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ABSTRACT. The aim of the work was to evaluate
the levels of selenium (Se) accumulation by muscles of
domestic animals in Mongolia and reveal the values of
Se intake with meat by the population. Fluorimetric
method of analysis was used. Se concentrations in
muscles of cattle, lambs, horses and goats of 17 Mon-
golian provinces varied between 99-249 ng Se/kg of
dry weight. The lowest values of meat Se were regis-
tered in the Northern and Eastern provinces, the high-
est- in the South-Western part of the country. Mean
values of Se daily consumption with meat by the in-
habitants of Mongolia reached 8.7—17 pg that corre-
sponds to 15.8-31% of the daily recommended intake.
In conditions of Se deprivation lung/muscles Se ratio
was larger than in conditions of higher Se consumption
level .Water soluble forms of Se composed 51-53% of
the total amount of the element in meat irrespective to
geographical source of the element.

PE3IOME. Lienp paboThl — OLIEHKA YPOBHEH aKKy-
MYJIMPOBAHUS CEJIECHA MBIIIEYHOM TKaHBIO CEIbCKOXO-
3AHCTBEHHBIX JKUBOTHBIX MOHTOIMH M PacyeT ypOB-
Hel moTpeOJICHNsT HACETIEHHEM CEJIeHa C MSCOTPOIYK-
Tamu. B pabote mcmons3oBancs (IryopoMeTpHUIecKIi
MeToJ1 ompeseneHus ceieHa. KoHleHTpalys ceneHa B
roBsauHe, OapaHuHe, KOHUHE M KO3/sAThHEe 17 aiima-
KOB MoHronmmu coctaBuia uHTEpBal 99-249 MKI/Kr
cyxoil Maccel. Hambonee HU3KHMe 3Ha4YeHHWsS KOHIICH-
Tpanuii OBUTH 3aperucTPUPOBAHBI HA CEBEPE M BOCTOKE
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CTpaHbl, HanboJsiee BbICOKHE — Ha toro-3amane. Cpen-
HHE TIO0Ka3aTeNId CYTOYHOTO MOTPEOJICHUsI CeJeHa C
MSICOM JKUTEeIAMU MoHrojmu jpocturayim 8,7—17 Mxr,
yTo cooTBeTcTBYeT 15,8—31% pexoMeHayemMoro ypos-
Hi. B ycloBmsx HemocTaTka MOTPEOJCHUS CelcHA
CEITbCKOXO3SMCTBEHHBIMH JKHBOTHBIMH COOTHOIIICHUE
CeJlIeH JIeTKHX/CENIeH MBIILIEYHOW TKAaHH OKa3aloch
BBIIIIE, YeM B pErHOHax ¢ 0ojiee BHICOKUM CEJICHOBBIM
crarycoM. Jlons BogopacTBoprMBIX (hopM celieHa co-
craBmia 51-53% ot o0miero conepikaHus MHUKPOIJIe-
MCHTa B MACE HE3aBHCHMO OT TeorpapuyecKoro mo-
JIOKEHUS MecTa 0TOopa mpoo.

INTRODUCTION

Evaluation of the human Se status in different re-
gions of the world is of great priority due to essential-
ity and strong antioxidant properties of the element
(Golubkina, Papazyan, 2006; Oldfield, 1996). Se en-
ters human organism from soil via products of plant
and cattle breeding so that Se deficiency in soils, es-
pecially in agrarian regions, stimulates the develop-
ment of Se-deficient diseases in domestic animals and
human beings. Adequate intake of this element pro-
vides high immunity, decreases the risk of cardiovas-
cular diseases and cancer, induces optimum of repro-
ductive function, stimulates excretion of heavy metals
from the organism (Golubkina, Papazyan, 2006), and
is considered to be one of the factors, affecting life
spang (Gavrilov, Gavrilova, 1991).
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The most important sources of Se for human be-
ings are cereals and meat. The main chemical forms
of Se in these products are compounds with high bio-
availability: selenocystein and selenomethionine in
meat and selenomethionine in cereals (Golubkina,
Papazyan, 2006). Depending on the dietetic habits of
society these products may determine the human Se
status that opens the possibility of Se status prognosis
via values of Se accumulation in appropriate food
products. Thus, a direct correlation between serum Se
concentrations for the inhabitants of Russia and Se
content in wheat has been demonstrated (Golubkina,
Alfthan, 1996). Meat consumption is shown to pro-
vide from 37 to 82% of recommended daily intake of
the element in European countries (Pilarczyk et al,
2010, 2012). High consumption level of meat in
Mongolia (about 110 kg/person/year) supposes the
leading role of meat in the formation of the human
Se status in the country. Nevertheless data on the Se
status of Mongolia are very limited and include a de-
scription of Se deficiency diseases in domestic ani-
mals in the North of the country (Ermakov, Kovalsky,
1974), and a demonstration of low serum Se levels in
children of Ulaanbaatar (Lander et al, 2008). Special
attention should be paid to the fact that the country is
characterized by low life span of the population and
high oxidative stress (Komatsu et al., 2008, 2011). In
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such a situation evaluation of ecological risks
connected with low Se intake by the population using
Se accumulation levels in meat seems to be very at-
tractive.

The aim of the present study was the determina-
tion of geographical peculiarities of Se accumulation
by muscles of domestic animals in Mongolia and rev-
elation of the values of Se intake with meat by the
population.

MATERIALS AND METHODS

141 Samples of carcass muscles of cattle, sheep,
goats and horses were collected from 17 provinces of
Mongolia in 2009 (Fig. 1). To evaluate Se distribu-
tion between organs and tissues samples of muscles,
liver and lung were collected from three animal spe-
cies (horses, lambs, cattle; n = 3). Samples of beef
imported from China were obtained in shops of
Ulaanbaatar. All samples were homogenized, freeze
dried and kept at room temperature before the analy-
sis. To estimate the human Se status 40 samples of
human hair were gathered in Ulaanbaatar (mean age
of the participants was 32 + 6 years). Hair samples
were washed with 1% solution of sodium dodecyl
sulphate to remove fat, distilled water and dried to
constant weight at 70 °C.

Fig. 1. Provinces of Mongolia where meat samples were collected
(see Table 1)
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Table 1. Se content in meat of domestic animals of Mongolia (ug Se /kg of dry weight)

N* Province Beef Lamb Horse-flash Goat-flash
166£13 (9) 1286 (6) 13443 (3) 13547 (3)
: . Sukhbaatar 150-180 124-132 133-138 124-143
o
=]
k> 163423 (3)
2 g Selenge 140—189 — — -
3
u 13116 (12)
3 n Khuvsgul - - -
E & 109-155
o
2 123+6 (3) ~ ~ ~
4 §° Dornod 118-129
= +
5 = Bayan—Ulgii — ! 0954_1101 S) — -
5]
Q
£ . ~ ~ 15030 (3) ~
6 § Dornogovi 120-180
(=W
; — U 15447 (3)
Vs - - -
145-166
Mean** 139 £19
N . 196422 (3) 170430 (3)
; é Uvurkhangal 149-242 140-200 - -
o
jdm]
5 187427 (6) 12549 (3) ~ ~
0 3 Bayankhongor 160213 115-134
[}
= + +
o] | v | S0 | - e
8 _ _
o
& 129+12 (3) 175414 (3) 19115 (3) 14912 (3)
1 ‘g Ulaanbaatar 115-142 160-190 175-211 136-164
] ~ ~ 168£13 (9) 21649 (6) 16848 (6)
2 £ Darkhan-Uul 150186 207-225 156-176
o
~ 19410 (3)
13 = Bulgan - - - 183-204
Mean** 174+24
14 . 249+46 (6) 9945 (6) 178+12 (3) 17016 (3)
) Arkhangai 181-296 94-104 167-190 150-190
[}
g 245452 (6) ~ 273423 (3) ~
53 Khovd 193-296 250-296
(]
2 o 236+10 (3) ~ 446427 (3) ~
- Govi-Altai 227-246 418-470
=
S
£ _ 229+18 (3)
- Khenti 211-247 - - B
Ay
Mean** 234+85
Concentration range 123-249 99-168 134-446 135-194

*N — number on the map (Fig. 1); ** — Statistical significance between groups: (Il — III) — p < 0.01; (I - III) and (Il - I) —

p<0.001.
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Se concentration was determined fluorimetrically
(Alfthan, 1984). The accuracy of the method was as-
sessed using certified reference materials: lyophilized
muscles (Agricultural Centre of Finland, Se content
394 ng/kg,), lyophilized chicken liver (no 32/EKT;
National Public Health Institute, Helsinki, Se concen-
tration 2766 pg/kg) and hair (GBW09101b; China,
reference value 590 pg/kg).

Statistical analysis was achieved using the Student
criteria.

RESULTS AND DISCUSSION

Se content in meat of domestic animals is known
to vary in a very broad range from tens to hundreds
of nug Se /kg depending on feed characteristics and
geographical origin (Pilarczyk et al, 2012). Data pre-
sented in Table 1 and Fig. 2 indicate Se concentration
range 99-249 ng/kg of dry weight for 17 Mongolian
provinces. About 46% of all meat samples investigated
are characterized by Se levels of 140-180 pg/kg d.w.
(Fig. 2), while more than 25% of registered parameters
happen to be lower than 140 pg/kg. Significantly higher
values are registered in other countries. Thus beef of
Australia contains 257-432 pg Se /kg d.w. (McNaugh-
ton, Marks, 2002), Poland — 107-310 pg/kg d.w.
(Pilarczyk et al, 2010), Ireland — 218-375 pg/kg d.w.
(Murphy, Cashman, 2001), the Urals regions of Russia —
270-511 pg/kg d.w. (Golubkina, Papazyan, 2006), Is-
land — 50-343 pg/kg d.w. (Reykdal et al, 2011). And
only in New Zealand and Chinese provinces with deep
Se deficiency the values are lower and often do not ex-
ceed 35-70 pg/kg (the data of (Combs, Combs, 1986) is
calculated per dry weight). The demonstrated parame-
ters for meat of Mongolia bear evidence of serious prob-
lems connected with Se deficiency in the objects of the
environment of the country. The results seem to be the
first concrete characteristics of environmental Se status
in Mongolia.

Geographical situation is known to greatly affect
Se concentrations in plants and animals (Finley,
Penlandl, 1996; Hoffman et al, 1972). Values of Se
accumulation in muscle tissues of domestic animals
in Mongolia allow define three regions of significant
(), moderate (II) and light (IIT) deficiency. The first
group of significant Se deficiency combines the
Northern provinces (Uvs, Bayan-Ulgii, Khuvsgu,
Selenge) and the Eastern part of the country
(Sukhbaatar, Dornod, Dornogovi), where mean Se
concentration in meat is equal to 139 pg/kg.

Exactly in the Northern regions Se deficient
diseases in domestic animals have been registered in
the 70™ of the 20™ century (Ermakov, Kovalsky,
1974). This area neighbours Se deficient territories of
Russia: Mountainous Altay (Golubkina, Maimanova,
2006), Buryatia, Amur, Irkutsk (Golubkina,
Papazyan, 2006) and Chita regions (Aro et al, 1994).
Data of Table 2 show that meat Se levels of these
Mongolian provinces are close to the appropriate pa-
rameters demonstrated for Chita region (Table 2).
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Fig. 2. Histogram
of Se content in meat from Mongolia

Table 2. Se content in livestock meat from neighboring to Mongolia regions (ug/kg dry weight)

Meat Region M=SD Concentration range References
Lumb 172459 87-339
Goat-flesh Mountainous Altay 27243 269-275
Golubkina, Maimanova, 2006
Horse-flesh 241+£50 183-317
Mountainous Altay 210+52 96-319
China* (n = 8) 3304128 183-511 The present investigation
China ** 10-30
Combs, Combs, 1986
Beef China *** 50-250
Buryatia**** 98 £36 49-144 Golubkina, Papazyan, 2006
Irkutsk region®*** 132433 98-165 Golubkina et al, 1998
Chita region 123495 32-218 Aro et al, 1994

*— imported to Mongolia; ** — endemic regions of Se deficiency (Keshan disease); *** — moderate Se deficiency; **),

*#%) and ****) — the values are given per kg of fresh weight.
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Locations of provinces with light Se deficiency
(mean Se concetrations 234 pg/kg d.w.) are more mo-
saic, though an area in the South-West of the country
(Khovd, Govi-Altay) seems to be a continuation of
Chinese provinces of light Se deficiency (Oldfield,
1999). In fact Se concentrations in beef imported
from China are close to the above mentioned values
(183-511 pg/kg d.w). Relatively high Se level has
been detected in horse-flash of Govi-Altay province
(446 pg/kg d.w). Nevertheless, one should take into
account that among other domestic animals horses
occupy only 8% (Reading et al, 2004) that restricts a
positive effect of favorably elevated Se content in
horse-flash on the human Se status in Mongolia.

Calculated Se daily intake with meat by Mongolian
residents is close to 8.7—14 pg/day in the first group of
provinces, that corresponds to 15.8-25.5% of the
recommended daily intake. Se consumption levels in
other provinces are lightly better but do not exceed
17 pg/day (or about 31% of the recommended value)
even in the third group of provinces. In European
countries Se consumption with meat is significantly
higher: 20-45 pg/day, providing from 36 to 82% of the
recommended Se intake level (Pilarczyk et al, 2012).
Nevertheless, in Europe a significant part of Se intake
by the population composes Se of cereals, whereas in
Mongolia this food source of the element is practically
excluded due to high meat consumption. The results
are in good agreement with low serum Se levels of
Mongolian children (Lander et al, 2008) and high oxi-
dative stress (Komatsu et al, 2008, 2011) registered
earlier. Low Se concentrations in hair of Ulaanbaatar
residents demonstrated in this work (Fig. 4) compose
an additional prove of Se deficiency. Indeed mean hair
Se level is equal to 193+£19 ng/kg that is even lower
than the appropriate parameter found in the Amur re-
gion of Russia (231474 ng/kg) (Golubkina, Papazyan,
2006). Narrow concentration range demonstrated in
Mongolia compared to the Amur region of Russia
(170-299 pg/kg and 83-481 ng/kg respectively) indi-
cates more limited sources of Se to the population of
Mongolia.

Se deprivation is dangerous both for human
beings and domestic animals. Muscular dystrophy,
low immunity, degeneration of liver and reproductive
disorders are typical concequences of Se deficiency
in livestock (Combs, Combs, 1986). It is known that
in conditions of Se deficiency the element
accumulates predominantly in vitally important
organs: brain, endocryne glands and reproductive
organs — with the appropriate decrease of Se
concentration in muscles and liver (Behne et al,
1995). We have shown that Se deficiency in domestic
animals of Mongolia is acompanied also by a
significant increase in lung/muscles Se ratio — the
phenomenon clearly seen from a comparison with
Moscow region data (Fig. 3). The intensity of
oxidation processes in lung seems to be a reason of
elevated levels of natural antioxiant Se — the
phenomenon most pronounced in conditions of low
Se content in the environment.

Another aspect of deficiency effect on the Se
status parameters may include changes in
watersoluble Se forms concentration of animal
muscles due to the fact that such compounds are
known to exibit the highest biological activity in
living beings (Golubkina, Papazyan, 2006). We have
shown that the share of watersoluble forms of the
element in muscles does not differ between cattle,
lambs, horses and goats of Mongolia and is equal to
50,5-52,8% (the differences being statistically
insignificant, p > 0.5). Furthermore the demonstrated
values do not differ with those for meat of domestic
animals for other regions: 51.8+1.0% in Moscow
region with light Se deficiency (Garanina, 2003) and
50.9+£0.9% in Moldova republic with high Se status
of the environment (Kapitalchuck et al, 2011). Thus,
different biogeochemical conditions seem not to af-
fect the percentage of water soluble forms of Se in
muscles of domestic animals.
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Fig. 3. Se content in lung and liver of
1) horse, 2) lumb, and 3) cattle
in Mongolia compared to 4) cattle
of Moscow region, Russia
(Golubkina, Papazyan, 2006)
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CONCLUSIONS

Results of this small monitoring reveal serious
problems of Se deficiency in Mongolia. More de-
tailed monitoring of Se accumulation in meat of do-
mestic animals in Mongolia is necessary to obtain a
full picture of Se geographical distribution. Com-
bined with epidemiological investigations, such data
will allow not only to establish territories of ecologi-
cal risk connected with Se deficiency, but also to
achieve scientifically based correction of the Se status
both for livestock and residents of the country. Such
investigations may become the basis in improving
livestock productivity and human health.
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