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Fatty acids are crucial in order to obtain optimal peak bone mass. The composition of fatty
acids in 8-month-old, healthy silver foxes and their interrelationships with the
morphological, densitometric, and mechanical properties of the mandible and bone
metabolism markers was studied. We used gas chromatography and the ELISA and EIA
methods to evaluate the biochemical profile of the serum. Quantitative computed
tomography, dual-energy X-ray absorptiometry, and the three-point bending test were used
for mandible evaluation. In males, elaidic acid content was lower by 3.21%, while oleic acid
content was higher by 4.87% when compared to females (p<0.05). With the exception of
stearic acid found in saturated fatty acids, the concentrations of caprylic, capric, palmitic, and
heptadecanoic acids and the total sum of saturated fatty acids have shown only negative
correlations with bone formation markers, and the morphological and densitometric
properties of the mandible. Monounsaturated fatty acids (heptadecenoic and eicosenoic
acids) were both positively and negatively correlated with bone properties, while erucic,
elaidic and oleic acids showed only positive correlations with bone traits and bone formation
markers (p<0.05). Among the polyunsaturated fatty acids, linolenic and arachidonic acids
were negatively correlated with densitometric parameters, while linoleic acid showed the
highest number of positive correlations with densitometric and mechanical properties
(p<0.05). Eighteen-carbon-chain fatty acids were mainly positively correlated with the
morphological, densitometric and mechanical properties of the mandible. The most positive
implications for bone metabolism and bone properties, in regard to fatty acids, may be
ascribed to oleic and linoleic acids. The elaborated experimental model may serve for further
studies on bone metabolism regulation in monogastric mammals using dietary modifications
of fatty acid content.
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Epidemiological studiesin humansand animals
have proven that prenatal and postnatal nutrition
may have consequences for systemic growth and
development and further health status (LUCAS
1991, 1998, 2005). Besides the intake of proteins,
calcium and vitamins during prenatal and postna-

tal growth and development, fatty acidsare crucial
to obtaining optimal peak bone mass of the skele-
ton at skeletal maturity and to maintain skel etal ho-
meostasis later in life (WATKINS er al. 2001;
BAGGIO 2002; EASTELL & LAMBERT 2002). Re-
duced growth and development in early lifein ani-
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mals and humans are considered a potential
marker of nutritional status and as a risk factor for
adult diseases in mammals (GODFREY & BARKER
2000). The status of polyunsaturated fatty acids
(PUFA) in humans was shown to be correlated with
growth rate in early life, and their role in growth-
promoting effects is ascribed to cellular membrane
lipid formation, gene expression regulation, and
eicosanoids synthesis (KOLETZKO & BRAUN
1991). A dietary deficiency of essential fatty acids
(EFA) may cause a low birth weight and slow
growth rate in early life leading to decreased bone
mineral density (BMD) and bone mineral content
(BMC) in the axial and peripheral skeleton in
adulthood and higher risk for bone fracture in the
elderly (ROBILLARD & CHRISTON 1993; COOPER
etal. 1995, 1997, 2001). Protein deficiency during
early development in rats reduces the activity of
fatty acid metabolism enzymes — desaturases, im-
pairing the biochemical conversion of EFA to
PUFA. A deficiency of EFA and a reduction of
their intake were observed in malnourished chil-
dren and are considered to be the cause of poor fe-
tal growth (HOLMAN et al. 1981; ROBILLARD &
CHRISTON 1993). Dietary fatty acids (FA) may in-
fluence the bone tissue metabolism directly by ei-
cosanoids synthesis or indirectly via the regulation
of a systemic hormone release like the insulin-like
growth factor 1 (IGF-1) (WATKINS ef al. 2001;
KOROTKOVA et al. 2005). Prostaglandin E;
(PGEy,) is a major prostaglandin which affects the
bone tissue metabolism and is synthesized from
arachidonic acid. Low levels of PGE, stimulate
bone formation processes, while higher levels ac-
celerate bone resorption processes. Similar bone
resorption effects are induced via leukotriene B,
being another arachidonic acid metabolite (RAISZ
& FALL 1990; GARCIA et al. 1990; TAKIGUCHI et al.
1999; KOROTKOVA et al. 2005). It was shown in
rats, that a reduced dietary ratio of n-6:n-3 PUFA
decreases PGE, synthesis and increases bone for-
mation processes (WATKINS et al. 2000). A diet
enriched with n-3 fatty acids was shown to prevent
ovariectomy-induced osteopenia and osteoporosis
development (SAKAGUCHI et al. 1994).

The silver fox (Vulpes vulpes) is a domesticated
animal bred mainly for its valuable fur. The pre-
cise formulation and individual administration of
caged, farm foxes’ diets is relatively easy to per-
form during their whole breeding cycle and pro-
vides the possibility for investigations of the
biological effects of experimental dietary manipu-
lations in monogastric living animals, both prena-
tally and postnatally. Moreover, farm foxes are
kept in the same environmental conditions for a
longer period of time in a relatively large popula-
tion of animals, when compared to laboratory ani-
mals such as mice, rats, or even experimental dogs.

Due to the obligatory slaughter procedure at the
end of the production cycle, nutritional ex-
periments on farm foxes may be an attractive, ethi-
cal alternative to experimenting on dogs and could
reduce the number of dogs that would need to un-
dergo euthanasia for experimental purposes
(LUSZCZEWSKA-SIERAKOWSKA et al. 2019).

Considering the importance of fatty acids for op-
timal growth and development of the skeletal sys-
tem and its homeostasis maintenance, the aim of
this study was to determine the serum content of
the fatty acids in male and female, 8-month-old,
farmed silver foxes. As diagnosed in previous in-
vestigations using quantitative computed tomo-
graphy (QCT), silver foxes possess closed growth
plates in their long bones at this developmental
stage, indicating their recent skeletal maturity at-
tainment. Thus, the possible existence of a rela-
tionship between serum fatty acid concentrations
and the morphological, densitometric, and me-
chanical properties of the skeletal system, as well
as biochemical bone metabolism markers were de-
termined.

Materials and Methods

The experimental procedures used in this study
were approved by The Local Ethics Committee on
Animal Experimentation of the University of Life
Sciences in Lublin, Poland (permission number
20/2015).

Experimental design and sampling procedure

The study was performed on 8-month-old male
(N =7)and female (N = 8) silver foxes (Vulpes vuipes)
kept on acommercial farm. The animals were kept
in pens under standard rearing conditions. Wean-
ing was performed at the age of 10 weeks. The
foxes were housed two to a cage (1.0 x 1.1 m). All
animals were provided with drinking water ad libi-
tum and were fed a standard diet twice a day. The
diet was identical for males and females and was
based mainly on animal-origin waste products en-
riched with a vitamin-mineral premix (TATARA et al.
2018). At the age of 8 months, the animals were
slaughtered and blood samples (fasted state) were
collected for serum content. After clotting and fur-
ther centrifugation, the serum samples were kept
frozen in 1.5 ml tubes at —25°C until biochemical
analysis.

Determination of serum fatty acids composition

The serum samples were thawed immediately
before analysis. 0.5 ml of serum sample was placed
in amber glass tubes and 5 ml of chloroform-me-
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thanol (2:1) solution was added. The tubes con-
taining the samples were shaken for 3 h, and then
centrifuged at 2000 rpm for 20 min. Afterwards an
aliquot of the chloroform-methanol extract was
transferred into 4 ml amber glass tubes and dried
under a stream of nitrogen gas. The dried samples
were next dissolved in 0.4 ml of 0.5 M potassium
methoxide-methanol solution then 0.5 ml of the
14% boron trifluoride-methanol solution was added.
After 35 min of incubation, the fatty acid methyl
esters were determined using gas chromatography
and a Clarus 600 apparatus (PerkinElmer, USA)
equipped with a capillary column 60 m GC-Column
Elite-5MS, 0.25 internal diameter and 0.25 pum
film thickness (PerkinElmer, USA). Several fatty
acids were identified by comparison of the reten-
tion times of those of a standard FAME mixture
C4-C24 (SUPELCO 37 Component FAME Mix,
SIGMA-ALDRICH Co.) and expressed as a per-
cent of the total fatty acids (KUSUNOKI et al. 2007,
POLAWSKA et al. 2013; MAJEWSKA et al. 2016).

Determination of bone metabolism markers in
serum

The serum’s concentration of osteocalcin (OC)
was measured in ng/ml using a N-MID® Osteo-
calicin ELISA kit (Immunodiagnostic Systems
Ltd., Boldon, Tyne & Wear, UK), while the quan-
titative determination of C-terminal propeptide of
type I procollagen (CICP) in ng/ml was performed
using a MicroVue CICP EIA Kit Bone Health
(Quidel Corp., San Diego, CA, USA). The serum’s
concentration of C-terminal telopeptides of type |
collagen (CTX-1) was measured in ng/ml using
a Serum CrossLaps® ELISA kit (Immunodiagnos-
tic Systems Ltd., Boldon, Tyne & Wear, UK). The
evaluation of biochemical bone metabolism mark-
ers in the serum was performed using a Benchmark
Plus microplate spectrophotometer supplied with
Microplate Manager Software Version 5.2.1
(Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Measurement of bone mineral density (BMD)
and bone mineral content (BMC)

The areal bone mineral density and bone mineral
content of the mandible were measured using the
dual-energy X-ray absorptiometry (DEXA)
method and a Norland XR-46 densitometer,
equipped with Research Scan software (Norland,
Fort Atkinson, WI, USA). The measurements of
BMD and BMC were performed for the whole
right and left parts of the mandible including teeth,
and independently for the right and left mandibular
body and ramus. The first region of interest (ROI)
included measurements of BMD (mandibular bone
mineral density — Mgyp) and BMC (mandibular

bone mineral content — Mgyc) for the whole right
and left halves of the mandible which were sepa-
rated at the mandibular symphysis. Analogical
measurements of BMD and BMC were performed
in the second and the third ROIs for the mandibular
ramus (MRgmp and MRgyc) and the mandibular
body (MBgwp and MBgyc) (TYMCZYNA et al.
2012ab, TATARA et al. 2018). The mean values of
the BMD and BMC measurements for each par-
ticular ROI from both halves (right and left) of the
mandible were used for further statistical evalua-
tion.

Densitometric and morphometric measurements
using quantitative computed tomography

Using the quantitative computed tomography
technique and a Somatom Emotion Siemens appa-
ratus (Siemens, Erlangen, Germany), equipped with
Somaris/5 VB10B software (version B10/2004A)
the volumetric bone mineral density (vBMD) of
the cortical bone (Cd), the cortical bone area
(CBA), the mean volumetric bone mineral density
(MvBMD) and total bone volume (Bvol) of the en-
tire mandible including teeth were determined
(Volume Evaluation application package, Sie-
mens, Erlangen, Germany). The measurements of
Cd and CBA were performed on a cross-sectional
2-mm thick scan of the mandibular body that was
positioned just after the last molar tooth. Mean
volumetric bone mineral density and Bvol of the
mandible were determined using a volume of inter-
est (VOI) limited by minimum and maximum density
of the investigated samples at 0 and 3071 Hounsfield
units (HU), respectively. The measurements of
MvBMD and Bvol reflect the values obtained for
all mineralized anatomical structures of whole
mandible including trabecular and cortical bone
compartments and teeth (SZABELSKA et al. 2017ab;
TATARA et al. 2018). Except for, MvBMD and
Bvol, mean values of the morphometrical and den-
sitometric parameters from both halves of the
mandible were used for further statistical evalua-
tion.

Mechanical analysis of the mandible

The mechanical properties of the right and left
mandibular halves, such as maximum elastic
strength (WYy) and ultimate strength (Wf) were de-
termined using an INSTRON 3367 apparatus sup-
plied with Bluehill 2 software (Instron Corp.,
Canton, USA). The relationship between the load-
ing force and bone displacement in the three-point
bending test was determined. The right and left
part of the mandible were placed separately on flat
bone supports on the lateral mandibular surface
and the measuring head loaded bone samples on
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the medial surface at 50% of its length. The meas-
uring head loaded bone samples at a constant
speed of 50 mm/min. The distance between bone
supports was set at 40% of mandibular length
(TYMCZYNA et al. 2012ab; SZABELSKA et al.
2017ab). Mean values of the Wy and Wf obtained
from the right and left halves of the mandible were
used for further statistical evaluation.

Statistical analysis

All data are presented as means +SEM. Statisti-
cal analysis of the results was performed using Sta-
tistica software (version 6.0) and MS Excel 2003.
The comparison of the mean values of the investi-
gated variables between males and females was
performed using non-paired Student’s r-test for
non-dependent variables. P-value <0.05 was con-
sidered as statistically significant for all compari-
sons. Pearson’s correlation coefficient (r) was
determined between the serum concentration of
the evaluated fatty acids and all the investigated
parameters of the mandible, bone metabolism
markers, and final body weight. P<0.05 was con-
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sidered as statistically significant for all correla-
tions.

Results

The mean final body weight value in 8-month-
old male foxes reached 8.851 + 0.207 kg and was
significantly higher by 20.0% when compared to
females (7.378 £ 0.345 kg; p = 0.003). The mean,
minimum and maximal values of morphometric,
densitometric and mechanical properties of the
mandible, as well as serum biochemical bone
metabolism markers concentration found in the
8-month-old silver foxes are presented in Table 1.
The percentage content of saturated fatty acids in
serum in males and females is presented in Table 2.
Neither the percentage content of particular SFA
in serum nor the total sum of SFA were signifi-
cantly different between the males and females
(p>0.05). The percentage content of monounsatu-
rated fatty acids (MUFA) in serum of the silver
foxes is presented in Table 3. The mean value of
elaidic acid content in serum in males was signifi-

Table 1

Morphometric, densitometric, and mechanical properties of the mandible, and serum bio-
chemical bone metabolism markers concentration in 8-month-old female and male silver

foxes (N =15)

Investigated parameter Mean Minimum | Maximum Confidence | SEM
value intervals
Bone weight (g) 15.66 12.29 18.34 14.57-16.75 0.51
Bone length (mm) 117.06 110.00 124.00 114.39-119.74 1.25
Bone volume (cm?) 8.94 7.45 10.63 8.37-9.52 0.27
B’ggg@tggsg’one mineral density of the cortical | »5g 2.041 2511 2.178-2.338 0.037
Cortical bone area (mm?) 53.40 41.50 60.00 50.55-56.25 1.33
Mean volumetric bone mineral density (g/cm?®) 1.974 1.815 2.135 1.920-2.029 0.026
Bone mineral density of mandibular halve (g/cm?) 0.291 0.248 0.327 0.281-0.301 0.004
Bone mineral content of mandibular halve (g) 7.95 6.55 8.85 7.57-8.32 0.17
Bone mineral density of mandibular body (g/cm?) 0.268 0.239 0.301 0.260-0.277 0.004
Bone mineral content of mandibular body (g) 1.028 0.765 1.272 0.961-1.096 0.031
Bone mineral density of mandibular ramus (g/cm?) 0.192 0.170 0.219 0.186-0.199 0.003
Bone mineral content of mandibular ramus (g) 1.734 1.364 2.144 1.613-1.854 0.056
Maximum elastic strength (N) 376 240 450 341-410 16
Ultimate strength (N) 657 499 811 610-704 22
Osteocalcin (ng/ml) 3.32 2.52 6.79 2.73-3.91 0.27
C-terminal propeptide of type I procollagen (ng/ml)|  0.000816 0.000145 0.001783]0.000536-0.001096 0.000131
C-terminal telopeptides of type I collagen (ng/ml) 0.185 0.020 1.345 0.005-0.366 0.084

Confidence intervals values set between —95.0 and +95.0%.
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Table 2

Serum saturated fatty acid content expressed as mean percent values of total fatty acid con-

tent in female and male silver foxes
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Fatty acid Females (N = 8) Males (N =7) | t-value df
C8:0 (Caprylic acid methyl ester) 0.059 +0.0011 0.060 +0.0009 -1.100 13
C10:0 (Capric acid methyl ester) 0.247 £0.0046 0.238 £0.0030 1.622 13
C11:0 (Undecanoic acid methyl ester) 0.053 £0.0004 0.053 +£0.0006 -0.520 13
C12:0 (Lauric acid methyl ester) 0.329 +0.0041 0.333 £0.0056 -0.632 13
C13:0 (Tridecanoic acid methyl ester) 0.037 £0.0006 0.037 £0.0007 0.279 13
C14:0 (Myristic acid methyl ester) 0.565 +0.0067 0.561 +0.0088 0.435 13
C15:0 (Pentadecanoic acid methyl ester) 0.305 £0.0044 0.298 £0.0038 1.311 13
C16:0 (Palmitic acid methyl ester) 16.485 +£0.172 16.350 +£0.339 0.368 13
C17:0 (Heptadecanoic acid methyl ester) 1.253 £0.0101 1.268 £0.0188 -0.766 13
C18:0 (Stearic acid methyl ester) 22.799 +0.1839 22.433 £0.3691 0.924 13
C20:0 (Arachidic acid methyl ester) 0.033 +£0.0006 0.0032 £0.0004 1.408 13
C21:0 (Heneicosanoic acid methyl ester) 0.022 £0.0004 0.022 £0.0002 0.027 13
C22:0 (Behenic acid methyl ester) 0.017 £0.0003 0.017 £0.0002 0.690 13
(C23:0 (Tricosanoic acid methyl ester) 0.012 +0.0003 0.012 +£0.0002 0.086 13
(C24:0 (Lignoceric acid methyl ester) 0.118 £0.0018 0.119+0.0011 -0.592 13
Total sum of saturated fatty acids 42.333 +0.242 41.834 +0.178 1.626 13
Values are means + SEM. t-value — t-value for Student’s 7-test for non-dependent variables; df — degrees of freedom.
Table 3
Serum monounsaturated fatty acid content expressed as mean percent values of total fatty
acid content in female and male silver foxes
Fatty acid Females (N=8) | Males (N=7) | t-value df
C14:1 (Myristoleic acid methyl ester) 0.369 £0.0060 0.369 +0.0064 - 0.029 13
C15:1 (Cis-10-Pentadecenoic acid methyl ester) 0.185 +£0.0035 0.188 £0.0032 -0.616 13
C16:1 (Palmitoleic acid methyl ester) 2.229 +0.0224 2.243 £0.0259 -0.425 13
C17:1 (Cis-10-Heptadecenoic acid methyl ester) 0.631 +0.0108 0.608 +0.0062 1.709 13
C20:1 (Cis-11-Eicosenoic acid methyl ester plus) 0.042 +0.0008 0.041 +0.0003 0.743 13
C22:1n9 (Erucic acid methyl ester) 0.003 +0.00003 0.003 +0.00004 -0.215 13
C24:1 (Nervonic acid methyl ester) 0.016 +0.0001 0.015 +0.0002 0.707 13
C18:1n9t (Elaidic acid methyl ester) 4.576 +£0.0388 4.429* +£0.0393 2.655 13
C18:1n9c¢ (Oleic acid methyl ester) 8.074 +£0.1534 8.467* £0.0579 -2.268 13
Total sum of monounsaturated fatty acids 16.124 +£0.146 16.365 +£0.076 - 1.394 13

Values are means + SEM. t-value —t-value for Student’s #-test for non-dependent variables; df— degrees of freedom. *p<0.05.

cantly lower by 3.21% when compared to females
(p = 0.019). The mean value of oleic acid content
in serum in males was significantly higher by
4.87% when compared to its content in females
(p=0.040). The percentage content of PUFA in se-
rum in males and females is presented in Table 4.

Neither the percentage content of particular PUFA
in serum nor the total sum of PUFA were signifi-
cantly different between males and females
(p>0.05). No significant differences were found
between male and female foxes when comparing
serum content of n-6 and n-3 fatty acids and
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Table 4

Serum polyunsaturated fatty acid content expressed as mean percent values of total fatty

acid content in female and male silver foxes

Fatty acid Females (N = 8)|Males (N =7)| t-value | df
C18:3n3 (Linolenic acid methyl ester) 1.717 £0.0248 1.714 £0.0330 0.072 13
C20:4n6 (Arachidonic acid methyl ester) 19.178 £0.2213 19.407 £0.2116 | -0.741 13
C20:5n3 (Cis-5,8,11,14,17-Eicosapentaenoic acid methyl ester)  0.479 £0.0047 0.481 +0.0108 -0.241 13
C20:3n3 (Cis-11,14,17-Eicosatrienoic acid methyl ester) 0.768 +0.0168 0.756 +0.0085 0.602 13
C20:3n6 (Cis-8,11,14-Eicosatrienoic acid methyl ester) 0.060 £0.0009 0.059 +£0.0009 0.766 13
C20:2 (Cis-11,14-Eicosadienoic acid methyl ester) 0.012 +0.0002 0.012 +0.0002 -0.692 13
C22:6n3 (Cis-4,7,10,13,16,19-Docosahexaenoic acid methyl ester) 0.142 +0.0026 0.144 £0.0026 | -0.547 13
C22:2 (Cis-13,16-Docosadienoic acid methyl ester) 0.028 £0.0005 0.027 £0.0004 0.366 13
C18:2n6c¢ (Linoleic acid methyl ester) 18.762 £0.3476 18.801 £0.1297 | -0.098 13
C18:3n6 (Gamma-Linolenic acid methy] ester) 0.397 +0.0067 0.401 +0.0095 -0.347 13
n-6 38.397 £0.225 38.667 £0.195 -0.893 13
n-3 3.105 +£0.026 3.095 +£0.041 0.212 13
n-6:n-3 12.374 £0.150 12.508 +£0.189 -0.560 13
Total sum of polyunsaturated fatty acids 41.541 £0.215 41.801 £0.191 -0.893 13

Values are means + SEM. t-value —t-value for Student’s #-test for non-dependent variables; df— degrees of freedom. *p<0.05.

n-6:n-3 fatty acids ratios (Table 4). The mean val-
ues of the content of SFA and PUFA did not differ
in serum from male foxes (p = 0.886) and were sig-
nificantly higher when compared to serum content
of MUFA (p<0.001; Tables 2-4). The mean value
of the content of SFA was significantly higher in
serum from females than the content of PUFA
(p = 0.012). Moreover, mean values of the serum
content of SFA and PUFA were significantly
higher when compared to serum MUFA content in
females (p<0.001; Tables 2-4).

The values of Pearson’s correlation coefficient
between SFA content in serum and all the evalu-
ated parameters of the mandible in the studied sil-
ver foxes are shown in Table 5. Serum content of
caprylic acid was negatively correlated with
MvBMD, MRgwp and MRgpc (p<0.05). Serum
content of capric acid was negatively correlated
with final body weight, bone weight and Bvol
(p<0.05). A positive correlation between serum
concentration of capric acid and CTX-1 was found
(p = 0.035). Serum content of palmitic acid was
negatively correlated with CBA of the mandible.
A negative correlation between the serum concen-
tration of heptadecanoic acid and CICP was found
(p=0.009). Serum content of stearic acid in the sil-
ver foxes was positively correlated with MRgyc
(P =0.047). The total sum of SFA was negatively cor-
related with bone weight, CBA and Bvol (p<0.05).

The values of Pearson’s correlation coefficient
between MUFA content in serum and all the evalu-
ated parameters of the mandible are shown in Ta-
ble 6. Serum content of cis-10-heptadecenoic acid
was negatively correlated with bone weight, CBA
and Bvol and positively correlated with MvMBD
of the mandible (p<0.05). Serum content of cis-
11-eicosenoic acid was positively correlated with
MRgmp and negatively correlated with Wy
(p<0.05). A positive correlation between the serum
content of erucic acid and Cd was stated (p = 0.046).
Serum concentration of elaidic acid and CICP was
positively correlated (p = 0.019). Serum content of
oleic acid was positively correlated with bone
weight, bone length, Bvol and MRgwc (p<0.05).
The total sum of MUFA in serum was positively
correlated with bone weight and Mgwc (p<0.05).
The values of Pearson’s correlation coefficient be-
tween PUFA content in serum and all the evalu-
ated parameters of the mandible in are shown in
Table 7. Serum content of linolenic acid was nega-
tively correlated with the Cd of the mandible (p =
0.049). A negative correlation between serum con-
tent of arachidonic acid and Mgyp and MBgyp was
found (p<0.05). Serum content of linoleic acid was
pOSitively correlated with Mgwvp, Mewvc, MRgewp,
MBgmp and Wy (p<0.05). Serum content of n-3
PUFA was negatively correlated with Cd and
MRgmc (p<005)
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Table 5

Pearson correlation coefficient values between serum saturated fatty acid concentration
and the investigated parameters of the mandible, final body weight, and serum concentra-
tion of bone metabolism markers in 8-month-old silver foxes
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-0.06

0.42

0.16

0.23

-0.19

0.13

-0.04

0.02

-0.04

-0.12

0.27

0.17

0.31]0.22

0.06 |-0.04

0.13

-0.27

-0.24

0.17

0.23

-0.25

-0.40

0.01

0.01

0.33

0.34

-0.04

0.51

-0.13

0.15 |-0.07

-0.03[-0.26

-0.03

0.51

0.44

-0.09

-0.17

0.02

-0.08

0.06

0.07

-0.09

0.34

-0.26

-0.08

0.04

C14:0/-0.06|-0.13

-0.09 -0.05

-0.09

0.49

0.40

-0.21

-0.25

-0.07

-0.07

-0.05

0.03

0.01

0.45

-0.05

-0.07

-0.19

C15:0/-0.03 [-0.04

-0.27(-0.12

-0.08

-0.10

0.01

0.28

0.13

0.34

-0.04

0.15

-0.02

0.22

-0.23

-0.22

0.44

-0.04

C16:0/-0.05]-0.34

-0.32-0.55%-0.41

-0.39

-0.29

-0.19

-0.31

-0.50

-0.47

-0.41

-0.37

-0.21

-0.49

-0.09

0.22

0.46

C17:0-0.20| 0.09

0.3510.19

0.19

0.01

0.05

-0.16

-0.08

0.20

0.18

-0.15

-0.05

-0.06

0.01

-0.25

-0.65*

0.21

C18:0/-0.14|-0.17

0.18 |-0.01

-0.06

0.38

0.34

-0.10

-0.07

0.12

0.52*

0.05

0.05

-0.05

0.14

0.01

-0.24

-0.06

C20:0[-0.09|-0.38

-0.50(-0.48

-0.43

0.09

0.04

-0.02

-0.35

-0.05

-0.34

0.02

-0.32

-0.18

-0.22

0.21

0.43

0.24

C21:0[-0.03| 0.22

0.16 | 0.45

0.24

0.03

0.21

0.32

0.22

0.18

-0.25

0.16

0.09

0.08

0.29

-0.18

-0.10

-0.28

C22:0/-0.30|-0.23

-0.15]-0.12

-0.19

0.13

0.23

-0.09

-0.30

-0.15

-0.28

-0.17

-0.22

-0.35

-0.32

-0.12

-0.43

0.19

C23:0/-0.05]-0.03

0.28 | 0.06

-0.10

-0.33

-0.22

0.23

0.12

0.38

0.13

0.19

0.04

-0.45

-0.03

0.32

0.44

-0.05

C24:0[-0.06 | 0.02

0.07 | 0.19

0.04

-0.31

0.02

0.29

0.21

0.21

0.25

0.05

0.09

-0.03

0.02

-0.25

-0.33

0.36

-0.24 -0.58*

-0.31 -0.60%-0.53*

0.03

0.11

-0.34

-0.44

-0.38

0.11

-0.40

-0.35

-0.30

-0.35

-0.11

-0.07

0.44

*p<0.05. CBA — cortical bone area, Bvol — total bone volume, Cd — volumetric bone mineral density of the cortical bone,
MvBMD — mean volumetric bone mineral density, Mpyp — mandibular bone mineral density, Mpyc — mandibular bone
mineral content, MRgyp — mandibular ramus BMD, MRgyc — mandibular ramus BMC, MBgyp — mandibular body BMD,
MBgye — mandibular body BMC, Wy — maximum elastic strength, Wf — ultimate strength, OC — osteocalcin, CICP —
C-terminal propeptide of type I procollagen , CTX-I — C-terminal telopeptides of type I collagen.

Table 6

Pearson correlation coefficient values between serum monounsaturated fatty acid concen-
tration and the investigated parameters of the mandible, final body weight, and serum con-
centration of bone metabolism markers in 8-month-old silver foxes.

Investigated
arameter

Body weight
Bone weight

<
[aa]
®)

Bone length

Bvol

=]
O

MvBMD

MBMD

MBMC

MRBMD

MRgme

MBBMD

MBgwmc

>

=

G

=

Q
o

CICP

Cl4:1

0.11 [-0.04

0.21 [-0.24]-0.11

-0.26

-0.21

-0.04

-0.08 |-0.05

-0.35

-0.20

-0.16

-0.19

-0.24

-0.20

0.35

Cl15:1

0.23 | 0.05

0.02 |-0.18]-0.01

-0.12

-0.09

0.12

0.09

-0.34

-0.24

-0.01

-0.07

0.02

-0.11

-0.31

-0.02

Cl6:1

-0.04| 0.06

-0.05] 0.01

0.02

-0.09

-0.09

0.09

0.07

0.10

-0.02

0.12

0.16

-0.27

-0.25

-0.20

-0.18

Cl17:1

0.07 -0.62*

-0.36 -0.52

*-0.57%

0.43

0.53*

-0.20

-0.50

-0.19

-0.04

-0.34

-0.35

0.19

-0.06

-0.24

0.27

C20:1

-0.37/-0.10

0.04 | 0.07 |-0.13

-0.34

-0.16

0.31

0.12

0.53*

0.31

0.28

0.02

-0.52%

-0.31

0.42

0.10

C22:1n9

-0.06/-0.21

-0.07-0.25|-0.20

0.52*

0.49

-0.11

-0.27

-0.18

0.03

-0.01

-0.02

-0.10

0.04

-0.18

-0.42

C24:1

-0.331-0.29

0.05 |-0.07|-0.20

0.15

0.21

-0.27

-0.45

-0.04

-0.21

-0.36

-0.29

-0.17

-0.13

-0.13

-0.33

C18:1n%t

-0.31/-0.44

-0.421-0.01[-0.46

0.08

0.26

0.30

-0.16

0.43

0.06

0.21

-0.20

-0.06

0.07

0.45

0.60*

C18:1n9q

0.12 ]0.65*

0.58*| 0.49

0.58%*

-0.22

-0.33

0.23

0.56*| 0.17

0.14

0.35

0.45

0.01

0.16

0.19

-0.13

Total

sum

0.03 |0.52*

0.46 | 0.48

0.43

-0.21

-0.25

0.37

0.53* 0.34

0.15

0.45

0.42

-0.07

0.13

0.31

0.08

*p<0.05. CBA — cortical bone area, Bvol — total bone volume, Cd — volumetric bone mineral density of the cortical bone,
MvBMD — mean volumetric bone mineral density, Mpyp — mandibular bone mineral density, Mgy c — mandibular bone
mineral content, MRgyp — mandibular ramus BMD, MRgyc — mandibular ramus BMC, MBgyp — mandibular body BMD,
MBgyc — mandibular body BMC, Wy —maximum elastic strength, Wf—ultimate strength, OC — osteocalcin, CICP — C-terminal
propeptide of type I procollagen , CTX-I — C-terminal telopeptides of type I collagen.
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Table 7

Pearson correlation coefficient values between serum polyunsaturated fatty acid concentra-
tion and the investigated parameters of the mandible, final body weight, and serum concen-

Investigated
parameter

Body weight

Bone weight

Bone length

<
m
O

Bvol

o
o

MvBMD

MBMD

MBMC

MRBMD

MRBMC

BBMD

=

MBBMC

>

2

]

e

Q
o

CICP

C18:3n3

-0.26

-0.28

<
o
)

-0.25

-0.34

-0.52%

-0.30

0.12

-0.14

0.10

0.01

-0.17

-0.41

-0.01

-0.31

0.01

0.21

C20:4n6

-0.04

-0.16

0.07

-0.20

-0.10

-0.21

-0.27

-0.617%

-0.44

-0.45

-0.30

-0.617%

-0.27

-0.28

-0.06

-0.03

-0.30

C20:5n3

-0.10

-0.12

-0.14

0.04

-0.20

-0.17

0.10

0.28

-0.01

0.02

-0.22

0.03

-0.10

0.16

0.20

0.09

0.19

C20:3n3

-0.30

-0.24

-0.09

0.08

-0.21

-0.11

-0.02

-0.18

-0.31

-0.44

-0.47

-0.37

-0.33

-0.35

-0.22

0.05

-0.25

C20:3n6

0.19

-0.15

-0.16

-0.40

-0.18

0.21

0.05

-0.17

-0.20

-0.29

-0.31

-0.03

-0.06

-0.35

-0.11

0.04

0.30

C20:2

0.17

0.01

0.23

-0.05

0.01

-0.01

-0.25

-0.42

-0.26

-0.23

-0.31

-0.26

-0.07

-0.35

0.10

0.04

0.09

C22:6n3

-0.03

0.11

0.02

-0.04

0.02

-0.18

-0.11

0.24

0.10

0.14

-0.25

0.14

0.02

-0.09

-0.35

-0.17

0.01

C22:2

-0.14

-0.23

0.02

-0.17

-0.18

0.03

0.17

-0.08

-0.28

-0.26

-0.30

-0.31

-0.43

0.07

0.01

-0.48

-0.25

Cl18:2n6¢

0.26

0.42

-0.01

0.48

0.38

0.30

0.27

0.60*

0.52*

0.54*

0.12

0.66*

0.39

0.53*

0.33

-0.02

0.25

C18:3n6

0.20

0.13

0.18

-0.11

0.17

0.15

0.01

-0.29

-0.12

0.06

-0.16

-0.13

0.05

-0.03

0.20

-0.37

-0.02

n-6

0.30

0.38

0.07

0.39

0.38

0.17

0.06

0.13

0.20

0.21

0.22

0.22

-0.17

0.39

0.35

-0.07

0.01

n-3

-0.38

-0.36

-0.05

-0.18

-0.42

-0.54*

-0.25

0.11

-0.24

-0.28

-0.52%*

-0.08

-0.27

-0.13

-0.34

0.03

0.12

n-6:n-3

0.43

0.45

0.08

0.50

0.49

0.21

-0.04

-0.04

0.28

0.30

0.50

0.15

0.14

0.25

0.41

-0.06

-0.09

ratio

Total
sum

0.2510.34 10.07 | 0.38 | 0.33 | 0.09 | 0.03 | 0.15

0.17

0.22-0.21/0.17| 0.14 | 0.38 | 0.31 |-0.07| 0.03

#p<0.05.

CBA — cortical bone area, Bvol — total bone volume, Cd — volumetric bone mineral density of the cortical bone,

MvBMD — mean volumetric bone mineral density, Mpyp — mandibular bone mineral density, Mgyc — mandibular bone
mineral content, MRgyp — mandibular ramus BMD, MRgyc — mandibular ramus BMC, MBgyp — mandibular body BMD,
MBgpyvce — mandibular body BMC, Wy — maximum elastic strength, W — ultimate strength, OC — osteocalcin, CICP —
C-terminal propeptide of type I procollagen , CTX-I — C-terminal telopeptides of type I collagen.

Discussion

Sex hormones may affect the enzymatic synthe-
sis of FA that may result in sex-related differences
in their content in body compartments. Experi-
mental studies on rats indicated that estradiol and
testosterone treatments change the enzymatic ac-
tivity of the enzymes responsible for FA metabo-
lism such as delta-9-desaturase, delta-5-desaturase,
and delta-6-desaturase. It was shown that testos-
terone may decrease docosahexaenoic acid (DHA)
content in plasma and liver lipids, while hormonal
treatment with estrogens may decrease the avail-
ability of n-6 log-chain PUFA (GONZALEZ et al.
1986; MARRA & DE ALANIZ 1989; DECSI & KEN-
NEDY 2011). It was suggested that the actions of
sex hormones on a cellular level may be related to
the changes of the physicochemical properties of
microsomal membranes (DE ALANIZ & MARRA
2003). Studies on humans have shown that liver
enzymatic synthesis of eicosapentaenoic acid (EPA)
and DHA from alpha-linolenic acid (ALNA) in
men and women may vary leading to their differ-
entiated plasma concentrations (CHILDS et al.
2008).

In this study, the evaluation of FA content in se-
rum has revealed slight differences between males
and females only in the case of selected MUFA.
Serum concentration of elaidic acid (C18:1n9t)
was lower in males by 3.21%, while oleic acid con-
centration (C18:1n9c) was higher in males by
4.87%. However, the total sum of MUFA was not
differentiated between males and females. Moreo-
ver, all the evaluated SFA and PUFA, as well as
their total sum have shown a lack of sex-related
differences. These observations were performed
in relatively young animals that reached sexual
and somatic maturity 2-3 months before the natural
reproductive season and should be continued at the
differentiated stages of the growth and sexual cy-
cles of male and female foxes to explain whether
the observed sex-related differences may appear
later at the same or at a different scale (OSADCHUK
1999; OSADCHUK et al. 2003; SZYMECZKO et al.
2009). Neither the guantitative nor the qualitive
changes of FA content in different body compart-
ments in foxes may be excluded at different phases
of the growth and sexual cycle, especially when
one considers the significantly different hormonal
milieu interior in matured male and female foxes
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(OSADCHUK & TRUT 1988, 1989; OSADCHUK
1990, 1999; OSADCHUK & VOITENKO 1992;
OSADCHUK et al. 1996). Short-term studies by LY-
MAN and colleagues (1967) on lipid metabolism in
rats confirmed a different rate of phosphatidylcho-
line synthesis in males and females. Female rats
had a higher proportion of stearic and arachidonic
acids in phosphatidylcholine fast-moving frac-
tions when compared to males (LYMAN ez al.
1967). Other studies on castrated male rats have
shown that estradiol administration over the
course of 3 weeks increased proportions of stearic
acid and polyenoic acid, increased stearic acid
content, and decreased linoleic acid content,
whereas testosterone had neither a stimulatory nor
inhibitory effect (LYMAN et al. 1968). As shown
by BURDGE et al. (2008) in their studies on rats,
sex-related differences of fatty acid concentration
were much more highlighted than in the current
study. Fatty acid composition analysis of hepatic
phosphatidylcholine in male rats have revealed
a higher content of palmitic acid (by 46.7%), oleic
acid (by 79.6%), linoleic acid (by 61.9%), eicosa-
trienoic acid (by 75.0%) and eicosapentaenoic
acid (by 50.0%) when compared to females, while
the content of stearic acid, gamma-linolenic acid,
arachidonic acid and docosahexaenoic acid was
higher in females by 34.9%, 68.4%, 13.7% and
24.2%, respectively. In case of phosphatidyletha-
nolamine analysis, a higher content of palmitic
acid (by 27.51%), linoleic acid (by 33.33%),
gamma-linolenic acid (by 71.43%), eicosatrienoic
acid (by 40.00%) and eicosapentaenoic acid (by
75.00%) was observed in males. In female rats, the
contents of stearic acid and docosahexaenoic acid
were higher by 18.00% and 23.75%, respectively
than in males. However, fatty acid composition of
triacyloglycerides was not differentiated between
males and females (BURDGE et al. 2008). Studies
in humans between the ages of 18 and 35 have con-
firmed the stimulatory effects of estrogens on lipid
metabolism. It was shown that DHA concentration
was significantly higher in plasma phosphatidyl-
choline (by 31%) and triacylglycerides (by 71%)
and non-essential fatty acids (by 33%) in women
when compared with men (BAKEWELL et al.
2006).

Regardless of the observed sex-related differ-
ences in serum FA concentrations in the current
study, numerous significant correlations between
the serum FA content in foxes and the morphologi-
cal, densitometric and mechanical properties of
the mandible, and serum bone metabolism mark-
ers were found. Capric acid was the only fatty acid
that had a negative correlation with final body
weight of the silver foxes. Among the assessed
SFA, serum concentration of caprylic acid was
negatively correlated with densitometric parame-

ters, such as MvBMD, MRgvp, and MRgwc. Nega-
tive correlations were also found between serum
content of capric acid and morphological bone
traits, such as mandibular weight and volume. The
observed negative relationships of capric acid con-
tent with morphological bone properties were con-
firmed by their positive correlation with CTX-I in
serum that is considered to be a biochemical marker
of the bone resorption processes (VASIKARAN et al.
2011; SzULC et al. 2017). Negative correlations
between palmitic acid and CBA, as well as be-
tween heptadecanoic acid and the serum bone for-
mation marker concentration — CICP, indicate
negative implications between the SFA, bone tis-
sue metabolism processes, and skeletal system
properties. These observations are confirmed by
the evaluation of the total sum of the SFA, since
this parameter was also negatively correlated with
bone weight, CBA and, Bvol. Stearic acid was the
only saturated fatty acid showing positive correla-
tion with bone mineral content in the mandibular
ramus. The observed negative associations of se-
rum SFA with bone traits in the current study are in
agreement with the previous studies by CORWIN et al.
(2006) on humans with 13,572 men and women in
which SFA intake was negatively associated with
the BMD in the femoral neck. The negative asso-
ciation between dietary intake of SFA and low
BMD values was more visible in men than in
women, especially in the group at a mean age of
47.8 + 19.0 years where statistically significant
correlations were found for femoral neck, tro-
chanter and total hip. In the younger group of men
below the age of 50, the negative relationships be-
tween SFA consumption and femoral neck BMD
were observed as a clear linear trend, while in the
group over the age of 50, similar tendencies were
found (CORWIN ez al. 2006). In studies by WOHL
et al. (1998) it was suggested that bone sites within
the skeleton with more trabecular than cortical
bone are more vulnerable to negative effects of
dietary SFA (WOHL et al. 1998). Diminished in-
testinal calcium absorption due to calcium-fat
soap formation, the atherogenic effects on blood
vessels and reduced bone blood flow, and the inhi-
bition of the osteogenic differentiation of bone
marrow stromal cells with a corresponding en-
hancement of osteoclastic differentiation are con-
sidered as the most important mechanisms
responsible for the deleterious effects of a high
dietary intake of SFA on bone tissue (GACS &
BARLTROP 1977; WOHL et al. 1998; CORWIN et al.
2006; PARHAMI et al. 2001; OH et al. 2010).

Our analysis of MUFA has shown both the posi-
tive and negative relationships between the evalu-
ated skeletal properties in silver foxes.
Heptadecenoic acid was negatively correlated
with the morphological traits of the mandible such
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as bone weight, bone volume and CBA, but posi-
tively correlated with MvBMD. Serum content of
eicosenoic acid showed a positive relationship
with MRgvp, and a negative correlation with the
maximal elastic strength of the mandible. Erucic,
elaidic and oleic acids were the only MUFA that
showed positive correlations with bone properties
and biochemical bone formation markers. Erucic
acid content was positively correlated with Cd,
while elaidic acid showed a positive correlation
with serum concentration of CICP. In the case of
oleic acid, its concentration in serum has shown
the highest number of positive correlations with
bone parameters, both morphological (bone
weight, bone length and Bvol) and densitometric
(Mgwmc). The total sum of MUFA in serum was also
positively correlated with bone weight and Mgpc.
Relationships between selected SFA and MUFA,
and the stiffness index (SI) were investigated in
Inuit women between the ages of 35 and 72 from
Nunavik in Canada. It was shown that total SFA
and behenic acid, as well as cis-vaccenic acid were
negatively associated among MUFA with bone Sl,
whereas total cis-MUFA and oleic acid were posi-
tively associated with SI (PAUNESCU et al. 2014).
In another study, this time on 22-year-old men, se-
rum concentration of MUFA was negatively cor-
related with whole body BMD. Contrary to the
results of the densitometric measurements ob-
tained in current study, previous investigations on
men have shown negative correlation between
whole body BMD and serum content of oleic acid
(HOGSTROM et al. 2007). In experimental studies on
the effects of MUFA on bone tissue metabolism, it
was shown that palmitic acid enhances the receptor
activator of NF-xB ligand (RANKL)-stimulated
osteoclastogenesis and induces osteoclast differ-
entiation, while oleic acid inhibits palmitic acid-
induced osteoclastogenesis (DROSATOS-TAMPAKAKI
et al. 2014).

Among PUFA, linolenic and arachidonic acids
were negatively correlated with selected densi-
tometric parameters of the mandible. Linolenic
acid content was negatively correlated with Cd,
while arachidonic acid had negative relationships
with Mgyp and MBgyp. Serum concentration of
linoleic acid had the highest number of positive
correlations with densitometric and mechanical
properties of the mandible. Positive correlations of
linoleic acid were found with BMD within all re-
gions of the mandible, as well as with Mgyc and
maximum elastic strength. It must be underlined
here, that linoleic acid serves as the most common
source for n-6 PUFA synthesis. Linoleic acid is
present in high concentrations in vegetable oils,
while EPA and DHA (n-3 PUFA) originate mainly
from fish fat (VANEK & CONNOR 2007). Nutri-
tional studies on the effects of PUFA on bone me-

tabolism regulation and skeletal properties in
humans have shown both the positive and negative
associations. Higher total PUFA intake during
menopausal transition has been related to a greater
loss of bone mineral density (BMD) within the
skeleton (MACDONALD et al. 2006). In a study on
167 elderly patients suffering from fragility frac-
tures, PUFA intake was associated with an in-
creased risk of osteoporotic fractures, whereas
a high ratio of MUFA:PUFA was associated with
decreased risk (MARTINEZ-RAMIREZ et al. 2007).
Conversely, a positive relationship between
PUFA intake and skeletal fracture risk was shown
in the study by ORCHARD and colleagues (2010)
on 137,486 postmenopausal women. It was shown
that SFA intake increases hip fracture risk,
whereas MUFA and PUFA intakes may decrease
total fracture risk. In postmenopausal women with
a low intake of n-3 PUFA, a higher intake of n-6
PUFA was shown to modestly decrease total frac-
ture risk in the skeleton. A higher intake of EPA
and DHA (long-chain n-3 PUFA) was also associ-
ated with increased skeletal fracture risk
(ORCHARD et al. 2010). Similarly to the results ob-
tained in the current study on foxes, the clinical
studies on humans have found no association with
fracture risk for either total n-3 intake or
EPA+DHA intake (MARTINEZ-RAMIREZ et al.
2007; VIRTANEN et al. 2010; FARINA et al. 2011).
Positive correlations of serum linoleic acid with
densitometric and mechanical properties of the
mandible in silver foxes correspond with the re-
sults obtained in cohort studies on 46,476 men and
75,878 women, where low linoleic acid intake was
implicated with increased hip fracture risk in
women. Similar outcomes were found analyzing
total PUFA and n-6 PUFA in the previous study
(VIRTANEN ef al. 2012). In an experimental study
on postmenopausal women at a mean age of
67.9 + 1.9, dietary intakes of total PUFA, linoleic
and linolenic acids, and total n-3 and n-6 fatty ac-
ids were positively associated with BMD of the
lumbar spine (JARVINEN et al. 2012).

Regardless of the chemical form of FA (SFA,
MUFA or PUFA) it must be underlined that, in this
study, fatty acids possessing 18-carbon chains
showed mainly positive correlations with the mor-
phological, densitometric and mechanical proper-
ties of the skeletal system in foxes. This
observation results from the analysis of stearic
acid, elaidicacid, oleic acid and linoleic acid; how-
ever, neither positive nor negative relationships
between serum content of gamma-linolenic acid
and bone tissue properties were found. Linolenic
acid (C18:3n3) was the only one among the 18-
carbon chain fatty acids that had a negative rela-
tionship with the vBMD of the cortical bone com-
partment. Moreover, n-3 fatty acids were
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negatively correlated with MRgymc and the Cd of
the mandible. Similarly to most of the 18-carbon-
chain FA, erucic acid possessing a 22-carbon
chain (C22:1n9), also showed a positive correla-
tion with the Cd of the mandible. All other ana-
lyzed fatty acids within each chemical group
showed no significant correlations or showed a ne-
gative relationship with the evaluated bone prop-
erties and bone tissue metabolism indices.

Conclusions

This study presents the sex-related differences
of serum SFA, MUFA and PUFA in 8-month-old,
farmed silver foxes. In males, elaidic acid concen-
tration was lower by 3.21%, while oleic acid con-
centration was higher by 4.87%, when compared
to females. The total sum of SFA, MUFA and
PUFA showed a lack of sex-related differences at
this growth stage of silver foxes. Except for stearic
acid within the group of SFA, serum concentra-
tions of caprylic acid, capric acid, palmitic acid,
heptadecanoic acid and the total sum of SFA
showed only negative relationships with the bio-
chemical markers of bone formation processes and
the morphological and densitometric properties of
the mandible. Monounsaturated fatty acids (hepta-
decenoic acid and eicosenoic acid) were both posi-
tively and negatively correlated with the evaluated
skeletal system properties. Serum concentrations
of erucic, elaidic and oleic acids showed only posi-
tive associations with bone properties and bone
formation markers. Among PUFA, linolenic and
arachidonic acids were negatively correlated with
densitometric parameters, while linoleic acid showed
the highest number of positive correlations with
the densitometric and mechanical properties of the
mandible. Except for gamma-linolenic acid and
linolenic acid, fatty acids with 18-carbon chains
have shown mainly positive correlations with the
morphological, densitometric and mechanical
properties of the skeletal system of foxes. Moreo-
ver, n-3 fatty acids were negatively correlated with
MRgmc and the Cd of the mandible.

As shown in this study, the most positive impli-
cations for bone metabolism regulation and skele-
tal system properties in silver foxes may be
ascribed to oleic and linoleic acids. The elaborated
experimental model may serve for further studies
on bone metabolism regulation in monogastric
mammals with the use dietary modifications of
fatty acids content.
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