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_ PROCEEDINGS OF THE INTERNATIONAL SYMPOSIUM ON FORAGE QUALITY AND CONSERVATION

Considering the research results in Brazil and abroad, in ruminants
fed with high moisture corn, it is evident that the application of
this technology may bring advantageous results to the producers.
In Brazil, the increase of the finish beef cattle in feedlot has been
one of the factors which demand the increase of grain silages use.
Besides corn, the use of sorghum grain in the ruminants feed has
also increased, which stipulates investments to explain some is-
sues which have not been consolidated by the research.

Introduction

The use of high moisture grain silage, especially from corn, is
a technology which has become more and more important in the
animal production systems where the grain use is an important
compound in the diet. In Brazil, the increase of finish beef cattle
in feedlot system receiving diets with high grain has made an in-
crease in the use of high moisture corn. Emphasis is given to the
lower cost of production and to better silage feed conversion in
relation to the dry grains. The lower production cost (estimated
between 7 and 15%) is determined by elimination of stages such as
transport to the grain storage silo, cleanliness, drying, elimination
and break due to high moisture.

The animal feeding in feedlot or semi-feedlot system deserves
special attention, not only regarding the nutritive demands, but
also specially because of the feedstuff costs, mainly concentrate.
Due to it, it is necessary to find technological use which allows ef-
ficiency and economy in the exploration. In this context, the grains
silages use may constitute an important alternative for the grains
in the concentrate formulation. In Brazil, corn is the principal grain
used in the ruminant feeding. However, other grains can present
great possibilities of usage because of quality and regional avail-
ability. As an example, it is possible to mention sorghum grain,
millet, white oat and triticale. The use of these grains is still small
when compared to the corn use, but there are already some stud-
ies of these grains use in silage form to the feeding of different

animal species (Jobim et al., 2003; Oliveira et al., 2007; Catelan et
al., 2009).
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CHALLENGES IN THE UTILIZATION OF HIGH MOISTURE GRAINS SILAGE FOR RUMINANTS _

Nevertheless, other progresses must be searched to add quality
to these silages. Today the main issues are regarded to the micro-
bial or nutritive additive use, chemical composition of the grains,
with inference to its quality (nutritive value), and to the ensiling

processing.

Ensiling effect on the grains starch

According to Mello Jr. (1991), the carbohydrates of the rumi-
nant diets can be enzimatically digested in the rumen and _mnmm gut
by microbial enzymes and, in the small gut, by mp.m mb.ﬂmmczm. and
pancreatic enzymes. In the rumen, the starch is easily and quickly
fermented by the amilolytic microorganisms, although the _m.<m_
which this occurs depends mainly on the physical mb&. nrmBE.m_
properties of the starch granules. The effect on the matrix protein
solubility which encapsulates the endosperm starch granules has
been considered the most important factor that affects the usage
efficiency. Studies made in the 70s and 80s (McNeill et al., 1975,
Theurer, 1986) reveal that the ensiling process may improve m.ﬁ
availability and / or the use of grain starch, depending on the .m:m__-
ing technology, animal specie and grain source. The corn grain en-
dosperm is formed by vitreous and floury zones and both ?mmmwﬁ
differences in chemical and physical composition. The corn grain
presents texture differences, being classified as flint corn, dent corn
or semi flint corn. An important way to evaluate grain texture is
the Kernel vitreousness, due to the relation with the quantity of
vitreous and floury endosperm. The bigger quantity of vitreous
endosperm, harder the grain is, on the other hand, the more dent
the grain is, the bigger the quantity of floury endosperm. .

In the ensiling, the higher content of moisture, H.mmma._sm.ﬁrm
dry grain, favors the fermentation inside the silo, resulting _:.Em._:-
er nutrients solubility and in an increase of the starch m:mmm?&_rg
to enzymatic hydrolysis, causing improvement in mrm E.:B_.& mm.m.n_-
ing efficiency (Gill et al., 1982; Simas, G@qv.mﬁa in .Hrm. microbial
protein synthesis. Also, the starch mm_mmaum:os._&\ rmm.m_zm can fa-
vor its digestibility, but this will hardly happen in ensiling normal
conditions of corn grains, once the necessary temperatures (62 a
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_ PROCEEDINGS OF THE INTERNATIONAL SYMPOSIUM ON FORAGE QUALITY AND CONSERVATION

al.,, 1996). Because of this, the corn harvest for silage with higher
moisture content, comparing to dry grain, has beneficial effect on
the digestibility in the rumen (Jobim et al., 2003).

A way to manipulate the starch degradation rate is by hybrids
selection (Philippeau et al., 1999). Studies performed regarding the
corn maturation stage show a strong variability in starch ruminal
degradation considering the genotype (Philippeau et al., 1996).
Corn hybrids differ by endosperm texture (dent, flint) (Majee et
al., 2003). There are evidences that the endosperm texture is related
with rate and extension of protein and in vitro starch and in situ ru-
minal in cattle digestibility (Phillipeau et al., 1999). Kotarski et al.
(1992), comparing ruminal disappearance of in vitro starch between
sorghum cultivars observed a faster disappearing rate for floury
endosperm cultivars regarding cultivars with vitreous endosperm.
Philippeau et al. (1999), studying relations between starch ruminal
degradation and physical characteristics of corn grain in 14 corn
hybrids, observed a effective average degradability of 50%, vary-
ing from 39.7% for the grains with flint texture to 71.5% to dent
grain (Table 1).

The effective degradability of starch was higher to dent corn
grain than to flint corn grain, on average of 61.9 e 46.2%, respective-
ly. These two types corn differed in Kernel vitreousness, with aver-
ages of 51.4% and 71.8%, respectively. The authors evidenced that
the ruminal degradability and the starch physical characteristics
varied between the materials, where 88.5% of starch degradability
variation in the rumen was associated with the grain endosperm
Kernel vitreousness. Therefore, the grain texture seems to make an

important part in the starch ruminal degradation (Philippeau et
Michalet-Doreau, 1997).

Table 1. Influence of corn grain texture on ruminal DM and starch degradation.

_— Dent Flint 25 -
Average| Min | Max |Average| Min
519 | 39:7 1.3 |.0001
. 551 1.5_{ .0001
Vitreousness, % 51.4 | 385 1 a.. oo_“:

Source: Adapted from Philippeau et al. (1999)
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Evaluating the influence of the endosperm Kernel vitreousness
and the grain moisture extension in corn digestion of high mois-
ture in feedlot cattle, Szasz et al. (2007), observed that the portion
readily degradable in the rumen, both for DM and starch, increased
linearly with the grain harvesting moisture. This decreased pro-
portionally to insoluble fraction potentially degradable of DM and
starch. The authors also highlighted that corn with high moisture
and higher Kernel vitreousness presented smaller sized particles
and bigger surface area when compared to hybrids with floury en-
dosperm. This smaller particles size was associated with a faster in
situ digestion and an intestinal and total tract digestibility of starch
slightly higher. Thus, these authors concluded that the negative
effects on the starch digestion associated with vitreous endosperm
can be avoided by ensiling and processing of high moisture corn.

Microbial additives use

The use of microbial inoculants in grain silages has shown in-
consistent results, the same way that the application of these in-
oculants in plants silages. A relevant aspect is to consider that the
grains can present a bacteria population, specialized in lactic acid
production, lower regarding the forage volume of the same plant.
This because epiphytic bacteria is usually found on leaves surface
and in basal region of the plant. Thus, it is possible that the bacteria
population added in silage present relevant effect in the fermenta-
tive process, with higher preserving efficiency. Then, Schaefer et
al. (1989), studied the silages inoculation of the air part and of the
high moisture corn and verified higher effects of inoculants ad-
dition on the microbiological counting in moisture grains silages.
Yet, they did not detect effects on the nutritional quality.

There are evidences that the success in microbial inoculants
use in silages depends, among other factors, on the presence of
adequate substratum and the bacteria population added via inocu-
lants in relation to the epiphytic population (Muck, 1988). On the
other hand, it is possible that the lactic bacteria population (CFU/g
of silage) necessary for a good fermentation pattern in grain silages
is much smaller than in plant silages. In high moisture silages, this
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Still emphasizing the increase of grain silage protein content,
Jobim et al. (2008) studied the soybean, sunflower grains and urea
addition to high moisture corn, evaluating the animal performance
in sheep. Nowadays the sunflower crop has been growing, but its
production is addressed for the oil extraction, where the sub prod-
uct has been used in animal feed in the form of meal. Thus, urea
was added to corn grains aiming the increasing of crude protein
content in silage. This way, Santos (2009), points outs that the use
of urea in ration for finishing cattle can be costs reduction source,
without reducing the animal performance. Studies performed in
the USA and Brazil, comparing the use of urea vs true protein in
cattle diet, evidence that there is not reduction in the animal per-
formance when urea was used. Santos exemplifies that in a feedlot
with 20 thousand animals for a period of 90 days, the substitu-
tion of 0.5 kg of soybean meal (R$ 800/t) for 0.5% of the mixture
with 87% of corn and 13% of urea (corn = R$ 370/t and urea R$
1,000.00/t), the savings can reach R$ 313,200.00 (Brazilian Real).

In this line the high moisture corn with urea addition can re-
duce even more the feeding cost and result in higher profit to the
producer. Information obtained in farms allows estimating that the
corn grain silage ton cost is R$ 200 to 232.00 (Brazilian Real), while
the dry corn cost is between R$ 250.00 a 260.00 (Brazilian Real). The
urea addition can result in economical benefits, because it is con-
sidered the ensiling cost of corn grain around R$ 200.00 (Brazilian
Real). Adding 1% of urea (R$ 870.00/t) the cost would become R$
208.70/t (Brazilian Real).

Considering the expense with commercial concentrate used in
cattle feedlot, with an estimate cost of R$ 0.38 to 0.42/kg Brazilian
Real, it can be verified that the soybean or urea addition can result
in economical benefits.

In Table 3 some values of chemical composition of high mois-
ture corn with soybean, sunflower or urea addition. These silages
presented good preserving quality and, in the animal performance
evaluation (feedlot sheep), showed great results. In this study, it
was evaluated the chemical composition, the ruminal degradabil-
ity of dry matter and crude protein and the starch disappearance
in the rumen. It was also evaluated the silages aerobic stability.
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It was verified that the there was an effect of soybean, sunflower
and urea addition in the silages chemical composition, especially
on the crude protein and ether extract contents. There was also an
offect on the effective DM degradability and crude protein. The
silage which presented higher aerobic stability was the high mois-
ture corn added with urea. It can be concluded that the addition of
soybean or sunflower or urea in the high moisture corn results in
an improvement in the feed chemical composition.

Table 3. Chemical composition of high moisture corn and silages with 20% of
soybean, 20% of sunflower grain or 1% of urea.

Treatment NM W.“ W..M_w mﬂ% Starch
amc_ | 621 45 | 55} .52 | 101 642
CHMCsF | 650 | 951 | 49 | mo |

: I_{_ﬂ+C ‘m_m.w... 94.4 5.6 49 59.3

HMC = high moisture corn; HMC+5 = high moisture corn + soybean; HMC+SF= high moisture corn +
sunflower grain and HMC+U= high moisture corn + urea. *CV = Coefficient of variation.
Source: Jobim et al. (2008)

Grain silage for ruminant

The use of grain silage, especially from corn, has increased in all
the regions of Brazil, principally in properties with technologies.
The increase in grain silage usage is promoted by an increase in
finish beef cattle. However, the books review show that, in Brazil,
there are few studies evaluating the grain silages quality and ani-
mal performance. The biggest numbers of studies have been pub-
lished related to the corn and sorghum use in swine feeding and in
lower number relating to cattle, sheep and equine.

Sheep

When studying the performance and characteristics of carcass
in sheep in Creep Feeding receiving high moisture corn compared
to the dry grain, Almeida Jr. et al. (2004), verified that the average
daily gain and slaughter age at 28 kg of live weight were not affect-
ed by treatments. For carcass traits and characteristics there was
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Nelore), Igarasi et al., (2008), did not observed trait effect on the
final live weight, daily weight gain, subcutaneous fat thickness
and back fat thickness, indicating that sorghum moisture grain can

substitute corn moisture grains in feedlot, in high concentrate diets
(Table 7).

Table 7. Carcass characteristic and animal performance.

CV (%) P value
eaglofile o} 43 b 3200 | _.0.64
A6io4 | 48681 | 486 | 040
Back fat thickness, mm g ; 21.38 0.06

—~——

Source: Igarasi (2008)

The performance and characteristics of yearling steers carcass
fed with corn and sorghum moisture grains silage with different
protein levels was evaluated by Passini et al. (2002). The authors
do not find significant difference for the daily weight gain in the
traits during the total period of feedlot. The average daily gain was
satisfactory, that is around 1.219 kg/day. It was not found effect
for ribeye area, subcutaneous fat thickness and tenderness which
evidences the sorghum grains potential for finish beef cattle.

Berndt et al. (2002), compared the effect of harvested dry corn
grain or moisture ensiled, associated to the silage of corn plant or
sugar cane bagasse, on the corporal composition and muscle tissue
deposition in young bulls and observed that animal fed with mois-
ture corn presented higher rates of lipids and energy deposition,
without changing the empty body weight gain. Also Henrique et
al. (2007) did not observed difference in carcass characteristics for
m:m.mrmzm bulls regarding the type of corn grain, but they verified
an improvement of 9.7% in feed efficiency when it was use mois-
ture corn grains silage comparing to the dry grain.
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Conclusion

The high moisture grains ensiling is still an expending technol-
ogy in Brazil. The ensiled sorghum or corn grains usage in rumi-
nant feeding in motivated by the increase in the feedlot finish beef
cattle. Emphasis is given to the lower production cost and better
feed conversion of silage comparing to dry grains. However, in
Brazil, there are still some issues which must be better evaluated
by research for increase in the storage efficiency and animal per-
formance. Also, it is needed studies evaluating other grains (sor-
ghum, millet, oat, triticale), which in certain situations can result in
economical benefit. In the authors’ opinion, the use of nutritive ad-
ditives in corn grains ensiling, such as urea and the soybean grain,
is an alternative fully justified in most of the production system,
given to costs and results observed regarding preserving quality.
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Strategies to enable the use
of legume silage in ruminant
production
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Introduction

he Brazilian livestock is based on pastures use, the ones s.qr_nw

represent the more practical and mnozoa.aom_ way of EBEMM
feed. Despite having the biggest commercial rm.a. E.ﬂﬂm d,M.qmoovH
approximately 200 millions of cattle, the ?..OQ:QHSJ\ index o
tained in Brazil in most of animal production systems in pastu
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