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ABSTRACT: A trial was set up to evaluate the influence of some dietary organic trace
minerals supplementations on productive and reproductive performance and immune
response of Gimmizah chickens. A total of 160 hens and 40 cocks aged 24 wks of age were
distributed randomly among eight experimental groups (20 hens and 5 cocks/ group) and
the experiment ended at 40 wks of age.

Birds were fed different experimental eight diets. Two control diets were formulated to
meet nutrient requirements of chickens as recommended by NRC (1994). The first diet was
considered as negative control and supplemented with 100% inorganic trace minerals
(Inorg-TM) and the second one was considered as positive control and supplemented with
100% organic trace minerals (Org-TM). The third group was supplemented with 50% of
organic trace minerals. The rest five diets were supplemented with 50% of the organic form
of zinc (Zn), manganese (Mn), iron (Fe), copper (Cu), or selenium (Se), respectively. The
premix was formulated to contain the requirements of trace elements in inorganic form
(sulphate), organic form (peptide chelate) or in combination.

Results indicated that:

1- Supplementing the hen's diet with organic trace minerals had no significant effect on
egg production %, egg weight, egg mass, feed intake and feed conversion compared
with those supplemented with Inorg-TM. However, hens fed with organic mineral
diets at different levels produced a heaviest egg weights compared with those fed
inorganic diet.
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2-

Hens fed diets containing either 100% or 50% organic minerals (Zn, Mn, Fe, Cu and
Se) had significantly higher egg shell thickness and yolk solids weight % compared
with those for Inorg-TM diet.

White and red blood cell counts, and hemoglobin were higher in hens fed at 100 %
and 50% levels of organically total complexed minerals (p<0.05) compared with

Significant increase was observed in plasma Zn, Mn, Cu and Se concentrations for
hens fed 100% and 50% Org-TM and in each organic minerals were fed as a single

Dietary experimental organic minerals represented the highest significant record of
sperm concentration, live sperm (%), sperm output, number of motile sperm, and

3-
Inorg-TM group.
4-
element compared with those for 100% Inorg-TM.
5-
number of live sperm compared with inorganic one.
6- There was significant increase in fertility % for eggs of groups fed 100%

and 50%
Org-TM, 50%0rg-Cu and 50% Org-Se compared with control Inorg-TM. The use of
organic minerals in diets significantly improved hatchability % compared with

control Inorg-TM .

INTRODUCTION

Trace minerals, such as Zn, Mn, Fe,
Cu, and Se are essential for birds growth
and involved in many digestive,
physiological, and biosynthetic processes
within the body. These minerals are
constituents of hundreds of proteins
involved in intermediary metabolism,
hormone secretion pathways and immune
defense systems (Dieck et al., 2003).
Traditionally, these trace minerals are
supplemented in the form of inorganic
salts, such as sulfates, oxides and
carbonates, to provide levels of minerals
that prevent clinical deficiencies and allow
the bird to reach its genetic growth
potential (Bao et al., 2007 and Saripinar
Aksu et al., 2010).

Nowadays, livestock is generally
fed highly concentrated diets that are

formulated to provide an excess of
nutrients to  maximize  performance
(Leeson, 2003). Organic complexed

mineral is a type of mineral linked to
protein/peptide/amino acids that has a
higher bioavailability than those inorganic
salts (Swiatkiewicz et al., 2014). These
types of minerals are more easily absorbed

compared to inorganic forms. Therefore,
organic complexed minerals are supposed
to be more effective than the inorganic
minerals in broilers (Abdallah et al., 2009
and Richards et al., 2010).

The role of improvement of
physical egg quality traits due to using
organic trace minerals had been
investigated by different researchers (Siske
et al., 2000 and Maciel et al. 2010).
Moreover regarding to the hematological
parameters, EI-Sheikh et al.(2010)
observed that white and red blood cells,
and blood hemoglobin were increased
significantly by using organic selenium.

Barber et al. (2005) suggested that
Zn, Mn, and Se enhance spermatogenesis
and improve semen quality. Also, Sara et
al.  (2008) found that selenium
supplementation is known to affect
antioxidant defense of chicken semen.
Several publications  were  reported
regarding the improvement of hatch due to
supplementation the diet with organic trace
minerals (Hassan et al., 2003 and
Dobrzanski et al., 2008).

The present study was investigated
to determine the effect of organic trace

1056



Organic trace minerals, chickens, egg quality, semen quality, hatchability%

minerals levels supplementation (Zn, Mn,
Fe, Cu, and Se) on egg production, egg
quality, hematological parameters, blood
minerals concentration, semen evaluation,
and fertility and hatchability (%) in
Gimmizah chickens.

MATERIALS AND METHODS

The present experiment was carried
out at EL-Sabahia Poultry Research Station
(Alexandria), Animal production Research
Institute (A.P.R.I1), Agricultural Research
Center. A total of one hundred and sixty
laying hens and forty cocks of Gimmizah
strain at 24 weeks of age were housed
individually in single cages and distributed
randomly in eight treatment groups (20
females and 5 males in each one).

Birds were fed different
experimental eight diets. Two control diets
were formulated to meet nutrient
requirements of chickens as recommended
by NRC (1994). The first diet was
considered as negative control and
supplemented with 100% inorganic trace
minerals (Inorg-TM) and the second one
was considered as positive control and
supplemented with 100% organic trace
minerals (Org-TM). The third group was
supplemented with 50% of organic trace
minerals. The rest five diets were
supplemented with 50% of the organic
form of zinc (Zn), manganese (Mn), iron
(Fe), copper (Cu), or selenium (Se),
respectively. The premix was formulated to
contain the requirements of trace elements
in inorganic form (sulphate), organic form
(peptide chelate) or in combination. Table 1
demonstrates the experimental design and
Table 2 represents the compositions of the
basal diets. Feed and fresh water were
offered ad-libitum through treatments.
Artificial lighting was used to provide birds
17 hrs lighting daily.

Egg Production:

Egg weight (g) and egg number
were recorded daily. Egg mass (Kg) was
calculated by multiplying egg number by
average egg weight. Feed intake (g) was
recorded daily per bird. Feed conversion
values (g feed/g eggs) were calculated as
the amount of feed consumed divided by
egg mass.

Physical Egg Parameters:

At 32 wks of age, 10 eggs/group
were used to record the weights of yolk,
albumen, and eggshell (as percentage to
egg weight), and eggshell thickness without
egg shell membranes (mm).

For evaluation of yolk and albumen
solids, ten egg yolks and albumens were
individually weighed and dried at 55 °C in
a forced-air convection oven for at least
72hrs. After 2 hrs in the environmental
temperature, samples were weighed, and
their yields were calculated relative to
respective initial weights.

Washed shells were left for 72 hrs at
environmental temperature, dried,
individually weighed, and their relative
weights were calculated as percentage of
egg weight. Egg shell thickness was
measured for three equatorial regions of ten
eggs using a manual micrometer.

Hematological and Blood Minerals

Parameters:

At 36 wks of age, blood samples
were randomly taken after oviposition from
10 hens from each treated group in
heparinized tube from the brachial wing
vein. Blood samples divided into two parts
,the first part was used to measure the white
blood cells (WBC's), red blood cells
(RBC's), hemoglobin (Hb)and packed cell
volume (PCV) and the second one was
centrifuged at 3000 rpm for 15 minutes to
separate plasma and stored at -20 °C until
the time of minerals determination. Ca, P,
Zn, Mn, Fe, Cu, and Se were measured
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spectrophotometrically available

commercial kits.

using

Semen Evaluation:

At 28 weeks of age, semen
samples were collected from cocks of each
treatment once weekly by abdominal
massage technique. Some semen physical
properties such as ejaculate volume (ml),
forward motility (%) and live sperm (%)
were determined. Sperm concentration was
measured by using spectrophotometer at
wave length 535 nm according to El-Sahn
and Khalil (2005).

Number of motile sperm=percentage of
forward motility x sperm output.
Number of live sperm=percentage of live x
sperm output.

Fertility and Hatchability Percent:

At 30 wks of age, hens were
inseminated twice a week with diluted
semen (1:1) from cocks that received the
same treated diets. Hatched eggs were
collected daily from each group at 32, 34
and 36wks of age. A total of 1680 hatched
eggs representing the eight experimental
dietary groups were incubated in Egyptian-
made incubator at 37.8°C and 55%RH
during incubation and transferred to hatcher
operated at 37.2°C and 65% RH.
Macroscopic fertility was determined as
percentage of fertile eggs from total egg
set.

Hatchability of fertile eggs %
=Number of hatched chicks X 100
Number of fertile eggs

Statistical Analysis:

Data were statistically analyzed
according to SAS program (SAS, 2004)
using GLM Procedure. Mean differences
were tested by Duncan's New Multiple
range (Duncan, 1955).

RESULTS AND DISCUSSION

Egg Production, Feed Intake and Feed
Conversion:

Table 3 shows that no significant
differences were observed in the results of
egg production %, egg weight, egg mass,
feed intake, and feed conversion due to
supplementation the feed with all of Org-
TM among the experimental groups. Also,
results indicated that hens fed diet
containing 50% combined organic minerals
had the higher numerical egg weight
compared with control Inorg-TM group.

Results herein are in agreement with
those reported by Maciel et al. (2010) who
did not observe any improvement in egg
production, feed intake, feed conversion
from laying hens supplemented with Zn,
Mn and Cu in organic form. Also,
Sechinato et al. (2006) did not detect any
effects of Zn, Mn, Cu, Fe, or Se
supplementation, alone or combined, either
in organic or inorganic form, on egg
production. Payane et al. (2005) reported
that responses to mineral supplementation
depend on the mineral concentration in
basal diet. There is a broad consensus in
formulation of mineral or vitamin premixes
that is necessary to  supplement
microelements with a wide safety margin,
superior to the required levels (Dale and
Strong, 1998). Therefore, the control diet
alone may supply all trace-mineral
requirements, becoming impossible to
detect any additional benefits, independent
of the presentation of minerals, either
inorganic or inorganic.

Data presented in the current study
regarding the increase of egg weights for
all of organic treatments may be due to the
combined actions of the three micro
minerals (Zn+Cu+Mn) used, since they are
directly associated to egg formation as
supported by Underwood (1999). Several
explanations of the role of these minerals
had been reported that Zn is one of the
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constituents of carbonic anhydrase, an
enzyme involved in egg shell formation
(Leeson and Summers, 2001), Mn is the
metal  activator of enzymes that are
involved in the synthesis of
mucopolysaccharides and glycol proteins
that contribute to the formation of the
organic matrix of the shell
(Georgievski,1982), and according to Scott
et al.(1982), Cu plays the role of co-factor
of the lysyl —oxylase enzyme that is
important in the formation of collagen
cross- links present in the egg shell
membranes. Also, Maciel et al. (2010)
observed an enhancement in egg weight
when hens fed diet containing 50% organic
(Cu+Zn+Mn) compared with those fed
inorganic diets. Moreover, Sara et al.
(2008) and Hanafy et al. (2009) reported
that egg weight of birds fed on diet
containing organic Se was significantly
greater than the inorganic form.

Physical Egg Parameters:

Table 4 shows that birds received
feed supplemented with organic minerals
except that for 50% Org-Zn and 50% Org-
Fe produced the highest significant egg
shell thickness compared with eggs of
control Inorg-TM group. Feed
supplemented with organic trace minerals
did not represented any significant
differences for egg shell weight (%) among
treatment groups. All hens given 100%
Org-TM, 50% Org-Zn, 50% Org-Cu, and
50% Org-Se had lower significant egg
albumen weight (%) compared with
inorganic group. Dietary organic minerals
had no significant influence on egg
albumen solid (%). Yolk weight (%) for
eggs produced from hens given 100% Org-
TM and 50% Zn- organic in diet were
significantly(p< 0.05) increased compared
with those for control Inorg-TM, 50% Org-
TM and 50% Org -Fe and this increase is
numerical compared with the other rest
groups. All analyzed egg vyolk solid

percentages were higher in eggs produced
from hens fed organic minerals compared
with inorganic minerals group. Data of
shell thickness and solid yolk percentage
reveal that supplementation the diet with
50% Org-TM is quite enough for
improving these parameters and increasing
the supplementation to 100% Org-TM did
not create more positive influence.

The current results support the
finding of those Maciel et al. (2010) who
observed enhancement in shell thickness as
an effect of 50% organic (Zn+Mn+Cu)
compared with those fed inorganic diets.
Also, Siske et al. (2000) reported that 50%
supplementation of organic Zn, Mn and Se
improved egg shell thickness compared
with inorganic supplementation of these
trace minerals. In addition, Hanafy et al.
(2009) reported that hens fed diets
supplemented with organic Se was
significantly increased the egg shell
thickness than the inorganic group. Mabel
et al. (2003) did not find any changes in
eggshell yield with the use of organic Zn or
organic Mn.

Rutz et al. (2004) reported that yolk
and albumen weight were improved by
adding organic minerals (Cu+Zn+Mn) to
the diet. Also, Fernandes et al. (2008) fed
layer diets supplemented with organic trace
minerals (Zn+Mn+Se) presented (p<0.05)
higher yolk yield relative to the control
treatment. Also, the same authors reported
that the commercial organic trace mineral
added to diet at 250 ppm increased the
level of yolk solids as compared to the diets
supplemented  with  inorganic  trace
minerals.

Hematological Parameters:

White and red blood cell counts,
HB, and PCV are presented in Table 5.
WBC's were significantly increased in
100% Org-TM , 50% Org-TM and 50%
Org-Se treated groups compared with those
in the other treated groups. Hens fed diet
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supplemented with 100% Org-TM, 50%
Org-TM 0r50% Org-Fe had significant
increase of RBC's and Hb compared with
Inorg-TM group. There was a numerical
increase in PCV% for hens fed diet
containing trace organic minerals compared
with those for inorganic group.

Some trace elements (Zn, Cu and
Se) markedly influence humoral and
cellular immunity (Allgower et al., 1995).
In addition, Ozturk-Urek et al. (2001)
reported that the trace elements (Cu, Zn.
Fe, Mn and Se) are involved in the
metabolic activities via metalloenzymes
which are essential for the antioxidant
protection of chickens cells. Fekete and
Kellems (2007) found that a lack of Zn, Fe,
Cu and Se in the animal organism is
associated with  signs of  immune
deficiency.

Several research works regarding
the effect of organic trace minerals on
RBC's, Hb and PCV. Saripinar Aksu et al.
(2010) observed that when they used
approximately  30% of organically
complexed minerals (Cu, Zn, Mn) in
broiler diets instead of inorganic forms of
these minerals has not created a negative
impact on hematological parameters. Also,
the same authors reported that blood Hb of
this group was increased due to the
increasing iron in blood and explained that
because a high level of zinc stimulates the
synthesis of metallothionein which is
synthesized from enterocytes and binding
the metal ions in the blood. Shinde et al.
(2011) reported that the RBC's, Hb and
PCV were higher in birds fed on Fe
supplemented diets than birds fed on the
control diet. In addition, Ma et al. (2014)
indicated that Hb concentration was indices
in reflecting differences in bioavailability
among different Fe sources , and Fe
organic was significantly more available to
broiler than inorganic Fe sulfate for Hb
enhancing.

Plasma Minerals:

Table 6 shows that feeding
Gimmizah hens with diets containing
organic trace minerals did not influence
plasma Ca and P concentration compared
to those fed Inorg-TM diet. Significant
increase was observed in Zn, Mn, Cu and
Se concentration for hens fed 100% Org-
TM, 50% Org-TM and for each trace
organic mineral supplemented separately
compared with Inorg-TM. Moreover,
supplementation the diet with 100% or
50% Org-TM and 50% Org-Fe numerically
increased blood Fe concentration compared
with Inorg-TM.

The current results are keeping
with those reported by Das et al. (2014)
who observed that supplementation of
organic minerals of Cu, Zn and Mn either
alone or combination at 50% or 100 %level
in layers diet had no significant differences
effect on serum calcium or phosphorus.
The same results were reported by Parak
and Strakova (2011) who observed that the
levels of serum calcium or phosphorus did
not change by using Cu, Zn, Mn minerals.
With respect to plasma iron concentration,
Shinde et al. (2011) reported that birds fed
diets supplemented with Fe increased
plasma Fe than birds fed control diet.
Hanafy et al. (2009) mentioned that organic
Se supplementation increased plasma Se
concentration in Bandarah chickens.

Physical Semen Traits:

Physical semen traits as affected by
feeding different levels of organic trace
minerals (Zn, Mn, Cu, Fe and Se) to
Gimmizah cocks are presented in Table 7.
Semen volume did not represent any
significant differences between all the
organic experimental groups and the
control Inorg-TM. Also, data of this table
reveal that semen of cocks fed trace organic
minerals represented significant (P<0.05)

increase of sperm concentration (X10%ml),
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live sperm (%), sperm  output
(X10%ejaculate), number of motile sperm

(X10%ejaculate) and number of live sperm

(X10%ejaculate) compared with those for

control Inorg-TM. Moreover, the results
showed that semen of dietary organic trace
minerals groups except that for Mn and Cu
groups had significant increase of sperm
forward motility (%) compared with those
for control Inorg-TM.

Generally, no significant differences
have been shown in the previous mentioned
parameters for semen quality between birds
fed 50% and 100% Org-TM.

These results are keeping with those
reported by Hurley and Doane (1989) who
reported that Zn may act indirectly through
the pituitary to influence gonadotropic
hormones. Amen and Al-Daraji (2011)
reported that dietary zinc supplementation
can be used as active tool for enhancing
reproductive performance for roosters.
Moreover, Aghaei et al. (2010) found a
positive correlation between Zn and Cu
concentrations of seminal plasma and
progressive motility percent of
spermatozoa. Barber et al. (2005) suggested
that 2Zn, Mn, and Se enhance
spermatogenesis and improve semen
quality. Massanyi et al .(2004) found high
negative correlation between iron semen
concentration and tail taros .Selenium
supplementation is known to affect
antioxidant defense of chicken semen (Sara
et al.,2008). Edens (2002) found that
dietary cocks with organic Se can improve
semen quality by decreasing the
abnormalities of spermatozoa mid-pice
damage. Also, Hanafy et al. (2009)
reported that Org-Se can improve sperm
motility and in turn fertility percentage.

Fertility and Hatchability:

Fertility% and hatchability of fertile
eggs % as affected by feeding different
organic trace minerals to Gimmizah
chickens are presented in Table 8. There
were a significant (p<0.05) increases in
fertility % for in groups fed 100% Org-
TM,50% Org-TM, 50%0rg- Cu and 50%
Org-Se compared with control Inorg-TM.
Also, the supplementation of organic
minerals in diets significantly (p<0.05)
improved hatchability of fertile eggs%
compared  with  control  Inorg-TM.
Supplementing 50% or 100% Org-TM to
the diet represented the same results of
improving fertility and hatchability %.

Hassan et al.(2003) reported that
feed additives of Zn methionine improved
fertility and hatchability %compared to
inorganic diet. Moreover, Virden et al.
(2003) demonstrated that breeders fed
supplemental Zn and Mn amino acid
complexes have progeny with improved
early survival. Hanafy et al. (2009)
reported that Selenium is required for
proper function of the glutathione
peroxidase enzymes, which play as a
antioxidant enzyme. Therefore, increased
fertility and hatchability percentages in
organic Se group may be due to improved
antioxidant status.

CONCLUSION

Supplementing the chicken's diet with
organic trace minerals especially with both

concentrations of complexed organic
minerals (50% and 100%) realized the
concept of improving fertility and
hatchability percentages. These

improvements as appears on the
aforementioned results could be due
different factors such as physical egg
quality for hens and semen characteristics
for  cocks.  Therefore, the lower
concentration of total inorganic minerals
(50%) is preferable due its lower cost.
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Table (1): The experimental treatments

No Abbreviation Treatment Description Chemical Structure
1 100% Inorg-TM  [100% inorganic trace Inorganic trace minerals Inorganic trace mineral in form
minerals (negative control) of sulphate
5 100% Org-TM 100% organic trace minerals [100% organic Zn, Mn, Fe, Cu, [Proteinate- Zn, Mn, Fe, Cu and
(positive control) Se Se
3 50%0rg-TM Organic trace minerals 50% organic Zn, Mn, Fe, Cu, |Proteinate- Zn, Mn, Fe, Cu, Se
Se
4 50%0rg-Zn Organic Zn 50% organic Zn, the other Proteinate- Zn
minerals in inorganic forms.
5 50%0rg-Mn Organic Mn 50% organic Mn, the other Proteinate- Mn
minerals in inorganic forms.
5 50%0rg-Fe Organic Fe 50% organic Fe, the other Proteinate- Fe
minerals in inorganic forms.
7 50%0rg-Cu Organic Cu 50% organic Cu, the other Proteinate-Cu
minerals in inorganic forms.
8 50%0rg-Se Organic Se 50% organic Se, the other Proteinate- Se

minerals in inorganic forms.
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Table (2): Composition and calculated analysis of chicken's diet.

Ingredients (%) Chicken's diet
Yellow corn 63.55
Soybean meal (44%) 25.10
Wheat bran
Di-Ca-P 1.45
Limestone 8.10
Vit. &Min.Mix! 0.30
DL-Met 98% 0.10
NaCl 0.40
Mineral supplementations 1.00
Total 100
Calculated Analyses:
Crude Protein, % 16.50
ME, Kcal/kg 2700
Ca, % 3.50
Available P, % 0.40
Met + Cys, % 0.66
Lys, % 0.89

1Supplied per kg of the diet: Vit A, 12000 IU; Vit D, 2000 IU; Vit. E, 40mg;
Vit Kz , 4mg; Vit By, 3mg; Vit B2, 6mg; Vit Bs , 4mg; Vit Biz, 0.3mg;
niacin, 30mg; pantothenic acid, 12mg; folic acid, 1.5mg; biotin, 0.08mg;
choline, 300mg; Mn, 100mg; Cu, 10mg; Fe, 40mg; Zn, 70mg; Se, 0.3 mg,;
1,1.5mg; Co, 0.25mg.
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Table (3): Effect of dietary organic trace minerals supplementation on productive

performance of Gimmizah hens

Parameters

Mineral . .
. Egg production . Feed intake Feed
supplementations (%) Egg weight (g) | Egg mass (Kg) (g/bird /day) Conversion (g:g)
100% Inorg- TM* 58.6x1.2 48.56+0.7 2.86x0.08 112.1+0.8 3.97+0.06
100%0rg-TM? 59.1+1.4 49.16+0.6 2.89+0.06 113.5+0.9 3.94+0.07
50%0rg-TM 58.1+1.3 50.51+0.5 2.94+0.08 113.1+1.0 3.88+0.08
50%0rg-Zn 59.3£1.1 49.72+0.7 2.95+0.06 112.3+0.9 3.83+0.06
50%0rg-Mn 58.2+1.1 49.29+0.6 2.86x0.05 111.6x0.7 3.91+0.05
50%0rg-Fe 60.0+1.4 49.57+0.5 2.97+0.07 1141+ 0.9 3.87+0.06
50% Org-Cu 57.8+1.2 50.47+0.7 2.91+0.06 112.2+0.8 3.87+0.06
50% Org-Se 57.4+1.4 50.16+0.6 2.88+0.08 114.2+1.0 4.01+0.09

Inorg- TM!: negative control inorganic trace minerals; Org-TM?2 positive control organic trace minerals; Zn:zinc;

Mn:manganese ;Fe:iron; Cu:copper; Se:selenium.
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Table (4): Effect of dietary organic trace minerals supplementation on physical egg quality of Gimmizah hens

Parameters
Mineral Shell _thickness _ _ _ _ _
supplementations without Shell weight | Albumen weight | Albumen solids | Yolk weight | Yolk solids
membranes (%) (%) (%) (%) (%)
(mm)
100% Inorg- TM! [0.37 £0.03b  [12.7+0.3 56.4+ 0.6a 14.0 £0.5 30.8 £0.7b 51.8+0.7c
100%0rg-TM? 0.41+0.03a 13.2+0.5 52.2+0.7d 15.1+0.2 34.5+0.1a 57.5+0.6a
50%0rg-TM 0.42+0.03a 13.1+0.1 55.5+0.4abc 14.3+0.6 31.3+0.2b 57.3+0.9a
50%0rg-Zn 0.39+0.02ab 14.1+0.6 51.7+0.7d 15.1+0.5 34.1+0.9a 56.2+0.5ab
50%0rg-Mn 0.42+0.02a 13.0£0.5 54.2+0.5abcd 14.3+0.6 32.7+0.8ab 56.7+0.6ab
50%0rg-Fe 0.38+0.02ab 13.1+0.4 55.9+0.6ab 14.7+0.1 30.9+0.4b 56.5+0.5ab
50% Org-Cu 0.41+0.03a 13.5+0.3 53.2+0.9cd 14.8+0.3 33.2+0.7ab 54.3+0.9b
50% Org-Se 0.41+0.02a 13.5+0.5 53.6+0.9bcd 14.9+0.5 32.8+0.9ab 55.3+0.6ab

a.bed Means with no common superscripts within each column are significantly different (P < 0.05).
Inorg- TM': negative control inorganic trace minerals; Org-TM?: positive control organic trace minerals; Zn:zinc;
Mn:manganese ;Fe:iron; Cu:copper; Se:selenium.
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Table (5): Effect of dietary organic trace minerals supplementation on hematological parameters of Gimmizah hens

Parameters
Mineral supplementations (1\(/)\4}223) (1;./?5(;13) Hb (g/dl) P.C.V (%)
100% Inorg- TM! 8.5+0.1b 2.1+0.1c 9.5+0.1c 30.3+0.4
100%0rg-TM? 9.240.2a 2.5£0.0a 10.340.1a 32.3+0.9
50%0rg-TM 9.1#0.1a 2.4+0.0ab 10.1+0.1ab 32.8+0.6
50%0rg-Zn 8.6+0.1b 2.3+£0.0bc 9.5+0.0c 31.8+0.9
50%0rg-Mn 85+0.1b 2.3+£0.0bc 9.9+0.1abc 31.7+0.3
50%0rg-Fe 85+0.1b 2.6£0.1a 10.340.1a 32.7+0.9
50% Org-Cu 8.6+0.1b 2.4+0.1abc 9.9+0.1abc 31.8+0.7
50% Org-Se 9.240.1a 2.3+£0.0bc 9.7+0.1bc 31.1+0. 2

2.5 Means with no common superscripts within each column are significantly different (P < 0.05).

Inorg- TM®: negative control inorganic trace minerals; Org-TM?: positive control organic trace minerals; Zn:zinc;

Mn:manganese ;Fe:iron; Cu:copper; Se:selenium.
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Table (6): Effect of dietary organic trace minerals supplementation on blood minerals concentration of Gimmizah hens

blood minerals concentration

Mineral
supplementations | ~. /iy | P (mgfdl) | zn (mg/dl) | Mn (mgrdi) | Fe (mgrdl) | Cu (mgrdly | Se (mgiL)
100% Inorg- TME 106802  |5.70t02  |4.24t03d  |0.181z0.0c |3042t22 |0.332t0.0d _ |0.06020.0b
100%0rg-TM? 107402  |6.00+0.2 |4.83t0.1a [0.192+0.0a |314.0+29 |0.348+0.0a  |0.077+0.0a
50060rg-TM 108+02 610402 |461+01b |0.190+0.0ab |314.0+43 |0.34130.0bc |0.075+0.0a
50%60rg-Zn 109+02  |5.80+01 |456+01b |0.181+0.0c |304.6+42 |0.335+0.0d  |0.060+0.0b
50060rg-Mn 111402  |590+0.2 |453+0.1bc |0.188+0.0ab |304.1+48 |0.336+0.0cd |0.058+0.0b
50060rg-Fe 109+02 610401 |4.38+0.1d |0.186+0.0b |312.2+3.9 |0.336+0.0cd |0.060+0.0b
50% Org-Cu 101+02 |580+01 |436+0.1d |0.186+0.0b |308.7+29 |0.345+0.0ab |0.058+0.0b
50% Org-Se 109+02  |590+0.2 |4.49+01cd |0.186+0.0b |305.9+29 |0.331+0.0d  |0.079+0.0a

abcd Means with no common superscripts within each column are significantly different (P < 0.05).

Inorg- TM*: negative control inorganic trace minerals; Org-TM? positive control organic trace minerals; Zn:zinc;
Mn:manganese ;Fe:iron; Cu:copper; Se:selenium.
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Table (7): Effect of dietary organic trace minerals supplementation on physical semen parameters of Gimmizah cocks

Semen parameters
< .3 L X 0 @ c X <
Mineral = X 8 o g% ,\% §°2 —’3\% §°% =
supplementations | 3 2 522 g3 Ssa 2. > = o o | e85 g
3% | 383 | 232 2 25 25 | 232
= =0 O 3 5o DD 5 =
c
100% Inorg- TM*  |0.25£0.01 |0.21+0.01c |90.0+1.3c [98.4+0.1c [0.051+0.001c [4.1+0.3c 5.7+0.2 ¢
100%0rg-TM? 0.25+0.06 |0.31+0.01a [93.5+0.7ab |99.2+0.0b 0.077+0.003a |7.2+0.2a 7.7+0.1a
50%0rg-TM 0.24+0.07 [0.32+0.0la [93.3+0.7ab |99.7+0.1a  |0.073+0.001ab |6.8 +0.2ab |7.3+0.2ab
50%0rg-Zn 0.23£0.07 [0.32+0.04a |94.3+1.0ab |99.7+0.1a 0.073+0.004ab [6.8+0.2ab 7.2+0.0a
50%0rg-Mn 0.26+0.01 |0.31+0.01a |91.2+1.3bc |99.7+0.1a 0.080+0.002a |7.2+0.2a 8.1+0.2a
50%0rg-Fe 0.284£0.07 |0.25+0.01b |94.3+1.0ab |99.0+0.1b 0.068+0.003b [6.3+0.2b 6.8+0.3b
50% Org-Cu 0.27+0.02 [0.29+0.02a [91.6+1.1bc |99.9+0.1a  |0.076+0.001a |6.9+0.3ab 7.6x0.2 a
50% Org-Se 0.25+0.07 [0.30+0.01a ]96.0+0.3a 99.9+0.1a 0.074+0.001ab |7.1+0.2a 7.4+0.2ab

abcd Means with no common superscripts within each column are significantly different (P < 0.05).
Inorg- TM®: negative control inorganic trace minerals; Org-TM?: positive control organic trace minerals; Zn:zinc;
Mn:manganese ;Fe:iron; Cu:copper; Se:selenium.
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Table (8): Effect of dietary organic trace minerals supplementation on fertility and
hatchability of Gimmizah chickens

. Parameters
Mineral
supplementations Macroscopic fertility Hatchability of fertile eggs
(%) (%)
100% Inorg- TM?! 90.47+ 0.80c 87.20+ 0.40c
100%0rg-TM? 93.20 £ 0.34a 92.58+ 0.44a
50%0rg-TM 93.60 £ 0.33a 92.53+ 0.90a
50%0rg-Zn 91.37 £ 0.54bc 89.90+ 0.23b
50%0rg-Mn 91.60 £ 0.49bc 90.50+ 0.44b
50%0rg-Fe 91.20 £ 0.21bc 91.10+ 0.31b
1550% Org-Cu 92.10 £ 0.43ab 89.70+ 0.50b
B50% Org-Se 92.40 + 0.60ab 90.30+ 0.34b

a, b,c,d Means with no common superscripts within each column are significantly
different (P < 0.05).

Inorg- TM1: negative control inorganic trace minerals; Org-TM2: positive control organic
trace minerals; Zn: zinc; Mn: manganese ;Fe: iron; Cu: copper; Se: selenium.
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