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Abstract

The aim of this study was to determine immunological and biochemical blood indicators of tur-
key hens administered feed mixtures with 3 or 6% of Yarrowia lipolytica strain yeast as a dietary
nutrient. The experiment was carried out on 240 turkey hens, aged from 1 to 16 weeks. The hens
were randomly assigned to 3 experimental groups of 80 birds. Group I served as a control (K) and
did not receive any experimental compounds. The turkey hens from experimental groups (YL3,
YL6) were administered dried Yarrowia lipolytica yeast in two doses: 3% (YL3) and 6% (YL6) in
feed mixtures. The study showed that the addition of Yarrowia lipolytica yeast in a dose of 3% but
mainly in a dose of 6% stimulated the body’s immune defence mechanisms, which was evidenced
by the increase in plasma lysozyme, % KF, IF, and reduction of monocyte ratio H/L in turkey hens.
The advantage of using Yarrowia lipolytica in the nutrition of turkey hens was also a decrease in the
content of blood indicators of lipid peroxidation such as CHOL, TG and LDL-cholesterol fraction,
and an increase in the percentage of HDL-cholesterol fraction. The use of yeast component in the
feeding of turkey hens affected the health status of birds and contributed to proper (not deviating
from the reference values) biochemical indicators of metabolism.
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Modern rearing methods are aimed at yielding the best production results at the
lowest possible cost. To achieve this, farmers use e.g. new generation feed addi-
tives such as probiotics, prebiotics and synbiotics, which are mostly implicated in
the stimulation of processes associated with better utilization of the basic nutrients,
as well as vitamins and minerals (Stanley et al., 2004). Owing to their properties of
maintaining or restoring the microbiological balance they have been shown to better
regulate the gut microflora, and therefore directly affect the health status of animals
(Al-Mansour et al., 2011; Auclair, 2001; Ashraf et al., 2013).

*Work financed by Department of Biochemistry and Toxicology, University of Life Sciences in
Lublin.
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Apart from the aforementioned additives, a growing interest has recently been
devoted to fodder yeast. Mainly the Saccharomyces cerevisiae (SC) yeast strain has
been used for many years in the poultry production as a natural growth promoter
(Stanley et al., 2004; Hooge et al., 2003; Al-Mansour et al., 2011). However, current-
ly researchers are looking for a new yeast strain, whose components have remarkable
physiological and biochemical properties and would be a rich source of nutrients,
like e.g. Yarrowia lipolytica (YL) strain.

The research by Michalik et al. (2013) and our previous study (Woznica and
Czech, 2010 a) show that yeast of the species Yarrowia lipolytica have a high protein
(about 45%) and dry matter content (ca. 97%), and a low content of crude ash (about
5%). They are also a valuable source of vitamins, especially the B-group vitamins.
They are characterized by vitamin B, content of approx. 95 mg kg™, and by B, con-
tent of approx. 16 mg kg!. They are also characterized by a high content of phospho-
rus, iron, sodium, and zinc. Yarrowia lipolytica are grown on an unpurified glycerol
fraction from the production of fuel oil (Workman et al., 2013). They have been uti-
lized primarily in practice for the production of citric acid (Levinson et al., 2007) and
extracellular enzymes such as phosphatases, acid proteases, lipases or mannosidases
(Czajgucka et al., 2003). The few studies carried out so far have demonstrated that
the Yarrowia lipolytica yeast can also be used in a high-quality feed material as a link
between the by-products from the production of biofuels and animal feed (Coelho et
al., 2010). Currently, studies are underway on the use of Yarrowia lipolytica yeast in
rearing various species of animals (Canibe et al., 2010; Hatlen et al., 2012) whereas
there are few studies on poultry and more specifically on turkeys.

In order to verify the suitability of newly applied yeast strains (YL) it is important
to choose the appropriate dose, which on the one hand stimulates the metabolic proc-
esses that lead to the improvement of health and consequently production effects, and
on the other hand would not have an adverse effect on an animal organism. Choos-
ing an appropriate dose of yeast should not be based only on their effectiveness in
improving production effects, but also on the control of basic metabolic processes
in the body during the administration of yeast biomass (Al-Mansour et al., 2011). In
order to determine the general health status of an animal, the functioning of various
organs and the possibility of capturing any disorders that could result from yeast ad-
ditives administration, blood tests should be performed (Ganong, 2005). They allow
comparing the results with the values obtained by other authors for different groups
of animals, taking into account the physiological status, a technological group, living
conditions and clinical observations.

Therefore, the aim of this study was to determine immunological and biochemi-
cal blood indicators of turkey hens administered a nutrient component — Yarrowia
lipolytica yeast strain in doses of 3 and 6%.

Material and methods

The experiment was carried out on 240 turkey hens of Big 6 line, aged from 1 to
16 weeks. The birds were randomly assigned to 3 experimental groups of 80 turkeys
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each, allocated to 5 replications of 16 birds each. The birds were kept in floor pens
under zoohygienic conditions recommended for turkey fattening according to the
Regulation of the Minister of Agriculture and Rural Development dated 15 Febru-
ary 2010 No. 56, item 344. The experimental procedure was approved by the II
Local Ethical Commission for Experiments with Animals in Lublin (approval no.
19/2012).

Table 1. Chemical composition of the yeast Yarrowia lipolytica utilized in the experiment (WozZnica
and Czech, 2010 b)

Item Content
Total protein 45.5+2.66%
Dry matter 97.30+0.11%
Metabolizable energy 16.74 MJ kg™
Crude ash 5.240.12%
Amino acids gkg!'dm.
Aspartic acid 25.9+0.89
Glutamic acid 24.8+1.36
Lysine 20.5+0.69
Methionine 4.3+0.12
Threonine 20.8+1.65
Tryptophan 4.3+0.23
Cystine 4.2+0.36
Leucine 20.0+0.25
Isoleucine 12.9+0.89
Valine 15.8+1.36
Histidine 7.8+0.36
Arginine 13.5+0.21
Serine 15.2+0.66
Alanine 20.2+2.09
Phenylalanine 12.3+0.36
Tyrosine 20.6+1.39
Glycine 12.6+0.36
Proline 13.0+1.20

Group I served as a control (K) and did not receive the yeast Yarrowia lipoly-
tica. The turkey hens from experimental groups (YL3, YL6) were administered dried
yeast Yarrowia lipolytica in two various doses of 3% (YL3) and 6% (YL6) in feed
mixtures. Birds from all groups received feed mixtures that were composed based on
a wheat, triticale, soybean meal, rapeseed cake, potato protein (Starter — 1-3 weeks)
and soybean oil. All the mixtures were isonitrogenous and isoenergetic. The nutri-
ent content in 1 kg of feed mixture given to turkey hens was: TP — 28.76%; ME —
2700 kcal kg™'; Lys — 1.9%; Met+Cys — 0.6%; Ca — 1.4%; P — 0.7% (1-3 weeks);
TP — 24.5%; ME — 2800 kcal kg™!; Lys — 1.6%; Met+Cys — 0.6%; Ca — 1.3%; P —
0.65% (4—7 weeks); TP—22.50%; ME — 2800 kcal kg'; Lys — 1.4%; Met+Cys —0.5%;
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Ca—1.15%; P —0.6% (812 weeks); and TP — 18.50%; ME — 2900 kcal kg'; Lys —
1.1%; Met+Cys — 0.4%; Ca — 1.0%; P — 0.5% (13—-16 weeks). All birds were kept
under the same management, environmental and hygienic conditions except for dif-
ferent dietary levels of yeast. Chemical composition of the yeast Yarrowia lipolytica
was presented in Table 1. Feed and fresh water was provided ad libitum throughout
the experimental period.

Blood was sampled for analyses from the brachial vein of 10 birds from each
group at the end of the experimental period (16 weeks of age). Blood was sampled to
heparinized 10-mL test tubes under the supervision of a veterinarian. Immunological
tests included determination of proportions (percentage) of heterophils (HET), lym-
phocytes (LYM), monocytes (MONO), eosinophils (EOS), and basophils (BASO)
(Feldman et al., 2000). The heterophil/lymphocyte ratio (H/L), an indicator of stress
in birds (Gross and Siegel, 1983), was calculated by dividing the number of heter-
ophils in 1 mL of peripheral blood by the number of lymphocytes. Blood samples
were additionally analysed for leukocyte phagocytic activity against Staphylococ-
cus aureus 209P strain, expressed as a percentage of phagocytic cells (% KF) and
phagocytic index (IF), as well as for the absorption and reduction of heterophils by
nitroblue tetrazolium (NBT test) — according to the method of Park et al. (1968).
Serum lysozyme activity was determined with the turbidimetric method (Siwicki
and Dunier, 1993). Using monotests by Cormay company, blood plasma was assayed
spectrophotometrically for levels of the selected biochemical indicators, that is, total
protein (TP), glucose (GLU), uric acid (UA), urea (UREA), creatinine (CREAT),
bilirubin (BIL), total cholesterol (CHOL), triacylglycerides (TG), and high-density
lipoprotein (HDL). Low-density lipoprotein (LDL) fraction of cholesterol was calcu-
lated using Friedewald et al. (1972) formula: LDL-chol (mmol I'") = total choleste-
rol — HDL-chol — triacylglycerides /2.2. Besides, the activities of selected enzymes
were identified, i.e. alanine aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP) and lactate dehydrogenase (LDH), also using
ready test kits by Cormay company. Assays were carried out using a UNICAM 939
spectrophotometer.

Statistical computations were carried out using Statistica Ver 6.1.G software. For
all analysed dependent variables, one-way analysis of variance ANOVA was con-
ducted according to the following model:

ViTHraTe

where:
[ — total mean,
a,— stable effect of i-th additive fori=0, 1, ..., 3 (for control i = 0),
e~ random error has normal distribution N(0,).

The significance of differences between means was determined with the one-way
analysis of variance test ANOVA, at a significance level of 0.05.
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Results

Significantly lower amounts of heterophils and H/L ratio were determined in tur-
key hens receiving 6% of Yarrowia lipolytica (YL) yeast in the feed mixture (Table
2). An inverse relationship was recorded for the amount of monocytes and IF value.
These differences were statistically significant (P<0.05). The level of lysozyme and
% KF in blood of turkey hens receiving 3% and 6% of YL in the feed mixture were
significantly higher compared to the respective values in blood of the control birds
(P<0.05) (Table 2).

Table 2. Levels of immunological blood indicators of turkey hens in the 16th week of life

Experimental groups

Item SEM
K YL3 YL6
Leucogram (%)
HET 4645 ¢ 38.00 b 28.10 a 0.489
LYM 43.00 43.25 48.45 0.573
MONO 275a 7.70 b 11.90 ¢ 0.136
EOS 4.70 6.75 6.20 0.109
BAZO 3.15 4.30 5.35 0.187
H/L 1.06 ¢ 0.88 b 0.54a
Lysozyme; pg ml™! 2.18a 246 b 2.52b 0.202
% KF 40.67 a 47.67b 51.08 b 0.522
IF 517a 5.46 ab 592b 0.192
NBT 25.54 27.17 24.66 0.467

a, b — values in the same rows with different letters differ significantly at P<0.05.

A significant increase in the content of plasma total protein and urea was ob-
served in the YL6 group compared to the control group (K). In the blood plasma of
birds receiving both 3% and 6% of YL yeast in the feed mixture a significant increase
was recorded in levels of uric acid, creatinine and bilirubin (Table 3).

The level of aspartate aminotransferase (AST) in blood plasma was significantly
lower (P<0.05) in birds receiving 6% of YL yeast in the feed. A significantly lower
activity of alanine aminotransferase (ALT) and alkaline phosphatase (ALP) enzymes
was noted in the blood plasma of birds receiving 3% of YL in feed compared to the
other experimental groups. In contrast, the lowest activity of lactate dehydrogenase
(LDH) in the blood plasma was recorded in the control group (Table 3).

The analysis of contents of lipid profile indicators in the plasma of birds receiv-
ing feed mixtures with 3% and 6% addition of Yarrowia lipolytica yeast showed a de-
crease in total cholesterol, LDL-cholesterol fraction, and triacylglycerides (P<0.05).
In birds from the YL6 group, a significant increase was reported in the percentage
of HDL-cholesterol fraction and a decrease in the HDL/LDL ratio compared to the
control group (K) (Table 4).
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Table 3. Level of biochemical indicators and the activity of enzymes in blood of turkey hens in the 16th
week of life

Ltem Experimental groups SEM
K YL3 YL6
TP (g dl) 37.6a 38.0a 39.5b 0.278
GLU (mmol I'") 15.39 15.88 14.80 0.117
UA (mmol ") 21433 a 261.55b 294.14 b 6.70
UREA (mmol I'") 0416 a 0.562 b 0.709 ¢ 0.022
CREAT (umol 1) 22.58 a 30.17 b 28.33 b 0.563
BIL (umol 1) 9.23a 10.88 b 11.75b 0.286
Enzymatic activity
AST (U I'Y) 164.44 b 155.07 b 13721 a 2.82
ALT (U 1) 6.42b 5.85a 8.0l ¢ 0.14
ALP (U 1) 969.39 b 918.88 a 97243 b 5.55
LDH (U 1) 503.63 a 525.21b 629.58 ¢ 7.74

a, b — values in the same rows with different letters differ significantly at P<0.05.

Table 4. Lipid parameters in blood of turkey hens in the 16th week of life

ltem Experlmental groups SEM
K YL3 YL6

CHOL (mmol I'') 337b 2.88a 275a 0.048
HDL (mmol 1) 1.94 1.82 1.81 0.027
TG (mmol 1) 04741 0397 a 0393 a 0.015
LDL (mmol 1) 0.456b 0.300 a 0.250 a 0.021
HDL (%) 58.02a 63.97 ab 66.93b 1.28
HDL/LDL 175D 1.59 ab 1.53a 0.034

a, b — values in the same rows with different letters differ significantly at P<0.05.

Discussion

Research carried out so far indicates that one of the main effects of yeast use in
animal feeding is improvement of production effects (Reisinger et al., 2012; Tabidi
et al., 2013). However, this has not been confirmed in the case of adding 3% and 6%
of Yarrowia lipolytica (YL) strain yeast to feed mixtures for turkey hens (Merska et
al., 2013). In this study, the FCR reached 2.68 kg kg™' in the control group, whereas
in both experimental groups receiving 3% and 6% addition of YL yeast it was 2.76
and 2.805 kg kg !, respectively (P<0.05). Furthermore, in the experiment there have
been no death losses. Kanat and Calialar (1996), in their study on the use of Sac-
charomyces cerevisiae (SC) strain in poultry feeding reported that active dry yeast
effectively increased body weight gains without affecting feed conversion ratio. In
turn, Merska et al. (2013) found that in turkey hens administered feed mixtures with
6% addition of YL the final body weights were lower by about 3.5% compared to
the control group, whereas the feed intake and feed conversion remained at a similar
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level in groups K, DY3 and DY6. In contrast, many studies show a positive effect
of SC yeast applied in poultry feeding on production parameters (Reisinger et al.,
2012; Tabidi et al., 2013), but especially on the stimulation of body immune response
(modulation of immunity) (Shashidhara and Devegowda, 2003; Gao et al., 2008) and
promotion of intestinal microflora growth (Spring et al., 2000), which may improve
digestibility of nutrients and, consequently, strengthen the immunological defence of
animals (Ozsoy and Yalgin, 2011). Proper evaluation of immune status is not easy,
because increased values of indicators reflecting the immune response may result
from pathological condition or from the immunostimulation of the system through
the use of the so-called incentive immunostimulators such as yeasts.

The present study demonstrates that dietary administration of Yarrowia lipolytica
strain especially in a 6% dose stimulates the immune response of turkey hens. This
was indicated by increased levels of: lysozyme, % KF, IF, monocytes, and decreased
H:L value in relation to the control group. The stimulating effect of the applied yeasts
on the immune system was also confirmed in a study by Gao et al. (2008) where the
use of yeast (e.g. SC) in poultry feeding was found to stimulate the immune response
of the body (to modulate immunity).

Likewise in the study by Gao et al. (2008), the increase in the content of lysozyme
which is mainly secreted by phagocytes and is a nonspecific immune effector in this
study, was linear. The increased lysozyme concentration in birds supplemented with
yeast culture (YC) can break down the polysaccharide walls of many types of bac-
teria and thus ensure protection against infection. The increased lysozyme content
in yeast culture-treated birds suggests that more phagocytes were activated with the
inclusion of YC. Therefore, YC may intensify the nonspecific immunity of birds.
A recent study by Jensen et al. (2008) supports the role of yeasts in innate immune
function. Heterophils and monocytes, which belong to the innate immune system,
have the ability to phagocyte bacteria and parasites to protect the animal against
primary infections (Harmon, 1998; Huff et al., 2007). Reduced count of heterophils
(P<0.05) and increased level of monocytes (P<0.05) in the blood of birds receiv-
ing YL addition in feed mixtures indicates the activation of mechanisms of innate
immunity. Heterophils are also responsible for tissue damage by accumulation in
inflamed tissue and forming heterophil granulomas that are morphologically similar
to inflammatory lesions in reptiles (Harmon, 1998). They are non-specific cells that
proliferate to the tissues during body response to the inflammatory processes (Jurd,
1994; Maxwell and Robertson, 1998; Ots and Horak, 1998). The number of these
granulocytes increases in response to prolonged bacterial and fungal infections and
abnormalities associated with diet and stress (Maxwell and Robertson, 1998). These
cells are the first line of defence against microbes located in the lungs and air sacs
(Harmon, 1998).

It is also believed that the proportion of lymphocytes and heterophils (H:L) al-
lows assessing the efficiency of the immune system and health condition of birds
(Dufva and Allander, 1996; Ots and Horak, 1996). In the experiment, this ratio de-
creased with the increase of yeast share in feed mixture, compared to the control
group, which should be considered a positive effect. According to Jones et al. (1995)
and Davis et al. (2008), the increase in the H:L ratio most commonly occurs in patho-
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logical states of stress, then growth of heterophils is a consequence of mobilization
of the immune system to phagocytosis. On the other hand, Huff et al. (2007) reported
an increase in heterophils (percentage of leucocytes) in whole blood, in a study in
which turkeys were fed a yeast extract and challenged with E. coli. Numerous stud-
ies, summarized by Kogan and Kocher (2007), have shown that yeast derivatives,
such as B-glucan fractions, enhance the functional status of macrophages; however,
little is known about the effect of yeast derivatives on the number of monocytes, the
precursor of macrophages. Changes in blood cell profile in broiler chicks as affected
by yeast supplementation have been reported as well (Saied et al., 2011). According
to Auclair (2001), the mechanisms of action generally involved to explain the ben-
efits of yeast supplementation in turkey species include stimulation of brush border
disaccharides, anti-adhesive effect against pathogens, stimulation of non-specific
immunity, toxin action inhibition, and antagonistic effect against pathogenic micro-
organisms. This effect of yeast is due to the presence (on the part of internal cell wall)
of glucans that are constituted by the main chain of beta-(1-3)-linked D-glucose mol-
ecules to which there are attached linear branch chains of beta-(1-6) related residues.
These branch chains of glucans have the capacity to activate the innate immune
system, thereby enhancing the defence barriers and providing protection against
a variety of infections (Raa, 1996; Mikulski et al., 2008; Soltanian et al., 2009). The
mechanism of the stimulation of inflammatory response has been characterized, and
involves a specific glucan receptor which is present on peripheral blood leukocytes
and extravascular macrophages (Czop, 1986). Activation of this receptor with glucan
stimulates the amplification of host defenses, which involves a cascade of interac-
tions primarily mediated by macrophages and macrophage-derived products such
as cytokines. According to Song and Di Luzio (1979), glucan can be considered as
“immunoamplifier”.

All changes occurring in the immune system may indirectly affect the course of
biochemical processes taking place in the body (Ozsoy and Yalgin, 2011). Consid-
ering that in the reported experiment the addition of YL yeast to feed mixtures for
turkey hens has contributed to the stimulation of immune mechanisms and on the
other hand did not result in significant improvement of production effects (especially
at 6% dose of yeast in the feed mixture the production effects were even slightly
worse than in the control — Merska et al., 2013), it is likely to be linked with the
applied dose of yeast. Too high a dose of yeast could disturb the course of the meta-
bolic processes. In view of that, liver function was evaluated in this study based on
biochemical and enzymatic blood indicators. Both turkey hens receiving 3% or 6%
addition of Yarrowia lipolytica in feed mixture showed no significant variation in the
content of total bilirubin and cholesterol, as well as enzymes such as aspartate ami-
notransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH),
alkaline phosphatase (ALP) compared to values reported by Mazurkiewicz (2005).
Also, there were no deviations from the value adopted as a reference (Mazurkiewicz,
2005) regarding the content of TP, GLU, UA, UREA and CREAT in all experimental
groups. Noteworthy is, however, that the values of plasma indicators (such as blood
UA, UREA, CREAT, BIL, LDH) were significantly higher when compared to the
control group, especially in turkey hens receiving 6% of YL in the feed mixture. The
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increased values of protein indices could result from the introduction to feed mixture
of more available protein originating in the yeast. In addition, an increase in ALT,
LDH and a slight increase in ALP in the group with 6% dose of yeast in feed mixture
may also explain the increased effect of protein metabolism. However, the lack of
regularity in the formation of all liver enzyme profiles as affected by the increasing
level of yeast in feed mixtures does not allow explicit determination of the impact
of this factor.

Similar results in turkey hens receiving dietary yeast at the rate of 1, 2 and 3% SC
were also obtained by Yalg¢in et al. (2008) in serum levels of total protein, triglycer-
ide, cholesterol, ALT, AST and ALP; however, the differences did not show statistical
significance but merely tendencies. But still Yal¢in et al. (2008) observed that serum
uric acid was increased (P<0.05) by dietary yeast culture supplementation. Onifade
et al. (1999a) reported that serum protein level was decreased and the serum levels
of cholesterol, ALT, AST and ALP were increased with dietary yeast culture in rab-
bits. Yeasts are claimed to influence body lipids. According to Paryad and Mahmoudi
(2008), dietary addition of Saccharomyces cerevisiae helps to reduce abdominal fat
in poultry, which was also confirmed in our previous research (Merska et al., 2013),
and to reduce the content of total cholesterol and LDL-cholesterol fraction and TG
in blood plasma (Paryad and Mahmoudi, 2008). According to Abdelrahman (2013),
abdominal fat is highly correlated (0.6 to 0.9) with the total carcass lipids and is used
as the main criterion reflecting excessive fat deposition in broiler carcass. Therefore,
there is a substantial potential for using yeast culture to reduce fat content and to
improve meat quality.

The present results show that turkey administered feed mixtures with 3% and 6%
YL had significantly lower plasma cholesterol, triglycerides, LDL-cholesterol frac-
tion, and higher plasma %HDL (but only in the group with 6% dose of YL). Howev-
er, with an increasing level of YL in the experimental diet, LDL-cholesterol fraction,
total cholesterol and triacylglyceride concentrations were not significantly reduced.
Our observations corroborated data published by some authors (Abdulrahim et al.,
1996; De Smet et al., 1998; Onifade et al., 1999 b; Panda et al., 2001; Kannan et al.,
2005; Gudev et al., 2008; Paryad and Mahmoudi, 2008) who stated that there was
a decrease in plasma cholesterol for chicks fed diets containing SC yeast and dif-
ferent probiotics. Reduction in circulating cholesterol with supplemental yeast was
remarkable and agrees with the results of other researchers (Onifade et al., 1997;
Onifade, 1999 b) that the addition of innocuous microorganisms (including yeast) to
diet for rabbits and broiler chickens decreased serum cholesterol, triglycerides and
phospholipids.

Yeast like prebiotics could contribute to the regulation of serum cholesterol con-
centrations by deconjugation of bile acids. Since the excretion of deconjugated bile
acids is enhanced and cholesterol is its precursor, more molecules are spent for re-
covery of bile acids (Klaver and Van der Meer, 1993; De Smet et al., 1998; Kan-
nan et al., 2005). As a result of increased synthesis of this acid, the level of serum
cholesterol is expected to be reduced. Klaver and Van der Meer (1993) suggested
that co-precipitation with bile acids might be of importance for decreasing serum
cholesterol concentrations.
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The study showed that the addition of Yarrowia lipolytica yeast in a dose of 3%
but mainly in a dose of 6% stimulated the body’s immune defence mechanisms,
which was evidenced by the increase in plasma lysozyme, % KEF, IF, and reduction
of monocyte ratio H/L in the blood of turkey hens. An advantage of using Yarrowia
lipolytica in turkey hen feeding is also a decrease in the content of blood lipid peroxi-
dation indicators such as CHOL, TG and LDL-cholesterol fraction, and increase in
the percentage of HDL-cholesterol fraction. Dietary administration of yeast in turkey
hen feeding had no effect on the health status of birds, as evidenced by the proper
weight gains of birds (Merska et al., 2013), and proper (not deviating from the refer-
ence values) biochemical indicators of metabolism.
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