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Influence of consumption of pork
enriched by organic selenium on selenium level in blood serum
and selected blood lipid parameters in consumers
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Summary

The aim of this study was to evaluate the effect of selenium-enriched pork consumption on selenium concentration in
blood and on the lipid profile in consumers. The experimental group of consumers (n = 10) was served selenized pork
in a dose of 3 x 200 g per week during 28 days. The control group of consumers (n = 10) consumed a diet with the
same amount of normal pork. The concentration of selenium in blood was analysed before the start of consumption (1st
sample), after 14 days (2nd sample) and after 28 days (3rd sample) of the pork consumption. Selenium concentration
in experimental group significantly increased in all three samples (1st sample/2nd sample — p = 0.005; 1st sample/3rd
sample — p = 0.005, 2nd sample/3rd sample — p = 0.022). Total level of cholesterol in experimental group decreased,
difference between the 1st and 3rd sample was significant at p < 0.05. Levels of triglycerides and low-density lipopro-
tein cholesterol showed a decreasing tendency, levels of high-density lipoproteins cholesterol increased in experimental

group, but the differences were not significant.
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Selenium is an essential trace element in hu-
man nutrition as well as in animal nutrition. Cur-
rently, people are interested about the effect of
nutrition on health, in connection with the intake
antioxidants to prevent the formation of harmful
oxidation products in the organism. These include
vitamins and essential trace elements zinc, copper
and selenium, which are the components of anti-
oxidant enzymes. One of the main nutritional anti-
oxidants is the trace element selenium. Nutritional
selenium deficiency in people plays a role in the
expansion of the heart muscle, it causes degenera-
tive bone and joint diseases and disorders of the
thyroid gland. Some epidemiological studies re-
vealed an indirect relationship between selenium
intake and incidence of oncological and cardiovas-
cular diseases. Selenium is also essential for the
human immune defensive system. Studies con-

firmed the fact that low levels of selenium increase
the risk of coronary heart disease in humans and
also to various cardiovascular diseases in livestock
[1-5].

The content of selenium in the whole food
chain is determined by the content of selenium
in the soil, which differs in different geographi-
cal areas. An adequate supplementation of the
body by selenium, in terms of physiological needs,
is dependent mainly on the consumption of food
of animal origin. In some areas of Central and
Northern Europe, the intake of selenium through
food is very low, which is caused by its very low
content in the soil [6, 7]. Some of the most im-
portant contributors to the daily selenium intake
in Central Europe are represented by eggs and
pork because of the significant part they consti-
tute in the diet of the population [7]. Pork is the
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most consumed meat in the 27 countries of Eu-
ropean Union (52 % of all the consumed meat
is pork) [8]. There is some non-animal source of
selenium, such as Brazil nuts, cereal grains, grass-
land legumes, soybeans, garlic, yeast and broccoli,
but selenium level in plants ultimately depends on
the selenium content in soil. The distribution of Se
in various parts of the plant depends on species,
phase of development and physiological conditions
[9]. The most “natural” way of providing enough
of the essential trace element in a usable form
through the food chain is a higher consumption of
dedicated functional foods [10]. Higher concen-
tration of selenium in pork produced by selenium
supplementation through animal feed mixture was
confirmed [9, 11]. Pork is occasionally affected by
quality change, mainly after stressors as transport
or group mingling. Main quality change results in
a pale, soft and exudative pork [12, 13]. Pigs fed
higher selenium doses had a higher quality pork,
which contained more oxidative fibres that impact
on slower pH decrease, less lactate and was less
pale, soft and exudative [14]. Selenium status de-
pends not only on food consumption but also on
various factors related to its bioavailability, such as
absorption and excretion [15]. The bioavailability
of selenium for the animal as well as human or-
ganism depends on its chemical form. Selenium
bound to organic molecules is more bioavailable
than inorganic selenium [16-20].

The aim of this research was to evaluate the
effect of selenium-enriched pork consumption on
selenium concentration in blood and on the lipid
profile of the consumers.

MATERIALS AND METHODS

Twenty persons volunteering in the experiment
were represented by 10 men and 10 women of
the age from 30 to 61 years. All volunteers come
from the same area of Western Slovakia (Nitra
district) and presented no pathological changes
in the basic hematological and biochemical blood
parameters. Volunteers were randomized into
the experimental group and the control group.
Each group consisted of 5 men and 5 women.
The average age of volunteers in experimen-
tal group was 43.70 =8.26 year, average body
weight 83.88 +£16.48 kg, body mass index (BMI)
28.01 = 3.41 kg'm2. The average age of volunteers
in control group was 49.40 = 9.24 year, average body
weight 81.24 = 18.10 kg, BMI 27.09 +4.78 kg'm2.
Nutrition and selenium intake of all probands was
evaluated by food record protocols. Each partici-
pant recorded all meals and nutrition additives or
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drugs per 24 h by type of meal, amount or weight
and all courses. Nutrition protocol was recorded in
3 days per week (2 working days and 1 weekend
day) during the experimental period. Volunteers
were in good physical state, without any meta-
bolic diseases. They did not change in any way the
diet and lifestyle habits during the experimental
period. All procedures involving human subjects
were approved by the Slovak University of Agri-
culture Ethics Committee and a written informed
consent was acquired from each subject.

The pork from two pig feed treatments was
served to the volunteers. Both groups of pigs were
fed the same feed mixture, with one group of pigs
having their mixture enriched by a mineral-protein
premix to 300 ug-organic selenium in 1 kg of mix-
ture. The pork was conserved by heat sterilization
in a thermostatic pot at 100 °C for 3 h in hermeti-
cally sealed containers (cans) in 1% saline solu-
tion. The pork enriched by selenium had average
level of 0.153 +0.010 mg selenium per kilogram.
The pork with a natural level of selenium con-
tained 0.088 = 0.008 mg selenium per kilogram.
Selenium content was measured in fresh matter
post-cooking. The selenium level in pork was ana-
lysed from thigh (musculus semimembranosus).
Details on the pork quality and composition from
both groups of fattened pigs were published [21].
Experimental group had 200 g of the selenized
pork in 3 days (non-consecutive) per week dur-
ing a 28-day period. Control group had the same
amount of pork with natural level of selenium in
the same design as experimental group. The nu-
trition record was recorded on the days without
a dose of conserved pork.

Three blood samples were taken from each
volunteer. The first sample was taken before the
period of pork consumption, the second sam-
ple was taken after 14 days of pork consumption
and third sample after 28 days of pork consump-
tion. Blood was sampled from the veins of the
volunteers, in the morning between 8.00 and 9.00
at an empty stomach. The blood serum was sepa-
rated and the samples were stored in the freezer
(=80 °C). The biochemical parameters of blood se-
rum in the volunteers were determined after thaw-
ing of the blood samples.

The daily intake of selenium in volunteers was
estimated by the nutritional protocol analysis of
Alimenta software, version 4.3 (Food Research
Institute of National Agricultural and Food Cen-
tre, Bratislava, Slovakia).

Determination of the concentration of seleni-
um in blood serum was carried out and evaluated
by the spectrofluorometric method [22] at the In-
stitute of Animal Physiology, (Slovak Academy of
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Sciences, KoSice, Slovakia). Spectrofluorometer
RF-540 (Shimadzu, Kyoto, Japan) was used. The
analysis of biochemical parameters was done by
the automatic biochemical analyser LISA 200
(Biocode Hycel, Massy, France). The reference
levels by the company Spinreact (Girona, Spain)
were used for analysis. The following parameters
were determined: total cholesterol, triglycerides,
high-density lipoproteins (HDL) cholesterol and
low-density lipoprotein (LDL) cholesterol. All pa-
rameters were expressed as millimoles per litre.

The effect of the selenized pork on the sele-
nium status, total cholesterol, triglycerides, HDL
and LDL cholesterol levels were evaluated by
comparison of Se levels among three samples in
each group separately. Changes in levels of par-
ticular traits were tested by the Wilcoxon Signed
Ranks Test. All statistical analyses were per-
formed using SPSS v. 20 software (IBM, Armonk,
New York, USA).

RESULTS AND DISCUSSION

Despite of randomization of volunteer groups,
initial selenium level in blood was higher in the
experimental group. The initial selenium sta-
tus (1st sample) in the experimental group was
86.39 £1.68 ugl! and 76.82+4.85 ugl! in the
control group. Selenium level in the experimen-
tal group increased to 91.69=3.61 ugl! after
14 days (2nd sample) of the selenized pork con-
sumption, and to 105.76 + 20.58 ug-1-! after 28 days
(3rd sample) of the selenized pork consumption.
Differences among all samples in the experimen-
tal group were statistically significant (1st/2nd
and 1st/3rd — p = 0.005; 2nd/3rd - p = 0.022).
The increase of variability, from standard devia-
tion SD = 1.68 in 1st sample to SD = 20.58 in 3rd
sample, is an interesting fact. The cause of such
a variability is unknown. Genetic variation in the
selenoprotein genes influencing the selenoprotein
activity and response to dietary selenium were re-
ported [23, 24]. Intra-individual variation in sele-
nium level has been reported, too [25]. Selenium
levels in the control group also showed small
variations (78.71 =4.35 pgl1! in 2nd sample and
79.65 +3.56 pgl! in 3rd sample) without signifi-
cant differences among the three samples neither
in mean, median or SD. Selenium level and its
change in the experimental and the control groups
are given in Fig. 1, outliers in the 3rd sample from
the experimental group being omitted. Compara-
ble results were presented in previous studies with
Se supplementation by shrimp, fish, yeast, wheat,
bread and meat [26-29]. On contrary, BUGEL [30]

reported plasma selenium level being unaffected
either by natural pork or by pork with rapeseed
oil-based Se enrichment in 12 volunteers.

The recommended concentration of selenium
in blood serum for protection against the effect of
free radicals is 100-122 ug:l-1 [31]. A satisfactory
level of plasma selenium is greater than 80 ugl-!
[32]. Although initial levels of serum selenium
were above this threshold in the experimental
group and very close in the control group, recent
research in Slovakia as well as in Central Eu-
rope showed selenium deficiency in population.
MADARIC and KADRABOVA [33] presented concen-
tration of serum selenium levels in the range from
46 pgl1 to 77 ugl'l in 1056 examined people from
various regions of Slovakia.

CowmBs [6] in a review reported the serum or
plasma levels in the range 48-79 ugl! in Slova-
kia. Population in 69 countries showed concentra-
tions of selenium in blood serum or plasma lower
than 60 pgl1in 22% of the population [6]. Low
average selenium concentrations in blood serum,
75.9+12.8 ugll in men and 69.5+14.7 ugl! in
women, were determined in a sample of 136 Polish
people from Gdansk region [34]. Concentra-
tion of selenium in the blood serum ranged from
52.9 ugll to 73.43 wgll in a group of 386 healthy
people in Czech Republic [35].

The total cholesterol level in the experimental
group in the 1st sample was 5.93 +1.08 mmol-I-!
and decreased to 5.52%1.06 mmoll! and
5.40 £1.12 mmol'I'! in 2nd and 3rd sample, re-
spectively. The difference between the 1st and 3rd
sample was statistically significant at p < 0.05.
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Fig. 1. Changes of selenium levels in serum
in the experimental and control groups.

1st sample — sample taken before the start of pork consump-
tion, 2nd sample — sample taken after 14 days of the pork
consumption, 3rd sample — sample taken after 28 days of
the pork consumption.
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Fig. 2. Serum cholesterol levels in three samples
of volunteers from experimental group.
1st sample — sample taken before the start of pork consump-
tion, 2nd sample — sample taken after 14 days of the pork
consumption, 3rd sample — sample taken after 28 days of
the pork consumption.

Total cholesterol level decreased in 8 volunteers
after 28 days of the selenized pork consumption,
in 5 volunteers the total cholesterol level reached
reference range (4.2-5.2 mmol-I-1, Fig. 2).

The total cholesterol level in the control group

was recorded at levels of 5.10+1.08 mmol-l-1,
496+ 1.13 mmol-l'! and 4.94 +1.52 mmol‘l!l in
1st, 2nd and 3rd sample, respectively. The differ-
ences being insignificant.

Total concentration of HDL cholesterol in-
creased, LDL cholesterol and triglycerides de-
creased in the experimental group. Although
a positive trend was recorded regarding the sele-
nium impact on HDL cholesterol, LDL cholester-
ol and triglycerides, differences among the three
samples were not significant. Lipid profile traits
in the control group showed small variability in all
analysed traits but without a significant difference
(Tab. 1).

The effect of selenium on the lipid profile
was studied thoroughly in experimental animals
in which selenium supplementation decreased
the total cholesterol and LDL cholesterol and in-
creased HDL cholesterol levels, whereas selenium
deficiency had the opposite effect. The mecha-
nisms by which selenium influences plasma lipids
are not known but there are several ways by which
selenoproteins affect lipids and lipoproteins. It
was found that inactivation of the synthesis of se-
lenoproteins in mice resulted in increased plasma
cholesterol concentration and increased concen-

Tab. 1. Lipid profiles of volunteers in the experimental and control groups.

Sample Total cholesterol Triglycerides HDL cholesterol LDL cholesterol
Experimental group
n 10 10 10 10
1st sample |Mean = SD [mmol-I-] 5.93+1.08* 1.89+0.75 1.70+0.52 3.37+1.06
Median [mmol-I1] 5.61 1.83 1.57 3.32
n 9 9 9 9
2nd sample |Mean = SD [mmol-I1] 5.52+1.06 1.35+0.57 1.74+0.53 3.18=1.11
Median [mmol-I-] 5.41 1.07 1.62 2.95
n 10 10 10 10
3rd sample |Mean = SD [mmol-I-1] 5.40+x1.12* 1.28 £0.46 1.73+0.49 3.08 +1.02
Median [mmol-I1] 5.25 1.07 1.69 3.01
Control group
n 10 10 10 10
1st sample |Mean = SD [mmol-I-1] 5,10+=1.08 1.54+0.68 1.43+0.74 2,98 +0.61
Median [mmol-I-] 5,41 1,50 1,55 3,01
n 10 10 10 10
2nd sample |Mean = SD [mmol-I1] 496+1.13 1.27+4.45 1.41+0.74 2.97+0.84
Median [mmol-I1] 5.01 1.28 1.40 2.91
n 10 10 10 10
3rd sample |Mean = SD [mmol-I-] 4,94 +1.52 1.49 +£0.55 1.31+£0.76 2.96 +0.92
Median [mmol-I1] 5.12 1.39 1.49 2.93

1st sample — sample taken before the start of pork consumption, 2nd sample — sample taken after 14 days of the pork consump-

tion, 3rd sample — sample taken after 28 days of the pork consumption.

HDL - high-density lipoprotein, LDL - low-density lipoprotein, SD — standard deviation, * — values are significantly different

(P < 0.05).
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tration of apolipoprotein E, which was caused by
the increased expression of genes for the biosyn-
thesis of cholesterol and decreased expression of
genes responsible for metabolism and transport of
cholesterol. However, relevance of these studies
for humans is questionable. It is supposed that the
association between the selenium status and car-
diovascular risk depends on the selenium status of
the monitored population [36]. On the other hand,
mechanisms of adaptation to low intakes of sele-
nium, such as reduced excretion or higher body re-
tention, were reported [30, 37].

CONCLUSION

Serum selenium level was positively changed in
effect of the selenized pork diet in the presented
study. The results suggest that selenium addition
to the feed mixtures for pig fattening can influence
the selenium content in human blood. Our results
are in contradiction with the results of BUGEL [30]
stating that pork is not a good source of selenium
in human diet and recommending combination
with other nutritional sources. Positive impact on
the lipid profile was not confirmed, except for to-
tal cholesterol level. The relation among various
selenium sources in human diet, selenium status
and health status remains a topic for next research.
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