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ABSTRACT: A total number of 120 28 week-old laying hens of Gimmizah strain were
distributed among four treatment groups in a completely randomized design with three
replicates per treatment and ten hens per replicate. The first group kept as a control group
received non-magnetized tap water and the other groups received tap water exposed to different
intensity of magnetic strengths 2000, 3000 and 4000 gauss respectively. Laying hens were
housed in 12 floor pens (2 m x 1.2 m x 2 m) furnished with wheat straw. Laying hens on - 3000
and 4000 gauss magnetized water consumed significantly more feeds and all groups on the
magnetized water had significantly better feed conversion ratio (FCR) than the control group.
Egg weight and egg mass were significantly increased in groups supplemented with different
strengths of magnetized water compared with the control group and albumen (%) and albumen
dry matter (%) were significantly higher of groups offered 2000 and 3000 gauss tap water. Yolk
(%) was significantly higher of group on 3000 gauss tap water compared to the control group.
Shell thickness was significantly increased in group received 4000 gauss tap water compared
with control group. Blood serum glucose and globulin were significantly increased in groups
supplemented with 2000 and 3000 gauss water compared with the control group and group
supplemented with 4000 gauss water. However, all groups supplemented with different strength
of magnetic water had significantly decreased albumin/ globulin ratio. Serum phosphorus level,
and blood pH increased. Triiodothyronine increased significantly in groups received magnetized
water compared to control and the 2000 gauss group showed the highest response. Red blood
cell count (RBCs) and haemoglobin (Hgb) were significantly increased in groups supplemented
with 2000 and 3000 gauss water compared with control group.

It could be concluded that productive performance, physiological response and egg shell quality
of Gimmizah chicken were improved due to offering magnetized water with 2000 gauss was
adequate to provide the beneficial effects.

Key words: magnetic-water - Gimmizah - laying - egg quality - physiological response



mailto:saber.hassan@damahour.edu.eg

Saber S. Hassan et al.

INTRODUCTION

Many researchers utilized magnetization
techniques to improve water quality for
use in different fields as medical,
engineering and agriculture particularly
in plant, animal and poultry production
(Helal, 2002). Natural water after
sterilization is called dead water, so
magnetic water transfer water from dead
to live (Batmanghelidj, 2005; Khudiar
and Ali, 2012; Al-Nuemi et al., 2015).
Physics shows that water changes weight
under the influence of magnetic fields
more hydroxyl (OH-) ions are created to
form alkaline molecules, and reduce
acidity. Increasing both the electric
conductivity and the dielectric constant of
water was documented (lbrahim, 2006).
The mineral content of water may be
changed with exposure to strong
magnetic field, and the quality can be
improved by increasing the magnetic
field over a more prolonged time than by
a weak magnetic field over a shorter
duration (Lam, 2001).

Nowadays, the use of magnets to improve
water quality is of significant interest due
to low cost compared to chemical and
physical treatments (Yacout et al., 2015).
There was an improvement in water
quality when exposed to the magnetic
field with considerable change in the pH,
total dissolved solids, total hardness,
conductivity, salinity, dissolved oxygen,
evaporating ~ temperature, minerals,
organic matter and total count of bacteria
(Khudiar and Ali, 2012; Al-Mufarrej et
al., 2005). Increasing the permeability of
the cells, allowing the expansion of the
gastrointestinal tract and increase feed
utilization, which lead to increasing water
permeability to improve absorption of
nutrients and minerals in the body (Oyngi
et al., 2012). In addition, magnetic water
improves blood picture and increase the
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concentration of ions in the blood and
therefore at the speed of chemical
reactions and feed metabolism and
increase the minerals, vitamins and
immunity of animals (Lam, 2001; Saeed
and Al-Shidede, 2013).

Little research has been performed to
know the importance of water exposed to
a magnetic field on productivity and
reproductive performance of the animal
and poultry particularly with laying hens.
Rona (2004) showed that magnetic
drinking water for Dbroiler chickens
resulted in shortening of fattening period,
increasing growth rate by 5-7% and
improving flavor and tenderness of meat.
Al-Mufarrej et al. (2005) reported that
magnetically treated water reduced daily
water  consumption of birds by
approximately  5.46%  without any
significant effect on the performance,
carcass quality and immune system of
meat  chickens.  Al-Fadul  (2006)
concluded that the magnetization of water
improves the water properties, which
consequently  improves the growth
performance, feed efficiency and saves
water  consumption  for  broilers.
Magnetized water result in reduced DNA
damage (Hafizi et al., 2014; Shah and
Nagarajan, 2013) and improve animal
performance (Gholizadeh et al., 2008;
Attia et al., 2015; El-Hanoun et al.,
2017a; b). However, contradictorily
results were reported indicated that
magnetic water did not positively affect
animal performance, carcass composition,
blood glucose, urea, N2, K, Mg and P in
blood lambs and goats (Patterson and
Chestnutt, 1994; Sargolzehi et al., 2009)
and broiler chickens (Alhassani and
Amin, 2012). The literature review
indicate a contradiction between different
laboratory and lack of results with laying
hens,  therefore, this study aims to
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evaluate the productive, egg quality and
physiological responses of Gimmizah
chicken as affected by magnetized water
of different strengths.

MATERIALS AND METHODS
Chickens, experimental design, and
diets
A total number of 120 28 wk old laying
hens of Gimmizah developed strains were
distributed in a completely randomized-
design among four treatment groups with
three replicates per treatment and ten hens
per replicate. Hens were housed in 12
floor pens (2 m x 1.2 m x 2 m) furnished
with wheat straw in environmentally
controlled light proof house (Close
system). Each treatment groups were
offered one of the following drinking
water regimen:

Group 1: Tap water only (control group).
Group 2: Tap water exposed to a
magnetic field of 2000 gauss.

Group3: Tap water exposed to a magnetic
field of 3000 gauss.

Group 4: Tap water exposed to a
magnetic field of 4000 gauss.
Husbandry:

During hot weather, house was cooled
using cool-cell-pads to the optimum
temperature of 22-24°C, the relative
humidity was adjusted automatically and
ranged between 45-55%. Mash laying
hens feed (Table 1) and fresh water were
provided daily ad-libitum throughout the
experimental period. Vaccination and
medical program were done according to
common veterinarian care practice.
Twenty five-watt incandescent bulbs
located at the center of each pen at about
2.5 m height were used as the source of
light to illuminate the house. Birds were
exposed to photoperiod regimen 16 hrs
light-8 hrs dark cycles. Ingredients and
chemical analysis of the diet are
presented in table 1. Laying hens were
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reared according to common husbandry
practice for laying hens.
Measurements
Live body weight and gain:
Live body weight (g) of each bird was
record at the beginning (at 28 wk of age)
and the end of experimental period (49
wk of age) in early morning before
receiving any feed or water. Also, body
weight gain during the experimental
period was calculated.
Feed intake, feed conversion and
mortality rate:
Feed intake was measured weekly, the
diets were weighed at the beginning and
the residual diets was collected and
weight to calculate the amount of feed
consumed ¢/ bird/ day, Feed conversion
ratio as calculated at the amount of feed
consumed (g) required to produced a unit
(9) of egg mass (Feed conversion ratio =
g feed/ g egg). Mortality rate of dead
birds was presented as the number of bird
dead in each treatment during the whole
of experimental period.
Egg production, egg weight and egg
mass:
Eggs were collected and recorded daily.
The percentage of egg production (%) for
each replicate was calculated according to
the following equation:
Egg production percentage =
Number of eggs produced %100

number of live hens
However, eggs were individually
weighed daily for each replicate and the
average egg weight was recorded. In
addition, egg mass (g/ hen/ day) was
calculated every four weeks using the
following equation:
Egg mass (g/ hen/ day) = average egg
weight (g) x egg number every four 4
weeks of hen.
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The measurements of egg quality:
Three eggs from each replicate per
treatment at 32, 36, 40 and 44 weeks of
age as a total of 36 eggs from each
treatment were chosen randomly from the
same days of production to measure the
egg quality according to Attia et al.,
(1995).

All eggs were weighed and then broken
on a flat glass plate to estimate the yolk
and the shell weight and recorded
separately.  Albumen  weight  was
calculated by subtracting the yolk weight
plus shell weight from the weight of egg.
Yolk, albumen and shell weights were
calculated as percentage of egg weight.
Egg yolk visual color scale was
determined by matching the yolk with
one of the 15 bands by Roche yolk color
Fan (Vuilleumier, 1969). Shell thickness
with membranes was measured by a
micrometer (S-6428, BC.Ames, Melrose,
MA, USA), to the nearest 0.01 mm.
Blood parameters:

At 35, 42 and 49 weeks of age, 3 mL of
blood were obtained from wing vein of 8
hens form each treatment, which divided
into two samples in Eppendorf tubes. One
was heparinized test tube by using
Ethylenediamine tetraacetate acid
(EDTA) as an anticoagulant to study
blood hematological parameters
immediately after blood collection. The
other was non-heparinized to determine
other biochemical constituents by using
commercial kits produced by Diamond
Diagnostics Company (29 Tahreer St.
Dokki, Giza, Egypt). Blood samples were
centrifuged at 3000 rpm for 20 minutes,
and the serum was stored at -20°C for
further analysis.

Serum total protein (Henry, 1974) and
serum albumin (Doumas et al., 1971)
were determined whereas serum globulin
was estimated by differences between
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total protein and albumin (Coles, 1974).
In addition, the albumin-to-globulin ratio
was calculated.
Serum calcium was determined using the
method described by Tietz (1970). Serum
phosphorus (P) was determined according
to the method of Tietz et al., (1986).
Serum calcium to phosphorus ratio (Ca/
P) was calculated. The triiodothyronine
(T3) was analyzed using
radioimmunoassay (RIA) kits according
to the method described by Hollander and
Shenkman (1974).
The blood’s haematological
characteristics, such as haemoglobin
(Hgb) and packed cell volume (PCV),
were determined based on Eilers (1967)
method; red blood cells (RBCs) were
determined as suggested by Hepler
(1966); and the blood mean cell volume
(MCV), mean cell haemoglobin (MCH)
and mean cell haemoglobin concentration
(MCHC) were calculated. The blood pH
was determined using pH meter.
Statistical analysis
An analysis of variance was done using a
one-way analysis of variance, as
described by SAS® (2009). Using the
following model:

Yij = p+ Fi+ eij
Where Yij=the dependent variable, p=the
overall mean; Fi=the effect of strength of
magnetized water treatments and ejj=the
random error. The replicate was the
experimental unit. All percentages were
transformed to logl0 to normalize the
data distribution before analysis. The
mean difference at P<0.05 was tested
using the Student-Newman-Keuls test.
The survival rate was analyzed using the
chi-square test.
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RESULTS
1-The  performance
Productive characteristics
The effect of different strength of
magnetized water on some productive
characters of Gimmizah developed hens
are presented in table (2). The results
showed that all groups offered different
strength of magnetic water showed
similar egg production percentage, while
egg production percentage improved in
magnetized water groups compared with
the control group. The groups received
different strength of magnetized water
significantly (p< 0.05) increased egg
weight and egg mass compared with the
control group. In addition, the groups
offer 2000 and 3000 gauss magnetic
water significantly increased final body
weight and body weight gain compared
with the control group and group
supplemented with 4000 gauss water. The
different groups exposed to magnetized
water significantly increased feed intake
particularly group supplemented with
3000 and 4000 gauss. Groups
supplemented with different strengths of
magnetic water significantly improved
FCR compared with the control group.
Water intake and water/ feed ratio were
significantly lower of magnetized water
groups than the control group, with the
groups on 2000 gauss exhibited the
lowest water intake and those on 3000
and 4000 gauss exhibited the lowest
water/ feed ratio. The results showed that
no significant differences between groups
on survival ratio, the group exposed to
3000 gauss magnetized water was the
highest in the survival ratio.

2- Egg quality traits

The Effect of different strength of
magnetized water on egg quality for
Gimmizah developed hens are presented
in table (3). The results indicated that

and some
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albumin weight significantly increased in
groups supplemented with 2000 and 3000
gauss compared with the control group
while no significant between magnetized
water groups. Yolk weight significantly
increased in group supplemented with
3000 gauss compared with the control
group only. Shell thickness increased in
group on 4000 gauss water compared
with  control group only without
significant between magnetized water
groups. There were no significant effect
of magnetic water on yolk color, shell
weight and Haugh unit score.

3- Blood Characteristics

a) Blood Biochemical Parameters
Effect of different strengths of
magnetized water on some blood
characteristics for Gimmizah developed
hens are presented in table (4). The
results showed that blood glucose and
globulin were significantly increased in
groups offered 2000 and 3000 gauss
water compared to control and group
supplemented with 4000 gauss water, but
groups on magnetized water significantly
decreased albumin/  globulin  ratio
compared with control. There were no
significant differences in serum total
protein and albumin.

Serum total calcium concentration and
Ca/ P ratio were not significantly affected
by different water treatments. However,
serum P was significantly higher of
magnetized water groups than the control.
Triiodothyronine significantly increased
in the magnetized water groups compared
with control while groups received 2000
gauss were significantly higher than the
3000 and 4000 groups.

c) Blood Hematological

Table 6 demonstrates the influences of
magnetized water on red blood cell traits
for Gimmizah developed hens. The
results showed that RBCs increased
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significantly in groups supplemented with
2000 and 3000 gauss water compared
while groups offer 4000 gauss water was
intermediate. The superiority of 2000 and
3000 gauss groups in RBC resulted in
increased in Hgb concentration compared
with other groups. There were no
significant between groups in PCV,
MCV, MCH and MCHC. Blood pH was
significantly increased towards alkalinity
in groups offer different strength of
magnetized water compared with control.
DISCUSSION

Water quality is essential for life and
responsible for improving health status,
thus for productive and reproductive
performance of animals. However, when
exposed to magnetic field lead to improve
water quality with low cost compared to
chemical and physical treatments (Attia et
al.,, 2015). There were considerable
changes in water properties due to
magnetic treatment, which turn water into
very fertile and active, causing high
oxygen ratio, velocity of dissolved salts
and amino acids in water (EI-Hanoun et
al., 2017 a; b). Increasing both the electric
conductivity and the dielectric constant of
water was documented (Batmanghelidj,
2005; Khudiar and Ali, 2012 and Al-
Nuemi et al., 2015). Water solution
passes through magnetic field acquire
finer and more homogeneous structures,
which increases the fluidity, dissolving
capability for various constituents like
minerals and vitamins and consequently
improves the biological activity of
solutions and affecting positively the
performance of animals (Al-Mufarrej et
al., 2005; Khudiar and Ali, 2012).

In the present study, laying hens received
2000 and 3000 gauss magnetic trap water
improved productive performance. The
enhancing effect of magnetic treatment
on animal performance could be
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attributed to enhance the oxidant-
antioxidant balance such as the decrease
in MDA and nitric oxide and the increase
in the superoxide dismutase activity in the
heart, kidney and liver, which decreases
oxidative stress (Wagh and Lippes, 1993;
Wang et al.,, 2002; Raymond-Whish et
al., 2007). Since the disturbing role of
free radicals and oxidative stress in
female reproduction has been proven
(Khan et al, 2012; Attia et al., 2016).
Thus, it could be assumed that the
potential reduction of oxidative stress
well result in improving the productive
and reproductive of laying hens offered
water exposed to different magnetic field
found herein (Agarwal et al., 2012; Naher
et al., 2013). In accordance with the
improvement found herein in laying
performance and feed utilization because
of magnetized water and lack of
comparable results with laying hens,
studies with broilers indicates that
magnetic drinking water increased growth
rate by 5-7% and improved flavor and
tenderness of meat and shorted of the
fattening period (Rona, 2004;
Shamsaldain and Al Rawee, 2012). In
addition, Alhassani and Amin (2012)
demonstrated that Cobb-chicks given
magnetic water significantly increased
feed intake on 1% and 4™ week of age
compared with control group received
nonmagnetic water. Indeed, magnetic
field increased body weight compared to
chickens received nonmagnetic water
(Mustafa, 2012).

Groups offered water exposed to different
strengths of magnetic field improved the
physiological response as indicated by the
increase in blood serum globulin, the
specific immune protein, phosphorus, an
essential mineral for energy metabolism,
T3, an important hormone for bio
reactions. In addition, there were an
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improvement in blood hematology such
as RBCs and Hgb concentration due to
offering magnetized water, suggesting an
improvement in health status of animals.
The beneficial of magnetized water could
be attributed to the changes in the water
properties such as the reduction in the
surface tension, density and viscosity of
water leading to improve blood picture
and increase the blood ions concentration
and therefore the speed of biological
reactions (Saeed and Al-Shidede, 2013;
El-Hanoun et al., 2017a;b). Similarly,
Shacir et al. (2011) found that
magnetically- supplemented water (500,
1000 and 1500 gauss) lead to highly
significant increase in RBCs, PCV, Hgb
concentration compared with control
group, with 1500 gauss resulted in
superior results than 500 and 1000 gauss.
The improvement in blood haematology
may be due to magnetic field improves
blood flow in the blood vessels and
increases the processing the oxygen and
nutrients, which necessary for cells to
perform their function (Hussen, 2002).

The present results are in agreement with
those by Attia et al. (2015), who found
that serum albumin and glucose and
increased RBCs, Hgb and PCV were
significantly increased due to exposure of
well water and tap water magnetic fields.
In addition, magnetized water enhanced
physiological aspects as manifested by a
significant elevation in serum glutathione
concentration and  total  proteins
concentrations (Khalisa and Aous, 2012).
In addition, Rajkovic et al. (2003) who
found that rats exposed to 50 HZ
electromagnetic field of 20 mT for 18
hours increased level of circulating
thyroxine (T4) and thyroid stimulating
hormone (TSH), thus the elevated T3 and
T4 levels can be explained by the
increasing level of TSH. The increase in
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glucagon and cortisol may explain the
increase found herein in glucose of laying
hens on 2000 and 3000 gauss treatments
(Gorezynska and Wegrzynowies, 1991).
In  addition, rates exposed to
electromagnetic field showed simulative
effect on thyroid gland; this effect will
naturally result in augmentation of
synthesis and secretion activity of thyroid
gland and probably increased amount of
thyroid hormone (Rajkovic et al., 2006).
The improvement in egg shell quality of
hens particularly shell thickness of hens
offered magnetic water coincided with
the increased in blood pH towards
alkalinity which favorable for Ca
deposition in shell gland and this may be
due to improve metabolism of mineral for
eggshell  formation. Several studies
indicate that electromagnetic fields have
positive influence on cellular mechanism
development and growth especially in the
reproductive system (lorio et al., 2011;
Roychoudhury et al., 2009; Ma et al.,
1992).

However, most of the collected evidences
supported the theory that magnetic water

improved animal performance and
physiological  status, there  were
contradictorily results showing that

magnetic water did not positively affect
animal performance, carcass composition,
blood glucose, urea, N2, K, Mg and P in
blood of lambs and goats (Patterson and
Chestnutt, 1994; Sargolzehi et al., 2009).
In addition, magnetization of water using
500 gauss power with speed of 5, 10 and
15 min for 10 liter of drinking water did
not significantly affect performance of
broiler chickens (Alhassani and Amin,
2012). The contradictions among
different results cited above could be
attributed to the strength of magnetic
field, exposure period, type of water, and
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strains and animal species (El-Hanoun et
al., 2017a; b).

Based on the former results, it could be
concluded that productive performance,
physiological response and shell quality

of Gimmizah chicken were improved due
to offering magnetized water with 2000
gauss was adequate to provide the
beneficial effects.

Table (1): Ingredient and chemical composition (g/kg) of the experimental diet for

laying hens.

Ingredients %
Yellow corn 66.33
Soybean meal (48%CP) 24.2
Limestone 7.50
Di-calcium phosphate 1.32
Vit+Min Premix! 0.25
NaCl 0.25
DL-methionine 0.15
Total, kg 100
Calculated composition,%
ME, k. cal/ kg diet 2777
Protein, % 17
C/P ratio 163.4
Methionine, % 0.39
Methionine + Cystine,% 0.67
Lysine, % 0.8
Calcium, % 3.1
Phosphorus available, % 0.37
Analyzed values?
Dry matter, % 90.73
Crude protein, % 16.97
Crude fat, % 2.45
Crude fibre, % 3.96
Ash, % 6.37
Nitorgen free extract, % 60.98

WVit+Min mixture provides per kilogram of diet: vitamin A, 12000 IU; vitamin E, 10 IU;
menadione, 3 mg; Vit. D3, 2200 ICU; riboflavin, 10 mg; Ca pantothenate, 10 mg; nicotinic acid,

20 mg; choline chloride, 500 mg; vitamin B12, 10 ug; vitamin Bg, 1.5 mg; vitamin B1, 2.2 mg;
folic acid, 1 mg; biotin, 50 pg. Trace mineral (milligrams per kilogram of diet): Mn, 55; Zn, 50;

Fe, 30; Cu, 10; Se, 0.10;Anti oxidant, 3 mg.
2 AOAC, 2004
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Table (2): Effect of different strengths of magnetized water on productive characteristics
of Gimmizah developed hens.

Parameter/ Magnetic water strength, gauss P

strength Control =755 3000 2000 | °FM | value
Egg production, % 49.6 56.3 56.7 56.2 4.61 0.061
Egg weight, g 47.7° 49.62 49.9° 49.42 0.042 | 0.0001
Egg mass, g/hen/day 23.5 27.78 28.22 27.8° 1.40 0.009
Feed intake, g 119° 120° 1332 1312 3.79 | 0.0001
Feed conversion 5.20 4.41° 478 483 | 147 | 0073
ratio, g feed/g egg
Water intake, cm® 230° 202° 210° 212° 431 | 0.0001
Water/feed ratio 2.122 1.84° 1.71° 1.73¢ 0.001 | 0.0001
Survival ratio, % 93.8 93.8 96 .3 93.8 6.62 | 0.844
Initial body weight, g 1578 1579 1578 1577 2.6 0.759
Final body weight, g 1869° 19322 19282 1876° 7.84 | 0.004
Body weight gain, g 291° 3532 3492 299° 1.80 0.006

abe Means in the same row with different superscripts are differ significantly ( p< 0.05).

Table (3): Effect of different strengths of magnetized water on egg quality of
Gimmizah developed hens.

Parameter/ Magnetic water strength, gauss

strength Control =500 3000 2000 | SEM | Pvalue
Albumin weight, g | 29.06° 30.552 30.512 29.61% | 152 | 0.015
Yolk weight, g 15.57° 16.01% 16.39? 16.19® | 0.43 | 0.032
Yolk color score 6.50 6.64 6.69 6.81 0.153 | 0.350
Shell weight, g 5.24 5.28 5.33 5.45 0.271 | 0.937
Shell thickness, um |  359° 36420 370% 375° 117 | 0.005
Haugh unit score 94.25 95.37 95.80 96.47 1.84 | 0.937

ab Means in the same row with different superscripts are differ significantly ( p<0.05) .
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Table (4): Effect of different strengths of magnetized water on biochemical parameters
of Gimmizah developed hens.

Parameter/ Magnetic water strength, gauss

strength Control =300 3000 4000 SEM | P value
Glucose, mg/d| 190° 2062 2062 190°P 3.72 0.003
;/%tla' protein, | 559 | 559 5.69 5.25 0071 | 0176
Albumin, g/dI 3.54 3.58 3.65 3.37 0.505 0.583
Globulin, g/dl 1.75° 2.012 2.042 1.88° 0.019 0.048
Alb/ Glo ratio 2.022 1.78° 1.79° 1.79° 0.003 0.041
Calcium, mg/dl 23.52 24.16 24.09 24.08 0.109 0.123
;Z?Zﬁ’homs’ 679" | 748 | 7.49° 7.38° 0064 | 0014
Ca/ P ratio 3.46 3.23 3.22 3.26 0.019 0.113
T3, ng/ml 0.095° | 0.1692 0.148° 0.136° 0.0010 0.0001

abcMeans in the same row with different superscripts are differ significantly ( p< 0.05). Alb/
Glo ratio = Albumin/ Globulin; Ca = calcium; P = phosphorus; T3 = Triiodothyronine.

Table (5): Effect of different strengths of magnetized water on blood hematological
parameters of Gimmizah developed hens.

Magnetic water strength, P
Parameter/ strength | Control gauss SEM value

2000 3000 4000
RBCsx10° cell/mm?® 1.445 1.702 1.742 1.56%* | 0.011 | 0.007
Hemoglobin, g/dI 11.71° | 12.522 12.29% | 11.76° | 0.135 | 0.047
PCV, % 31.33 34.66 33.8 32.89 2.34 | 0.106
MCV, fl/cell 126.03 | 126.4 129.16 | 12954 | 7.36 | 0.332
MCH, pg 45.7 46.96 47.31 4691 | 0.882 | 0.287
MCHC, % 36.22 37.53 37.04 36.22 | 0.834 | 0.254
pH blood 7.42° 7.542 7.58° 7.59° | 0.002 | 0.023

abc Means in the same row with different superscripts are differ significantly (p< 0.05).
RBCs = Red blood cell; PCV = Packed cell volume; MCV = Mean cell volume; MCH = Mean
corpuscular hemoglobin; MCHC = Mean corpuscular hemoglobin concentration.
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