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Abstract

Twelve local Zaraiby goats with average
live body weight of 10.71+0.23 kg (5-6
months). Animals were divided into three
comparable groups. Goats in first group were
fed without supplement (control group) or sup-
plemented with 25% ordinary cobalt and 25%
nanocobalt from cobalt requirements (NRC,
1985). The results showed that no significant
difference (P>0.05) among experimental
groups for DMI and CPI values. However,
there was a highest significant difference
(P<0.05) in average daily gain, total gain, and
feed efficiency (kg gain/ kg DMI) for nanoco-
balt group. Nutrients digestibility values as
DM, CP, CF, NFC, ADF, NDF, cellulose and
hemicellulose in addition to percentage of
TDN in nanocobalt treatment were higher sig-
nificantly than those others groups. But the ra-
tio of nitrogen balance in goats' diet with nano-
cobalt group was less than that using ordinary
cobalt and control group. While the DE
(Mcal/Kg DMI) ratio was no significant differ-
ences observed among groups. Rumen pH and
TVFA'’s values after 3 and 6 hours of feeding,
the control and the ordinary cobalt groups in-
creased (P<0.05) more than the nanocobalt
group. After 3hrs, adding nanocobalt has lower
significant values for NHs-N than those others.

Where, the control group recorded the lowest
value. No significant (P>0.05) differences
were observed at 0, 3and 6 hrs. after feeding
for all blood parameters. There was a slight in-
crease for most of body measurements with
nanocobalt supplement. It could be concluded
that adding nanocobalt for goats' rations en-
hanced growth performance, digestibility coef-
ficients, rumen parameters and slightly body
measurements without any diverse effect on
animals' health.

Keywords: Nano, Cobalt, Zaraiby goats,
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1 Introduction

Cobalt considers an important element for
dietary of ruminants, allowing rumen microor-
ganisms to synthesis Vitamin B12 (Tiffany et
al 2003). Cobalt is a component of cobalamin.
It is as a trace element essential for gastroin-
testinal microbiota in most of animal species to
synthesis cobalamin (EFSA 2012). Sheep need
more than twice of cattle Co requirement so, it
is extremely susceptible to Co deficiency
(Grace et al 2000). Vitamin B12 deficiency in
sheep found as weight loss, poor production,
(Vellema et al 1997).
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It is important to know that the proportion
of cobalt (Co) is needed to synthesize B12 is
relatively low in small ruminants (sheep) as re-
ported by (Stemme et al 2008, Brito et al
2015), that it has been shown that. In general,
it is important to adding Co to the diets' sheep
(Shelley et al 2013),( Girard et al 2009), illus-
trated just 4% of cobalt' diet was used in syn-
thesis of Cobalamin. Also, (Montafa et al
2020) reported that, Cobalt requirements of
sheep are so much than others ruminants, it is
required by rumen microflora for building vit-
amin B12, its deficient causes a deterioration
of the immune function in lambs. Furthermore,
in ruminants, there are many factors affected
on cobalamin synthesis by rumen microflora,
such as diet composition, ingredients of ra-
tions, contribution of cobalt, and ruminal mi-
croorganism's species (Montafia et al 2020).

However, (Bishehsari et al 2010) illustrated
that adding the lambs' ration with twice NRC
recommendations of cobalt sulfate improve
concentration of vitamin B12 in plasma, final
body weight, average daily gain (ADG) and
feed efficiency and that it causes elevated lev-
els of blood vitamin B12. (Kadim et al 2003)
illustrated that0.1 to 0.2mg levels of Cobalt/kg
dry matter (DM) can't meet microorganism re-
guirements of Co for B12 synthesis in small
ruminants. This may be due to many factors,
such that decrease rumen microorganisms
(number and type), lowering ration's absorp-
tion and B12 building, the essential enzymes
for (protein and energy) metabolism which
clinically lead to anemia, in appetence, low
production, low weight and finally weak im-
mune system (Ulvund , Pestalozzi 1989,Vel-
lema et al 1996). Adding cobalt enhance di-
gested fiber by improve activity of rumen bac-
teria (Hussein et al 1994). The hypothesis that
adding Cobalt with concentration more than
those recommended by the (NRC 2007) or
adding Cobalt with another form improve B12
in kids, as while, the nanomaterials have strong
potential than those conventional sources, so
required lower quantity (Sindhura et al 2014).

Thus, adding cobalt in nanoparticle may de-
crease the amount of cobalt supplementation
or having the function of high amount of con-
ventional cobalt sources.

The aim of this work was to illustrate ordi-
nary and nanocobalt supplementation effects
on growth performance, feed conversion, nu-
trient digestibility, some blood biochemical
changes, and body's muscles measurements of
Zaraiby goats.

2 Materials and Methods

This research was accomplished at farm be-
longing to department of animal production,
Faculty of Agriculture, Ain Shams University,
Egypt. Twelve animals were used from
Zaraiby goats. The experiment lasted for 60
days. The average initial animals' weights were
10.71+0.23 kg (5 to 6 months age). Goats were
weighed during the experiment every week be-
fore the morning meal to estimate average
daily gain (ADG). Feeding requirements were
adjusted biweekly according to weight
changes.

2.1 Animal and feeding

Animals divided into 3 groups. Each group
has 4 randomly selected animals. The first
group: control group without additives, second
group: adding ordinary cobalt with 25%, third
group: adding nanocobalt with 25% of sheep
and goats’ requirements (NRC 1985). Animals
fed diet containing 50% roughages (Rice
straw) and 50% concentrate feed mixture
(CFM). The concentrate feed mixture con-
sisted 0f41% yellow corn, 21% wheat bran,
20% un-decorticated cottonseed meal, 5% soy-
bean meal, 5% rice bran, 4% molasses, 2.5%
limestone, 1.0% common salt and 0.5 minerals
mixture. The feeding was done twice daily, (at
8a.m. and 5p.m.), while, water was free all the
day. The chemical composition of feedstuffs is
illustrated in (Table 1).
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Table 1. Chemical composition of feedstuff ingredients

Items Rice straw Concer_1trate Standard ration
feed mixture
Dry matter(DM) 89.00 90.92 89.96
On dry matter %
Organic matter(OM) 85.56 82.11 83.80
Crud protein(CP) 1.92 16.65 9.28
Ether extract(EE) 2.24 3.48 2.86
Crud fiber(CF) 45.09 6.56 25.81
Non-Fiber Carbohydrate (NFC) 36.31 55.42 45.85
Ash 14.44 17.89 16.20
Cell wall constituents%:

NDF 79.09 53.94 66.51
ADF 48.28 20.66 34.47
ADL 10.55 1.41 5.98
Hemicellulose 30.81 33.28 32.04
Cellulose 37.73 19.25 28.49

2.2 Nanocobalt characterization

Prepare Cobalt oxide nanoparticles were
successfully by thermal decomposition of co-
balt hydroxide synthesized from cobalt ace-
tate, ammonium hydroxide and 10% glycerol
according to (Manigandan et al 2013). X ray
determined (XRD) patterns of nanoparticles
calcined at 450°C, points the cobalt oxide has
cubic phase structure. The nanoparticles is
marked using Scherrer equation relation
(Holzwarth and Gibson 2011), and it was
found to be average size around 49 nm. It no-
ticed that the particles embrace irregular mor-
phology with different sized particle. In addi-
tion, cobalt oxide nanoparticles show rod
shape with smooth surface and adsorbed on the
surface due to the aggregation with the rod like
agglomerates were purely due to the magnetic
induction between the particles (Koutzarova et
al 2006).

2.3 Digestibility trials

The digestibility trial was done during the
last 10 days of the feeding experiment. The fe-
ces samples were collected before the morning
feeding. The feed and feces samples were pre-
served until they were analyzed. The rumen
fluid samples were collected from animals at

0, 3 and 6 hrs. after morning feeding and the
samples were saved until laboratory's analysis
at a cooling temperature of less than 25°C de-
grees. Rumen pH, ammonia-N (NHs-N) and
total volatile fatty acids (TVFA’s) were esti-
mated at rumen samples .

The samples of feed and feces were ana-
lyzed for DM, crude protein (CP), crude fiber
(CF), ether extract (EE) contents, the nitrogen
free extract (NFE) was obtained by the differ-
ence and ash according to (AOAC 1997). Neu-
tral detergent fiber (NDF), acid detergent fiber
(ADF) and acid detergent lignin (ADL) con-
tents were analyzed sequentially (Van Soest et
al 1991) using the Ankom 200 Fibre Analyzer
for NDF and ADF and thereafter soaking the
residual with 72% sulfuric acid for 3 hours.
The NDF content was analyzed with 2 addi-
tions of heat-stable a-amylase and 1:1 g so-
dium sulfate per gm sample in the neutral de-
tergent solution (Hansen et al 2016). NDF and
ADF are expressed inclusive of residual ash
and hemicellulose and cellulose calculated by
difference between NDF, ADF and ADL val-
ues.

Blood samples were taken in the last 3 days
of the experiment. Samples were taken through
the neck vein of the animals before the morn-
ing feeding, the serum was separated and the
samples were kept in a cold temperature of less
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than 25°C degrees. Then the following param-
eters were measured: TP, glucose, urea, AST
and ALT by Kits. Total plasma protein concen-
trations was determined as described by
(Henry 1964), albumin concentrations was de-
termined using methods of (Doumas et al
1971), blood plasma urea was determined ac-
cording to (Batton, Crouch 1977), Alanin
amino transferase (ALT) and aspartate amino
transfearse (AST) activities were calorimetri-
cally determined according to AST and ALT
kits based on reaction of (Young 1990).

2.4 Body measurements

In the end of experimental trial, body meas-
urements were recorded. The measured were
Rump height (HR), withers height (WH),Ster-
num height (SH), Body length (BL), Bicostal
diameter (BD), Body depth (RD),Heart girth
(HG), and Rump width (RW) according to
(Cam et al 2010).

2.5 Statistical Data analysis

The recorded data statistically analyzed ac-
cording to statistical analysis system,User's
Guide, (SAS 1998). Means Separation was
carried out by using Duncan Multiple test
(Duncan 1955). The model was used as fol-
lowing:

Yi=p+Ti+ej

Where: Yij = the observation of the model, p =
General mean common element to all observa-
tions, T; = the effect of the treatment (i = 1...
3), and ejj = the effect of experimental error.

3 Results and Discussion

3.1 Growth performance

The data showed effect of cobalt supple-
mentation on feed intake (FI), total gain, ADG,
and feed efficiency (Table 2). No significant
(P>0.05) difference was observed among ex-
perimental groups for DMI or CPI values and
feed intake tended to increase with adding
nanocobalt. Likewise, (Scholljegerdes et al

2010) reported that total intake was higher
(P=0.093) in lambs supplemented cobalt in di-
ets. However, there was a significant differ-
ence in favor of the nanocobalt group as it was
the highest total gain and ADG, additionally,
feed efficiency (kg gain/ kg DMI), then the
regular cobalt group, while the lowest value
for the control group. These results were in
agreement with results of (Schwarz et al 2000)
who observed that the diets with no or low co-
balt supplementation produced decreasing
daily feed intake per animal versus high levels
of cobalt. Also, daily gain values were in-
creased significantly with high levels of cobalt.
(Stangl et al 2000) reported that cobalt level
(adequate supply) for growing cattle is 0.20
mg/kg DM intake. However, using nano cobalt
may have more beneficial effect in cobalt effi-
ciency.

3.2 Digestibility coefficients and nutritive
values

Data of digestibility coefficients and feed-
ing values were illustrated in (Table 3). Nutri-
ent’s digestibility values as DM, OM, CP, CF,
NFC and NDF in the treatment of nanocobalt
were higher significantly than ordinary cobalt
then control group except EE. The same trend
was observed with those percentages of ADF,
hemicellulose and cellulose. It's higher
(P<0.05) significantly at nanocobalt than ordi-
nary cobalt after that control group. The per-
centage of TDN was significantly (P<0.05)
highest at nanocobalt treatment than those oth-
ers. But the ratio of nitrogen balance in goats'
diet with nanocobalt group was less than that
using ordinary cobalt and control group. While
the DE (Mcal/Kg DMI) ratio was no signifi-
cant differences observed among groups.

(Scholljegerdes et al 2010) reported that
lambs fed cobalt, resulted in DM, OM, and
NDF digestibility increased significantly (P <
0.098). Furthermore, there were no differences
between cobalt levels groups in total nitrogen
intake, N digested (g/d), or urine nitrogen. Ni-
trogen retention did not affect with adding co-
balt to diet's lambs.
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Table 2. Effect of cobalt supplementation (ordinary and nanocobalt) on feed intake, total gain, ADG and

feed efficiency for Zaraiby goats

Rations Rations SE
Control Ordinary cobalt Nano cobalt +
Exp. Period 60 60 60
No. of Anim. 4 4 4 -
Average initial weight(kg) 10.670 10.700 10.750 -
Average final weight(kg) 15.170 15.400 15.850 -
Total dry matter intake(kg/group) 156.00 156.48 159.90 -
DMI (kg/head) 39.00 39.12 39.90 -
DMI (kg/h/d) 0.650 0.652 0.665 -
CPI (g/h/d) 60.32 60.50 61.71 -
Total gain (kg) 4.500° 4.700" 5.1002 0.18
ADG (kg/ h/d) 0.075° 0.078° 0.085? 0.21
Feed efficiency (kg gain/kg DMI) 0.115° 0.120% 0.127¢ 0.44
Feed conversion (kg DMI/kg gain) 8.66 8.32 7.82 1.30

a and b: Means in the same rows with different superscripts are significantly different at (P< 0.05).

Table 3. Effect of cobalt supplementation (ordinary and nanocobalt) on nutrients digestibility and feeding

values for Zaraiby goats

Item Rations SE
Control Ordinarycobalt Nano cobalt +

DM 65.58 ¢ 70.91° 76.33° 0.29
oM 70.11°¢ 73.26° 78.052 0.30
CpP 71.27°¢ 72.45° 77.992 0.33
CF 66.32°¢ 69.34° 75.44° 0.31
EE 83.18 84.21 84.65 0.28
NFC 77.98° 80.33° 83.58° 0.26
NDF 66.23° 70.12° 72.46° 0.23
ADF 75.37°¢ 78.20° 80.98° 0.22
Hemicellulose 63.55° 66.32 2 69.50 ? 0.26
Cellulose 61.84° 63.91° 68.332 0.27
Feeding values(%):

TDN% 62.87° 67.22° 72.362 1.60
Nitrogen balance +2.66 +2.55 +2.04 0.82
DE (Mcal/Kg DMI) A 2.77 2.96 3.19 0.04

a, b and c¢: Means in the same rows with different superscripts are significantly different at (P<0.05).DE

(Mcal / Kg DMI) = 0.04409 x TDN% (NRC, 1988)

3.3 Rumen parameters

Rumen fluid parameters as pH value, am-
monia and TVFA's concentration after 3 and 6
hours after feeding were reported at (Table 4).
The data showed that after 3 and 6 hours the
pH value in control group and the ordinary co-
balt groups increased (P<0.05) more than the
nanocobalt group. It observed that, there were

natural decrease in the pH value occurred after
3 hrs.in all groups due to digestion operation .

The data at (Table 4) showed the effect of
adding cobalt on NHs-N levels, and the results
revealed that after 3 hours, no significant dif-
ference between control group and that adding
ordinary cobalt, while, adding nanocobalt has
lower significant values than those others.
However, after 6 hours, there weren't differ-
ences (P>0.05) among experimental groups. It
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is naturally observed that increasing NHs-N
levels at 3 hrs. after feeding then decreasing af-
ter 6hrs. Generally, data indicated that adding
nanocobalt to goats’ diets resulted in depress
of ammonia-N values comparing with control
and ordinary cobalt groups. But the control
group remained the highest among them.

Table 4 contains the data of TVFA’s val-
ues, at zero time, results illustrated that there
was significant difference between the control
group and those others (ordinary cobalt and
nanocobalt groups). Where, animals in control
group recorded the lowest TVFA’s values.
However, after 3 and 6 hours, value of TVFA’s
of nanocobalt group was the lowest significant
level than other groups, the control group was
the highest values, followed by the ordinary
cobalt group. Overall, TVFA’s values in-
creased after 3hrs according to maximum level
of feed digestion process, and then declined
again due to many factors’ effects on level of
TVFA’s in the rumen.

Ruminal fermentation may be improved by
increasing intake of cobalt (adding cobalt) spe-
cifically the cellulolytic bacteria which related
to change in population of rumen microflora,
(Scholljegerdes et al 2010). It is estimated that
the microbiota of rumen for function effi-
ciently needs 0.11% cobalt in the ration (Goff
2000), there are hypotheses that ruminal fer-
mentation may improve with supplemented
cobalt, by enhancing microorganism’s growth
and it's activity (Nagabhushana et al 2008).
Moreover, rumen environment can affect with
adding cobalt and cause increasing of fiber di-
gestion (Shelley et al 2013).

3.4 Blood parameters

Data of blood parameters are presented in
(Table 5). No significant differences were
found at 0, 3hrs and 6 hrs. after feeding for all
blood parameters, which indicated that there
were no harmful effects on the animal’s vital
organs and animal health. While, regards of
comparative treatments, there were slightly
(P<0.05) increasing of glucose, urea and total
protein (TP) values as overall mean in nanoco-
balt additive then ordinary cobalt comparing

with control group. These results reflected on
enhancing of growth performance, and con-
firmed by (Bishehsari et al 2010) who found
that adding cobalt to sheep's diets caused re-
duction ruminal succinate, also improving pro-
pionate concentrations, which lead to increase
blood glucose levels.

In addition to, liver function as AST and
ALT levels were increased with adding cobalt
whether ordinary or nanocobalt, however,
level was highest in nanocobalt. These results
are in agreement with results of (Ghoreishi et
al 2013) that reported the level of the serum
ALT was significantly increased after admin-
istration of cobalt nanoparticles (p=0.003).
Furthermore, they reported that the effect of
adding nanocobalt particle on lamb's liver
function were similar to adding conventional
cobalt. However, the more beneficial effect
may be for using nanocobalt. In addition to,
goat kids that received adequate amounts of
cobalt prevent damages of liver. Vitamin B12
has a significant role in overall N metabolism
and lowering synthesis of vitamin B12 could
lead to deficiency of serum N (Johnson et al
2004).

3.5 Body measurements

Table 6 showed the effect of adding cobalt
on some body measurements. No significant
differences (P<0.05) among experimental
groups, but there was a slight increase for the
nanocobalt group than the ordinary cobalt
group and the control group that confirmed by
the other data of growth performance and di-
gestion coefficients where animal received
nanocobalt additive have positive results re-
vealed on body measurements .

Enzyme systems need vitamin B12 or co-
balamin which plays the important role for
basic metabolic functions. It has a positive ef-
fect on both of metabolic of energy and cell
replication processes, so, it considers as a co-
enzyme (Rizzo and Lagana 2020). Cobalamin
works as a co-factor of carbohydrates, lipids,
amino acids metabolism and DNA (Herdt and
Hoff 2011, Forrellat et al 1999).

AUJASCI, Arab Univ. J. Agric. Sci., 29(2), 2021



Growth Performance and Some Body Muscles Measurements of Zaraiby
Goats Fed Ration with Adding Ordinary or Nano Cobalt

Table 4. Effect of cobalt supplementation (ordinary and nanocobalt) on rumen parameters for

Zaraiby goats
Rations Rations SE
Control Ordinary cobalt Nano cobalt +

pH
0 6.90 6.87 6.75 0.09
3 6.48°2 6.43¢ 6.03° 0.29
6 6.56 2 6.53¢ 6.16° 0.25
Means 6.64 6.61 6.31 -
NH3-N
0 19.88 19.85 19.59 0.78
3 31.71¢% 31.23@ 29.89° 1.71
6 23.35 23.11 22.59 1.38
Means 24.98 24.73 24.02 -
TVFA’s
0 7.18° 7.63° 7.46°2 0.24
3 12.13% 11.43° 10.72°¢ 0.82
6 9.892 9.87¢ 9.25P 0.62
Means 9.73 9.64 9.14 -

a and b: Means in the same rows with different superscripts are significantly different at (P<0.05).

Table 5. Effect of cobalt supplementation (ordinary and nanocobalt) on blood parameters for

Zaraiby goats

Items Rations SE
Control Ordinary cobalt Nano cobalt

Glucouse (mg/dl)
0 54.40 56.80 55.99 1.86
3 57.74 58.22 58.63 1.90
6 62.32 61.99 63.21 2.02
Overall means 58.15 59.00 59.28 -
Urea
0 14.90 16.76 17.87 0.53
3 17.40 18.58 19.99 0.58
6 19.38 21.32 22.96 0.61
Overall means 17.22 18.88 20.72 -
GOT (AST)(unit/L)
0 18.43 20.19 22.54 0.22
3 21.06 23.52 25.03 0.22
6 25.25 26.97 27.11 0.23
Overall means 21.58 23.56 24.89 -
GPT (ALT) (unit/L)
0 12.50 13.44 15.24 0.20
3 14.33 16.21 18.02 0.21
6 16.87 18.56 20.95 0.21
Overall means 14.57 16.07 18.07 -
TP (mg/100ml)
0 10.86 11.43 12.79 0.15
3 11.45 12.67 14.23 0.16
6 13.11 14.34 16.97 0.19
Overall means 11.81 12.81 14.66 -

a, b, c and d: Means in the same rows with different superscripts are significantly different at (P< 0.05).
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Table 6. Effect of cobalt supplementation (ordinary and nanocobalt) on body measurements for

Zaraiby goats
ltems Rations SE
Control Ordinary cobalt Nano cobalt +

WH 51.75 53.75 54.00 1.28
HR 58.00 56.50 56.75 2.19
BL 53.25 50.25 51.65 2.26
SH 33.25 33.00 40.25 4.73
RD 58.75 58.00 55.25 4.32
BD 67.75 67.25 68.00 3.08
RW 66.25 64.75 65.75 3.14
HG 62.50 61.00 61.50 291

withers height (WH) Rump height(HR) Body length (BL)

Sternum height (SH) Body depth (RD) Bicostal diameter (BD)

Rump width (RW) Heart girth (HG)

The depression of available cobalt element
that reserves for microorganisms in the rumen,
consequently, closing the production of B12
that resulting in high level accumulation of
blood propionate (Underwood and Suttle
1999). By lowering intake, ruminal microbiota
decrease, which convert succinate to propio-
nate by using Vit. B12, consequently, there is
decrease of diet fermentation, that causes a de-
pression in supply of energy and clearly low of
animal’s body weight.

(Girard et al 2009) reported that in sheep
only 5% of B12 that produced in rumen was
absorbed. Ruminant animals have higher re-
quirements of vitamin B12 than non-ruminant
animals, due to use it in metabolism of propi-
onic acid (McDowell 2012). So, depression of
(methyl malonyl) CoA mutase activity (as a
key enzyme in the gluconeogenesis of propio-
nate) in ruminant animals causes depression of
plasma glucose, high pyruvate formed and
urine methylmalonate. Appetite control center
in the hypothalamus which affected by eleva-
tion of methylmalonate and pyruvate in blood,
that causing anorexia and lost animal weight
(Viglierchio 2000). In addition to, synthesis
and supplemental cobalt can effect on energy
production (Shelley et al 2013).

4 Conclusion

It could be concluded that adding nanoco-
balt for goats' rations enhanced growth perfor-
mance, digestibility coefficients, rumen pa-
rameters and slightly body measurements
without any diverse effect on animals' health.
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