www.asp.zut.edu.pl pISSN 1644-0714

Acta Sci. Pol. Zootechnica 21(1) 2022, 3-10

eISSN 2300-6145 DOI:10.21005/asp.2022.21.1.01

ORIGINAL PAPER

Received: 30.01.2022
Accepted: 08.03.2022

THE EFFECT OF FEED SUPPLEMENTATION WITH CU ANG ZN
CHELATES ON THE CONTENT OF THESE ELEMENTS IN THE
BLOOD OF BROILER CHICKENS AND THEIR BODY WEIGHT AND

FEED CONVERSION

Sabina Kaim-Mirowski
Mohamed Ali Saleh

!, Barbara Biesiada-Drzazga
2, Dorota Banaszewska

1, Katarzyna Andraszek®',

19

'Siedlce University of Natural Sciences and Humanities, Faculty of Agrobioengineering and Animal Husbandry,
Institute of Animal Science and Fisheries, Bolestawa Prusa 14, 08-110 Siedice, Poland
230hag University, Faculty of Agriculture, Department of Poultry Production, Street Nasser City, 82524, Sohag, Egypt

ABSTRACT

The aim of the study was to determine the effect of Cu and Zn chelates on the levels of these microelements in
the blood of broiler chickens in successive weeks of rearing. The research material was Ross 308 broiler chickens.
The study was carried out in two buildings with 30,000 chickens in each. From each building, 50 chickens were
randomly selected to form the experimental and control groups. Blood for analysis was collected from the wing
vein every 7 days, from the first day of fattening to day 42. In the experimental group the microelements zinc and
copper contained in the feed were in organic form. The effect of the feed additive containing selected microele-
ments in organic form on broiler chickens was assessed from weeks 1 to 6 of fattening. During the experiment the
average body weight gains were monitored. Mortality was monitored, and feed consumption per kg weight gain
was estimated. To conclude, the addition of organic Cu and Zn chelates to the diet of broiler chickens affected their
average body weight gain, increasing body weight at the start and end of the fattening period (fifth and sixth weeks

of age) while increasing feed conversion.
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INTRODUCTION

Poland is a leader in poultry production in the European
market. Both growth dynamics and the feed conversion
ratio have improved considerably over the years. Feeding
chicken broilers is becoming a challenge for all poultry
farmers. It is essential to provide sufficient levels of min-
eral compounds and vitamins to meet the needs of fast-
growing birds. For this reason work is conducted to max-
imize the bioavailability of micro- and macroelements
contained in feed. Recent years have seen increased in-
terest in the use of biocomplexes as a source of mi-
croelements. Many researchers have asked whether the
bioavailability of microelements in a chelate is higher
than in inorganic forms. The main microelements that can
be used in organic form in the diet of meat chickens in-
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clude zinc and copper, each of which performs an impor-
tant role during the growth and development of the bird
[Bao et al. 2007].

Zinc takes part in protein, carbohydrate and nucleic
acid metabolism and activates enzymes essential to the
functioning of the immune system. It also plays a sig-
nificant role in restoring the layer of keratin, an essen-
tial protein in feathers. Zinc is often added to poultry
feeds [Bao et al. 2007]. It binds to phytic acid in the in-
testine, which prevents its absorption. For this reason it
is important to maintain an adequate amount of zinc in
the diet [Zakaria et al. 2017]. Sources of zinc commonly
used in chicken feed can be divided into inorganic sul-
phates (ZnSO4) and oxides (ZnO) [Tronina et al. 2007].
Bioavailability of zinc is higher in the case of organic
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sources, i.e. amino acid complexes (Zn-AA), than in the
case of inorganic forms [Salim et al. 2010]. According to
the National Research Council [2005], the optimum zinc
content in poultry feed is 40 mg - kg™!, irrespective of the
source. Feed formulations contain zinc in amounts of up
to even 80 mg - kg~! to achieve maximum bioavailability
[Jahanian and Rasouli 2015]. The producer of Ross 308
chicks recommends using 100 mg of zinc per kg of feed
[Aviagen broiler ROSS 2019]. However, excessive sup-
plementation with this element leads to contamination of
the environment due to its poor utilization. The addition
of zinc to feed is justified because a zinc deficiency can
inhibit growth, reduce immunity, and cause skin lesions
or incomplete plumage [Hajilari et al. 2019].

Copper in the body activates reserves of iron, which
is essential to haemoglobin synthesis and production
of red blood cells [Makarski et al. 2002]. It is also a
component of many tissue enzymes and takes part in
metabolic processes, including lipid metabolism [Dmoch
and Polonis 2007]. The copper requirement of chickens is
4-10 mg - kg~! body weight [Labier and Leclerq 1995].
The producer of Ross 308 chicks recommends using cop-
per in feed in the amount of 16 mg - kg™' [Aviagen
2009]. Copper deficiencies can interfere with synthesis
of plasma proteins such as haemoglobin, erythrocuprein,
and ceruloplasmin [Hajilari et al. 2019], manifested as
growth and fertility disorders and anaemia [Dmoch and
Polonis 2007]. High content of cereals is a factor block-
ing the efficiency of copper utilization from feed, because
cereals contain phytic acids and phytates, which form sta-
ble complexes with copper. High viscosity of digesta, as
in the case of a high-fibre diet, also does not favour the
bioa-vailability of copper [Koreleski 1993, Jamroz and
Wertelecki 1999]. The aim of study was to assess the in-
fluence of selected micronutrients in the form of organic
compounds in the diet of broiler chickens on selected
blood biochemical indicators, body weight and feed con-
version ratio.

MATERIAL AND METHODS

The research material was Ross 308 broiler chickens. The
study was carried out in two buildings with 30,000 chick-
ens in each. The birds were kept in a barn system in accor-
dance with accepted standards for rearing broiler chick-
ens and the recommendations of the broiler chick pro-
ducer [Aviagen 2018]. The microclimate conditions in
the two buildings were very similar. The relative humidity
ranged from 60 to 70%. The temperature was adjusted to
the age of the birds and rearing recommendations. Feed
and drinking water were provided ad libitum. From each
building, 50 chickens were randomly selected to form the
experimental and control groups. Wing bands were used
for identification of the selected birds. To facilitate identi-
fication, the birds chosen for the study were separated by

a tem-porary enclosure from the remaining birds. Blood
for analysis was collected from the wing vein every 7
days, from the first day of rearing to day 42.

In the experimental group, for the first 10 days of
life the birds received starter feed in crumble form.
The levels of zinc and copper in the feed were es-
tablished according to nutritional standards (zinc min.
100 mg - kg! feed, copper min. 16 mg - kg™! feed
for the entire rearing period [Aviagen broiler ROSS
2019 ]. The microelements zinc and copper in the feed
were in organic (chelated) form. The feed contained
Zn in the amount of 123.66 mg - kg~ and Cu in the
amount of 25.45 mg - kg™'. The feed was adjusted to
the requirements and age of the birds. From days 10—
24 the birds received Grower feed produced on-farm
(with elements in organic form, as glycine chelates: Cu
24.940 mg - kg™! and Zn 121.554 mg - kg1). Finisher
feed (with elements in organic form, as glycine chelates:
Cu 14.346 mg - kg™! and Zn 44.624 mg - kg™') was used
from days 25 to 42. In the control group, for the first
10 days the birds received starter feed in crumble form.
The microelements contained in the feed were Zn in the
amount of 113.67 mg - kg™ and Cu in the amount of
20.44 mg - kg~!. The feed was adjusted to the require-
ments and age of the birds. The Grower feed contained
Cu in the amount of 19.931 mg - kg™! and Zn in the
amount of 111.567 mg - kg™! in sulphate form. Finisher
feed contained 9.338 mg - kg~! Cu and 34.637 mg - kg!
Zn in sulphate form. These levels of trace elements re-
sulted from their content in the feedstuffs and a min-
eral and vitamin additive. The ingredient composition and
analysis of the diets are presented in Table 1. Serum ob-
tained by centrifuging blood samples for 4 min at 3000
rpm (MPW 341, Poland) was used for the analyses. A
pipette was used to transfer the serum to a separate test
tube, which was frozen at —20°C. Minerals were assayed
by ICP emission spectrometry. During the experiment the
average body weight gains were monitored by weighing
the selected individuals once a week. Mortality was mon-
itored, and feed consumption per kg weight gain was esti-
mated. The effect of the feed additive containing selected
microelements in organic form on broiler chickens was
assessed from weeks 1 to 6 of rearing. The body weight
of the birds was determined by calculating the average
from weighing on days 7, 14, 21, 28, 35 and 42 of fatten-
ing.

Statistical differences between the samples were
tested using Tukey’s test and ANOVA (STATISTICA ver-
sion 10.0, StatSoft Inc., PL). The level of significance was
set at P < 0.05.

RESULTS

Table 2 presents data on the content of minerals in the
serum of broiler chickens from the control group and the
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Table 1.  Ingredients and analytical constituents of feeds used in the diet of Ross 308 broiler chickens
Starter 0—10 days of life Grower 11-24 days of life Finisher 25-42 days of life
Ingredient Control group Exp;;n:;ntal Control group Exp;;rlr:;ntal Control group Exp ;;T;mal
Maize (%) 15 15 11.5 11.5 15 15
Soybean meal (%) 349 349 29.7 29.7 26.2 26.2
Calcium carbonate (%) 1.45 1.45 1.08 1 1.02 1.02
Sodium bicarbonate (%) 0.15 0.15 0.18 0.18 0.19 0.19
Salt (%) 0.25 0.25 0.19 0.19 0.2 0.2
Monocalcium phosphate (%) 0.95 0.95 0.71 0.71 0.55 0.55
Soybean oil (%) 3.1 3.1 0 0 0 0
Methionine (%) 0.31 0.31 0.31 0.31 0.22 0.22
Lysine (%) 0.19 0.19 0.3 0.3 0.23 0.23
Wheat (%) 433 432 51.7 51.6 51.5 51.4
0.4% mineral and vitamin premix (%) 0.4 0.4 0.4 0.4 0.4 0.4
PA 859-Chelatos — feed additive (%) - 0.1 - 0.1 - 0.1
Lard (%) - - 3.8 3.8 44 44
Threonine (%) 0.1 0.1 0.13 0.13 0.9 0.9
Analytical constituents

ME (kcal per kg) 2995.12 2991.95 3079.007 3075.839 3162.070 3158.902
Fat (%) 4.82 4.82 5.400 5.399 6.104 6.102
Crude protein (%) 22.51 225 21.010 21.004 19.548 19.543
Methionine (%) 0.64 0.64 0.613 0.613 0.508 0.508
Methionine +cystine (%) 1.03 1.03 0.985 0.984 0.863 0.863
Lysine (%) 1.33 1.33 1.285 1.285 1.139 1.138
Tryptophan (%) 0.28 0.28 0.255 0.255 0.236 0.236
Threonine (%) 0.82 0.82 0.878 0.878 0.787 0.786
Digestible methionine (%) 0.61 0.61 0.584 0.583 0.480 0.480
Digestible methionine +cystine (%) 0.94 0.94 0.902 0.901 0.784 0.784
Digestible lysine (%) 1.19 1.19 1.158 1.157 1.021 1.020
Digestible threonine (%) 0.71 0.71 0.771 0.771 0.686 0.686
Digestible tryptophan (%) 0.24 0.24 0.221 0.221 0.205 0.205
Ash (%) 6.01 6.1 5.150 5.237 4.796 4.883
Calcium (%) 1.11 1.14 0.909 0.942 0.811 0.844
Total phosphorus (%) 0.59 0.59 0.523 0.523 0.474 0.474
Available phosphorus (%) 0.48 0.48 0.431 0.431 0.367 0.367
Cu (mg per kg) 20.44 25.45 19.931 24.940 9.338 14.364
Zn (mg per kg) 113.67 123.66 111.567 121.554 34.637 44.624
Na (%) 0.15 0.15 0.135 0.135 0.137 0.137
Cl (%) 0.23 0.23 0.221 0.221 0.213 0.213
Moisture (%) 12 11.99 11.918 11.906 11.890 11.873
Vitamin A (K UI) 9.000 9.000 9.000 9.000 9.000 9.000
Vitamin D; (K UI) 5.000 5.000 5.000 5.000 5.000 5.000
Vitamin E (mg) 22.000 22.000 22.000 22.000 22.000 22.000

experimental group receiving copper and zinc chelates in
their feed. The Cu content in the serum of the birds in the
experimental group was shown to be higher in all weeks
of the study, except for week 5. The addition of Cu in
chelated form significantly increased the level of this el-
ement in weeks 1, 2 and 6 of rearing (P < 0.05). In the
case of the addition of a Zn chelate, apart from weeks 3
and 4, the serum level of Zn was lower. At this age, how-
ever, no statistical differences were confirmed between
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the control and experimental groups. In the final weeks
of fattening, serum Zn levels were 0.29 mg - L™ higher
in the birds from the control group than in the experimen-
tal group (P < 0.05).

Table 3 presents the growth performance of broiler
chickens in the control and experimental groups. In the
initial and final stage of fattening, i.e. weeks 1, 5 and
6, the birds in the experimental group had higher body
weight than in the control group. During the experiment
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Table 2. Content of minerals in the serum of broiler chickens from the control group and experimental group receiving feed supplemented
with copper and zinc chelates
Mineral Age (week of life) Control group Experimental group
0 0.059* £0.008 0.059* +0.008
1 0.106* £0.012 0.117°+0.016
2 0.106* +£0.013 0.120°+0.019
Cu (mg per Liter) 3 0.138*+0.019 0.160* +0.027
4 0.134* +0.006 0.137*+0.009
5 0.133*+0.011 0.125*+0.008
6 0.104* +£0.025 0.126° +0.031
0 1.60* £0.08 1.60* +0.08
1 1.91*£0.10 1.89*+0.10
2 1.73* £0.11 1.74* £0.09
Zn (mg per Liter) 3 1.51*+0.09 1.61°+0.12
4 1.72*£0.13 1.78*+0.14
5 1.46" +0.12 1.33°£0.15
6 1.72* +0.14 1.43°£0.16

Means in rows with lowercase superscript letters a, b are significantly different at P < 0.05.

the feed conversion ratio was estimated for both groups
(Table 3). The addition of chelates was shown to increase
the feed conversion ratio in the experimental group, but
statistical differences were confirmed only in week 4. The
increase in the feed conversion ratio in the experimental
group in comparison with the control group persisted to
the end of the fattening period, in every week of fattening
(P <£0.05).

The data in Table 4 indicate that the chickens in
the experimental group had slightly higher mortality
(0.01-0.06%), but the difference was statistically con-
firmed only in the first week of fattening.

DISCUSSION

The use of trace elements in the form of chelates in the
diet of poultry continues to be the subject of many stud-
ies [Wang et al. 2007, Vieira 2008]. Not all elements
can be chelated. The ones used in this form are cobalt,
copper, manganese, zinc and iron, as regulated by the
European Union in Directive 1334/2003 [Biesek 2018].
According to Minner et al. [2006], the stability and avail-
ability of intestinal chelates based on the smallest amino
acid, i.e. glycine, is 25% higher than in lysine or methion-
ine chelates. The addition of bioavailable minerals to feed
has a positive effect on bone development in birds and the
functioning of the body [Kwiatkowska et al. 2018]. The
mechanism of action of chelates is still not entirely clear.
Some authors suggest that elements may be absorbed un-
changed through the intestinal mucosa owing to an amine
group (the amino acid transport system), and for this rea-
son are better absorbed [Yan and Waldroup 2006, Wang
et al. 2007, Vieira 2008]. However, some studies, indi-
cate that the diet of broiler chickens has high content of

certain elements. A study by Kwiatkowska et al. [2017]
analysing the production performance of chicken broilers
and the morphometric and strength parameters of their
tibias showed that the intake of Fe (40 mg - kg™! feed)
recommended by broiler chicken producers is two or even
four times too high. The higher bioavailability of chelated
minerals is believed to be due to the fact that they are
bound to an amino acid, which prevents the formation
of complexes with antinutritional substances [Ettle et al.
2008]. Kwiecien et al. [2015a] and Kwiatkowska et al.
[2018] recommend caution in using a large amount of Fe-
glycinate chelate. Administration of appropriate amounts
of Fe in bioavailable forms protects against anaemia and
its negative effects [Yu et al. 2000]. The positive effects
of Fe-Gly on the health of not only animals but humans
as well is confirmed in research by many authors [Pineda
and Ashmead 2001, Mazariegos et al. 2004, Fuchs et
al. 2009]. However, excessive intake of iron relative to
needs may inhibit absorption of zinc [National Research
Council 2005]. The concentration of Zn has a tendency
to increase when iron is added to feed, while increased
availability of zinc can positively influence the concen-
tration of erythropoietin, which is responsible for stimu-
lating erythropoiesis [Konomi and Yokoi 2005]. The ad-
dition of a Zn chelate also affects bone tissue by stimulat-
ing osteo-blasts and weakening or inhibiting the activity
of osteoclasts. This is particularly important in the case
of the tibia, which is susceptible to damage and defor-
mation during rapid growth [Kwiatkowska et al. 2016].
Supplementation with Zn-Gly has been shown to increase
the body’s antioxidant capacity and storage of zinc in the
liver of chickens, but it did not affect body weight gains
in broiler chickens [Kwiecien et al. 2017]. Kwiecien et
al. [2014] and Winiarska-Mieczan and Kwiecien [2015]
showed that the addition of Gly-Cu to feed for broiler
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Table 3. Performance parameters of broiler chickens in the control and experimental groups
Parameter Age (week of life) Control group Experimental group
1 0.182*+0.009 0.188°+0.011
2 0.445*+0.011 0.442* +0.012
. 3 0.770* +£0.015 0.710* £0.020
Body weight (kg)
4 1.380* +0.047 1.380*+0.026
5 1.650* +0.198 1.740° £0.093
6 2.590° £0.205 2.660° +0.199
1 0.80*+0.10 1.87*+0.13
2 1.57* +0.06 1.50* +0.09
. 3 1.30* +0.09 1.43*+0.12
Feed conversion (kg)
4 1.34*+0.11 1.45°£0.12
5 1.69°+0.12 1.70° £0.15
6 1.72*+0.14 1.74° +0.16

Means in rows with lowercase superscript letters a, b are significantly different at P < 0.05.

Table 4. Mortality of chickens in each week of rearing.

Control group

Experimental group

Age (week of life)

Number % Number %
1 40.29°+£14.21 0.13*+0.05 58.14°+35.34 0.19°+0.12
2 20.00°+2.77 0.07°+£0.01 23.00*+6.06 0.08+0.02
3 16.43*+7.16 0.05*+0.02 20.71*+18.99 0.07*£0.06
4 11.57°43.55 0.04*+£0.01 15.57*+5.38 0.05*+0.02
5 13.86*+4.74 0.05*+0.02 15.86°+10.62 0.05*+0.04
6 11.14°+4.88 0.04*+0.02 13.57°+6.58 0.06*+0.03

Means in rows with lowercase superscript letters a, b are significantly different at P < 0.05.

chickens has a beneficial effect on their growth and devel-
opment. Kwiatkowska et al. [2016] found that the use of
Cu-Gly increased bone strength parameters, and chelated
Cu in the form of Cu-Gly en-sured proper bone mineral-
ization, even in smaller amounts than those recommended
for fast-growing broilers. According to Kwiatkowska et
al. [2016], the addition of 16 mg of Cu-Gly increased
the Ca level in the bones of broiler chickens. In con-
trast, research by Dmoch and Polonis [2007] showed that
the use of a Cu-Lys chelate reduced the plasma Ca level,
which may be linked to the dynamics of skeletal system
development in growing birds; during mineralization of
the skeleton, essential elements are taken from the blood.
The use of these compounds improves absorption of es-
sential minerals, and birds absorb the organic part at the
same time [Biesek 2018]. The present study showed dif-
ferences in Cu content in chickens at the beginning and
end of the rearing period, and in Zn content mainly in the
final week. However, the relationships were reversed: the
Cu level was higher in the experimental group, while the
Zn level was higher in the control group. The elevated
level of copper in the serum of the broilers in the exper-
imental group indicates that the Gly-Cu chelate is better
absorbed at the level of the gut-blood barrier. The results
suggest that an elevated copper level in the blood stimu-
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lates feed intake but reduces its conversion. Higher feed
intake is also linked to a faster growth rate in chickens
and unexpected weight gain in a short time. The level of
zinc was higher in the control group, which indicates that
the organic form Gly-Zn was less easily absorbed. The
results suggest that raising the level of zinc in feed does
not improve growth parameters. Zinc in oxide form was
better absorbed.

Trace elements such as Cu are essential for the growth
and development of chickens, and owing to their micro-
biological properties they have a positive effect on pro-
cesses taking place in the gastrointestinal tract [Abdallah
et al. 2009, Kuzlik-Wyrostek and Makarski 2009], which
in turn improves body weight and meat quality [Pesti and
Bakalii 1996, Wang et al. 2008]. In research by Kwiecien
et al. [2015b], the use of an organic form of Cu did not re-
duce the content of minerals in the livers of chickens, and
the biochemical and haematological parameters of the
blood remained normal. Studies by many authors indicate
that supplementation with Cu in organic form decreases
crude protein levels in the liver of birds [Makarski and
Zadura 2006, Wang et al. 2007]. Wedekind et al. [1992]
reported that Cu chelates are absorbed from the intestine
more effectively than Cu in inorganic form. Kim et al.
[2011] suggest that chelates can be potential substitutes
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for antibiotics, as they cause an increase in the popula-
tion of lactic acid bacteria while decreasing that of E. coli
in the intestine. Furthermore, organic forms of microele-
ments have been shown to protect against gastrointesti-
nal disorders during transport and do not cause deacti-
vation of C, E or B vitamins, whose reduced effect may
result in stress, poor growth performance, poorer meat
quality, a lower feed conversion ratio, and higher mor-
tality [Biesek 2018]. Cu in organic form is believed to
affect lipid metabolism in animals. Winiarska-Mieczan
and Kwiecien [2015] found that cholesterol content in
the meat of chickens receiving chelated Cu was lower
than in the meat of chickens receiving Cu in sulphate
form. Kwiecien et al. [2015b] reported that the addition
of Cu-Gly to feed significantly reduced the level of to-
tal cholesterol, which may indicate a positive effect on
the breakdown and oxidation of fatty acids. Other au-
thors [Makarski et al. 2006, Mondal et al. 2007, Aksu et
al. 2010] have reported similar observations of reduced
cholesterol in the plasma of broiler chickens following
the addition of Cu to the diet. The positive effect of Cu
in organic form is confirmed in research by many authors
[Aoyagi and Baker 1993]. Furthermore, the addition of
an organic form of Cu leads to better utilization of this
element by animals, thus decreasing the amount of Cu
in the droppings and thereby reducing the negative effect
on the environment [Nollet et al. 2007, Kwiecien et al.
2015b]. Consumption of poultry meat pro-duced using a
Cu supplement may be an alternative to Cu supplements
recommended for maintaining adequate levels in the hu-
man diet [Hordyjewska and Pasternak 2011].

CONCLUSIONS

To conclude, the addition of organic Cu and Zn chelates
to the diet of broiler chickens affected their weight gain,
increasing body weight at the start and end of the rear-
ing period (fifth and sixth weeks of age) while increasing
feed conversion. The continuous advances in genetic im-
provement of chickens necessitate further research aimed
at updating and balancing feed rations supplemented with
chelates. The low level of zinc in the blood of chick-
ens in the experimental group, accompanied by a higher
level of copper, may indicate that zinc does not signifi-
cantly influence weight gains in chickens. However, the
increased copper level in the blood of chickens in the ex-
perimental group may indicate stimulation of weight gain
and increased appetite, but with poorer feed conversion.
The blood parameters confirm the high bioavailability of
biocomplexes. The copper level in the blood was sig-
nificantly different between groups. The zinc level was
higher in the control group, which may suggest that cop-
per and zinc in the form of glycine chelates have antag-
onistic effects, which cannot be said of the use of these
elements in inorganic forms.
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WPLYW DODATKU CHELATOW CU | ZN NA ZAWARTOSC TYCH PIERWIASTKOW W KRWI KURCZAT
BROJLEROW ORAZ NA ICH MASE CIALA | KONWERSJE PASZY

STRESZCZENIE

Celem pracy bylo okreslenie wptywu chelatéw Cu i Zn na poziom tych mikroelementéw we krwi kurczat brojleréw
w kolejnych tygodniach odchowu. Materiat do badan stanowity kurczeta brojlery Ross 308. Badania przeprowa-
dzono w dwéch budynkach po 30 000 kurczat w kazdym. Z kazdego budynku wybrano losowo 50 kurczat do
grupy doswiadczalnej i kontrolnej. Krew do analizy pobierano z zyty skrzydiowej co 7 dni, od pierwszego dnia
odchowu do dnia 42. W grupie dos§wiadczalnej mikroelementy cynk i miedZ zawarte w paszy byly w formie or-
ganicznej. Wpltyw dodatku paszowego zawierajacego wybrane mikroelementy w postaci organicznej na kurczeta
brojlery oceniano od 1 do 6 tygodnia odchowu. Podczas eksperymentu monitorowano Srednie przyrosty masy ciata.
Monitorowano $miertelno$¢ i oszacowano zuzycie paszy na kg przyrostu masy. Podsumowujac, dodanie orga-
nicznych chelatéw Cu i Zn do diety kurczat brojleréw wptyneto na ich przyrost masy ciata, zwigkszajac mase
ciata na poczatku i na koricu okresu odchowu (piaty i szésty tydzien zycia) przy jednoczesnym zwigkszeniu wyko-

rzystania paszy.

Stowa kluczowe: kurczgta brojlery, chelaty, wydajno$¢ produkcji
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