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ABSTRACT

Corn hybrid single cross 10 (S.C. 10) was cultivated at two planting density rates of
low density was 20 thousand plants per feddan (20 TPF) or high density was 30
thousand plants per feddan (30 TPF) with a split-plot design with randomized
complete blocks arrangement in two plant density. Whole corn plants were harvested
at the dough stage of maturity (92 days), chopped and ensiled in double plastic bags in
three replicates for each density, pressed by hand to exclude the air from the bags and
ensiled for 35 days. Results showed that the contents of NFE and NFC were higher,
but CF and fiber fractions of corn silage were lower significantly (P<0.05) for low
plant density compared to high plant density. Gas production and its fractions of
soluble (a) and insoluble (b) as well as gas production rate (c) values were
significantly (P<0.05) higher for low plant density. However, methane production was
significantly (P<0.05) higher for high plant density. Gas production from soluble
fraction (GPSF), insoluble fraction (GPNSF), short chain fatty acids (SCFA),
predicted dry matter intake (DMI), organic matter digestibility (OMD), in vitro dry
matter degradability (IVDMD) and microbial protein (MP) were significantly higher
(P<0.05) for low plant density compared to high plant density. While, predicted
metabolizable energy (ME) and net energy (NE) were nearly similar for both low and
high plant density.
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INTRODUCTION

Corn silage is utilized broadly in diets of dairy and beef cattle in most parts of the
world. Corn silage is regularly high energy forage with high dry matter yield relative
to the other forage crops (Coors, 1996). Whole-plant corn silage (CS) is normally
utilized in rations of dairy cows in many parts of the world. It has a excessive content
of starch and normally good ensiling traits (Khan et al., 2015). Silage preservation is
based on anaerobic conditions converting the soluble carbohydrates in organic acids,
particularly lactic acid by lactic acid bacteria (McDonald et al., 1991).

Corn plant density did no longer have an effect on the quality of whole plant corn
destined for silage when precipitation was abundant. Therefore, larger yields of silage
can be bought through increasing corn plant density. Crop rotation and administration
have to be considered when planning forage management strategies to gain much
guantities of good quality forage for dairy farming structures (Ferreira et al., 2014).
Contents of ADF and NDF a probably indicator of forage quality have been reported
that their relations with plant densities were controversial and NDF was affected by
using plant densities (Iptas and Acar, 2006).

The technique of in vitro gas production (Menke and Steingass, 1988), or the
adjustments by Theodorou et al., (1994) in simulating the digestive processes
generated from microbial production (Getachew, 1998), lets us to recognize the
fermentation and degradation of feeds according to the nutritional quality and
availability of nutrients for ruminal bacteria.

There are a variety of factors that affect fermentation of feeds in vitro and should
cause intra- or inter-laboratory differences. These are often related with the nature of
rumen fluid inoculum, even though breed of animal, its physiological condition, diet,
time of feeding, time of collection of rumen fluid relative to feeding time, method of
rumen fluid collection (i.e. liquid or stable phase) (Cecava et al., 1990), and time
elapsed between rumen fluid sampling and inoculation (Robinson et al., 1999) are all
factors that have been shown to influence microbial activity in vitro.

Since high correlation existed between digestibility measured in vivo and predicted
from an in vitro rumen gas production technique in combination with chemical
composition, a considerable number of researchers has used in vitro gas techniques to
learn about associative effects of various types of feedstuffs, and examine influences
on rumen fermentation (Liu et al., 2002). Assessment of in vitro gas production (GP)
iIs mostly used to evaluate the nutritive value of ruminant feeds with the aid of
incubating substrate in buffered rumen fluid (Getachew et al., 1998).

The intention of the present study used to investigate the impact of plant density on in
vitro gas production, energy value, organic matter digestibility, dry matter intake and
microbial protein production of corn silage.
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MATERIALS AND METHODS

Corn silage making:

Corn hybrid single cross 10 (S.C. 10) was cultivated at two planting densities of low
density was 20 thousand plants per feddan (20 TPF) or high density was 30 thousand
plants per feddan (30 TPF). Whole corn plants were harvested after 92 days of
planting at the dough stage of maturity and chopping using Holland Chopper machine
to 1-1.5 cm of length. Chopped corn forage was ensiled in double plastic bags in three
replicates for each density, pressed via hand to exclude the air from the bags and
ensiled for 35 days.

Chemical analysis

Representative samples of silages were analyzed according to the techniques of
AOAC (1990). Fiber components including neutral detergent fiber (NDF) was
determined according to Van Soest and Marcus (1964). Acid detergent fiber (ADF)
and acid detergent lignin (ADL) were decided in accordance to Van Soest (1963).

In vitro study

In vitro gas production was undertaken according to the procedure described by
Menke and Steingass (1988). Buffer and mineral solution were prepared and placed in
a water bath at 39°C under continuous flushing with CO». Both solid and liquid rumen
fractions (50 % solid: 50 % liquid) were collected before the morning feeding from
three rumen cannulated sheep fed on berseem hay and commercial concentrate
mixture diet. Rumen fractions were collected into pre-warmed insulted bottles,
combined among sheep, homogenized in a laboratory blender, filtered through three
layers of cheesecloth and purged with CO>. The well mixed and CO: flushed rumen
fluid was added to the buffered rumen fluid solution (1:2 v/v), which was maintained
in a water bath at 39°C, and mixed. Samples (200 mg) of air-dry feedstuffs were
accurately weighted into syringe fitted with plungers. Buffered rumen fluid (30 ml)
was pipetted into each syringe, containing the feed samples, and the syringes were
immediately placed into the water bath at 39°C. Three syringes with only buffered
rumen fluid were incubated and considered as the blanks (Blimmel and @rskov,
1993). The syringes were gently shaken every 2 hr, and the incubation terminated
after recording the 96 h gas volume. The gas production was recorded after 3, 6, 9, 12,
24, 48, 72, and 96 h of incubation. Total gas values were corrected for the blank
incubation, and reported gas values are expressed in ml per 200 mg of DM.
Cumulative gas production was fitted iteratively to the exponential model proposed by
France et al., (1993):

Y=a+Db(l-e-ct)
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Where: Y is gas production (ml/lg OM) at time t, a is gas production from the
immediately soluble fraction, b is gas production from the insoluble fraction and c is
gas production rate constant for fraction b.

As a new approach to evaluate feeds from those parameters, gas production brought
on by way of fermentation of the soluble fraction (GPSF) used to be estimated with
the aid of gas produced after 3hr (GP3) of incubation. Gas production brought on by
means of fermentation of the insoluble fraction (GPNSF) may want to be estimated
from the gas production between 3hr (GP3hr) and 24hr (GP24hr) of incubation
according to Van Gelder et al., (2005) as follows:

GPSF (ml/g DM) = GP 3hr * 0.99 - 3
GPNSF (ml/g DM) = 1.02*(GP 24hr — GP 3hr) + 2

Where: GP 3hr is 3hr net gas production (ml/200 mg DM), GP 24hr is 24hr net gas
production (ml/200 mg DM).

The energy values had been calculated from the quantity of gas produced at 24hr of
incubation with supplementary analyses of crude protein, ash and crude fat. This
method was once developed via the research group in Hohenheim (Germany) and is
based upon big in vitro incubation of feedstuffs (Menke and Steingass, 1988).

ME (Mcal/kg DM) = (2.2 + 0.136*GP 24hr + 0.057*CP + 0.0029*CF?)/4.186

NE (Mcallkg DM) = (2.2 + 0.136*GP 24hr + 0.057*CP + 0.0029*CF? +
0.149*EE)*2.2/ 14.64

Where: ME is the metabolizable energy (Mcal/kg DM), GP is 24hr net gas production
(ml1/200 mg DM), CP is crude protein (% of DM) and EE is either extract (% of DM).

The procedure of Van Soest et al., (1991) was used to determine in vitro truly
degraded DM. The ivTDDM coefficient was calculated as follows:

(Feed DM incubated - residue DM recovered in the crucibles)*100/feed DM
incubated.

OMD (%) of legume hays was calculated using equation of Menke and Steingass
(1988) as follows:

OMD (%) = 14.88 + 0.889*GP 24hr + 0.45*CP + 0.0651*Ash

Where: OMD is organic matter digestibility (%), GP is 24hr net gas production
(m1/200mg DM), CP is crude protein (% of DM), Ash (% of DM).

Short chain fatty acids (SCFA) have been calculated in accordance to the Getachew et
al., (2005) as follow:
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SCFA (mmol/l) = (- 0.00425 + 0.0222*GP 24hr)*100
Where: GP is 24hr net gas production from the soluble fraction (ml).

Dry matter intake (DMI) was calculated according to Blimmel and @rskove (1993) as
follow:

DMI = 1.66 + 0.49 * (a) + 0.0297 * (b) — 4 * (c)

Where: a = the gas production from the soluble fraction (ml), b = the gas production
from the insoluble fraction (ml), ¢ = the gas production rate (ml/hr).

Microbial protein (MP) production was calculated as 19.3 g microbial nitrogen per kg
OMD according to Czerkawski (1986).

MP (g/kg DM) = OMD * 19.3 * 6.25/100

Statistical analysis

The data had been subjected to statistical analysis using general linear model
procedure adapted by IBM SPSS Statistics (2014) for user's guide with one-way
ANOVA. Duncan test within program SPSS was done to decide the degree of
significance between the means (Duncan, 1955).

RESULTS

Chemical composition

Results of chemical composition and fiber fractions of low and high plant density corn
silage are presented in Table (1). Low corn plant density revealed significantly higher
contents of DM, OM and NFE (P<0.05) and lower contents of CP, CF and ash
(P<0.05) in contrast to high corn plant density. Also, high plant density confirmed
greater contents of NDF, ADF, ADL, hemicellulose and cellulose and decrease
content of NFC (P<0.05) in contrast to low corn plant density.

Cumulative gas production

Cumulative gas production for low and high plant density corn silage is shown in Fig.
(1). Gas production was significantly (P<0.05) greater for low plant density compared
to high plant density corn silage at the different incubation time. The greater gas
production for low plant density than that of high plant density may be attributed to
higher NFE and NFC contents and lower CF and fiber fractions for low plant density
compared to high plant density (Table 1). The difference in gas production between
low and high plant densities of corn silage extended linearly with the development of
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incubation time. Gas production increased markedly until 24 hrs of incubation and
then increased slightly up to 96 hrs of incubation.

Table 1: Chemical composition and fiber fractions of low and high plant density corn

silage
Item Low density | High density | MSE | P-value

DM % 32.867 30.65° 0.61 0.036
Composition of DM %

oM 95.162 94.04° 0.31 0.037
CP 7.95P 8.212 0.07 0.026
CF 22.12° 25.452 0.84 0.017
EE 2.89° 2.952 0.03 0.027
NFE 62.20? 57.43° 1.22 0.019
Ash 4.84° 5.962 0.48 0.018
Fiber fractions %

NDF 43.78° 47.87° 0.97 0.015
ADF 25.73P 28.312 0.61 0.014
ADL 5.13P 5.432 0.07 0.016
Hemicellulose 18.05° 19.562 0.36 0.018
Cellulose 20.60P 22.882 0.53 0.014
NFC 40.442 34.81° 1.29 0.013

a, b: means with different superscripts differ significantly at P < 0.05.

80

ml/200 mg

0 T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100

incubation time, hours

\ ——Low —m—High |

Fig. 1: Cumulative gas production of low and high plant density corn silage
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Gas production fractions:

Fractions and rate of gas production of different plant densities corn silage are shown
in Table (2). The gas production from the immediately soluble fraction (a), insoluble
fraction (b) and soluble and insoluble fractions (a + b) as well as the gas production
rate constant for the insoluble fraction (c) values had been considerably (P<0.05)
greater for low plant density compared to high plant density corn silage.

Table 2: Gas production fractions for different plant densities corn silage

Item Low density High density SEM P-value
a (ml/g DM) 6.98° 6.20° 0.08 0.018
b (ml/g DM) 63.23° 56.25" 0.72 0.012
a+b (ml/g DM) 70.212 62.45" 0.80 0.014
¢ (ml/hour) 0.063? 0.056° 0.001 0.015

a, b: means with different superscripts differ significantly at P < 0.05.

Methane production (CHa):

Methane production of low and high plant densities corn silage is presented in Fig.
(2). Concentration of CHs was once notably (P<0.05) greater for high plant density
compared to low plant density corn silage. Methane production decreased with
increasing NFE and NFC contents of corn silage as shown in Table (1). The
concentration of CHs increased rapidly up to 24 hours after incubation, and then
increased slightly with the advancement incubation period up to 96 hours.

Gas production from soluble and insoluble fractions

Gas production from the fermentation of soluble fraction (GPSF) and insoluble
fraction (GPNSF) of low and high plant density corn silage are presented in Table (3).
The concentrations of GPSF and GPNSF were notably (P<0.05) higher for low plant
density compared to high plant density corn silage. The gas production of corn silage
from the insoluble fraction used to be about three folds higher than the gas production
from the soluble fraction.
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Fig. 2: Concentration of CH4

Short chain fatty acids (SCFA):

Concentration of short chain fatty acids (SCFA) of in vitro fermented low and high
corn silage is shown in Table (3). The concentration of SCFA was significantly
(P<0.05) higher for low plant density compared to high plant density (122.36 vs.
108.13 mmol/l).

Table 3: Fermentation of the soluble (GPSF) and insoluble (GPNSF) fractions and short
chain fatty acids (SCFA) of different corn hybrids silage

JT Low density High density ~ SEM B-value
GPSF (ml/g DM) 13.442 11.62° 0.43 0.014
GPNSF (ml/g DM) 41.47° 36.81" 113 0.018
SCFA (mM/L) 122.362 108.13° 3.42 0.017

a, b: means with different superscripts differ significantly at P < 0.05.

Dry matter intake (DMI):

From the results in Table (4), we believe that in vitro gas production of corn silage are
valuable predictors of the voluntary intake potential when fed alone or in mixed
rations. The predicted DMI of corn silage was greater significantly (P<0.05) for low
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plant density compared to high plant density corn silage. The predicted DMI for low
and high plant density corn silage have been 6.71 and 6.14 kg/day or 63.87 and 58.52
g/kg LBW™ and these values had been higher compared with the other forages
reflecting high palatability of corn silage.

Organic matter digestibility (OMD):

Based on the strong relationship between measured digestibility and that predicted
from gas production, regression equations have been developed and the technique has
been standardized. As introduced in Table (4) the OMD of low plant density was once
greater substantially (P<0.05) than that of high plant density corn silage (67.94 vs.
62.43%).

In vitro dry matter degradability (IVDMD:

In vitro DMD of low and high plant density corn silage is presented in Table (4). In
vitro DMD used to be considerably (P<0.05) higher for low plant density than that of
high plant density corn silage.

Table 4: Dry matter intake (DMI), organic matter digestibility (OMD) and in vitro dry
matter degradability (IVDMD) of different corn hybrids silage

Item Lowdensity  High density SEM  P-value
DMI (kg/day) 6.712 6.14° 0.14 0.023
DMI (g/kg LBW?75) 63.87 58.52 1.37  0.028
OMD (%) 67.94° 62.43" 142  0.026
IVDMD % 69.65° 64.28° 141  0.031

a, b: means with different superscripts differ significantly at P < 0.05.

Metabolizable energy (ME) and net energy (NE):

The predicted metabolizable energy (ME, Mcal/kg DM) and net energy (NE, Mcal/kg
DM) from gas production for corn hybrids silage are presented in Table (5). The
estimated ME and NE contents had been nearly comparable for low and high plant
densities corn silage without large variations (P>0.05). These effects may additionally
be due to the reality that fiber is covered in the representative of ME and NE.
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Table 5: Metabolizable energy (ME), net energy (NE) and microbial protein (MP) of
different corn hybrids silage.

Item Low density  High density SEM  P-value
ME (Mcal/kg DM) 2.77 2.67 0.04 0.228
NE (Mcal/kg DM) 1.81 1.75 0.02 0.251
MP (g/kg DM) 81.96% 75.31° 1.72 0.026

a, b: means with different superscripts differ significantly at P < 0.05.

Microbial protein

Improving the yield of rumen microbial protein (MCP) has significant importance in
the promotion of animal performance and the reduction of protein feed waste. Amount
of energy supplied to rumen microorganisms is an vital factor affecting the amount of
protein nitrogen incorporated into rumen. Rich energy diet induces a significant
increase in rumen MCP vyield, whereas rich protein diet has no extensive influences on
it (Lu et al., 2019). Results in Table (5) confirmed that microbial protein yield (MP)
was higher significantly (P<0.05) for low plant density compared to high plant density
corn silage. Microbial protein yield ranged from 75.31 to 81.96 g/kg DMI.

DISCUSSION

The results of chemical composition of corn silage agreed with those obtained by
Pinter et al., (1994) who determined that CP and fiber fractions increased, whilst
starch and soluble carbohydrates diminished with increasing plant density. Wang et
al., (2005) observed that crude protein, ether extract, crude fiber and nitrogen free
extract increased with plant density. The contents of DM, OM and NFE of corn silage
decreased significantly (P<0.05), while the contents of CP, CF, EE and ash
accelerated significantly (P<0.05) with increasing plant density (Gaafar, 2009).
Contents of ADF and NDF a suitable indicator of forage quality have been reported
that their relations with plant densities (Iptas and Acar, 2006). Marsalis et al., (2009)
demonstrated that none of the quality parameters of corn (e.g., NDF, ADF) was
affected by plant density. Valdez et al., (1989) determined that NDF and ADF
concentrations increased by increasing corn plant density.

Incubation of feedstuff with buffered rumen fluid in vitro, the carbohydrates are
fermented to short chain fatty acids (SCFA), gases mainly CO and CH and microbial
cells. Gas production is essentially the end result of fermentation of carbohydrates to
acetate, propionate and butyrate. Gas production from protein fermentation is
relatively small as in contrast to carbohydrate fermentation while, contribution of fat
to gas production is negligible (Blimmel and @rskov, 1993). Fiber quality is
extremely important for the complete action of cellulolytic bacteria, responsible for
high rates of microbial colonization to the substrate, and resulting in efficient
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energetic use of the evaluated feeds (Sun et al., 2007). Silva and @rskov (1988)
observed that the presence of a supply of readily digestible cellulose and
hemicellulose increased the numbers of ruminal fibrolytic microorganisms and,
consequently, may additionally enhance digestibility of other much less degradable
fiber sources. Gas production is an indirect measure of substrate degradation and it is
not continually positively related to microbial mass production (Liu et al., 2002). The
method of in vitro gas production (Menke and Steingass, 1988), or the modifications
by using Theodorou et al., (1994) in simulating the digestive approaches generated
from microbial production (Getachew, 1998), allows us to comprehend the
fermentation and degradation of feeds in accordable to the nutritional excellent and
availability of nutrients for ruminal bacteria. Haddi et al., (2003) reported that there
had been significant negative correlation between NDF and ADF, and the rate and
extent of GP.

Garcia-Rodriguez et al., (2005) suggested that differences in parameters of b and ¢
between silages indicate one of a kind fermentation patterns. The aforementioned
traits of whole plant corn are in line with the observations that each the asymptotic GP
of the soluble fraction (a) and the related most rate of gas production (c) diminished
with increasing maturity, whereas the half time of maximum GP of the soluble
fraction (a) increased with increasing maturity. Furthermore, the maximum rate of gas
production of the insoluble fraction (b) improved with increasing maturity, thereby
reflecting the increased digestibility of starch versus NDF (Macome et al., 2017).

The principal factors influencing CH4 emissions from ruminants are: i) level of feed
intake, ii) kind of carbohydrate fed, and iii) the ruminal microflora (Lascano and
Cardenas, 2010). Greater starch content of corn hybrids corresponded to decrease CH4
emissions through its have an impact on propionate (Aboagye et al., 2017). Amount
of CH4 produced is influenced with aid of type and content of dietary carbohydrates
(Ellis et al., 2007) and lipids (Grainger and Beauchemin, 2011).

The ruminant forages are currently described through three extraordinary features; the
soluble fraction, insoluble fraction and the rate of degradation (@rskov, 1991). The
soluble fraction, often named washing loss, represents the water soluble components
of the organic matter or the dry matter. It includes the soluble sugars and soluble
compounds as polyphenolics liberated for the duration of the fermentation process (Ly
et al., 1997). Besides, these parameters are used for assessing the nutritive value of
feeds (@rskov, 1991; Ly and Preston, 1997).

Incubation of feedstuff with buffered rumen fluid in vitro, the carbohydrates are
fermented to short chain fatty acids (SCFA) and gases basically CO and CH
(Blimmel and @rskov, 1993). The degradability measurement accounts for feed
conversion into all products of microbial degradation and synthesis, essentially
microbial biomass, short chain fatty acids (SCFA) and gases, whereas the gas volume
measurement reflects feed conversion into SCFA and gases (Grings et al., 2005). The
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complicated interactions within a mixed rumen microbial population lead to the
conversion of plant aspects to gas and SCFA (Van Soest, 1994). Getachew et al.,
(2002) reported the close association between SCFA and the in vitro GP, and used the
relationship between SCFA and GP to estimate the SCFA production from gas values,
which is an indicator of energy availability to the animals. The gas production of
different classes of feed incubated in vitro in buffered rumen fluid was carefully
related to the production of SCFA, s which was based on carbohydrates fermentation
(Kanak et al., 2012). Concentration of SCFA obtained in the existing study ranged
from 110.35 to 119.97 mmol/l, which are within the ordinary range from 70 to 150
mmol/l (McDonald et al., 2002).

Forage intake is commonly confined through low digestibility, where the content of
the cell wall constituents has the greatest influence on digestibility (Mould, 2003).
Several authors observed high correlations between in vitro GP studies and DMI of
forages (Hetta et al., 2007).

Using the in vitro gas measurement and chemical composition in multiple regression
equation, Van Soest (1994) found a high precision in prediction of in vivo OMD. The
effective rumen degradability of OM as well as the total-tract digestibility of OM
decreased with advanced maturity of whole plant corn at harvest (Hatew et al., 2016).

The degradation of soluble carbohydrates, starch and part of the fiber fraction, since
soluble carbohydrates are definitely degraded in the rumen and the starch is of high
ruminal digestion (Cammell et al., 2000), it is evident that the fibrous portion of the
stover fractions (stalks, leaves, husks and cobs) would possibly have been poorly
degraded. Chemical analysis should supply a beast prediction towards degradable
traits of feedstuffs in ruminants (Dua et al., 2016).

There was once a wonderful correlation between metabolizable energy calculated
from 24 hours in vitro gas production together with protein and fiber contents with
metabolizable energy value of traditional feeds measured in vivo (Menke and
Steingass, 1988). The in vitro gas production technique has additionally been widely
used to evaluate the energy value of several classes of feeds (Getachew et al., 1998),
particularly straws (Makkar et al., 1999).

The source and quantity of fed carbohydrate are the principle factors affecting the
energy available for rumen microbial growth (synthesis of MCP in particular), and
that of fed protein affects the production of microbial dry matter (DM) per unit of
carbohydrate fermented (Hoover and Stokes, 1991). In the dairy cow, 12-13% protein
content is needed to maximize the ruminal synthesis of MCP (Satter and Roffler,
1975). More protein N is incorporated into rumen MCP only if greater non-fiber
carbohydrate (NFC), known to be the major energy substrate for ruminal
microorganisms, are fed to the animals (Schwab et al., 2005). This microbial protein
supplies 60 to 85% of amino acids (AA) reaching the animal's small intestine. In the
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small intestine, more than 80% of rumen MCP is digested, accounting for 50-80% of
the total absorbable protein contained there (Storm et al., 1983).

CONCLUSION

From this study it could be concluded that low plant density corn silage confirmed
greater NFE and NFC contents, higher gas production, fractions of gas production, gas
production from soluble and insoluble fractions, short chain of fatty acids, dry matter
intake, organic matter digestibility, in vitro dry matter degradability and microbial
protein production and lower contents of CF and fiber fractions and methane
production compared to high plant density. Whereas, ME and NE contents had been
almost comparable for low and high plant density corn silage.
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