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Summary

Effects of organic and inorganic zinc, copper and manganese supplementations into the diet on plasma
malondialdehyde (MDA), nitric oxide (NO), glutation (GSH) and antioxidant activity (AOA) were investigated in totally
280 white strain laying hens (Lohmann LSL), aged 60 weeks. The experimental animals were divided into 7 different
groups as 6 experimental and 1 control groups consisted of 40 laying hens in each group. Per group also divided into
four subgroup containing 10 laying hens. The diets of the control and experimental groups contained mean 17% crude
protein and 2750 kcal/kg metabolizable energy. The proteinate forms were used as organic sources of Zn, Cu and Mn,
whereas the oxide forms were used as inorganic sources of Zn, Cu and Mn. 50 mg/kg of ZnO, 10 mg/kg of Zn-
proteinate, 200 mg/kg of CuO, 50 mg/kg of Cu-proteinate, 30 mg/kg of MnO, 5 mg/kg of Mn-proteinate were added into
the basal diets of ZnO, Zn-proteinate, CuO, Cu-proteinate, MnO and Mn-proteinate groups, respectively. Both organic
and inorganic sources of Zn decreased plasma MDA and NO concentrations, while AOA remained unchanged, and
whereas Zn-proteinate increased GSH concentration. CuO decreased the plasma MDA concentration but it did not alter
the plasma NO, GSH and AOA. Cu-proteinate increased the plasma MDA concentration but decreased GSH and AOA.
Both MnO and Mn-proteinate decreased the plasma MDA concentration and unchanged the plasma NO, GSH and
AOA. It was concluded that both organic and inorganic sources of zinc and Mn decreased the oxidative stress in the
laying hens, whereas especially organic copper increased this effect.
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Yumurtaci Tavuklarda Yeme Organik ve inorganik Zn, Cu ve Mn
llavesinin Oksidan/Antioksidan Denge Uzerine Etkileri

Ozet

Bu arastirma, yumurta tavugu rasyonlarina organik ve inorganik cinko, bakir ve manganez katilmasinin plazma
malondialdehit (MDA), nitrik oksit (NO), glutasyon (GSH) ve antioksidan aktivite (AOA) Uzerine etkisini belirlemek
amaciyla yapilmistir. Arastirmada 60 haftalik toplam 280 beyaz yumurta tavugu (Lohmann LSL) kullanilmistir. Arastirma
her biri 40 tavuktan olusan biri kontrol ve alti deneme grubu olmak tzere yedi grup halinde yuratilmastir. Her grup 10
tavuk iceren 4 tekrar grubuna ayrilmistir. Kontrol ve deneme gruplari rasyonlari ortalama %717 ham protein ve 2750
kcal/kg metabolize olabilir enerji icerecek sekilde diizenlenmistir. Deneme gruplarindan inorganik mineraller ilave
edilenlere bu minerallerin oksit, organik ilave edilenlere ise proteinat formlari eklenmistir. Cinko oksit, Zn-proteinat,
CuO, Cu-proteinat, MnO ve Mn-proteinat gruplarinin yemlerine sirasiyla; ZnO 50 mg/kg, Zn-proteinat 10 mg/kg, CuO
200 mg/kg, Cu-proteinat 50 mg/kg, MnO 30 mg/kg ve Mn-proteinat 5 mg/kg ilave edildi. Arastirma sonunda organik ve
inorganik Zn'nun plazma MDA ve NO duzeylerini azalttigi, AOA’y1 degistirmedigi buna karsin Zn-proteinatin plazma
GSH'1 artirdigl; CuO’in MDA duzeyini dustrirken NO, GSH ve AOA'y1 degistirmedigi; Cu-proteinatin MDA dizeyini
artirirken GSH ve AOA’y1 azalttigi NO etkilemedigi; MnO ve Mn-proteinatin plazma MDA duzeyini azaltirken NO,
GSH ve AOA duzeylerini degistirmedigi belirlendi. Sonug olarak organik ve inorganik Zn ve Mn’in yumurtaci tavuklarda
oksidatif stresi baskilarken 6zellikle organik bakirin artirdigi belirlenmistir.
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INTRODUCTION

Minerals are generally added to diets of
animals to ensure their nutritional requirements .
However, the bioavailability of minerals varies
according to their sources *. The organic minerals
have higher bioavailability than the inorganic
minerals due to dissolution and absorption
without reacting with the other minerals during
the digestion *. Either the organic and inorganic
forms of the trace minerals are commonly added
into the diets of laying hens in order to improve
their body strength, egg production and quality .
On the other hand, the inorganic mineral
compounds can be easily oxidated throughout the
digestive tract as they are free ions and extremely
active and, form the complexes with the other
substances in the diet preventing their absorption.
Therefore, the chelates of the inorganic minerals
with the organic compounds are commonly used
in the animal nutrition in order to avoid the dis-
advantages of the inorganic minerals *.

Oxygen radicals and other reactive oxygen
species (ROS) are widely produced by cell
metabolism *. ROS can react with double bonds of
polyunsaturated fatty acids (PUFAs) to yield lipid
hydroperoxides and, cause to tissue damage.
However, there are some defense mechanisms to
remove ROS in the cells. Trace minerals are in-
volved directly or indirectly in the formation of
many enzymes against ROS. For example, Zn is
contributed to Zn/Cu superoxide dismutase (SOD)
formation together with Cu . In addition, Kraus et
al.? found that Zn deficiency in rats decreased
serum GSH concentration. The adding of Zn
decreases the serum MDA levels in human ?, in rat
2 and in quail °, while Zn deficiency increases it.
Cu has redox effect which is essential for every
living organism. Cu is involved in Cu/Zn-SOD and
ceruloplasmin in human and rat and, the activities
of these enzymes slow down in case of Cu
deficiency M. Similarly, Mn is involved in the for-
mation of Mn-SOD had an antioxidant activity .

The oxidant-antioxidant status can vary bet-
ween mammalian and birds because the birds
have higher levels of blood uric acid than
mammalian . Although the effects of minerals on
lipid peroxidation and antioxidant defense system
in mammalians and birds have been studied by
many researchers '*". Although there is available
data on the effects of different minerals on oxidant
and antioxidant status in laying hens, there is no

data comparing the effects of oxide and proteinate
sources of Zn, Cu and Mn on oxidant and anti-
oxidant status in laying hens. Therefore, the ob-
jective of this research was to determine the MDA,
NO, GSH concentrations and AOA levels in the
laying hens fed with diet supplemented organic
and inorganic forms of Zn, Cu and Mn.

MATERIAL and METHODS

Totally 280 white strain hybrid laying hens
(Lohmann LSL), aging 60 weeks were used in the
study and divided into 7 different groups, as six
experiment and control group, each containing 40
laying hens. Furthermore, each group was divided
into 4 sub-groups containing 10 laying hens. The
formulation of basal diet is shown in Table 1. The
basal diet was a typical laying hens diet con-
taining 17% crude protein (CP) and 2750 kcal/kg
metabolizable energy (ME) and was calculated to
meet or slightly exceed the nutrients requirements
recommended by the National Research Council.
The basal diet contained 24.8 mg/kg Zn, 24.7
mg/kg Mn, and 9.8 mg/kg Cu.

Table 1. Ingredient compositions of basal diet
Tablo 1. Temel yemin bilesimi

Composition of basal diets* %
Corn 45.30
Wheat 10
Soybean meal (%36 CP) 26
Meat-bone meal 3
Vegetable oil 3
Limestone 10
Dicalcium phosphate 2
Salt (NaCl) 0.25
Vitamin premix* 0.20
Mineral premix? 0.1
DL-Methionine 0.15
Calculated Analysis

CP % 17.10
ME, kcal/kg 2757
Calcium % 412
Phosphorus, % 0.83
Digestible phsophorus, % 0.59
Methionine + cystine, % 0.69
Lysine, % 0.95

! Rovimix 121 Provided per kilogram of diet: vitamin A
4.800.00 IU; vitamin D3 1.000.000 IU; Vitamin E 8.000 mg;
Vitamin K3 1.600 mg; vitamin B1 1.200 mg; vitamin B2 2.400
mg; vitamin Beé 2.000 mg; vitamin B12 8 mg; niacin 10.000
mg, Ca-D-Pantotenate 2.400 mg; folic acid 250 mg; choline
chloride 100.000 mg.

? Remineral S Provided per kilogram of diet: Mn 70.000 mg;
Mg 100.000 mg; Zn 60.000; Fe 25.000 mg; Cu 5.000 mg; Co
150 mg; Se 150 mg; Ca 100.000 mg; 1400 mg.

*The basal diet contained 24.8 mg/kg Zn, 24.7 mg/kg Mn,
and 9.8 mg/kg Cu



The minerals were added into the basal diet of
the experimental groups as declared in Table 2.
The laying hens were fed on group basis, and the
feed and water were offered “ad libitum” for daily
consumption, and the duration of lighting was 17
hours a day including day light through the
research. The study lasted 8 weeks.

Table 2. The concentrations of organic and inorganic sources
of Zn, Cu and Mn supplemented to the basal diet (mg/kg)

Tablo 2. Temel yeme katilan inorganik ve organik Zn, Cu
ve Mn kaynaklarinin yogunlugu (mg/kg)

g g o, _E

GROUPS % S g g 3 .g £ s .g

a o o
Control - - - - _ -
ZnO 50 - - - - -
Zn Proteinat - 10 - - - -
CuO - - 200 - - -
Cu Proteinat - - - 50 - -
MnO - - - - 30 _
Mn Proteinat - - - - h 5

At the end of the research, the blood samples
were collected from vena brachialis of 3 laying
hens randomly chosen each sub-group. The
plasma were obtained by centrifugation (3000 g,
10 min, +4°C) to determine the MDA, NO, GSH
and AOA values. Plasma lipid peroxidation eva-
luated thiobarbituric acid reactive substances
(TBARS), was determined according to Draper et
al.”®, GSH by by the method of Beutler et al.*and
AOA according to Koracevic et al.”.

Determination of plasma nitric oxide concen-
trations: Plasma nitric oxide concentrations were
determined according to the procedure of Miranda
et al.”. Nitrate was reduced to nitrite with
vanadium (lll) and then nitrite level measured by
using Griess reagents. Serial dilutions 0.5-200 uM
of Na nitrate (Merck, Germany) were used as
standards. The results were expressed as pmol/L.

Statistical analysis: The data obtained in this
research was subjected to one way ANOVA as
completely randomized design using the general
liner models procedure of SAS software.
Significant differences among the means were
determined by using Duncan’s multiple-range test
at p<0.05.
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RESULTS

The effects of the supplementation of organic
and inorganic sources of Zn, Cu and Mn to the
diet of the laying hens on the MDA, NO, GSH and
AOA levels are shown in Tables 3-5. The
supplementation of ZnO and Zn-proteinate to diet
decreased both MDA and NO concentrations in
the plasma, whereas only Zn-proteinate increased
the GSH level. However, both of ZnO and Zn-
proteinate did not affect the plasma AOA level in
laying hens.

The supplementation of CuO to diet decreased
the MDA concentration in the plasma of laying
hens as compared with control and Cu proteinate
supplementation groups. On the other hand, the
supplementation of Cu proteinate increased sig-
nificantly the MDA concentrations in the laying
hens as compared with the control group. The
plasma NO concentration was not affected by the
supplementation of organic and inorganic copper
sources, whereas the organic source of Cu dec-
reased the plasma GSH concentration and AOA
level in the laying hens. The supplementation of
organic and inorganic forms of Mn decreased the
MDA concentration as compared with the control
group. There were no differences on the NO, GSH
and AOA concentrations supplementation of
organic and inorganic manganese to diet.

Table 3. The effects of the supplementation of organic and
inorganic Zn to the diet of the laying hens on plasma levels
of the MDA (nmol/L), NO (umol/L), GSH (umol/L) and AOA
(mmol/L) (n=12, +SE)

Tablo 3. Yumurtact tavuklarin yemine organik ve inorganic
Zn ilavesinin plazma MDA (nmol/L), NO (umol/L), GSH
(umol/L) ve AOA (mmol/L) dlizeyleri lizerine etkisi

Groups! MDA NO GSH AOA
comtro 4410 2071 2319 8.38
ontrol 43502 +0792  +2.13b +0.44
200 2853 17.99 24.61 7.29
+132b  £070b  +1.14b +0.62

Zn 1727 15.45 3317 776
Proteinat +1.05¢ +0.68¢ +3.032 +0.44

1Control: Basal diet-no additives,

ZnO: Basal diet + 50 mg/kg ZnO, Zn proteinat: Basal diet +
10 mg/kg Zn proteinat,

ab.c Differences among treatments in the same column are
significant.
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Table 4. The effects of the supplementation of organic and
inorganic Cu to the diet of the laying hens on plasma levels
of the MDA (nmol/L), NO (umol/L), GSH (umol/L) and AOA
(mmol/L) levels (n=12, +SE)

Tablo 4. Yumurtact tavuklarin diyetlerine organik ve
inorganic Cu ilavesinin plazma MDA (nmol/L), NO
(umol/L), GSH (umol/L) ve AOA (mmol/L) diizeyleri lizerine
etkisi

Groups! MDH NO GSH AOA
Control 44.10 2071 23.19 8.38
d +3.59b +0.79 +2132 +0.442
cuo 3258 20.06 2533 7.50
u +3.33¢ +0.90 +1.662 +0.382
Cu 54.83 2119 16.26 5.40
Proteinat  +1.992 +1.02 +171b  +042b

1Control: Basal diet-no additives,

CuO: Basal diet + 200 mg/kg CuO, Cu proteinat: basal diet +
50 mg/kg Cu proteinat

ab.c Differences among treatments in the same column are
significant.

Table 5. The effects of the supplementation of organic and
inorganic Mn to the diet of the laying hens on plasma
levels of the MDA (nmol/L), NO (umol/L), GSH (umol/L)
and AOA (mmol/L) levels (n=12, +SE)

Tablo 5. Yumurtact tavuklarin diyetlerine organik ve
inorganic Mn ilavesinin plazma MDA (nmol/L), NO
(umol/L), GSH (umol/L) ve AOA (mmol/L) diizeyleri lizerine
etkileri

Groups! MDH NO GSH AOA
Control 4410 20.71 23.19 8.38
+3.59a +0.79 +2.13 +0.44

MnO 7.24 21.20 26.33 8.30
+0.10b +0.83 +1.63 +0.27

Mn 7.54 20.31 25.38 7.87
Proteinat  +0.16b +0.81 +1.86 +0.34

1Control: Basal diet-no additives,

MnO: Basal diet + 30 mg/kg MnO, Mn proteinat: Basal
diet+ 5 mg/kg Mn proteinat.

ab: Differences among treatments in the same column are
significant.

DISCUSSION

The most important reactant in free radical
biochemistry in aerobic cells is oxygen and its
radical derivatives (superoxide and hydroxyl
radical), hydrogen peroxide and transition metals.
As lipids are prone to oxidation of unsaturated

bonds, it is perhaps reasonable to advocate lipid
peroxidation as a significant event in the develop-
ment of membrane damage. One of the major
secondary oxidation products of peroxidized
polyunsaturated fatty acids is the MDA *. Since the
MDA has been found elevated in various diseases
thought to be related to free radical damage,
determination of this biomarker has been widely
applied as the most common approach for the
assessment of lipoperoxidation in biological and
medical sciences”". In this study, the supplemen-
tation of both organic and inorganic zinc sources
to the diet of laying hens decreased the MDA
concentration. This result might be attributed to
Cu/Zn-SOD because previous studies have
showed that zinc and copper together involved in
formation of Cu/Zn-SOD and the level of this
enzyme elevated in case of supplementation of
those minerals into diet *°. In addition, Cu/Zn-
SOD decreases lipid peroxidation by transforming
superoxide (O) into H202 and dioxygen . How-
ever, MDA concentration was more decreased by
the organic Zn source than inorganic one. This was
in accordance with the finding of Szentmihalyi et
al.2 who observed that organic zinc that traps free
radicals better than the inorganic forms as in vitro.

Copper contributes to the formation of the two
antioxidant enzymes; Ceruloplasmin and Cu/Zn-
SOD ". A number of studies in the birds demons-
trated that inorganic copper addition into the diets
at the level of 13.2 mg/kg increased the Cu/Zn-
SOD levels in liver, red blood cells *, kidney,
heart and blood plasma *'. However, Zhang et al .2
found that, Cu overload in rats increased the
serum MDA concentration due to a remarkable
drop in Cu/Zn-SOD and Se-GSH peroxidase
activities in blood and a significant increase in
hepatic Cu. In the present study, the inorganic
source of Cu decreased the MDA concentration
but the organic source of it increased the MDA
concentration. This is probably due to the diversity
of absorption of Cu in different Cu sources ?
because the diets used in this study contained
similar amounts of Cu. Our results indicated that
organic Cu amount used in this study increased
lipid peroxidation, demonstrated to oxidative
damage.

In the present study, both of organic and in-
organic sources of Mn decreased MDA con-
centration in the blood. This might be due to



contribution of Mn to both the formation of Mn-
SOD, which is a mitochondrial enzyme and traps
some important oxidants, and the formation of
Mn-prophirine . Mn-prophirine is also known to
have antioxidant activity by capturing superoxide,
hydrogen peroxide, nitric peroxide and lipid
peroxydes *. In addition, Trostchansky et al.#
reported that uric acid increases the antioxidant
activity of Mn-prophirine in the blood.

Nitric oxide has many physiologic functions
and physio-pathologic effects in the organism and,
synthesized by the enzymes iNOS/nNOS/eNOS
from L-arginine. The half-life of NO is very short
and, peroxynitrite (OONQO)) is formed by radical
O following the reduction of NO2 to NOs. Nitric
oxide is accepted as an antioxidant by capturing
radical O  and as an oxidant by forming per-
oxynitrite **. Our results showed that the
supplementation of both organic and inorganic Zn
to the diet decreased the NO level, whereas the
adding of Cu and Mn to the diet did not affect it.
There are different reports on the effect of minerals
on NOS enzymes. David and Janore % found that
zinc suppressed the enzyme iNOS. Bianchini et
al.Z reported that, although Cu-ceruloplasmin is
an eNOS inhibitor, the iINOS synthesizes more
NO from L-arginine than the eNOS. On the other
hand, Cu/Zn-SOD and Mn-SOD remove radical
super oxide and, this leads to an increase in the
half-life of NO *. In addition, Pfeiffer et al.2
suggested that Mn-porphirine is a direct inhibitor
of cyclic guanylate cyclase and NO. In the present
study, while this effect of Zn on NO is in agreement
with previous results of David and Janore *, the
effect of Cu and Mn on NO in laying hens might be
attributed to difference of minerals on efficiency of
NOS.

Glutathione is known to react directly with
ROS and acts as a non-enzymatic antioxidant .
AOA is not only a sum of antioxidants but also a
dynamic antioxidant defense system developed
against currently present oxidants 7. The supple-
mentation of Zn to the diet removes the radical
superoxide by increasing the levels of SOD and
catalase and, this mechanism prevents the auto-
oxidation of GSH and thiols. In addition, the re-
duced GSH gen release increases in cell expo-
sured to the hydrogen peroxide *. In this study,
the increased GSH in Zn-proteinate group, but not
ZnO group, can be explained by removing of
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radical O by increment of other antioxidant
enzymes such as SOD and catalase, thus this
mechanism indicates that zinc protects GSH in the
blood. However, the unchanged levels of GSH in
ZnO group might be due to low bioavailability of
zinc in the ZnOs. In addition, the supplementation
of both organic and inorganic zinc sources to diet
unchanged AOA, indicated defense system against
lipid peroxidation.

Gaetke and Chow ¥ reported that oxidative
damage has been linked to Cu- overload or
exposure to excess Cu. Inorganic Cu source used
in this study unchanged the GSH, whereas organic
Cu source decreased it. This result can be attributed
to higher bioavailability of Cu in the Cu-proteinate.
In addition, the decreased AOA in laying hens fed
with supplemented organic copper source
supported this suggestion. Our results showed that
addition of manganese to the diet of hens had no
effect on plasma GSH and AOA levels. This can
be attributed to extremely low levels of lipid per-
oxidation in this study.

As a result, the lipid peroxidation is decreased
by the supplementation of the inorganic and
organic sources of zinc and manganese, and
inorganic copper to diet. Therefore, we concluded
that both organic and inorganic sources of zinc
and Mn decreased the oxidative stress in the
laying hens, whereas especially organic copper
source increased it.
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