isoprene chain in the vitamin K molecule may all affect
the absorption (Ball, 1998). Vitamin K2 present in the lipid fraction of
foods is likely to be incorporated into mixed micelles and absorbed,

whereas less than 10% of vitamin K1 in green vegetables seems to be
absorbed in the digestive tract, probably due to the tight binding to mem-
branes of the chloroplasts. Hence, although vitamin K2 in the diet does
not account for more than 10-20% of total vitamin K intake, its contribu-
tion to the biological activity may be much higher (Iwamoto, Sato, Takeda,
& Matsumoto, 2009).

In conclusion, MK4 levels in different muscles from Norwegian Red
and Jersey vary significantly. The results indicate that BF muscle from
Jersey has nearly 170% more MK4 than PM muscles from Norwegian
Red. However, more research is needed to confirm the present findings
and evaluate the potential of other breeds in order to improve vitamin
K2 content in meat from cattle.
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