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Abstract

This paper is evaluating the addition of
nanocobalt on dry matter, organic matter, cel-
lulose and hemicellulose degradability of In-
vitro gases technique. Nanocobalt as an addi-
tive were used as 0, 25, 50, 75, 100 and 125%
from the animal requirements on DM basis.
The regular ration (1:1 concentrate: clover
hay) was incubated for 24 hours. Then 24 and
48 hours of dry matter, organic matter, cellu-
lose and hemicellulose were used to research
the impact of adding 25 and 50% nanocobalt
to some roughages (rice, bean, wheat, bagasse
and peanut) straws using In-vitro disappear-
ance. Results of In-vitro gas indicated that the
DMD degradability values were increased
(P<0.05) in 50 and 75 %, while the highest of
OMD was in 25 and 50 % of nanocobalt. The
nanocobalt had no effect on pH, but had a
greater influence on the values of ammonia
and TVEF’s, as well as the degradability of cell
wall components with microbial proteins. In
control ration, the gas production was high,
adding cobalt (100 %) and nanocobalt (25 and
50 %) than other of addition. High values of
microbial protein (MP) and microbial protein
efficiency (EMP) recorded for all different
nanocobalt added. Nanocobalt 25% output gas
of DM, NDF, ADF, cellulose and hemicellu-
lose showed increase (P<0.05) compared to
any additional levels. It concluded that the ad-
dition of nanocobalt increased the production

of gas, ammonia, TVF’s, metabolizable energy
and degradability of cell wall constituents. It
showed that the addition of nanocobalt had a
stronger effect on disappearance of all
roughages as DM, OM, NDF, ADF, cellulose
and hemicellulose. Furthermore, the addition
of 25% nanocobalt had a significant effect
(P<0.05) on improving In-vitro DM and OM
disappearance of all roughages except bagasse
had a significant effect in add 50 % nanoco-
balt.

Keywords: In-vitro gas production, Nanoco-
balt, Dry matter, Cellulose, Hemicellulose,
Roughages

1 Introduction

High biomass, low crude protein content of
about 3 to 4 percent and high crude fiber con-
tent of about 35 to 48 percent overall are sev-
eral by-products of the human food industry
(Devendra 1997). Typical food for ruminants
is in many developing countries, such as fi-
brous crop residues, such as cereal straws, sug-
arcane tops, pelts, cocoa pod husks, pineapple
waste, etc. Ruminal microflora can synthesize
vitamin B12 if adequate amounts of cobalt are
available in the diet. As a result, dietary cobalt
may be protected by these species' requirement
for vitamin B12. However, the proposed re-
placement of cobalt with vitamin B12 does not
provide enough evidence to evaluate, under
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field conditions, the health and efficiency con-
sequences for certain species. Ruminal micro-
flora can also affect the supplementation of co-
balt from the diet, its structure and function.
Any of the minor beneficial effects observed in
ruminants after the supply of cobalt are likely
to be correlated with an unspecific effect of co-
balt on the microflora, not with vitamin B12.
Cobalt must also provide ruminants with the
ideal supply of micronutrients (Sutton and EI-
liot 1972). Increasing the production of rumi-
nal propionate in beef steers by adding addi-
tional cobalt to a highly concentrated cobalt
deficiency diet (Tiffany et al 2006 and 2002).
Gall et al (1949) indicated that the digestibility
of a diet decreases through bacterial modifica-
tions when cobalt is deficient. Although, the
mechanism of action is not clear,
(Scholljegerdes et al 2010) found that the in-
take of forage in lambs was increased by die-
tary cobalt. Improvements in ruminal fermen-
tation associated with improvements in the
population of ruminal microbes, specifically
cellulolytic bacteria, which tend to be most
vulnerable to additional cobalt, may have con-
tributed to an increase in intake. Therefore, to
more thoroughly assess the effect of cobalt su-
per nutritional levels in rising lambs, a diges-
tion and growth efficiency trial site and scope
is warranted. In the processing of nanoparti-
cles, nanotechnology can be used both as novel
food ingredients or additives and to enhance
food safety and quality control in order to im-
prove digestion and absorption in livestock.
Nanotechnology is continuously evolving and
its applications are increasingly diverse and
special, with a high potential for improving
livestock and animal performance in general,
(Bunglavan et al 2014). Studies of nanotech-
nology in these areas are still very small. In an-
imal nutrition research, the use of nanoparti-
cles that can significantly improve the effi-
ciency of livestock growth and development
should be pursued at a lower cost to consum-
ers. A great deal of research, however, is still
required to promote the effectiveness and
safety of nanotechnology and to avoid harm to
animals, the environment and human beings.
Results from (Etab and El-Bordeny 2018)

showed that added nanocobalt impacts on cel-
lulolytic bacteria growth and increases cellu-
lose, ammonia, total volatile fatty acids, me-
tabolisable energy and degradability of cell
wall constituents. Therefore, further investiga-
tions are required to determine the effect of na-
nomineral supplements on improved in-vitro
gas output and in-vitro degradability. The rate
and level of DM fermentation in rumen is a
very important determinant for the nutrients
consumed by ruminants. The In vitro gas pro-
duction technique (Menke and Steingass 1988)
has been developed to estimate the nutritional
value of drillings and estimate the rate and de-
gree of DM degradation through the use of gas
production indirectly during fermentation. An-
imal intake (Orskov 1989), food consumption
(Blummel and Orskov 1993), synthesis of mi-
crobial protein (Krishnamoorthy et al 1991,
Krishnamoorthy et al 2005) and in vivo digest-
ibility are well-defined in the field of in vitro
gas processing (Khazaal et al 1993). Since it is
simple to use and able to process a large num-
ber of samples in a short time, it is important
to find significant information because of the
benefits of gas processing technology (Valen-
tin et al 1999). Several authors researched in
vitro gas processing techniques in fermenta-
tion Kinetics (Cone et al 1998, 1999 and 2002).
The principal goals of the current study are to
determine the optimal nanocobalt level added
to the decay of in vitro gas output and the de-
gradability of in vitro rice straws, bean straw,
wheat straw, bagasse and peanut straw added
to the disappearance of in vitro.

2 Materials and Methods

2.1 The first experiment: In vitro gas pro-
duction technique

For each point, a total weight of 400 £ 4 mg
was weighed in 125 mL glass bottles two days
before beginning of the experiment (contain-
ing clover foin as a rugging and concentrate at
a ratio of 50:50. A buffer solution was pre-
pared and flushed continuously with CO2 at39
C before adding rumen fluid as illustrated by
Szumacher-Strabel et al (2002) during sample
inoculation. Rumen fluid has been obtained
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from the slaughter house and the buffalo. The
rumen fluid collected was mixed in a (1-1) con-
tainer and transported into a laboratory at 39°C
with an O.-free headspace. The rumen fluid
was filtered into four layers of cheesecloth
upon arrival at the laboratory to remove large
particles. The solution was used to buffer the
bottle with a ratio of 4:1 for the rumen fluid,
and 40 mL of this inoculum was applied to
every bottle. The original pH of the inoculum
was 6.8 t0 6.9. In two different runs, triplicates
of each sample were used.

2.1.1 Degradability

A degradability of the dry matter was meas-
ured as the difference between the DM of the
sample and the residual after 48 h in incuba-
tion/DM in the sample*100 (percent dDM).
The same approach for evaluating feed ingre-
dients was employed to determine the NDF
and ADF of the residuals after fermentation.
An incubation, ADF, cellulose and hemicellu-
lose degradability were measured for the dif-
ference between the sample material before
and after the incubation, / sample before incu-
bation* 100.

2.1.2 Total gas production

After 24 hours of sample incubation, a re-
placement of the syringe piston connected to
the serum flasks estimated the total gas output
(TGP). In vessels which have the fluid and
substratum of the tamped rumen, the gas gen-
erated in white vessels, the gas produced by
fermentation was determined by subtracting
the total gas produced from it (without sub-
strate).

2.1.3 Calculation

Digestibility of organic matter in vitro
(OMD, g/kg OM), measurements of short-
chain fatty acid (SCFA) according to the levels
of (Getachew et al 2002), performance of

microbial biomass (MCP) and efficiency of
development of microbial biomass (EMP),
were carried out according to Blummel et al
(1997):

ME (mJ/kg DM) = 2.20+0.136GP+0.057CP

() weeeeee 1)
OMD = 14.88 + 0.889 GP+ 4.5 CP (%) +
0.0651 ash (%) «.oevvvvviniiiiiiiiiii, )
SCFA (mmol/200 mg DM) = -0.00425 +
0.0222 % GP .ovniiiiii 3)

MCP (mg/g DM) = mg dDM- GP*2.2 ...... @)
EMP = (mg dDM- GP*2.2))/ mg DMD ..... (5)
Where: GP, after 24 hours of incubation, is the
net gas production of 200 mg of dry sample in
mL; 2.2 mg/mL is the factor stoichiometric
that shows C, H, and O for 1 mL of gas gener-
ated by the SCFA gas.

The filtered rumen liquor was subjected to
further research for each sample after 48 hours
of incubation. The pH of the rumen fluid was
calculation by the pH meter and the ammonia
concentration quantitative analysis was per-
formed using the Nesler method updated by
(Szumacher-Strabel et al 2002, Barnett and
Reid 1956) analyzed total volatile fatty acids
"TVFA's".

2.1.4 Chemical analysis of feed ingredients

DM and ash, crude fiber (CF), crude pro-
tein (CP = nitrogen percentage x 6.25), and
ether extract (EE) were analyzed according to
ingredient ration (AOAC 1997). The NDF and
Ankom200 fiber analyzers were used to se-
guentially analyze the content of neutral deter-
gent (NDF), acid detergent fiber (ADF) and
acid detergent lignin (ADL) (Van Soest et al
1991) with 72 percent sulfuric acid subse-
quently absorbed for 3 hours The NDF content
in the neutral detergent solution was analyzed
using two heat stable alpha-amylase additions
and one g sodium sulfite per gm sample (Han-
sen et al 2016). It expresses both NDF and
ADF as well as cellulose, including ash resid-
ual and hemicellulose measured in NDF and
ADF values. A distinction was taken from the
nitrogen-free extract (NFE).
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2.1.5 Standard ration and nanocobalt addi-
tion

Six quantities of nanocobalt have been cal-
culated in a daily ration. Nanocobalt levels of
0.25, 50, 75, 100 and 125 percent of small ru-
minants (sheep and goats) (0.2 mg/kg DM in-
take = 100 percent) and 100 percent cobalt
supplemented the ration as a standard level, ac-
cording to (NRC 1985) requirements. Each of
the six levels was diluted into 100 ml of dis-
tilled water and then added to the checked
glass vessels. A mixture of concentrates (corn
grain, wheat bran, soy meal, salt, and lime) and
Egyptian clover hay was used to test the ration.
To prepare the ration, the 1. 1 (w/w) roughage
to concentrate ratio was used. The chemical
compositions of feedstuffs are mentioned in
Table 1.

2.1.6 Nanocobalt characterization

Thermal breakdown of cobalt hydroxide
synthesized with cobalt acetate, ammonium
hydroxide, and 10 percent glycerol, cobalt ox-
ide nanoparticles have active in preparation
(Manigandan et al 2013). Calcined at 450°C,
cobalt oxide nanoparticles' X ray determined
(XRD) patterns show the cubic phase structure
of the cobalt oxide. Using the Scherrer ratio,
the average cobalt oxide grain size is estimated
and has been found to be around 49 nm. It can
be seen that particles adopt irregular morphol-
ogies of different particle sizes. Furthermore,
cobalt oxide nanoparticles show a rod shape
with a smooth base. It clearly shows the fine
rod, because of the aggregation, as particles
adsorbed on the surface. This indicates that the
rod was exclusively due to magnetic induction
as agglomerates between the particles (Kou-
tzarova et al 2006).

2.2 The second experiment: In vitro disap-
pearance

The disappearance of dry matter, organic
matter, NDF, ADF, cellulose and hemicellu-
lose in vitro has been measured using the
(Terry et al process 1969). Two tubes were
used as replicates of each sample at varying in-
cubation times (24, 48 hrs).

2.2.1 Roughages

Five roughages of cellulolytic material
were ready for in vitro disappearance to be
tested. The roughage is as follows: 1- Rice
straw. 2- Stroke of wheat 3- Bagasse 4- Stroke
of beans. 5- Straw of peanuts. In the table, the
chemical compositions of five roughages are
shown Table 2.

2.2.2 Statistical analysis

Statistically, in conjunction with user guide
method of statistical analysis was analyzed in
vitro gas production degradability, dry sub-
stances, organic matter, hemicellulose and cel-
lulose digestibility (SAS 1998). The multiple
test Duncan was used to separate between
means (Duncan 1955). The following model
was used:

Yij=u+Si+ei,— ...................... (6)

Where: Y ij = observation of a studied trait, p
= General mean common element to all obser-
vation, Si = effect of i" treatment (i = 1...6),
and e ij = effect of experimental error of j"
observation for i treatment.
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Table 1. Standard ration chemical composition and cell wall constituents

Item Hay of clover |Concentrate |Standard
ration
Dry matter 92.40 87.05 89.73
Organic matter 86.79 94.73 90.76
Crud protien 17.41 16.19 16.80
Ether extract 3.98 4.77 4.38
Crud fiber 40.94 20.67 30.80
Non-Fiber Carbohydrate (NFC) [24.46 53.10 38.78
Ash 13.21 3.17 9.24
Cell wall constitutes
NDF 40.94 20.66 30.80
ADF 26.88 53.94 16.14
ADL 5.80 1.41 3.61
Hemicell. 14.66 15.24 14.06
Cellulose 12.53 3.98 21.08

Concentrate: 1% lime stone , 0.8% salt (NaCl), 20% Wheat bran , 22% Soybean
meal 55.9% Corn grain . ND: Non Detected - Non-Fiber Carbohydrate (NFC)

Table 2. Chemical composition of five studied roughages

Item Rice straw | Wheat straw | Bagasse | Bean straw | Peanut straw
Dry matter 89.00 93.11 92.05 91.68 89.80
On dry matter %

Organic matter 85.56 82.36 98.90 66.27 93.20
Crud protien 1.92 4.48 1.74 5.67 12.40
Ether extract 2.24 1.02 2.00 1.26 4.00
Crud fiber 45.09 46.99 41.90 47.53 37.30
Non-Fiber Carbohydrate (NFC) 36.31 29.87 53.29 33.73 39.50
Ash 14.44 17.64 1.08 11.81 6.80
Cell wall constitutes

NDF 79.09 80.40 80.33 48.50 62.00
ADF 48.28 48.52 61.51 20.40 50.00
ADL 10.55 10.30 19.60 4.30 10.90
Hemicell. 30.81 31.88 18.80 28.10 12.00
Cellulose 37.73 38.22 41.90 16.10 39.10

NDF: Neutral detergent fiber, ADF: Acid-Detergent fiber, ADL: Acid-Detergent Lignin

The following statistical model used for in
vitro dry matter, organic matter, hemicellu-
lose, and cellulose degradation:

Yij:p+8i+Tk+eijk .................... (7)

Where: Y ij = observation of a studied trait, p
= General mean common element to all obser-
vation, Si = effect of i treatment (i = 1,2), T«
= effect of k™treatment (k=1, 2.. and 3) and e j;
= effect of experimental error.

3 Results and Discussion

3.1 The first experiment: In vitro gas pro-
duction

3.1.1 Degradability

After 24 hours, a significant increase
(P<0.05) in DM degradability was reported for
nanocobalt supplemented rations (50 and 75
percent), while maximum DM degradability
was reported for rations supplemented with 25
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and 50 percent of the cobalt requirement, re-
spectively (Table 3). A major impact of sup-
plementation with cobalt nanoparticles (25 and
50 percent) on OM degradability has been
shown in current studies. By comparison, (Par-
tha Sarathi Swain et al 2015) stated that nano-
particles in minerals had a significant poten-
tial, even at very less than traditional organic
and inorganic sources as mineral feed supple-
ments in animals. However, systemic and ex-
tensive studies should be carried out over a
long period of time to assess the toxic effects,
if any, following animal feeding. In order to
normalize the positive and harmful effects of
these synthesized mineral nanoparticles, they
must also be fed to a large number of animals
before they routinely are inserted into the ra-
tion. Levels of cobalt nanoparticles above 50%
of cobalt requirements led to a significant de-
crease in the degradability of OM (P<0.05)
(Table 3). On the other hand, the supplemen-
tation of cobalt nanoparticles had a big impact
on NDF, ADF, and cellulose degradation
within 24 hours, with 100% and 125% excep-
tion. In addition, cobalt nanoparticles supple-
mentation (75 percent) recorded higher hemi-
cellulose degradation compared to control ra-
tion (0 percent level) and cobalt oxide supple-
ment ration compared to control ration (0 per-
cent level) (100 percent). This positive re-
sponse to cobalt nanoparticles' NDF, ADF and
cellulose degradability and cobalt supplemen-
tation may be attributable to the fact that cobalt
nanoparticles resulted in a 25 percent degrada-
bility improvement compared to the control ra-
tion (Table 3). In this context, due to enhance
species of cellulolytic digesters, (Elghandour
et al 2014) documented improveing degrada-
bility of fiber fractions Fibrobacter suc-
cinogenes, Ruminococcus flavifaciens and Se-
lenomonas ruminantium. (Colombatto et al
2007) verified the increase in cellulose and xy-
lene fermentation by the combination of pre-
and post-incubation action, increasing cellulo-
Iytic enzyme activity (Colombatto et al 2007).

3.1.2 Fermentation parameters

The addition to the experimental ration of
ascending cobalt nanoparticles had no major
effect on the pH value and the ME metaboliz-
able energy (Mcal/g) (Table 4). Significant in-
creases in the concentration of ammonia
(mg/100 ml) and TVFA'S (meg/100 ml) (P >
0.05) have been observed, resulting in a 25, 50
and 75 percent increase compared to other lev-
els in the cobalt nanoparticles supplant ration.
The further effects of nanocobalt on bacterial
development, which has increased ruminal
bacterial growth and activities and increased
protein degradation, are due to these findings
(Table 4). The ruminant ration supplemented
with cobalt nanoparticles resulted in an im-
provement of 125 percent of the requirements
in microbial mass protein (MP) and microbial
mass efficiency (EMP) compared to the con-
trol (0 percent supplemented) and ration sup-
plemented with cobalt oxide. Ruminal pH dur-
ing the experimental fermentation processes
was not impaired. Several studies have shown
that pH is relatively stable during fermentation
because of the growing use of pHs and lactates
and satisfies the requirements for the operation
of rumen microbes (Elghandour et al 2014).
The development of gas that is a substratum
mainly depends on the availability of rumen
microorganisms in nutrients (Elghandour et al
2014, Kholif et al 2014). Rumen gases are
formed by the fermentation of acetate, propio-
nate and butyrate into dietary carbohydrates.
The regular ration of various additives, how-
ever, had the same fibre fraction content in the
current studylt is thus clear that ammonia in-
novations in the rumen (Hristov et al 2013) are
increased by microbial species, by enhancing
protein degradation and increasing the ani-
mal's total N excretion. Compared to high
nanocobalt levels, the low level of nanocobalt
used (25 and 50) in this study improved degra-
dability, gas output and fermentation kinetics
(SCFA, NH3 and MP). The ration has been ob-
served for enhanced ME, MP and GP 24. High
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Table 3. Digestibility after 24 hours of DM, OM, cellulose and hemicellulose with basic DM

ltem control |Normal Nano. SE
Cobalt level |0 25 50 75 100 |125 |25 50 75 100 |125 |+

DMD,% 60.319 |66.36* |64.85° |64.62° |64.63" |61.98° [59.96° |62.78° |61.75° |54.40°|60.84% |0.70
OMD,% 31.78% |31.36% [31.822 |31.13?% |31.26%|30.102(30.072 [30.162|28.22°(27.12°(29.48"|0.27
NDFD,%  |29.84¢ |43.83% |40.64° |38.27° |40.60° |33.65%(30.76% |34.84|35,62°¢|40.54° |41.33%|0.95
ADFD,% |22.29° [43.12" [39.39 (35.48° [35.73° |30.12%|27.38 %|32.88%|29.38%|49.46% |47.37%|1.65
Hemi D, % (38.19° [44.58% |42.01% |41.32® |45.967 |37.55" |34.45° (37.01° |42.50%|30.50%|34.70° [0.99
Cellul D, % [32.91% [33.19% (35.61¢ |31.35° |30.05° |30.87° |45.36° |44.05° |46.72" |51.37%|49.72"|3.21

DMD: Dry Matter Digestibility, OMD: Organic Matter Digestibility, NDFD: Neutral detergent fiber Di-

gestibility, ADFD: Acid-Detergent fiber Digestibility

Table 4. Gas value (gas output Kinetics in ration ml/ 400 mg DM)

Item Control Normal Nano. SE
cobaltLevel 0 25 50 75 100 125 25 50 75 100 125 | +
Gas production
GP24 63.00% [62.33% |63.50° |61.50" |62.00° |58.75° |59.50° |60.00° |54.50¢ |52.00¢ [53.00¢ |0.85
SrF;/th2r4 6.00 (590 1|6.01 |585 [5.88 |561 |5.60 |5.62 (517 |491 |(4.99 ]0.93
Parameters for rumen
pH 6.64 |[654 |654 [650 [653 |656 [6.60 |6.53 [6.53 [6.64 |[6.60 |0.01
NH3 12.87° |8.81° [7.88° [9.22° [10.37¢ |11.99° [17.95" |23.32% |16.10° [10.87¢ |11.46° |0.69
TVFA’s 7.09° [6.89° |6.80° |6.16° |6.94° |[6.83° |7.11* |7.89* |7.23° |6.34° [6.39° |0.15
MP 100.91° |101.91¢/100.80%/102.44% |102.15%|104.89¢[104.97°104.75°109.37°[111.96°|131.28%|3.33
EMP 24.16° [24.65° |24.13° |24.94° |24.77° |26.16°°|26.26|26.10°¢|28.71° |30.27* [33.14% |0.86
SCFA 3.19 (314 (319 (311 (313 298 (298 299 (275 |2.61 |[2.65 |0.04
ME 375 |[3.73 |375 (373 [3.73 |3.69 [3.69 |3.69 (3.62 |3.58 (3.65 |0.01

ME: metabolic energy (MJ/kg DM) - SCFA: short chin fatty acid (um) -
- MP: microbial protein (mg/100 ml rumen ligour)

protein

levels of protein provide the nutrients required
for the activity of the ruminum microflora.
Higher GP, greater synthesis of microbial pro-
teins and greater degradability were reflected
in high activity. This can be extended due to
the effect of adding nanocobalt to the fermen-
tation. The addition of nanocobalt showed that
ME increased (Maoetal et al 2013) and
(Elghandour et al 2015). The high levels of mi-
crobial activity in rumen were reflected in the
results of the growth factors produced for mi-
crobial growth and rumen activity and the ca-
pacity of nanocobalt to provide positive anaer-
obial conditions for microbial growth.

EMP: efficiency of microbial

3.1.3 Kinetics of gas production

The gas output per gram of DM, OM, NDF,
ADF, hemicellulose and cellulose is shown in
the Table 5 after 24 hours of incubation.The
possible performance of gas was significantly
influenced by cobalt nanoparticles being ap-
plied to the ration showing a substantial de-
crease for cobalt and nanocobalt in production
of gas per gram of DM, OM, NDF, ADF and
hemicellulose. On the other hand, the inclusion
of cobalt nanoparticles in rations has led to a
numerical rise in the production of gas per
gram of cellulose. The fermentation rate (P <
0.05) between differential agents was adjusted
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within 24 hours after 24 hours with 100 percent
cobalt addition and 25,50 percent nanocobalt
in comparison with 0 percent additive. The
output level of cobalt (100 per cent) and nano-
cobalt relative to the other additional phases
was high (25 percent). The values for dry and
organic matter were higher than for any addi-
tion of nanocobalt levels after 24 hours of in-
cubation gas processing, 0% without additive
and 100 percent cobalt. In comparison with
any addition, the production of nanocobalt gas
cellulose also has high values in any additions
(1883.58) for 25% of nanocobalt hemicellu-
lose production (1787.01). The results showed
that the addition of hanocobalt to the ration im-
proves cellulolytic bacteria's growth and may
increase cellulose fermentation. In vitro-incu-
bated cereal straws and feed groups of various
types in buffered rume fluid, (Siegel 1991)
suggested that the production was closely re-
lated to short chain fatty acid (CCFA) produc-
tion by fermenting carbohydrates. Closely as-
sociated by (Bakker et al 1995) studies be-
tween SCFA and in-vitro gas production indi-
cating that ruminants may provide energy. The
degradation of the dry and organic matter after
24 hours of gas incubation was 50% better than
that of the addition of nanocobalt, 25% of the
same amount. The statistics showed that nano-
cobalt gas percentage was 25% hemicellulose,
while cellulose nanocobalt was extremely de-
gradable in 25% and 50%, cobalt addition was
high at all levels (25, 50, 75 and 125%) com-
pared with control and noocobalt. The figures
showed that nanocobalt gas was the best per-
forming degradability of all nanocobalt
amounts. The results showed that adding co-
balt and nanocobalt to the ration would in-
crease the fermentation of cellulose and degra-
dation of standard experimental ration through
the growth of cellulolytic bacteria. The higher
output degree of gas and the M depletion rate.
Oleifera reveals that, because of the high con-
tent of fermentable nutrients, rumen microbes
should have used the feed better. Higher poten-
tial in gas production would make a major con-
tribution to the energy supply by processing
fatty acids in short chains (Remesy et al 1995).
Digestibility was alleged to be related to in

vitro gas production and to the strong positive
association between gas production and digest-
ibility for dry matter (Datt and Singh, 1995,
Kaiser et al 2014), implying that in all agricul-
tural waste in this experiment, trace minerals
are extremely deficient. It means that mineral
fortification in the form of salt lick or diet in-
clusion is needed for ruminant feed. (Lina et al
2009) proposed that a 24h gas volume after in-
cubation regarding gas volume and output
characteristics of in-vitro gases should be indi-
rectly associated with metabolisable energy in
feedstuffs. The production of gas can be con-
sidered an indication of degradation of carbo-
hydrates. In the In-vitro analysis (Lina et al
2009, Rajendran 2013), gas volume was a
good predictor for the prediction of digestibil-
ity, the end product and the substratum micro-
bial protein microbes. The production of gas is
mainly due to the fermentation of acetate, pro-
pionate and butyrate carbohydrates (Sahoo
2014a), and the total emission of gas poses ma-
jor changes to the fractions of carbon hydrates
(Te-Hsing et al 2007) Protein fermentation gas
output is relatively small compared to carbo-
hydrate fermentation, although fat in gas pro-
duction is insignificant (Sahoo 2014b). Math-
ematical explanations on the gas processing
profile allow the evaluation of the data on sub-
strates and media variations in soluble and
slow-fermentable feed components and fer-
mentability (Newman et al 2009). Although
the production of gas is nutritionally unsus-
tainable (Ingale & Chaudhari 2013), it pro-
vides a useful basis for ME, OMD and SCFA
forecasts (Yang and Sun 2006). The metabo-
lizable energy computed from in vitro gas pro-
duction and CP is positive for the fat content
of traditional in vivo feeds and the metaboliz-
able energy value (Kaiser et al 2014). The
MDGs are very different from other farm
waste. Usage in the multiple regression equa-
tion in vitro gas calculation and chemical com-
position (Mishra et al 2014, Hahn 1997). The
in vivo prediction of OMD (Iravani et al 2014)
has been highly successful. The group also
used a correlative method to estimate the ME
content in feed by estimating in vitro gas out-
put and chemical constituents and found that
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the ME forecast is more accurate only based on
gas and chemical components (Lina et al
2009). In other research, there has also been an
important relationship between in vitro gas and
in vivo digestibility (Lina et al 2009, Rajen-
dran et al 2013, Koch 1997). (Akinfémi et al
2009) have shown that the nutritional value of
tropical agricultural waste and their capacity
for digestibilities with the energy content that
can be metabolized can also be measured using
in vitro gas processing technologies. OMD,
SCFA and ME estimates also provide great
support for the chemical composition and di-
gestibility in vitro.

3.2 The second experiment: In vitro disap-
pearance

3.2.1 Rice Straw

Data in Table 6 showed that rice straw had
disappeared in vitro. Data explained that at 24
hours, there were high significant values. Dis-
appearance of in vitro DM and OM by adding
25 percent of nanocobalt quantity (35.17 per-
cent and 50.84 percent) compared to control
(25.92 percent and 32.28 percent) and adding
50 percent of nanocobalt (24.20 percent and
31.89 percent), while the lowest value was
found to be 50 percent of nanocobalt. It was
observed that the values of in vitro DM and
OM were missing after 48 hours. 25 percent
with the addition of nanocobalt amount, whose
values were 44.76 percent and 56.66 percent,
respectively, increased significantly, whereas
it decreased with control and 50 percent with
the addition of nanocobalt. The increase in the
disappearance of In vitro DM and OM may be
attributed to the increase in the secretion of ac-
tivity bacteria enzymes and the rapid use of
rice straw's fermentable CF, DM and OM. The
data showed a major impact (P<0.05) of the
addition of nanocobalt in the improvement of
the disappearance from In vitro DM and OM
at 24 and 48 hours. In comparison with other
treatments, particularly rice straw, it was used

for straw by 25 percent. It was confirmed to
have vanished at 48 hours the in vitro NDF,
ADF and hemicellulose and cellulosic values.
With the addition of nanocobalt standard, 25
percent increased dramatically, with values of
52.07 percent, 35.98 percent, 64.46 percent
and 37.22 percent respectively, while it de-
creased with control and 50 percent with the
addition of nanocobalt. PERCENT Increased
disappearance of in vitro NDF, ADF, hemicel-
lulose and cellulose might be because of a rise
bacterial enzyme activity secretion and rapid
use of CF, NDF, ADF, hemicellulose and cel-
lulose fermentable rice straw. The addition of
nanocobalt can increase ruminal microorgan-
ism growth by 25 percent, increasing the de-
gradability of DM, cellulose and hemicellu-
lose. The present findings agree with (Abd EI-
Galil 2000) who noted that bagasse's enzy-
matic treatment (cellulase enzymes) improved
its dry matter and organic matter disappear-
ance in vitro. Cellulase enzymes that break
down special cellulasic or lignocellulosic
bands in cell wall plants were reported by (Abd
El-Galil 2006). (Colombatto et al 2003) re-
ported that a combination of pre- and post-in-
cubation impacts improved the fermentation of
cellulose and xylan by fibrolytic enzymes. The
attachment of ruminal microscopic organisms
can increase and/or enhance access to the wall
matrix and thus speed up the digestion rate
(Nsereko et al 2000). CF digestibility increases
more with the addition of a certain level of en-
zyme mixture (2 g/kg feed), than with lower or
higher levels (Yang et al 1999; Beauchemin et
al 2000). By producing a complex extracellular
enzyme, Clostridium cellulovorans degrades
native substrates effectively (Roger et al
2005). (Gado and Abd El-Galil 2009) found
that the highest active strains on In vitro dry
matter of bagasse in sheep were all strains iso-
lated from sheep's rumen, while Acetobacter
xylinum and Thermonospora fusca were the
highest active strains on bagasse disappear-
ance in In vitro DM.
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Table 5. Degradability after 24 hours of OM, DM, ADF, NDF, Hemicellulose and Cellulose (g /kg DM)

Items |contro| Normal INano. |SE
Level of cobaltd 25 50 75 100 125 25 50 75 100 125 |
Degradability
GPdDM24  [205.46% [187.01¢ [192.77" [188.12¢ |189.52¢ |187.01¢ [192.12° [185.47%[172.78° |183.11%168.27F 2.10
GPdOM24  |379.82% [377.38" [379.98° [375.93|376.76° [369.80° [369.32° |370.13° [357.04¢ [349.22° [334.83" 4.30
GPANDF24  |1025.069753.86° [810.95° [830.81¢ [788.83% |873.49° [973.50° [859.89° [793.30% [715.69¢662.29" [19.11
GPdADF24  [2434.5091426.18°/1603.56d91716.4991671.58%41852.6492037.8591746.2291764.4791183.2511139.39762.42
GPdhemi24  |1873.79 [1628.56 [1644.55 [1628.98 [1495.61 |1700.77 [1883.58 [1709.63 |1450.67 |1841.67|1194.78 [75.18
GPdcell24  [1391.15[2344.71 [2299.35 [2420.37 [2523.75 [2411.18 [1787.01 [1774.41 [1577.83 |[1441.83]1033.48 [131.42
Table 6. Invitro disappearance of Rice straw

Item 24hrs 48hrs SE

Level of cobalt Control 25% 50% Control 25% 50% +
(0. %)

DMD 25.92° 35.17° 24.20° 39.57° 44.76° 31.35 0.81
OMD 32.28" 50.842 31.89" | 47.39° 56.66? 34.12° | 0.76
NDFD - - - 43.43° 52.07° 40.07° | 0.90
ADFD - - - 32.15° 35.984 30.70° | 0.66
Hemicell D - - - 40.38° 64.462 49.60° | 0.97
CellD - - - 26.42° 37.22% 20.15° | 0.65

3.2.2 Wheat Straw

Data in Table 7 showed the disappearance
of wheat straw in in vitro. Data explained that
at 24 hours, there were high significant values.
In vitro DM and OM disappearance in the ad-
dition of 25 percent nanocobalt level (29.26
percent and 37.59 percent) compared to con-
trol (21.19 percent and 26.63 percent) and the
addition of 50 percent nanocobalt (22.80 per-
cent and 23.09 percent), while the lowest value
was found for the addition of 50 percent nano-
cobalt. It was observed that the values of In
vitro DM and OM were missing after 48 hours.
Significant increase with the addition of 50
percent nanocobalt level, whose values were
44.53 percent and 59.16 percent, respectively,
while it decreased with control and 25 percent
nanocobalt added. Increased disappearance of
in vitro DM and OM may be due to increased
secretion of activity enzymes of bacteria and
rapid use of fermentable wheat straw CF, DM
and OM. Data suggested that the addition of
nanocobalt (P<0.05) had a major impact on the

change at 24 hours of in vitro DM and OM,
wheat straw had 25% added nanocobalt, while
at 48 hours the wheat straw had 50 percent
added DM, and OM vanished, compared with
other treatment straws. The values for in vitro
ADF, Hemicellulose and Cellulose were ob-
served to disappear at 48 hrs. With the addition
of nanocobalt level 25 percent, which values
were 43.21 percent, 58.16 percent and 62.57
percent respectively, decreased significantly
with control and the addition of nanocobalt 50
percent, but NDF disappearance increased sig-
nificantly at 48hrs with the addition of nanoco-
balt level 50 percent was 62.23 percent, while
it decreased with control and the addition of
nanocobalt 25 percent. Increased disappear-
ance of in vitro ADF, NDF, cellulose and hem-
icellulose may be caused by increasing secre-
tion of the bacterial enzyme and fast use of fer-
mentable rice straw CF, NDF, ADF, hemicel-
lulosis, and cellulose. The addition of nanoco-
balt can increase ruminal microorganism
growth by 25 percent, increasing the degrada-
bility of DM, cellulose and hemicellulose.
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Table 7. Invitro disappearance of Wheat straw

Item 24hrs 48hrs SE
Level of cobalt | Control (0 %) 25% 50% Control 25% 50% +

DMD 21.19° 29.26° 22.80° | 30.46° | 41.84® | 44.53% | 0.77
OMD 26.63° 37.59° 23.09° 36.16° 42.87° | 59.162 | 1.01
NDFD - - - 34.77 31.86 62.23% | 0.93
ADFD - - - 33.71P | 43.21® | 35.64° | 0.85
Hemicell D - - - 33.81° 58.16% | 43.31° | 0.82
CellD - - - 43.43° 62.572 | 51.56° | 1.12

3.2.3 Bagasse

The data in Table 8 showed that there was
a clear disappearance of in vitro bagasse. Data
clarified that there were high significant values
at 24 hrs. In the addition of nanocobalt level,
25 percent (36.82 percent) of in vitro DM, but
50 percent (48.40 percent) of OM disappear-
ance in the addition of nanocobalt level com-
pared to control (27.63 percent and 29.04 per-
cent). Increased disappearance of Invitro DM
and OM may be due to increased secretion of
bacterial activity enzymes and rapid utilization
of bagasse fermentable CF. The data showed
the important (P<0.05) effect on in vitro DM
in 24 compared with other treatments with ad-
dition of nanocobalt compared with bagasse,
which includes 25% of the added nanocobalt
in straw. It was noted that with the addition of
50 percent of nanocobalt, the disappearance of
Invitro NDF, ADF and cellulose at 48 hrs in-
creased significantly, whereas it decreased
with control and 25 percent with the addition
of nanocobalt. Increased disappearance of in
vitro Hemicellulose may be due to increased
secretion of bacterial activity enzymes and
rapid use of CF, NDF, ADF, and cellulose fer-
mentable bagasse. The addition of nanocobalt
can increase the growth of ruminal microor-
ganisms by 50 percent, thereby increasing
DM, cellulose and hemicellulose degradabil-

ity.
3.2.4 Bean Straw

The data in Table 9 showed that bean straw
disappearance in in vitro was observed. Data

explained that at 24 hours, there were high sig-
nificant values. Compared to control (32.01
percent and 37.32 percent) and adding nanoco-
balt 50% (26.51 percent and 29.34 percent), 25
percent (35.93 percent and 45.46 percent) of in
vitro DM and OM disappearance in adding
nanocobalt level compared to control (32.01
percent and 37.32 percent) and adding nanoco-
balt 50 percent (26.51 percent and 29.34 per-
cent), although the highest values for adding
nanocobalt 50 percent were found. It was
found that the values of in vitro DM, NDF,
ADF, hemicellulose and cellulose disappeared
at 48 hours. With the addition of nanocobalt
standard, 25 percent increased significantly,
with values of 54.77,45.53, 36.38, 53.56 and
63.44 percent respectively, whereas it de-
creased with control and 50 percent with the
addition of nanocobalt, except that the value of
OM disappearance was high (60.21 percent)
relative to other rations. Increased disappear-
ance of in vitro DM may be attributed to in-
creased secretion of activity bacteria enzymes
and rapid use of bean straw's fermentable CF,
DM and OM. Data revealed the significant im-
pact on in vitro DM and OM's disappearance
at 24 and 48 hours by addition of nanocobalt
(P < 0.05). In particular, bean straw contained
a 25% addition of nanocobalt to straw relative
to other treatments. The values of in vitro
NDF, ADF, Hemicellulose and Cellulose were
observed to disappear after 48 hours. It in-
creased significantly with the addition of 25
percent nanocobalt quantity, although it de-
creased with control and 50 percent added
nanocobalt. In vitro NDF, ADF, Hemicellu-
lose and Cellulose disappearance can increase
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as a result of increased bacterial enzyme activ-
ity and fast use of fermentable rice strokes such
as CF, NDF, NDF, ADF, Hemicelluloses and
cellulose. The addition of nanocobalt will in-
crease ruminal microorganism growth by 25
percent, increasing the degradability of DM,
cellulose and hemicellulose.

3.2.5 Peanut Straw

Data in Table 10 showed the disappearance
of peanut straw in in vitro. Data explained that
there were high significant values at 24 hrs. in
vitro DM and OM disappearance compared to
control (25.92 percent and 43.07 percent) and
adding nanocobalt 50 percent (26.71 percent
and 41.72 percent) in adding nanocobalt level
25 percent (34.76 percent and 51.30 percent),
while the lowest value was found for adding
nanocobalt 50 percent. It was observed that the
values of in vitro DM and OM were missing
after 48 hours. 25 percent, whose values were
42.49 percent and 56.71 percent, respectively,
increased significantly with the addition of
nanocobalt quantity, whereas it decreased with
control and 50 percent with nanocobalt addi-
tion. Increased disappearance of Invitro DM
and OM can be due to increased secretion of
bacterial enzyme activity and rapid use of fer-
mentable CF, DM and OM of Peanut straw.
The data showed that the addition of nanoco-
balt had a substantial effect (P<0.05) on the
improvement of in vitro DM and OM disap-
pearance at 24 and 48 hrs. Only one treatment,
especially peanut straw, contained 25 percent
nanocobalt added to peanut straw compared to
other treatments. The values of in vitro NDF,
ADF, Hemicellulose and Cellulose were ob-
served to disappear after 48 hours. With the ad-
dition of nanocobalt levels, whose values were
43.65 percent, 26.33 percent, 61.58 percent
and 47.97 percent respectively, 25 percent in-

creased significantly with the addition of nano-
cobalt levels, but with regulation it decreased
and with the addition of nanocobalt it de-
creased 50 percent. In-vitro NDF, ADF, Hem-
icellulose and Cellulose have been gradually
lost due to increased secretions of bacterial en-
zymes and quick use of fermentable peanut
straw CF, NDF, ADF, Hemicellulose and Cel-
lulose. The addition of nanocobalt will in-
crease ruminal microorganism growth by 25
percent, increasing the degradability of DM,
cellulose and hemicellulose. In contrast, (Par-
tha Sarathi Swain et al 2015) stated that min-
eral nanoparticles have significant potential,
even at very low doses than traditional organic
and inorganic sources, as mineral feed supple-
ments in livestock. However, systematic and
comprehensive researching the toxic effects, if
any, after animal feeding should be undertaken
over a long time. Moreover, a large number of
animals should be fed these synthesized min-
eral nanoparticles to standardize positive and
adverse effects before being routinely intro-
duced into the ration. (Etab and EI-Bordeny
2018) results showed that added nanocobalt
impacts the growth of cellulolytic bacteria and
increases cellulose, ammonia, total volatile
fatty acids, metabolisable energy, and cell wall
constituent degradability. Further research
would thus be required to see the effects of na-
nomineral supplements on in vitro gas produc-
tion and in vitro degradability. DM fermenta-
tion is a very important factor in the nutrients
used by ruminants, both in rate and in degree.
Because of the advantages of gas production
with easy use and the ability to produce a great
many samples in a short time, substantial re-
sults would be expected (Valentin et al 1999).
Several students have researched in vitro gas
processing techniques for fermentation kinet-
ics (Cone et al 1998, 1999 and 2002).
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Item 24hrs 48hrs SE
Level of cobalt Control (0%) | 25% 50% Control 25% 50% +

DMD 27.63° 36.82% | 34.12° 33.01° 37.08° 40.822 | 0.65
OMD 29.04° 43.09° | 48.40° 35.61° 44,57% 51.582 | 0.76
NDFD - - - 56.98° 58.38° 62.99¢ | 1.30
ADFD - - - 38.89° 39.95° 45.89 | 1.02
Hemicell D - - - 37.98° 57.44% 43.68° | 0.93
CellD - - - 26.32° 27.37° 33.31% | 0.59
Table 9. Invitro disappearance of Bean straw

Item 24hrs 48hrs SE

Level of cobalt Control 25% 50% Control 25% 50% +
(0 %)
DMD 32.012 35.932 26.51° 44.39° 54.77% 45.41° 0.73
OMD 37.32° 45.46° 29.34°¢ 44.98° 56.32° 60.21° 0.92
NDFD - - - 40.83° 45,532 39.38° 0.84
ADFD - - - 21.13° 36.38° 33.65° 0.75
Hemicell D - - - 42.10° 53.56° 43.61° 1.01
CellD - - - 46.58° 63.442 52.28° 1.20
Table 10. Invitro disappearance of Peanut straw
Item 24hrs 48hrs SE
Level of cobalt Control 25% 50% Control 25% 50% +
(0 %)

DMD 25.92° 34.76° 26.71° 38.18° 42.49% | 36.17° | 0.71
OMD 43.07° 51.30% | 41.72° 51.34° 56.71% | 46.70° | 0.80
NDFD - - - 39.37° 43.65% | 31.90° | 0.59
ADFD - - - 26.102 26.33% | 18.71° | 0.48
Hemicell D - - - 36.39° 61.58% | 51.59° | 0.79
CellD - - - 33.08° 47.97% | 30.86° | 0.88

DMD: Dry Matter Digestibility, OMD: Organic Matter Digestibility, NDFD: Neutral detergent fiber Di-

gestibility, ADFD: Acid-Detergent fiber Digestibility

4 Conclusion

It concluded that impact of adding nanoco-
balt on the degradability of all roughages as
DM, OM, NDF, ADF, Cellulose and Hemicel-
lulose in this experiment. Furthermore, the ad-
dition of nano-cobalt was found to have a sub-
stantial effect (24 and 48 hours of in vitro DM
and OM disappearance in rice straw, wheat
Straw, bean straw and peanut paw), while the
increase in disappearance at in vitro DM and

OM was significantly impacted by bagasse in
24 and 48 hours. Add 50% nanocobalt to it. An
increased disappearance of in vitro NDF,
ADF, Hemicellulose and Cellulose is at-
tributed to increased secretion of bacterial en-
zymes and rapid use of some fermentable
roughages such as CF, NDF, ADF, Hemicellu-
lose and Cellulose. The addition of nanocobalt
will increase growth of ruminal microorgan-
isms by 25 per cent, improving DM, cellulose
and hemicellulose degradability. Therefore, it
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must be further examined the effects of
nanomineral supplementation on improving in
vitro degradation.
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