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The paper presents various options of enrichment of poultry products (eggs and meat) with trace element sele-
nium, as well as its impact on human health. Since the eggs and poultry meat are a good sources of protein, amino acids
and fatty acids, and their prices are acceptable, they are often used daily in the human diet. By adding selenium in feed,
it is possible to increase its content in eggs and muscle tissue of chickens. Regarding the sources of selenium, research-
ers prefer the organic form of selenium compared to inorganic, because of its better utilization from feed to the body.
Addition of organic selenium in feed for animals is important for normal reproductive function (spermatogenesis),
better hatchability and better viability of one-day offspring, the oxidative protection of the cells, better immune status
of the organism, improved production and quality of eggs and meat. Using poultry products enriched with selenium in
human nutrition provides the body with the required amount of selenium and can positively influence the human im-
mune system. Furthermore, the importance of selenium is reflected in its role of catalyst in the production of the active
form of thyroid hormone. Selenium is an essential nutrient in response to viral infections and maintenance of reproduc-
tive capabilities (better sperm motility and decreased risk of miscarriage). Because of all mentioned, eggs and poultry
meat enriched with organic source of selenium have extra nutritional, but also health value for people.
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AKUBUHCKHA MTPOU3BOJU 3bOI'ATEHHU CO CEJIEH
1 HUBHOTO BJIMJAHHUE BP3 31PABJETO

Bo 0Boj Tpyn ce npe3eHTHpaHU HEKOJIKY Pa3JIMYHHU OIIIMH 3a 300raTyBame Ha )KUBHHCKH TMPOHM3BOAM (jajua u
MECO0) CO ceJieH (€IeMEHT BO TPAaroBH), KaKO U HETOBOTO BIIMjaHKE BP3 YOBEKOBOTO 3/1pasje. bunejku jajuara u Mmecoto
O XKMBHHA ce J0OpH M3BOPH Ha IPOTCHHH, AMUHOKUCEIMHN ¥ MAaCHH KHCEIMHU U HUBHATA IIeHA ¢ MpUdaT/InBa, THE
4eCTO ce KOPHCTAT CEKOjJHEBHO BO YOBEeKOBaTa Mcxpana. Co 10aBabe celieH BO JOOUTOYHATA XPaHa € MOJKHO [1a ce
3roJieMH HEroBarta COAPXKUHA BO jajliaTa M BO MYCKYJIHOTO TKHBO Ha KOKOLIKHTE. BO Bpcka co M3BOPHTE Ha CEICH,
HCTpaXKyBayHTe MPETIIOYNTAAT OpraHcka (popMa Ha CeJIeH HAMECTO HeOpraHCKa, opaa HEroBOTO MOA00PO HCKOPHUC-
TyBaEbe OJ XpaHa BO TENOTO. J[0faBameTo Ha OPraHCKHOT CEICH BO JOOMTOYHATA XpaHa 3a JKMBOTHHTE € Ba)XKHO 3a
HOpMaJlHa PEMpOoAyKTHBHA (yHKIHMja (CriepMaToreHesa), mojodpa M3BEAJIMBOCT M MOA0Opa KHUBOTOCIOCOOHOCT Ha
€/IHOTHEBHHU IHJICHIIA, OKCUIATHBHA 3aIlTHTAa Ha KJIETKHTE, I10J00ap NMYHOJIOIIKH CTaTyC Ha OPraHU3MOT, KaKO U
0ZI00PEHO MMPOM3BOICTBO M KBAIMUTETOT Ha jajliata U MecoTo. Ymorpedara Ha MPOM3BOAU O[] )KUBUHA 300raTeHU CO
CeJICH BO MCXpaHaTa Ha YOBEKOT Ha TEIOTO My ro o6e30emyBa MOTPEOHOTO KOIMIECTBO CEICH M MOKE TIO3UTHBHO a
BIIMjac Ha YOBEYKHOT UMYH cucTeM. [loHaTtaMy, BaXKHOCTA Ha CEJICHOT ce PedIeKTHpa BO HEroBarta yyiora Ha KaTajd-
3aTOp BO IPOM3BOJCTBOTO Ha aKTHBHA (opMa Ha TUPOUTHUOT XOPMOH. CEJCHOT € eCeHIHMjalHa COCTOjKa Ha XpaHa
KOja JIejCTBYBA BP3 BUPYCHH MH(EKIMN U OAPKYBakbE HA PENPOAYKTUBHHUTE CIIOCOOHOCTH (MOA00pa MOABMKHOCT Ha
criepMara ¥ HaMaJleH PH3HK O] CIIOHTaH aboptyc). O cuTe OBHE MPUYHHH, jajiaTa U )KHMBUHCKOTO MECO 300raTeHH Co
OpraHCKH M3BOP Ha CEJICH HMaaT nmoceOHa HyTPUTHBHA, HO U 3APABCTBEHA BPEIHOCT 32 JIyIeTo.

Kunyunu 360poBH: )UBHHCKO MECO; jajlia; 300raTyBame; CelleH; 31paBje
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INTRODUCTION

Poultry products, meat and eggs, are highly ap-
preciated in the food products market. Poultry meat
occupies one of a leading position in the consump-
tion of all types of meat, both in Croatia and in the
most developed countries of the world. Eggs repre-
sent quality, affordable and inexpensive foodstuff in
many countries and cultures. Ten years back in the
food market have emerged foods that are enriched
with various nutricines and nutrients that have a
positive effect on human health. These products are
called enriched or functional products. The produc-
tion of such value-added products has also found a
place in the poultry industry. Many scientists in
their papers emphasize that designing poultry mix-
tures may affect the composition of omega-3 fatty
acids, various vitamins and minerals (Gréevié et al.,
2011; Imran et al., 2015; Kralik et al., 2016). In the
world market, eggs enriched with omega-3 fatty ac-
ids, vitamin E, iodine, selenium and the like (Fisinin
et al., 2009) can be bought.

Selenium was discovered by Swedish chemist
Berzelius in 1818. At the time of its discovery, sele-
nium was thought to be a very toxic element. How-
ever, in the middle of the 20th century, positive
properties of selenium were determined (Ullrey,
1992). The role of selenium is very important be-
cause it is involved in regulating of various physio-
logical functions in the body (Delezie et al., 2013).
Selenium is a component of 25 selenoproteins and
some enzymes such as glutathione peroxidase and
thioredoxin reductase (Gajcevic¢ et al., 2009; Kralik
et al., 2016). Furthermore, selenium is an important
catalyst in the process of transforming the thyroid
hormone from the inactive form (T4 thyroxine) into
the active form (T3 triiodothyronine; Delezie et al.,
2013). Selenium can have a positive effect on the
reproduction and antioxidative defense of cells (Su-
rai 2000; Yoon et al., 2007; Waseem et al., 2016).
The aim of this paper was to present the possibilities
of enriching the poultry products (meat and eggs)
with selenium and pointing to the health effects of
these products if used in human nutrition.

SOURCES OF SELENIUM

In the food chain, the basic source of selenium
for animals are plants. Plants get selenium from the
soil. Therefore, soil supply with this microelement
is important. As the plant's supply of selenium de-
pends on its availability in the soil, plants from dif-
ferent areas have different selenium content. Since

the poultry mixtures are made from grains grown on
different fields, the content of selenium is not uni-
form. If inorganic fertilizers containing sulfur are
used in agriculture, the selenium availability for
plant is reduced. Also, acidification of soil signifi-
cantly reduces the availability of selenium for
plants. Scientists have pointed out in the results of
their research that an organic form of selenium pro-
duced in the form of selenium-based yeast is intro-
duced as an addition to the animal mixture instead
of the inorganic form of selenium (Surai, 2006; Kra-
lik et al., 2009; Waseem et al., 2016). More recently,
in crop production biofortification of cereals with
selenium is carried out in order to increase the avail-
ability of this microelement to plants, and feeding
the animals with mixtures in which these grains are
used would increase the content of selenium in the
products (Hassan, 1999; Haug et al. 2008; Kralik et
al., 2016).

ENRICHMENT OF POULTRY PRODUCTS
WITH SELENIUM

Scientists say that the source of selenium (in-
organic-sodium selenite or organic-selenomethio-
nine in the form of yeasts or algae) used in animal
feed significantly influences its utilization in the
body (Hess et al., 2000; Payne and Southern, 2005;
Kralik et al. 2016) suggest that the increase of the
selenium content in the mixtures (0.15 mg/kg, 0.30
mg/kg and 0.50 mg/kg of the mixture) for laying
hens has a statistically significant (P < 0.001) effect
on the increase of selenium content in egg whites (A
= 0.052 mg/kg, B = 0.149 mg/kg and C = 0.209
mg/kg) and yolks (A = 0.387 mg/kg, B = 0.663
mg/kg and C = 0.863 mg/kg). The influence of the
selenium source (P < 0.05) on its content in eggs
was determined by Waseem et al. (2016). They
found that a group of hens that consumed feed with-
out the addition of selenium has a statistically sig-
nificantly lower selenium content in the whole egg
(7.77 png) compared to eggs from hens that received
inorganic selenium in the feed in an amount of 0.3
mg/kg (9.14 ng). The highest content of selenium
was found in eggs of hens that consumed feed with
0.3 mg/kg of organic selenium (11.70 pg). Gajcevié
et al. (2009) and Bennett and Cheng (2010) also
found that increasing selenium levels in hens' mix-
tures affects the increase of selenium content in
eggs. Arpasova et al. (2009) indicate that egg qual-
ity was better in hens fed with organic form of sele-
nium. In experimental groups where hens consumed
mixtures with organic selenium 0.1 mg/kg of dry
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matter (A), 0.5 mg/kg of dry matter (B) and 0.9
mg/kg of dry matter (C) they determined better
quality of egg whites. In these groups HU values in-
creased from 58.53 HJ (A) to 87.01 HJ (B) and
87.11 HJ (C). Pappas et al. (2005) and Gajcevic et
al. (2009) also point to a positive correlation be-
tween organic Se in feed for laying hens and the
value of HU in eggs. Sevéikova et al. (2006), for
chickens fed mixtures without the addition of or-
ganic selenium (A) and supplemented with 0.3
mg/kg of selenium in form of selenium yeast, state
that the level of selenium in feed has an effect on its
content in meat of breasts and thighs. The selenium
content in the breast increased from 52.11 pg/kg to
217.39 pg/kg, and in thighs from 70.95 pg/kg to
247.87 pg/kg. Gajcevi¢ (2011) states that the in-
crease in the selenium level, in combination with
linseed oil in mixtures for chickens affects the better
deposition of selenium in breast muscles (P <
0.027). In the experiment, the author had a group P2
in which 6% of linseed oil was added to the feed
without the addition of organic selenium, P4 with
6% linseed oil and 0.3 mg Se/kg feed and P6 group
with 6% linseed oil and 0.5 mg Se/kg feed. There
was determined 0.090 mg Se/kg of breast muscle
tissue in P2, 0.191 mg Se/kg breast in P4 and 0.321
mg Se/kg breast in P6. Mikulski et al. (2009) in the
study of the influence of selenium source in feed for
turkeys on quality and content of selenium in meat
indicate that the source of selenium has an effect on
the quality and content of selenium in meat (P <
0.05). Three groups of turkeys were used in the ex-
periment: A = without the addition of selenium to
feed, B = with 0.3 mg/kg inorganic selenium and C
= with 0.3 mg/kg organic selenium. In the results the
authors state that selenium content was A = 0.160
mg/kg, B = 0.224 mg/kg and C = 0.468 mg/kg of
turkey breast muscle. The authors point out the in-
fluence of selenium sources on better values of
some meat quality parameters (cooking loss A =
14.38%, B = 14.43% and C = 13.63%, drip loss on
raw meat measured 24 hours post mortem A =
0.95%, B =0.94% and C = 0.82%).

HEALTH EFFECTS OF SELENIUM

Selenium is one of the important trace ele-
ments required for the normal functioning of a liv-
ing organism. If there is deficit of any micro- or
macroelement in the body, health can be disturbed
and serious disorders or illness may arise. It is well
known the occurrence of Keshan (endemic cardio-
myopathy) and Kashin-Beck (endemic osteochon-
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dropathy) diseases due to low selenium status in hu-
man population as a result of selenium-deficient soil
especially in northeastern to southwestern China
(Combs and Combs, 1986). Selenium concentration
in tissues, plasma or serum depends on intake and
varies by country, and is generally lower in Eastern
Europe compared to North America (Rayman,
2012). Selenium in the body is a part of selenopro-
teins that have a wide range of health benefits. Most
important of them are glutathione peroxidases
(GPxs), thioredoxin reductases (TrxR) andiodothy-
ronine deiodinases. They show antioxidant and anti-
inflammatory effects and are included in the pro-
duction of active thyroid hormone (Rayman, 2012).
One of the most important health benefit of sele-
nium is its role in cancer prevention. Duffield-Lil-
lico et al. (2002) showed that treatment with 200 pg
selenium per day (as selenium yeast) for a mean of
4.5 years resulted in a significant reduction in can-
cer mortality (50%) and in the incidence of total
(37%), prostate (67%), colorectal (58%), and lung
(46%) cancers after a follow-up of 6.4 years. Low
selenium status is associated with poor immune
function. Selenium supplementation enhances pro-
liferation of activated T cells and increase total T-
cell count, hence boosting immune response (Ray-
man, 2000). Selenium is also very important to hu-
man fertility and reproduction. It is shown that glu-
tathione peroxidase GPx4 protects spermatozoa by
its antioxidant function and with other proteins
forms structural component of the flagellum which
is essential for sperm motility (Ursini et al., 1999).
Low selenium status was connected with pre-ec-
lampsia (Rayman et al., 2003) and preterm birth
(Rayman et al., 2011) in women. At the end, it is
important to note that additional selenium intake
may benefit people with low selenium status while
those who have adequate or high status should be
careful and not take selenium supplements since it
may have adverse effect (Rayman, 2012).

CONCLUSION

People are increasingly taking care of their
health, so they take more care about their daily nu-
trition. Since the consciousness of people about
their own health has been emphasized for a decade
now, there are more and more value-added products
in the market, so called enriched or functional prod-
ucts. Production of poultry products enriched with
selenium is of great importance for manufacturing
and food sector. By introducing new technologies in
poultry production it is possible to produce meat and
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eggs with increased selenium content, which can be
marketed as new products on the market of food
products.
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