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Abstract

The research focused on the effect of a prebiotic additive, mannanoligosaccharides (Bio-Mos), in the
diet of turkey hens on their growth performance and measurements of pro-oxidation and antioxidation
systems in their blood. The investigation was performed on 240 six-week-old turkey hens of the heavy Big-6
breed, randomly divided into two groups. Group | was the control group, whereas the birds in group Il were
fed the control diet with a 0.5% addition of Bio-Mos. Bio-Mos did not increase the concentration of lipid
peroxidation products, peroxide H,O, and malone dialdehyde. However, it contributed to the increased
concentration of some antioxidation parameters such as vitamin C, iron and zinc in the blood. Moreover, it
led to an improved growth performance. The study suggested that mannanoligosaccharides can be used in
practice as a dietary additive for turkeys, stimulating the mechanisms of the birds’ antioxidation defence and
improving their growth performance.
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Introduction

To strengthen the resistance of poultry against pathogenic agents, additives with immunomodulating
characteristics, among others prebiotics, are increasingly being used in the animal feed industry. A prominent
product in this group is mannanoligosaccharides (Bio-Mos), which consists of complex carbohydrates
isolated from the cellular wall of baker’s yeast, Saccharomyces cerevisiae (Parks et al., 2005; Baurhoo et al.,
2007; Dobicki et al., 2007). Bio-Mos supports p-glucans in stimulating defence mechanisms in the body,
activating digestive enzymes, increasing the absorption of nutrients from feed owing to its ability to bind
pathogenic bacteria and neutralizing toxins excreted by such bacteria (Oguz & Parlat, 2004; Zaghini et al.,
2005). This lead to improved poultry performance and lowered susceptibility to infections of the digestive
and respiratory systems (Mikulski et al., 2008). Because mannanoligosaccharides are not digested, they are
found in their unaltered form in the small intestine, where they stimulate the intestinal flora and thus
immunological processes (Dobicki et al., 2007). Hence, stimulating the lymphatic system of the gastro-
intestinal tract is partly translated into an organism’s general immunity (Zdunczyk et al., 2005; Czech &
Grela, 2006; Milewski et al., 2007; Czech et al., 2009; Milewski, 2009). Research by Zdunczyk et al. (2005)
and Swiatkiewicz & Koreleski (2007) confirmed the immuno-stimulating properties of this compound. Since
the immunological and antioxidation systems are mutually complementary mechanisms, it is of interest to
determine the effect of mannanoligosaccharides on the pro- and antioxidant status of the organism, as well as
on growth performance.

The aim of the study was to determine the influence of adding mannanoligosaccharides to the diet of
turkey hens on the level of pro-oxidation and antioxidation indices of their blood and on their performance.
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Materials and Methods

The study was conducted on 240 six-week-old turkey hens of the heavy Big-6 type, randomly divided
into two groups of 120 birds each. Until their 16th week of life, the birds were kept on straw bedding in hen
coops, each housing 20 birds (6 replications for each group). Finishing of the hens was carried out under
standard zoological and hygienic conditions, in compliance with the recommendations of Faruga &
Jankowski (1996). Throughout the experiment, the turkey hens received a standard full-portion diet ad
libitum, produced by Provimi Poland, following the programme comprising of five feeding periods. The hens
had constant access to drinking water. The nutrient content of the diets was in compliance with NRC (1994)
recommendations. Group | was the control group and the birds in group Il received the control diet
supplemented with 0.5% mannanoligosaccharides, Bio-Mos (a natural preparation of Alltech, Poland). At the
end of the 9th and 16th weeks of the birds’ lives, blood samples were taken for biochemical analyses from
their brachial veins, each time from the same 20 birds in every group. Blood plasma samples were used to
determine the concentration of uric acid, urea, bilirubin, creatinine and albumin with the use of monotests
developed by Cormay. Additionally, the concentrations of zinc, copper and iron were determined in blood
plasma, using atomic absorption spectrophotometry. The activity of superoxide dismutase (SOD, EC 1.5.1.1)
was recorded spectrophotometrically in the birds’ blood plasma with the use of the adrenalin method,
following Misra in Greenwald (1985) with a modification in the length of 320 nm (Bartosz, 2004). Also, the
activity of catalase (CAT, EC 1.11.1.6) was determined according to Bartosz (2004). Total antioxidation
potential of the plasma (FRAP) was measured according to Benzie & Strain (1996). Plasma was used to
record the concentrations of lipid peroxidation products: Superoxide, according to Gay & Gebicki (2002) and
malone dialdehyde as the final product of lipid oxidation, according to Ledwozyw et al. (1986). The content

Table 1 Ingredient and nutrient content of the standard experimental diets

Ingredient Grower 1 Grower 2 Finisher 1

(Feeding period) (6 - 9 week) (10 - 13 week) (14 - 16 week)
Maize (%) 25.0 25.0 20.0
Wheat (%) 30.6 36.8 56.6
Soybean (%) 335 28.0 15.0
Meat and bone meal (%) 5.00 5.00 4.0
Soya oil (%) 2.00 2.00 1.2
Limestone (%) 0.70 0.50 0.50
Cytromix Plus® (%) 0.20 0.20 0.20
Farmix? (%) 3.00 2.50 2.50

Nutrient composition
Crude protein (g/kg) 230 195 170
Metabolisable energy (MJ/kg) 12.13 12.34 12.55
Lysine (g/kg) 145 125 10.5
Methionine + cysteine (g/kg) 9.5 8.5 75
Tryptophan (g/kg) 2.5 2.1 1.8
Threonine (g/kg) 9.2 7.9 6.7
Calcium (g/kg) 12.0 115 11.0
Phosphorus (g/kg) 6.5 55 5.0
Sodium (g/kg) 1.5 1.5 15

T Cytromix Plus: citric acid, fumaric acid, phosphoric acid (62%).

2 Farmix: Mineral and vitamin premix (per kg diet): 3 000 000 IU vitamin A; 900 000 IU vitamin
D3; 10 000 mg vitamin E; 500 mg vitamin K3; 700 mg vitamin By; 2 000 mg riboflavin; 1 200 mg
vitamin Bg; 6 mg vitamin By,; 400 mg folic acid; 72 mg biotin; 15 000 mg niacin; 120 000 mg
choline; 4 200 mg calcium pantothenicum; 30 000 mg Mn; 18 000 mg Zn; 12 000 mg Fe; 3 000 mg
Cu ; 200 mg I; 60 mg Se; 40 mg Co; 15 g Ca.
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of vitamin C was determined calorimetrically in a reaction with 2,6-dichlorophenolindophenol following the
method of Omaye et al. (1979). During the study, the following production indices were analysed: Body
weight (at the start of experiment and at the 6th, 9th, 15th and 16th weeks of life), feed intake and feed
conversion ratio. Based on the production results, the index of rearing effectiveness (WEQO) was calculated
(Faruga & Pudyszak, 1999):

mean body weight after rearing (kg) x liveability (%) x 100
WEO = day of rearing x feed conversion ratio (kg/kg)

The results obtained were analysed statistically (standard error of means (SEM), standard deviation
(SD)) by analysis of variance (ANOVA), using Statistica 6.0 software (StatSoft, 1995). The P values <0.01
and <0.05 were considered significant.

Results

The growth performance of the turkey hens is presented in Table 2. The hens receiving the additive,
Bio-Mos, in their feed throughout the experimental period were heavier than those in the control, which was
also reflected in weekly weigh gains. As the experiment progressed, feed intake decreased by 2.61%,
calculated per 1 kg of body mass, which was recorded also in the Bio-Mos group. The data obtained are
expressed according to the European Index of Rearing Effectiveness (WEQ). The value of this index was
39.7 points higher (P <0.05) in the Bio-Mos group (481.6 points) compared with the control group (441.9
points). The survival rate of the hens was 100%.

Table 2 Growth performance of turkeys on a diet supplemented with
mannanoligosaccharides (Bio-Mos)

Experimental group
Item ] SEM
Control Bio-Mos

Body weight (kg) 6 weeks 1.79 + 0.06 1.77 £ 0.05 0.015
9 weeks 3.10+0.25 3.69+0.2 0.27

15 weeks 8.62+0.17 8.98 + 0.24 0.31

16 weeks 012°+0.46  9.68%+0.55 0.26

Gain (kg)

(6 - 16 weeks of life) 7.33 791 0.04
Feed conversion ratio (kg/kg)

(6 - 16 weeks of life) 2.68 2.61 0.02
WEO points 441.9° 481.6° 3.24

2P Means within the same row with different superscripts differ significantly (P <0.05).
SEM: standard error of the mean.
WEO: index of rearing effectiveness.

A significant factor in assessing the effectiveness of feed additives in animal nutrition is the course of
metabolic processes that is reflected, among others, in changing biochemical parameters of the blood
(Ganong, 2005). The results of the analyses referring to the selected biochemical parameters of turkey hens’
blood plasma are presented in Table 3. During the whole fattening period the hens receiving the additive,
mannanoligosaccharides (Bio-Mos) in their feed, showed lower plasma concentrations of the non-enzymatic
antioxidants, uric acid, urea and creatinine, than in the control group. During the whole experimental period
the concentration of uric acid was on average 20.4% lower than in the control. Only in the first period of
administering Bio-Mos (the 9th week of life) the concentration of urea was lower (P <0.05) in comparison
with the control group. However, during the whole fattening period the mean concentration of urea in the
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plasma declined by 21.3%. Only at the end of the experiment (16th week of life) the creatinine concentration
in the Bio-Mos group was 26.3% lower (P <0.05) than that in the control group. Another non-enzymatic
antioxidant determined in the analyses, was bilirubin. During the first nine weeks of observation the bilirubin
concentration in the plasma of the hens was similar in both treatment groups . At the end of the experiment
(week 16) a drop of 20% in bilirubin concentration was recorded in the birds fed mannanoligosaccharides
compared with the control group. At the 9th week, albumin concentration in plasma was similar in the two
treatments, though a declining tendency of 12.5% was noted in the plasma of the turkey hens receiving Bio-
Mos. The main products of lipid oxidation are hydrogen superoxide and malone dialdehyde. An increased
concentration of lipid peroxidation products proves the predominance of oxidation processes in the
organism.

Table 3 Level of biochemical indices in blood plasma of turkey hens on a diet supplemented with
mannanoligosaccharides (Bio-Mos)

Week of Experimental group

Item . SEM
life Control Bio-Mos
Uric acid 9 280.4* + 63.1 231.0° + 451  0.239
(mol/L) 16 266.5° + 52.6 204.2° + 637  0.218
% 273.4* + 57.85 2176° + 544  0.210
Urea 9 0.77* + 0.11 052° + 005  0.010
(Mmol/L) 16 068 + 0.13 062 + 016  0.012
% 0.72* + 0.2 057° + 0.105 0.010
Creatinine 9 16.08 + 351 16.79 + 3.35 0.139
(Hmol/L) 16 37.19° + 9.65 27.40° + 764  0.142
% 26.63° + 6.58 2209" + 549  0.140
Bilirubin 9 385 + 0.77 373 + 035  0.093
(Hmol/L) 16 463" + 049 3.70° + 024  0.082
% 424* + 0.63 371° + 029  0.076
Albumin 9 1352 + 1.40 1352 + 148  0.143
(g/L) 16 15.64° + 2.27 1367° + 097  0.112
% 1458 + 1.83 1359 + 122  0.101

P Means in the same row with different superscripts differ significantly (P <0.05).
SEM: standard error of the mean.

Data referring to the formation of pro-oxidation-antioxidation potential in the blood plasma of the
turkey hens fed Bio-Mos are presented in Table 4. At the 9th week of rearing the addition of Bio-Mos led to
a reduction of 29.8% (P <0.05) in the concentration of hydrogen superoxide in plasma compared with the
control. However, no significant effect of administering Bio-Mos was observed on the concentration of
plasma malone dialdehyde in the hens. Recorded values did not reveal any noticeable changes in the activity
of superoxide dismutase in the plasma of hens receiving Bio-Mos. The additive reduced (P <0.05) catalase
activity by 44.3% and total antioxidation potential in plasma by 24.9% compared to the control. However,
this effect was observed only at the beginning of the experiment. The concentration of vitamin C was
126.3% higher (P <0.05) in the group fed Bio-Mos compared with the control group, particularly during the
first period of rearing.

The concentration of mineral elements in blood plasma of the turkey hens is presented in Table 5. In
the first period of administration the addition of Bio-Mos resulted in an increase (P <0.05) of 12.6% in the
concentration of iron in blood plasma, compared with the control group, and at the 16th week an increase (P
<0.05) of 27% in iron concentration was recorded. Throughout the rearing period the mean concentration of
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iron in blood plasma was higher than in the control group. At the 9th week of rearing zinc concentration in
the plasma of the birds receiving Bio-Mos was 53% higher (P <0.05) than in the control group. Neither at the
9th nor at the 16th week any noticeable changes was observed in copper concentration in the plasma of the
hens.

Table 4 Level of pro-oxidants and antioxidants indices in blood plasma of turkey hens on a diet
supplemented with mannanoligosaccharides (Bio-Mos)

item Week of Experimental group SEM
life Control Bio-Mos
H,0, 9 439" + 1.65 3.08" + 156  0.032
pmol/L 16 401 + 136 577 + 1.71  0.038
X 42 + 150 442 + 163  0.034
MDA 9 022 + 0.08 028 + 008  0.012
pmol/L 16 040 + 0.11 044 + 013  0.018
X 031 + 0.09 036 + 010  0.016
Superoxide 9 239 + 202 232 + 1.60 0.053
dismutase 16 1585 + 1.65 1467 + 279 0.058
U/mL X 198 + 1.83 189 + 2.19 0.051
Catalase 9 71° + 1.16 3.95° + 137  0.023
U/mL 16 6.81 + 6.35 6.85 + 247  0.031
% 6.95° + 3.75 540° + 1.92  0.030
FRAP 9 64.48° + 4.4 48.40° + 83 0.045
pmol/L 16 7842 + 7.4 7929 + 7.0 0.018
5 71.4* + 6.10 63.8° + 7.65  0.031
Vitamin C 9 0.056° + 0.01 0.17* + 0.02  0.008
mg/L 16 0.058° + 0.01 0.087* + 0.04  0.010
= 0.057° + 0.01 0.129° + 0.03  0.009

2P means in the same row with different superscripts differ significantly (P <0.05)
SEM: standard error of the mean.

H,0,: peroxides;

FRAP: total antioxidant potential of plasma;

SOD: superoxide dismutase;

MDA: malondialdehyde.

Discussion

In the present study the final body mass of the hens receiving Bio-Mos was significantly higher than
that in the control. Improved performance in turkeys and chickens fed a feed supplemented with
mannanoligosaccharides and B-glucan was also observed by Zdunczyk et al. (2005) and Mikulski et al.
(2008). In broilers fed a diet containing mannanoligosaccharides, a significant drop in the number of
pathogenic strains of Salmonella and Escherichia coli was observed, as well as an increase in the desirable
intestinal bacteria of Lactobacillus spp. and Bifidobacterium types, which produce short-chain fatty acids and
reduce the pH of the intestinal contents and thus create an unfavourable environment for pathogens (Baurhoo
et al., 2007). Hence, improved rearing effects are related to the beneficial influence of the components of the
cellular wall of Saccharomyces cerevisiae yeast on the development, morphology and metabolism indices in
turkeys and chickens (Zaghini et al., 2005). Changes in the morphology of intestines and metabolic indices
resulted in better digestion, better absorption of nutrients in the small intestine, improved specific immunity
and increased weight gains (Lecewicz et al., 2008).
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Table 5 Concentration of microelements in blood plasma of turkey hens on a diet supplemented with
mannanoligosaccharides (Bio-Mos)

Experimental group

Item Week of life - SEM
Control Bio-Mos
Iron 9 57.73" + 6.1 65.02° + 6.2 0.047
Hmol/L 16 27.30° + 43 3468 + 3.7 0.083
X 425 + 52 498 + 495 0.054
Zinc 9 185° + 1.02 28.29° + 25 0.042
pumol/L 16 318 + 1.2 323 + 24 0.031
X 251° + 111 30.3% + 245 0.033
Copper 9 3.24 + 1.09 277 + 0.89 0.038
pumol/L 16 498 + 0.38 552 + 0.59 0.035
I 411 + 0.735 414 + 0.74 0.031

2> _means in the same row with different superscripts differ significantly (P <0.05).
SEM: standard error of the mean.

The supplementation of Bio-Mos resulted in a significant decrease the concentration of uric acid in the
plasma. A similar result was observed in sheep fed Bio-Mos during lactation (Czech et al., 2006). On the
other hand, Truchlinski et al. (2005), who administered B-glucan, an additive with properties similar to that
of mannanoligosaccharides, to turkey hens, did not observe a significant change in the concentration of uric
acid in plasma. Urea is the final product of protein-nitrogen metabolism in the organism. An increase in urea
concentration, similar to uric acid, in blood plasma may indicate oxidation stress and may result from an
organism’s adaptation at the initial stage of increased generation of oxygen’s reactive forms (Landmesser &
Drexler, 2002). This is confirmed by results of research performed on rats with acute pancreatitis (free
radical reactions and oxidation stress play a significant role in the pathogenesis of this disease) (Barham et
al., 2006). The lower levels of uric acid and urea in the blood of turkey hens fed mannanoligosaccharides,
which was observed in the present study, may suggest that Bio-Mos have the ability to adsorb pathogenic
microorganisms on its surface and facilitate their destruction through specialized cells of the immune system
(Mikulski et al., 2008), thus eliminating potential inflammatory conditions and the oxidation stress that
accompanies them. The results obtained in the present study revealed a significant reduction in the level of
urea after three weeks of administering Bio-Mos. A significant decrease in the concentration of urea was also
recorded by Czech et al. (2006) in the study on sheep fed manganese oligosaccharides, by Dobicki et al.
(2007) using cows, and by Czech & Grela (2006) studying mares fed a mixture supplemented with
mannanoligosaccharides.

The results of the analyses suggest a significant lowering of the concentrations of bilirubin, albumin
and creatinine. A drop in the concentration of bilirubin in the plasma of turkey hens given a mixture of
synthetic antioxidants was observed by Czech & Ognik (2006). Bilirubin results from disintegration of
haeme that has been released from haemoglobin in the bone marrow, spleen and liver during the catabolism
of erythrocytes. Bilirubin is one of low-molecule antioxidants acting in the aqueous stage, which interrupts
free-radical processes by reacting with reactive forms of oxygen, and neutralizing them (Arivazhagan et al.,
2000). Albumin constitutes 60% of total protein in plasma. Various substances are transported in the blood in
combination with albumins. These proteins bind the ions of transitory metals and reduce the intensity of free-
radical reactions (Dobicki et al., 2007). Albumins are regarded as preventive antioxidants because they
prevent the formation of reactive oxygen forms, particularly the creation of hydroxyl radical (Pawtowska-
Goral et al., 2003). Dobicki et al. (2007) did not observe any significant differences in the level of albumins
in the plasma of cows receiving dried brewer’s yeast, yet they noted a declining tendency of this index.
Creatinine is the main metabolite of skeletal muscles, resulting from metabolic changes that occur in muscle
(Pawlowska-Goral et al., 2003). Increased creatinine production is caused by physical effort, which is related
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to a higher demand by cells for oxygen and a higher number of reactive oxygen forms generated in the
organism (Moffarts et al., 2005). Hydrogen superoxide is created as a result of two electrons joining with an
oxygen molecule, with the participation of metal-flavin enzymes (e.g. xanthine oxidase, which oxidizes
xanthine to uric acid) or as a consequence of an electron joining with a superoxide anion-radical in a reaction
of dismutation catalyzed by superoxide dismutase. It is a particularly powerful inhibitor of enzymatic
systems (Escobar et al., 1996). A lower level of hydrogen superoxide in the blood of the hens fed the Bio-
Moss, as observed in the current study, may suggest that mannanoligosaccharides increase the efficiency of
the antioxidation barrier through their immunostimulating activity and eradicating effectively pathogenic
agents, and thus reducing the generation of free radicals (Mikulski et al., 2008). A decrease in the
concentration of hydrogen superoxide in the plasma of the turkey hens fed an addition of Bio-Mos was
correlated with a significant reduction in the activity of catalase in the birds almost for the duration of the
experiment. The studies by Czech & Ognik (2010) showed that an addition of a mixture of synthetic
antioxidants does not change the content of malone dialdehyde significantly, i.e. the final product of lipid
oxidation in hens’ blood, either. On the other hand, a reduction in the concentration of this particular
parameter in the tissues of pigs fed an antioxidation additive (selenomethionine) is suggested by the results
of Zhan et al. (2007). In the case of using mannanoligosaccharides in animal nutrition, the majority of
studies focused on assessing the effect of their activity on biochemical, haematological or immunological
indices. However, the available literature lacks any data referring to the effect of Bio-Mos additive on the
antioxidation system, especially that of poultry.

Antioxidant enzymes are most effective when acting synergistically with one another or with other
components of the antioxidant barrier of the organism when their activity remains balanced. Among the
enzymes with antioxidant activity, the indices most frequently used to assess the organism’s antioxidant
condition are superoxide dismutase and catalase (Lutnicki et al., 2006). In the present study no effect of Bio-
MOS on the superoxide dismutase activity was observed in the plasma of the turkey hens. This might
suggest that this resulted from a pro-oxidation-antioxidation balance in the organism. The administration of
mannanoligosaccharides in different diseases and during pregnancy contributes to the stimulation of the
antioxidant potential in the organism of animals exposed to stressful situations. This is confirmed by the
studies performed by Czech & Grela (2006), who observed a higher activity of superoxide dismutase in the
plasma of pregnant mares receiving an addition of mannanoligosaccharides. A similar effect provoked by
using this preparation in sheep during the period of their pregnancy and lactation is indicated by the research
of Czech et al. (2006). An increase in catalase activity at the beginning of the experiment caused by using
mannanoligosaccharides may be because Bio-Mos limits the intensity of pathological conditions owing to
the elimination of pathogenic agents and the fighting of intestinal infections, and thus reducing the
stimulation of antioxidation processes. Similar results were noted by Czech et al. (2006) in sheep fed
mannanoligosaccharides during lactation. Catalase is an enzyme responsible for reducing hydrogen
superoxide to water and oxygen. Numerous scholars (Gutowicz et al., 2008; Lecewicz et al., 2008) stated
that an increase in the activity of catalase in the blood is caused by environmental burdens to which birds are
exposed during their growth. Ogryczak et al. (2001) observed that reduced catalase activity typically occurs
at the beginning of a pathological condition, while it increases after recovery or during chronic conditions.
Generally, stressful situations and diseases are accompanied by a higher activity of catalase, which
disintegrates the accumulated hydrogen superoxide. An increase in catalase during pregnancy of sheep fed a
feed mixture enriched with mannanoligosaccharides was recorded by Czech et al. (2006). An increase in
catalase activity in the blood of turkeys was also observed when feeding them additives (particularly herbs)
with biostimulating properties (llavarasan et al., 2003; Konyalioglu & Karamenderes, 2005; Gutowicz et al.,
2008). The total antioxidation potential of the blood plasma, FRAP (ferric reducing ability of plasma),
consisted of uric acid (60%), ascorbic acid (15%), glutathione (10%) and tocopherols (5%) concentrations.
Reducing the value of the total antioxidation potential in the blood plasma of the birds fed Bio-Mos in the
first period of introducing this additive, may result from a statistically relevant drop in the level of uric acid,
the major component of FRAP. Increasing the value of FRAP is usually a desirable phenomenon because it
guarantees better protection for cells and tissues against the toxic activity of reactive forms of oxygen. A
higher total antioxidation potential in the blood plasma of the control birds, however, may be a reflection of
the birds’ adaptation to oxidative stress (Moffarts et al., 2005). The majority of health problems, frequently
resulting from stressful rearing conditions, occurs in turkeys at the initial stage of breeding in particular. An
increase in the total antioxidation potential was observed (Truchlinski et al., 2005) in the blood of sheep that
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were fed mannanoligosaccharides during pregnancy and lactation. Increased FRAP was also noted in birds
and people administered immunostimulating additives (Carini et al., 2001; Csuka et al., 2005; Duthie et al.,
2006; Ognik & Sembratowicz, 2007).

The cellular system of neutralizing harmful activities of free radicals and lipid superoxides includes
antioxidant vitamins, for example vitamin C. Vitamin C plays the role of an effective tissue antioxidant
(Choi et al., 2004). Turkeys have the ability to synthesize ascorbic acid, yet during intensive rearing their
own synthesis is often insufficient to satisfy their metabolic needs. Mannanoligosaccharides, which reduce
the intensity of pathologic conditions through stimulating natural defence mechanisms, partly release the
birds’ organism from stress and the resulting vitamin C insufficiency, and thus improve the birds’ immunity
to unfavourable environmental conditions (Swigtkiewicz & Koreleski, 2007).

Among the numerous mineral elements that may participate in antioxidation reactions, special
attention should be paid to the ions of transitory metals, copper, zinc and iron, as they constitute the catalytic
centres of enzymes. Their optimal concentration in blood plasma guarantees the proper functioning of
antioxidant enzymatic centres (Kleczkowski et al., 2004). A decrease in the concentration of these
components may suggest their utilization in the body for the sake of antioxidation protection, whereas a rise
in their levels may mean that the organism is free from stress or the effect of such stress is not too
oppressive. An increase in the concentration of iron correlated with a lower activity of catalase, which was
observed during the initial rearing period, is difficult to interpret since iron is a co-factor of this enzyme and
equips it with antioxidant properties. A higher iron level in turkey hens of the Bio-Mos group may be a
consequence of a substantial increase in vitamin C content in the blood plasma of the birds receiving Bio-
Mos, because the presence of vitamin C favours the assimilability of iron by up to 50% (Ognik &
Sembratowicz, 2007). A rise in the iron level in sheep fed an addition of mannanoligosaccharides during
lactation was noted by Czech et al. (2006). On the other hand, Czech & Grela (2006), who administered Bio-
Mos to pregnant mares, observed a lower level of iron correlated with an increased catalase activity. Czech
& Grela (2006) recorded an increased concentration of zinc in the plasma of mares supplemented with a
mixture of mannanoligosaccharides. Zinc reveals antioxidant properties only in a situation when it occurs in
concentrations higher than normal in body fluids or tissues. The antioxidant mechanism of zinc consists of
inhibiting the production of reactive oxygen forms and protecting thiol groups against oxidation. It also
participates in creating the activity of superoxide dismutase and glutathione peroxidase. On the other hand,
copper functions as an antioxidant only in a situation when it becomes a component of superoxide dismutase
or caeruloplasmin. Besides zinc, manganese and iron, copper ions are superoxide dismutase activators
(Kleczkowski et al., 2004).

To sum up, it should be emphasized that the Bio-Mos preparation isolated from yeast walls
contributed to improved performance of the turkey hens. The administration of the natural Bio-Mos
preparation did not induce the number of lipid peroxidation products (H,O, and MDA). However, it resulted
in stimulating the antioxidation system, which was reflected in reducing the concentration of uric acid, urea,
creatinine, catalase and FRAP, as well as increasing the concentration of vitamin C, iron and zinc. Hence,
mannanoligosaccharides may have a practical application as a feed additive for turkeys, improving
production effectiveness and stimulating antioxidant mechanisms of the animal.
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