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Abstract: This study was to assess the effects of organic chromium supplementation on
productive traits, some serum constituents and immune status of Bandaruh laying hens and
semen physical properties for cocks in winter season. The mean value of temperature and
relative humidity during that period in the house was 12.3+ 2.2°C and 67.4 £ 6.5%,
respectively. One hundred and fifly laying hens and forty cocks of Bandarah local strain at
32 weeks of age were used during winter season and distributed randomly in individual
cages 1o five treatment groups (30 hens and 8 cocks in each group). The basal diet was
supplemented with 0 (Control), 250, 500, 1000 and 1500 ppb chromium (Cr) which
produced from chromium yeast. The experiment was terminated at 44 weeks. The resulls
indicated that Cr had no significant effect on overall mean of body weight and feed
consumption for hens and cocks, while, significantly (P<0.05) improved egg production,
egg weight, albumen percentage, egg shell percentage, egg shell thickness, Haugh unit and
yolk index. The interaction between Cr and age was significant for egg production, where,
the highest egg production was observed at 44 age of weeks for 1500 ppb Cr. Also, overall
means of egg weight was significantly (P<0.03) increased with the increase of hens age
especially at 44 weeks of age. Moreover, Cr had no significant effect on egg shape index,
while, yolk weight percentage was decreased compared with the control group. Increased
supplemental Cr linearly significantly (P<0.05) increased the primary or secondary
antibody titers against SRBCs, serum total protein, globulin, caicium and insulin
concentrations, whereas, total lipids, cholesterol, glucose and corticosterone levels
significantly decreased. Serum albumin values were not significantly affected in all Cr
supplementation groups compared with control. In addition, supplementation of Cr
significantly (P<0.05) improved semen physical properties and seminal malondialdehyde
concentration with one exception the lowest level of Cr (250 ppb) did not change ejaculate
volume significantly compared with those for conmrol group. Regardless of Cr
supplementation, overall means of semen physical properties and seminal malondialdehyde
were significantly (P<0.05) affected by cock’s age. Generally, fertility and hatchability
percentages significantly (P<0.05) increased with the increase of dietary Cr levels. In
conclusion, supplementation the chicken diet with 1500 ppb Cr is recommended especially
in winter season for improving most of the previous mentioned productive traits, immune
response, semen quality, fertility and hatchability.
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INTRODUCTION

Stress is a state of threatened
homeostasis provoked by psychological,
physiological or environmental stress
(Ramnath and Rekha, 2009). Cold
conditions cause some adverse effects
including increased feed intake, decreased
egg production, egg quality, nutrient
digestibility, and feed efficiency in laying
hens (Sagher, 1975; Spinu and Degen,
1993; Sari, 1993). Attempts to improve
productivity under cold climatic conditions
were mostly focused on the ways of
enhancing energy intake (Sari, 1993). It was
reported that the negative effects of
environmental stress could be prevented by
the use of some minerals and vitamin
supplements such as vitamin C and
chromium (Mowat, 1994; Sands and
Smith, 1999; Sahin et al, 2001a, 2002).
Chromium (Cr) is used in poultry diets
because of the reported benefits of Cr
supplementation to laying hens (Anderson,
1987, Sahin et al,, 2001a, 2002) during cold
and heat stress because Cr is reduced during
environmental stress. Supplemental dietary
Cr is also recommended by NRC (1997) for
animals undergoing environmental stress.
The primary role of Cr in metabolism is to
- potentiate the action of insulin through its
presence in an organometallic molecule (the
glucose tolerance factor) (Anderson, 1994).
A stressful condition leads to the excessive
production of free radicals, which results in
oxidative stress and an imbalance in the
oxidant / antioxidant system (Maier and
Watkins, 1998). During environmental
stress, elevation in the corticosterone ievel
accelerates the generation of free radicals and
suppresses the immune function (McIntosh
and Sapolsky, 1996). Chromium is an
insulin potentiator, therefore, postulated to
function as an antioxidant (Preuss ef al,
1997). Antioxidants are effective in stressful
conditions, as they readily give up their own
electrons to free radicals. Moreover, Cr is
thought to be essential for activating certain
enzymes and for stabilizing proteins and

nucleic acids (Anderson, 1994; Linder,
1991).

Research on animals has confirmed
that chromium from organic complex such as
chromium picolinate, nicotinate and high
chromium yeast is absorbed more efficiently,
about 25-30 % more than inorganic
compounds like chromium chloride, which
are poorly absorbed (1-3 %) regardless of
does or dietary chromium  status
(Underwood and Suttle, 1999; Mowat,
1994). Also, previous studies reported that Cr
supplementation resulted in higher egg
production, egg weight, mass and albumin
quality (Kim er al., 1997; Uyamk ef al,
2002 and Yddwz ef al, 2004). Organic Cr
supplementation did not affect body weight
and feed consumption for laying hens
(Eseceli et al., 2010) or laying quails (Yildiz
et al., 2004). Moreover, It decreased serum
cholesterol (Yidiz ef af, 2004), whereas, in
other studies Cr had no effect on serum
cholesterol concentrations (Uyamk ef al,
2002). Sahin er al, (2001b) reported that
organic Cr supplementation, particularly at
1200 ppb, increased the performance criteria,
egg quality and serum insulin concentration
of Japanese quails. Jensen ef al (1978)
reported that Cr*® had a favourable effect on
albumen quality (Haugh unit score) and
suggested that this element may be necessary
to maintain the physical state of albumen. On
the other hand, Cr supplementation supports
the immune function by enhancement the cell
mediated and humoral immune responses
(Lee et al, 2003; Li ef al,, 2004 and Lien ef
al., 2005).

Lipids are one of the main
components of sperm membrane providing
them energy and participate in numerous
biochemical processes. The lipid and fatty
acid composition (saturated: unsaturated)
play an important role in sperm function. The
high concentration of polyunsaturated fatty
acids within sperm membrane determines
peroxidative susceptibility of spermatozoa
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(Surai ef al, 1998; Douard et al, 2003).
Pervious studies indicate that lipid
peroxidation occurs during e¢jaculation
(Blesbois ef al., 2005) and even considerably
earlier in the male reproductive tract (Long
and Kramer, 2003). Malondialdehyde
(MDA) production is a result of lipid
peroxidation. Its level determines the degree
of sperm membranes integrity and their
fertilizing ability (Aitken et al., 1989; Long

MATERIALS AND METHODS

This experiment was conducted at
Ei-Sabahia Poultry Research Station
(Alexandria), Animal production Research
Institute, Agricultural Research Center,
Ministry of Agriculture. One hundred and
fity laying hens and forty cocks of
Bandarah local strain at 32 weeks of age
were housed individually in single cages in
an open system house and distributed
randomly in five treatment groups (30
females and 8 males in each group). Birds
were fed a basal diet of layers (Table I).
Dietary treatments consisted of the basal
diet supplemented with 0 (control), 250,
500, 1000 and 1500 ppb Cr produced from
Cr yeast. The trial was terminated at 44
weeks of age. The mean value of daily
temperature and relative humidity during
that period in the house was 12.3% 2.2°C
and 674 + 6.5%, respectively The
experiment was carried out between
December and February. All birds received
feed and water ad libitum.

Body weights were recorded at the
beginning of the experiment then every
four weeks, while, feed intake was
measured weekly. Egg production and egg
weights were recorded daily. At 44 weeks
of age, twenty eggs were randomly taken
from each treatment for egg quality
measurements [egg shape index, egg yolk
%, albumen %, shell %, egg shell thickness
{mm), Haugh units and yolk index].

Every four weeks, all cocks in each
group were massaged and semen was

and Kramer, 2003). Significant correlation
between increase in MDA level and decrease
in fertility has been shown by Douard er al.
(2003). Therefore, the objective of this study
was to assess the effects of organic Cr
supplementation on productive traits, some
serum constituents and immune status of
Bandarah laying hens and semen physical
properties for cocks in winter season.

collected individually to determine some
semen physical properties such as ejaculate
volume (ml), advanced motility (%), alive
sperm (%) and sperm concentration (10° /
mms). Malondialdehyde (MDA) in seminal
plasma was measured in the form of
thiobarbituric  acid  reactive  substance
(TBARS) as described by Richard er al
(1992). From 40 to 44 wks of age, laying hens
were inseminated twice a week with 0.05 mL
undiluted semen from cocks that received the
same treated diets. Eggs were daily collected
from each group every week during the last
three weeks and incubated to determiine
fertility and hatchability percentages.

Antibody response against SRBC
was measured from 6 hens in each treatment
at 36 and 40 wks of age. Hens were injected
with 0.2 mL of 9% SRBC in 0.9% saline.
Serum samples were collected at 7 day afier

each injection to determine anti-SRBC
primary or secondary antibody titers,
respectively.  Antibody production was

measured by an agglutination test using the
microtiter technique (Trout et al., 1996).

On the last day of the trial, 6 hens
randomly chosen from each treatment and
blood samples were obtained from the
brachial vein for serum total protein,
albumin, calcium, total lipids, cholesterol,
glucose, insulin and  corticosterone
determination. Blood serum was separated
by centrifugation of blood at 3000 rpm for
I5 min and was then frozen at -20°C for
analysis. Serum total protein, albumin,
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calcium, total lipids, cholesterol and
glucose concentrations were measured by
spectrophotometer using available
commercial Kits produced by Bio-
diagnostic, Egypt. Also, globulin was
calculated in serum of the same samples.
Insulin and corticosterone were determined
in serum by using radicimmunoassay Kits,

Data were subjected to analysis of
variance using the general linear model of
SAS software program (SAS, 1996). All
data percentages were transformed to their
arcsine values before analysis and
significant differences among means were
determined by Duncan multiple rang test
(Duncan, 1955) at 5 % level of significant.
Data of body weight, feed consumption,
egg production, egg weight, semen physical

RESULTS AND DISCUSSION
Body Weight and Feed Consumption

No any concentration of Cr
supplementation had a significant effect on
body weight and feed consumption among all
ages for both sexes of experimented birds
(Table 2). Moreover, the interaction between
Cr and age was not significant for body
weight and feed consumption for both sexes.
Supporting to these results in the current
study, Eseceli et al (2010) reported that
chromium yeast supplementation did not
affect body weight in laying hens (40- 47
wks). Also, Yildiz et al. (2004) reported that
supplementation of Cr from Cr picolinate did
not affect body weight change and feed intake
in laying Japanese quail.

Egg Production and Egg Weight

The results of the current study
indicate that supplementation Cr significantly
(P<0.05) increased egg production and egg
weight in winter season (Table 3).
Regardless, of Cr supplementation overall
means of egg production percentage had not
significantly influenced by the laying hen
age, whereas, egg production percentage
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properties and seminal malondialdehyde
concentration were analyzed by two way
method using the following model: X, = p
+ T; + A; HTA); +ejix Where @ X = an
observation, p =Overall mean, Ti = Cr
levels (i=5; 0, 250, 500, 1000 and 1500
ppb), Aj= age (j= 3; 36, 40 and 44), (TF)ij=
interaction between Cr levels and age and
eijx = experimental error

Data of egg quality, antibody
response against SRBC, blood constituents,
fertility and hatchability were analyzed by
one way method using the following
model: Y = p + T, + e, Where: Y;; = an
observation, p = overall mean, T, =
treatment (i=5; 0, 250, 500, 1000 and 1500
ppb) and e; = experimental error

increased numerically at 44 wks compared
with those at 36 and 40 wks of age. The
interaction between Cr and age was
significant for egg production, where, the
highest egg production was observed at 44
age of weeks for 1500 ppb Cr. Irrespective,
of Cr supplementation, overall means of egg
weight was significantly (P<0.05) increased
with the increase of hens age especially at 44
weeks of age. Besides, Regardless of laying
age, supplementation the diet with 1000 or
1500 ppb concentrations significantly
(P<0.05) increased egg weight being 48.47
and 48.96, respectively compared with other
experimented concentrations and control.
The results of increasing egg production and
egg weight with Cr supplementation are
consistent with earlier reports, Kim er al.
(1997) reported that feeding 800 ppb Cr from
Cr picolinate to laying hen diets resulted in
higher egg production and egg weight
compared with the negative control group.
Also, Liu ef al. (1999) reported that Cr fed at
10 ppm level enhanced egg production and
egg weight of layer. Sahin et al. (2001a)
reported that supplementation of 400 ppb
chromium to the diet ot laying hens reared
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under a low ambient temperature increased
egg production. Sahin ez al. (2002) stated
that higher doses of supplemental Cr
increased egg production and improved egg
weight in laying hens kept under low
temperature. In addition, adding of 400 ppb
Cr to diet of laying hens increased egg
production (Piva et al,, 2003).

Egg Quality

Effect of Cr supplementation on egg
quality at 44 wks of age is shown in Table 4.
No significant differences in egg shape index
were observed between control and the
treatment groups. On the other hand,
albumen percentage, egg shell percentage,
egg shell thickness, Haugh unit and yolk
index were significantly increased as dietary
Cr levels increased. Conversely, Cr
supplementation to the diet showed a
decrease in yolk weight percentage compared
with the control group. The data obtained in
this study are in agreement partially with the
results of Sahin ef al. (2001b) who reported
that an increment in egg weight, eggshell
weight, eggshell thickness, albumen index,
albumen weight, yolk index and yolk weight
are affected by supplementing chromium
picolinate in laying Japanese quails. Jensen
et al. (1978) reported that Cr™ had a
favorable effect on albumen quality (Haugh
unit score) and suggested that this element
may be necessary to maintain the physical
state of albumen. Hossain (1998) suggested
that the possible mechanisms by which Cr
could work to maintain egg quality are: (1) as
a structural component of egg albumen or in
the cross linking of proteins, (2) Cr is
necessary for the synthesis of ovomucin
which is responsible for gel structure of
albumen, and (3) facilitate transfer of cations
(possibly magnesium) into the albumen of
eggs during the plumping process in the
uterus.. In Lohman White laying hens
chromium yeast supplementation increased
albumen and yolk index (Eseceli ef al,
2010). Uyamk et al. (2002) indicated that
supplementation of 20 ppm Cr from
chromium chloride supplementation to the
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diet of laying hens increased albumen and
egg yolk index values. Kucukersan et al
(2005) found that 20 ppm organic chromium
and 250 ppm Vitamin E supplementation
increased egg shell thickness in 40 weeks oid
laying hens. Yildiz ef al. (2004) reported that
egg, yolk and albumen weights increased
linearly as dietary Cr level increased
(P<0.05), but did not affect eggshell weight
and eggshell thickness. These findings
strongly suggest that Cr is involved in
maintenance of the normal physical state of
egg albumen. The decrecase in egg yolk
percentage may due to the decrease in egg
yolk cholesterol where Nichols ef al. (1963)
reported an inverse relationship between yolk
weight and yolk content. Increasing egg shell
thickness may due to Cr stimulates and
regulates the action of insulin (Anderson,
1994; Mowat, 1994); thus increasing the
effectiveness of insulin, Cr also indirectly
empowers the ascorbic acid transportation
(Kapeghian and Verlangieri, 1984;
Seaborn et al., 1994) which has an important
role in egg shell formation (Dorr and
Balloun, 1976).

Antibody Response and Blood Constituents

With respect to humoral immune
responses, the results in Table 5 indicated
that primary and secondary antibody titers
against SRBCs were significantly (P<0.05)
increased in Bandarah laying hens
receiving different level of Cr as compared
to the control group. Similarly to our
results, Lee et al. (2003) and Cao et al.
(2004) investigated that total antibody
tended to be higher (P<0.05) in Cr added
groups. El-Hommosany (2008)
demonstrated that total antibody and [gG
titers against SRBCs were significantly
higher in quail chicks received Cr at low
(125 pg/kg feed) and middle (250 pg/kg
feed) doses compared with those of control
at secondary immune responses. Also, it
has been reported that chromium modulates
the immune response through its effect on
cytokine release (Wang er al, 1996).
Cytokines are  small proteins  or
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glycoproteins messenger  molecules
transporting information among cells.
Cytokines, together with their receptors are
playing a role as central regulators of
immune system by affecting the activity of
other cells (Callard et al., 1999; Davison,
2003).

With regard to blood constituents
(Table 5) serum total protein, globulin,
calcium  and insulin  concentration
significantly (P<0.05) increased linearly as
dietary Cr levels increased. However, serum
albumin value did not significantly affected
in alt Cr groups compared with the control
group. While, serum total lipids, cholesterol,
glucose and corticosterone concentrations
significantly (P<0.05) decreased. Like in our
study, Sahin ef al. (2001b) found that Cr
supplementation markedly decreased blood
glucose, corticosterone and  cholesterol
concentrations while serum insulin and
protein concentrations increased linearly (P =
0.001) with higher dietary chromium
supplementation in Japanese quail. Besides,
Yildiz er al (2004) reported that Cr
supplementation  from  Cr  picolinate
decreased serum glucose and cholesterol
concentrations, while insulin and total protein
concentrations increased linearly as dietary
Cr level increased (P<0.05). Uyanik et al
(2002) obtained controversial results. They
found that Cr did not affect serum
cholesterol, but reduced serum glucose and
increased serum protein, albumin and
globulin. Lee et al (2003) reported that
serum Ca was higher as affected by Cr
supplement. Sakin and Onderci (2002)
found that adding Cr to broiler diet increased
serum Ca. A possible explanation for the
effect of Cr supplementation on Ca
metabolism may be due to that this mineral
(Cr) compete for the same binding sites, so
increased Cr concentration causing a
decrease in freeing of binding sites on the
transferring, competed by the individual
minerals. According to Prasad and Gowda
{2005) Cr act as glucose tolerance factor
increased the uptake of glucose by cells and

potentiated insulin action. The reduction
effect of Cr on plasma glucose in the present
study may support this suggestion. On the
other hand, Uyanik er af. (2002} attributed
the positive effects of Cr on plasma protein
and its fractions to the anabolic action of
insulin mediated through increasing the
amino acids synthesis by liver, enhancement
the incorporation of several amino acids into
protein, However, Mc Namara and Valdez
(2005) suggested that effect of Cr on lipid
metabolism may be due to that Cr increased
the synthesis of fat in the adipose tissue and
decreased the release of it. This might be
acting through increased glucose flux into the

adipocytes.

Semen Physical Properties and Seminal
Malondialdehyde

Significant improvements in semen
physical properties and seminal
malondialdehyde  concentration ~ were
observed as affected by supplementing Cr
from Cr yeast with one exception the
lowest level of Cr (250 ppb) did not change
ejaculate “olume significantly compared
with those for control group (Table 6).
Regardless of Cr supplementation, overall
means of semen physical properties and
seminal malondialdehyde were
significantly (P<0.05) affected by cock's
age. The improvement in semen physical
properties might be due to the action of
antioxidants of chromium which reduced
the oxidants damage and maintained the
integrity of cell membrane. This result
agrees with previous studies which showed
that chromium is an antioxidant and
influences lipid peroxidation by fighting
free radical damage in the body (Gallaher
et al., 1993; Preuss et al, 1997). The
reduced in seminal malondialdehyde might
also be due to the ability of Cr antioxidants
in the supplementations to resist the lipid
peroxidation damage in Lhe spermatozoa.
Moreover, there is a significant correlation
between increase in MDA level and
decrease in fertility has been shown by
Douard e al. (2003). The depression in
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malondialdehyde level is an indicator the
degree of sperm membranes integrity and
their fertilizing ability (Aitken ef al., 1989;
Long and Kramer, 2003).

Fertility and Hatchability Percentages

All the concentrations of dietary Cr
supplementations significantly (P<0.05)
increased the fertility and hatchability
percentages compared with those for
control. Moreover, the best significant
result of of fertility (92.87%) was recorded
for eggs produced from birds fed diet
sup;* mented with 1500 p:*~ Cr compared
with = ,se for other egg g oups produced
from birds fed the othe- experimented
concentrations of Cr (Tatie 7). The same

concentration of Cr (1500 ppb) realized the
best significant result of fertility (95.67%)
compared with other groups, while, the
difference with those for 1000 ppb Cr was
not significant. This result agrees with
those reported by Contreras and Barajas
(2001) who reported that a supplement 400
ppb of Cr from Cr Methionine improved
hatchability compared with the control (74
and 64.8 % respectively) of Japanese quail
in winter season. Moreover, Contreras et
al. (2000) showed that 200 ppb chromium
Methionine  supplementation  improves
hatchability in Japanese quail under
weather controlled conditions in dry tropic
areas (25°C).

Table 1: Composition and calculated analysis of basal diet.

t Ingredients %o
Yellow corn 64.00
Soybean mear 44% 24.78
Wheat bran LO0
Di-calcium phosphate 161
Limestone 1.91
DL-Methionine 0.10
Sodium chloride 0.30 i
Yit. & Min. Mixture* 0.30 !
Total 100.00 i
Calculated analysis: i
Metabolizable energy (Ken"T g} 2718.00 ?
Crude protein % 16.02
Crude fiber % J.46
Crude fat % 2.96
Calcium % 334
Available phosphorous % 0.42
Lysine % 0.89
Methionine % 0.39
Met+cystine % 0.66

i
*Supplied prr kg diet: Vit A, H000IU; Vit D3, 2000 1U; Vit E, 10 mg; Vit K3, 1 mg: Vit B,, | my: Vit 3.
Smg;, Vit 3¢, 1.5 mg; Vit By, 10 meg; Niacin, 30 mg; Pantothenic acid, 10 mg: Foliv acid, ! my: Biotin,
50mecg; Choline, 260 mg; Copper.4 mg; lron, 30 mg; manganese, 60 mg;Zinc, 50 myg: lodine, 1.3 mg:

Selerum, 0.1mg; Cobull,0,1ing.
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Table 2: Effect of chromium yeast supplementation on body weight and feed consumption
of Bandarah laying hens and cocks at different ages (Means + SE).

Chromium levels (ppb
sex Age (whs) 0 I 250 I 500 ) To00 I 1500 Overall mean
Body weight (kg)
36 1.260=0.07 1.265+0.08 | 1.275+0.03 | 1.280+0.09 1,281:0.08 | 1.27240.05
40 1.300+0.08 1.31040.05 | 1.31020.0% | 1.316x0.05 1.325+0.08 | 1.3100.07
44 1.32020.07 1.322+0.04 1.3730.10 1.34540.06 §.35940.03 1.3360.06
Hens Overall mean 1.293.06 1.29620.03 | 1.319:0.07 | 1.3140.05 1.322+0.06
Feed consumption (g/ bird /day)
36 113.124£0.055 | 114.51x0.75 | 114.3040.42 | 114.6320.51 | 114.8320.77 ) 114.28+0.50
40 114.20+0.68 | 114.62+0.80 | 114.71+0.59 | 114.8540.67 | 114.91x0.84 | 114.66+0.61
44 114.30:0.39 114.9720.45 | 114.90£0.77 | 114.8740.76 | 115.02+0.90 | 114.81+0.42
Overall mean | 113.87£0.67 114.7+0.51 | 114.64£0.60 | 114.78+0.45 | 114.92+0.70
Body weight (kg)
36 1.767£0.10 1.783x0.08 | 1.800£0.07 | 1.833:0.09 | 1.843+0.09 | 1.8050.06
40 1.7730).10 1.800+0.10 | 1.826+0.10 | 1.848+0.10 1.863x0.07 | 1.822x0.08
44 1.820::0.09 1.827+0.08 | 1.83540.06 | 1.870+0.06 1.881+0.10 1.847+0.05
Cocks Overall mean 1.787+0.,08 1.803:0.06 | 1.820+0.08 | 1.85040.06 1,862+0.08
Feed consumption (g/ bird /day)
36 117.47£0.74 | 117.57%0.77 | 117.75£6.45 | 117.80£0.59 | 117.83+0.6% | 117.68+0.33
40 117.800.75 117,77+0.85 | 117.85£0.47 | 117.9720.60 | 118.01+0.73 | 117.88+0.5§
44 118.10+£0.95 | 118.203:0.66 | 118,15+0.56 | 118.45+0,43 | 118.53+0.50 | 118.29+0.25
Overall mean | 117.79:0..65 | 117.85:0.51 | 117.92+0.35 | 118.07+0.34 | 118.12+048

Table 3: Effect of chromium yeast supplementation on egg production and egg weight of
Bandarah laying hens at different ages (Means + SE).

Age Chromium levels (ppb)
(wks) 0 I 250 | 500 | 1000 | 1500 Gverall mean
Egp production (%)
36 54.11£0.91% | 59.95+0.82%% | 61.80£0.99%% | 62.91£0.79%F | 63.05:0.86°°¢ | 60.29+0.78
40 §5.78+1.01® | 60.81+0.74%% | 61.88+0.75%"® | 62.99+0.90%% | 63.40+0.91°" 60.97+0.85
44 56.78x1.10%% | 65.06+0.62%° | 66.62+0.85% | ¢7.40:0,99™ 67.95£1.03° 64.760.77
0;:::" 55.550:0.87 | 61.8240.55" | 634320.65" | 64.43:0.81° 64.80+0.89"
Egg weight (g)
36 46.6120.32 47.2840.36 47.57+0.34 48.1120.33 48.56=0.29 47.6220.16"
40 46.9610.22 47.2210.15 47.58+0.11 48.18+0.29 48.780.32 47.7420.208
44 47.05£0.23 48.080.36 48.60+0,39 49.13+0.40 49.55+11.37 48.48+0.19"
0':::‘1" 46.8740.16¢ 47.52:025° | 47.9240,30° 48.47£0.21° 48.96:0.19*

a,b,c = Means having different letters exponents within each row are significantly difterent at P <0.05.
d.e.f,g = Means within age of hens by chromium yeast supplementation interaction effect within no common

superscript differ significantly (P <0.05).

A, B = Means having ditferent letters exponents within each column are significantly ditferent at P < 0.05.
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Table 4: Effect of chromium yeast supplementation on egg quality at 44 weeks of age

(Means =+ SE).
Chromium levels (pph)
ltems 2 1750 500 1600 1500
| Egg shape index 75.62+0.85 75.80+1.01 75.93x0.95 76.111.00 76.32+0.96
Epg yolk (%) 31.7050.35" | 29.4420.18° | 29.68+0.20° [ 29.23+0.33° | 28.80+0.36°
Egg albumen (%) 55.13+:0.20° | 56.53+0.21" | 56.26+0.25" | 56.05+0.13* | 56.39+0.21"
[ﬁﬁ shell (%) 13.17+0.10° | 14.0320,13° | 14.07+0.14° | 14.7240.13" | 14.8120.12°
Shell thickness (mm) | 0.332+0.007" | 0.392+0.002* [ 0.406:0.001" | 0.400+0.005" | 0.42420.007
Haugh unit 75.15+0.42% | 80.83£0.49" | $1.13:0.65" | 81.4420.28" | 82.00+0.52"
Yolk index 4521+0.53° | 52.814094" | 53.16:0.66" | 55.68+0.72* | 57.69+0.32°

a,b,c = Means having different ietters exponents within each row are significantly different at P <0.05.

Table 5: Effect of chromium yeast supplementation on antibody titers against sheep red
blood cells and some blood constituents of Bandarah laying hens (Means £ SE).

Chromium levels {(ppb)
ltems 0 250 500 1000 1500
_:’g’:‘i‘:l’s:"g;'g'(':’:dy tiers 3 14007 3.4740.08¢ 38420180 | 4172008 | 4328012
Secondary antibody . N . N
titers against SRBCs 4.00:0.09 4,700.16 5.07:0.07 5,12+0.09 5.310.09*
Total protein (g/dl) 3.9840.25° 4.85+0.21° 4.905025" | 5342034 5.98:0,30°
Albumin (g/dl) 1.95£0.18 1.77¢0.19 1.79+0.20 1.88+0.12 1.67+0.06
Globulin (g/dl) 2.0240.35° 3.08+0.13° 3.8120.20° 3.46:0.30° 4.31x0.25°
Calcium (mg/dl) 8.33x0.21° [ 9.70+0.36 10.0120.24* 10.220.30" 10.74:0.71*
Total lipids (g/dl) 591037 4.27+0.36° 3.87:0.19% 3.6120.23" 3024027
Cholesterol (mg/dl) 190.83:3.95° | 137.53+6.55° | 120.7120.92° | 120.869.14" | 119.15:7.19°
Glucose (mp/dl) 4952015 4.03:0.19° 3.48+0.28™ 3.3420.24% 3.15:0.31°
insulin (ng/ml) 0.142£0.00%° | 0.166+0.007 0.185:0.005° | 0.207+0.009° | 0.23410,006°
Corticosterone (ng/ml 3607.62193.8" | 2346.1x168.1¥ | 1479,12155.6° | 14592145.3° | 1294.8+140.6°

a,b,c,de = Means having different letters exponents within each row are significantly different at P < 0.05.
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Table 6: Effect of chromium yeast supplementation on semen physical properties and
seminal malondialdehyde level of Bandarah cocks at different ages (Means £ SE).

Chromium levels {pph)

Age (whks) 0 I ™0 | 500 [ 000 ] 1500 Overall mean
Ejaculate volume (ml)

36 0240032 | 0.3050.019 | 0.3840.040 | 0.41=0.052 | 0430056 | 0.3520.023°

40 0.25:0,027 | 031£0.023 | 0430037 | 0.4620.037 | 0.50£0.070 0,390,031

4 0.28:0.025 | 0.340.026 | 0.55:0.057 | 0.59£0.064 | 0.61=0.079 | 0.4720.037"
On::::." 0.25:0.020° | 0.32:0015" | 0.45:0.031° | 0.49£0.035" | 0.51:0.041°

Advanced motifity (%)

36 83.7551,25 | 87.50:0.04 | 89.38:1.48 | 90.63£148 | 91.2561.57 |  §5.500.98"

30 86255126 | 8875129 | 90.0051.34 | 91883095 | 93.75:0.82 | 90.1321.00°

4 87.5050.94 | 90.63%1.48 | 92505134 | 93.132091 | 94.38%0.62 | 91.63:0.89°
0';':::" 85.83:0.90° | $8.9620.88° | 90.63+1.01% | 91.88:0.93® | 93.1340.72°

Alive sperm (%) i

36 76.5051.76 | 79.2521.31 | 82.5051.67 | B6.63:1.68 | 87.25:L.71 §2.4311.21°

40 77.25+1.74 81.01.54 84.25%1.16 88.25+0.96 89.50+2.04 84.05+1.37°F

44 78.25:1.50 | 81884150 | 8538:1.78 | 89.8820.79 | 91.88:0.87 85.45£1.13"
Overall | 7933e1.11% | 80714106 | 84.04094° | 88.25:0.87 | 89.54+1.18"

Sperm concentration (106/mm3)

6 1.8020.09 3.4120.13 2.50+0.16 2.63:0.13 2712011 74120105

40 2.2050.19 3.4320.14 3.6820.13 2.8350.19 3.9620.18 2,6220.12°

44 2.5320.20 2.7420.10 2.780.11 2.980.15 3.1620.19 2,8420,13%
On‘;::’:l" 2,18£0.10° | 2532007 | 2.05:008%* | 281:0.01% |  2.94£0.09%

Malondialdehyde { nmol/im})

3% 0.5620.04 0.580.03 0.63:0.04 0.6620.05 0.6720.05 0.6220.04°

40 0.5750.04 0.6540.02 0.67+0.02 0.6920.04 0.7420.06 0.66.0.03°

a4 0.5720.04 0.6920.03 0.7250.03 0.75£0.03 0.840.03 0.7120.02%
OI;:;; 1 057:0.03' | 0.645001° | 0.67:003* | 070:004" | 0.7520.05

a,b,c,d = Means having different letters exponents within each row are significantly different at P < 0.05.
A,B,C = Means having different letters exponents within each column are significantly different at P < 0.05.

Table 7: Effect of chromium yeast supplementation on fertility and hatchability
percentages of Bandarah chickens (Means + SE).

traits Chromium levels (pph)
[t} 250 500 1000 1500
Fertility (%) 86.83+0.62° | 91.00+0.58° | 93.00£0.59™ | 94.67+0.57"" | 95.67+0.26°
Hatchability (%) | 83.67+0.33" | 88.33£0.34° | 91.00:0.58" | 91.67+0.88" | 92.87+0.36"

a,b,c,d = Means having different letters exponents within each row are significantly different at P < 0.05.

oxygen species, lipid peroxidation,
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