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Abstract

New feed assessment systems and methodologies for ruminants are being used with the aim of maximizing the use of
nutrients by animals. The Cornell Net Carbohydrate and Protein System (CNCPS) considers the dynamics of ruminal
fermentation and the potential loss of nitrogen in feed evaluation. We used this system to evaluate the protein and
carbohydrate fractionation of silages made from maize and Urochloa species alone and in combination (70:30). The
experiment was carried out under a completely randomized experimental design with 4 replications. Treatments
comprised silages made from the following forages: maize (Zea mays); Congo grass (Urochloa ruziziensis), Xaraes
palisadegrass (U. brizantha 'Xaraés'); Paiaguas palisadegrass (U. brizantha 'BRS Paiaguas'); 70% maize + 30% Congo
grass; 70% maize + 30% Xaraes palisadegrass; and 70% maize + 30% Paiaguas palisadegrass. The results showed that
despite the Urochloa exclusive silages having higher crude protein concentration than maize and mixed silages, they have
a higher proportion of unavailable fractions with slow degradation rates, which can compromise animal performance.
The maize silage and mixed silages had higher percentages of protein and carbohydrates with high degradation potential
than Urochloa exclusive silages. Therefore, mixed silages represent one more alternative to provide forage with good
nutritional value for ruminant feeding in times of feed shortage. Mixing grass and maize at ensiling would increase
the volume of silage produced relative to ensiling maize alone without any significant reduction in quality of the silage
produced. However, further studies are needed to determine the appropriate combinations of maize and grass at ensiling
to produce silage with the desired nutritional value for the particular application and class of animals being fed. Feeding
studies with animals would verify production levels achieved with the various silages.

Keywords: Ruminal degradation, total carbohydrates, tropical forage, Zea mays.
Resumen

Se estan utilizando nuevos sistemas y metodologias de evaluacion de alimentos para rumiantes con el objetivo de maximizar
el uso de nutrientes por parte de los animales. El Cornell Net Carbohydrate and Protein System (CNCPS) es un sistema
que considera la dinamica de la fermentacion ruminal y la pérdida potencial de nitrégeno en la evaluacion de alimentos.
Por tanto, el objetivo de este estudio fue evaluar el fraccionamiento de proteinas y carbohidratos del ensilado de maiz y
de especies de Urochloa, solos o combinados en proporcion 70:30. El estudio se llevo a cabo bajo un disefio experimental
completamente al azar con cuatro repeticiones. Los tratamientos comprendian los siguientes tipos de ensilado: maiz (Zea
mays), U. ruziziensis, U. brizantha cv. Paiaguas, U. brizantha 'Xaraés', 70% maiz + 30% U. ruziziensis, 70% maiz + 30%
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U. brizantha 'BRS Paiaguas', 70% maiz + 30% U. brizantha 'Xaraés'. Los resultados mostraron que los ensilajes hechos de
solo forrajes del género Urochloa, si bien tenian mayores contenidos de proteina cruda que los de maiz y mixtos, presentan
una mayor proporcion de fracciones no disponibles con bajas tasas de degradacion, lo que puede comprometer la ganancia
de peso. Los ensilajes de maiz y mixtos presentaron niveles mas altos de proteina y carbohidratos con alto potencial
de degradacion que los ensilajes de solo pasto. Por lo tanto, los ensilajes mixtos representan una alternativa mas para
brindar alimentos con buen valor nutritivo para la alimentacion de los rumiantes en épocas de escasez de forraje. Mezclar
pasto y maiz en el ensilaje aumentaria el volumen de ensilaje producido comparado con el ensilaje de maiz solo, sin una
reduccion significativa en la calidad del ensilaje producido. Sin embargo, se necesitan mas estudios para determinar las
combinaciones apropiadas de maiz y pasto en el ensilado para producir ensilaje con el valor nutricional deseado para la
aplicacion particular y la clase de animales que se alimentan. Los estudios de alimentacion con animales permitirian

verificar los niveles de produccion alcanzados con los distintos ensilajes.

Palabras clave: Carbohidratos totales, degradacion ruminal, forrajes tropicales, Zea mays.

Introduction

Conservation of forage as silage has become a common
practice in Central Brazil in order to maintain livestock
production throughout the year, since growth and forage
quality of tropical grasses are reduced during the dry
season (Daniel et al. 2019).

Of materials recommended for silage making, maize
is considered the standard, owing to its high energy
concentration and favorable characteristics for silage,
i.e. high dry matter yield, high soluble carbohydrate
concentration and low buffering capacity (Ferraretto et
al. 2018). As a result, maize silage is the primary silage
used in diets for dairy cows in Brazil and USA (Grant
and Adesogan 2018; Daniel et al. 2019).

Other forages such as tropical grasses, e.g. Urochloa
spp., produce high forage yields with nutritive value
adequate to support weight gains, when harvested at
the appropriate time. On the other hand, low soluble
carbohydrate concentration in most tropical forages may
limit the proper fermentation process (Anjos et al. 2020).

In this context, the production of silages of
mixtures of maize and tropical grass forage becomes
an interesting option, with benefits such as increased
silage mass (Souza et al. 2019; Oliveira et al. 2020) and
balanced nutritional value, with possible increased crude
protein concentration (Paludo et al. 2020). Maize silage
is considered an energy feed, with lower crude protein
concentration than tropical grass silage, depending on
the stage of harvesting of the grass and soil fertility/N
application rates (Souza et al. 2019).

The chemical composition of mixed silage, e.g.
maize + pasture grass, may differ from that of maize
silage, since 2 distinct forages are involved. Therefore,
the determination of protein and carbohydrate fractions
is necessary to estimate the nutritional value of these
mixed silages, important in livestock feeding, to

formulate balanced diets and to improve the synergism
between nutrients, so as to optimize animal performance
(Bumbieris Junior et al. 2011).

Owing to the advancement of research related to
ruminant nutrition, new systems and methodologies
for food evaluation have been developed. The Net
Carbohydrate and Protein System (CNCPS) aims to:
estimate degradation rates of different feed fractions
in the rumen; synchronize production of protein and
carbohydrate in the rumen to maximize utilization and
consequently microbial production; and also minimize
nitrogen losses (Sniffen et al. 1992; Higgs et al. 2015).

Currently, there is a lack of information on protein
and carbohydrate fractionation in mixed silages. The
hypothesis is that mixing Urochloa species with maize
at ensiling would improve silage quality, with higher
fractions of proteins and carbohydrates with rapid and
intermediate degradation rates. Therefore, the objective
of this study was to evaluate the protein and carbohydrate
fractionation of silages made from maize and Urochloa
species alone and in combination. Data for dry matter
yields, fermentation profiles and chemical composition of
the silages have been published by Teixeira et al. (2021).

Materials and Methods
Experimental site

The forages for the experiment were planted in the
field (17°48' S, 50°55' W; 748 masl) in Rio Verde, Goias
state, in a soil characterized as a Dystroferric Red
Latosol (Santos et al. 2018). Before the beginning of
the experiment, soil samples were collected from the
0—20 cm horizon with the aid of a Dutch soil auger for
soil chemical analysis. Characteristics of the soil were
as follows: 450, 200 and 350 g/kg clay, silt and sand,
respectively; pH in CaCl: 5.4; Ca: 2.1 cmolc/dm’; Mg:
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1.3 cmolc/dm?; Al: 0.05 cmolc/dm?; Al + H: 2.3 cmolc/
dm’; K: 0.24 cmolc/dm®; cation exchange capacity
(CEC): 5.94 cmolc/dm?; base saturation (V1): 61.3%; P
(Mehlich): 1.2 mg/dm?, and OM: 27.5 g/kg.

Statistical design, treatments and crop planting

The experimental design was completely randomized
with 4 replications. Treatments were: maize (Zea mays);
Congo grass (Urochloa ruziziensis, syn. Brachiaria
ruziziensis); Xaraes palisadegrass (U. brizantha,
syn. B. brizantha, 'Xaraés'); Paiaguas palisadegrass
(U. brizantha, syn. B. brizantha, 'BRS Paiaguas');
70% maize + 30% Congo grass; 70% maize + 30%
Xaraes palisadegrass; and 70% maize + 30% Paiaguas
palisadegrass (Teixeira et al. 2021). Proportions of
forages were calculated on a fresh matter basis.

Maize and grasses were sown with MF 510 double
disc seeders; the maize hybrid used was P3779H.
Simple superphosphate was applied at 1,000 kg/ha along
with 80 kg KCl/ha. When the corn plants reached the
development stage V4 (4 leaves) and V6 (6 leaves), 50 kg
N/ha was applied as urea.

A row spacing of 50 cm was used for maize, and the
pasture grass was sown down the centre of the maize
inter-rows. All species were sown at a depth of 2 cm.
Each plot was 14 m long and 6.5 m wide. The material
used for silage production was the central 4 rows, less
0.5 m on each end.

During the experiment, chlorfenapyr insecticide
was applied twice at a rate of 0.5 L/ha of the
commercial product, using a sprayer. Weed control was
performed manually.

Ensilage

For the ensiling process, both maize and grasses
were harvested at 105 days following sowing (maize
at soft dough-hard dough transition phase and grass
preflowering), and the dry matter concentration of maize
forage was 338 g/kg. The forages were cut separately at
a height of 20 cm from the soil using a manual harvester.
Subsequently, the forages were chopped separately into
segments of approximately 10 mm using a stationary
chopper. Then, for the mixed silages, combinations of
fresh maize forage and the fresh appropriate grass on a
70:30 basis were prepared and thoroughly mixed.

The material was packed into experimental PVC
silos, measuring 10 cm in diameter and 40 cm in length,
and compacted with an iron pendulum throughout the

process to reach an average density in the silos of 1.12
kg/dm?®. The silos were closed with PVC caps and sealed
with adhesive tape to prevent the entry of air. Thereafter,
the experimental silos were stored inside the laboratory
at room temperature (average 25 °C).

Opening of silos and chemical analyses of silages

Fifty days after ensiling, the silos were opened and the
upper and lower portions of the contents of each silo
were discarded. The central portion of the silo contents
was homogenized and placed in plastic trays.

Samples of the material (approximately 0.5 kg) were
selected, weighed, dried in a forced-ventilation oven at
55 °C to constant weight before reweighing and then
milled in a knife mill with a 1 mm sieve and stored in
plastic containers prior to analysis.

Analyses of silages

Chemical analyses of the silages were carried out
according to the methods described by AOAC (1990)
to determine dry matter (DM) (Method 934.01), ash
(Method 934.01), total N (Method 920.87) and ether
extract (EE) (Method 920.85). Neutral detergent fiber
(NDF) concentration was determined according to
Mertens (2002), acid detergent fiber (ADF) by Method
973.18 (AOAC 1990) and lignin concentration in 13.51
M sulfuric acid (Van Soest and Robertson 1985). Total
digestible nutrients (TDN) were calculated using the
equation (TDN % = 105.2 — 0.68 x NDF %) proposed by
Chandler (1990). These data and those for fresh forage
before ensiling were published by Teixeira et al. (2021).
Non-protein nitrogen (NPN) plus nitrogen insoluble
in neutral (NIND) and acid detergent (NIAD) were
determined according to the methodology described
by Licitra et al. (1996). Soluble nitrogen (SN) was
determined according to Krishnamoorthy et al. (1983).
Protein fractionation was calculated by using the
CNCPS system of Sniffen et al. (1992). Protein was
analyzed and calculated in 5 fractions (A, B1, B2, B3 and
C). Fraction A (non-protein N; NPN) was determined
as the difference between total nitrogen (total N) and
N insoluble in trichloracetic acid (TCA). Fraction Bl,
composed of soluble proteins that rapidly degrade in
the rumen, was the difference between nitrogen soluble
in borate phosphate buffer (TBF) and NPN. Fractions
B2 and B3, consisting of insoluble proteins with
intermediate and slow degradation rates in the rumen,
were determined as the difference between the fraction
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insoluble in TBF and the NIND fraction (Fraction B2)
and NIND minus NIAD (Fraction B3). The C fraction,
consisting of insoluble and indigestible rumen proteins,
was determined as the residual nitrogen in the sample
after being treated with acid detergent (NIAD) and
expressed as a percentage of the total N in the sample.

Total (TC) and non-fibrous (NFC) carbohydrates
were determined by the expressions: TC = 100 — (% CP
+ % EE + % ash); and NFC = 100 — (% CP + % EE
+ % NDFap + mineral matter/MM), where NDFap is
equivalent to the neutral detergent fiber corrected for ash
and protein. The B2 fraction was calculated as NDFap
— Fraction C and Fraction C by the percentage of lignin
multiplied by 2.4 (Sniffen et al. 1992).

Statistical analyses

The variables were subjected to analysis of variance
(R program, version R-3.1.1, with the ExpDes package)
(Ferreira et al. 2015). The averages were compared using
Tukey’s test, with a significance level of P<0.05.

Results

Protein fractionation (Fractions A, Bl, B2, B3 and
C) was different (P<0.05) for the different treatments

(Table 1). Fraction A (non-protein N) ranged from 39.4
to 53.3%, being highest for maize silage and lowest for
pure grass silages (P<0.05), while mixed silages were
intermediate (P<0.05).

On the other hand, Bl fraction ranged from 18.1 to
20.2% with no significant difference between treatments
(P>0.05). For the B2 fraction (Table 1), the range was
12.7-14.3%, with maize and maize-Xaraes palisadegrass
silages presenting higher values than the pure grass
silages (P<0.05). Values for the B3 fraction ranged from
6.2 to 15.5% with the highest value for Congo grass
silage and lowest for maize silage (P<0.05). For the C
fraction (Table 1), values ranged from 7.2 to 13.4% with
again highest values for the pure grass silages and lowest
for maize silage (P<0.05).

Total carbohydrate and carbohydrate fractionation
(fractions A + BI, B2 and C) also varied between the
different silages. Total carbohydrate (TC) levels ranged
from 80.1 to 88.8% (Table 2), with the highest values
for the pure grass silages and the lowest for maize silage
(P<0.05). For the A + BI fraction, highest values (45.1%)
were recorded for maize silage and lowest (25.9%)
for Congo grass and Xaraes palisadegrass (P<0.05).
In contrast, values for the B2 fraction were highest
(60.9-63.9%) for pure grass silage and lowest (49.9%) for
maize silage. A similar pattern emerged for Fraction C.

Table 1. Protein concentration (g/kg DM) and protein fractions (%) of silages made from maize and Urochloa species alone and

in 70:30 mixtures.

Silage CP! Fraction

A B1 B2 B3 C
Maize 64.6d> 53.3a 19.2a 14.2a 6.2d 7.2¢
Congo grass 82.5b 39.4¢ 18.6a 13.2b 15.5a 13.4a
Xaraes palisadegrass 92.2b 40.1c 19.9a 13.0b 14.2b 12.9a
Paiaguas palisadegrass 101.7a 42.1c 20.2a 12.7b 13. 1b 11.8a
70% Maize + 30% Congo grass 72.5¢ 47.4b 18.5a 13.4ab 10.1¢c 10.7b
70% Maize + 30% Xaraes palisadegrass 85.1bc 48.0b 18.2a 14.3a 9.9¢ 9.6b
70% Maize + 30% Paiaguas palisadegrass 85.0bc 51.0b 18.1a 13.4ab 9.4cd 8.2b
CV (%) 6.51 2.0 3.8 8.5 8.4 5.2
s.e.m. 0.27 0.46 0.38 0.55 0.48 0.28

"Data from Teixeira et al. (2021).

*Means within columns followed by different letters differ by Tukey test at 5% probability.
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Table 2. Total carbohydrates (%) and carbohydrate fractions (%) of silages made from maize and Urochloa species alone and in

70:30 mixtures.

Silage Fraction

TC! A+ Bl B2 C
Maize 80.1¢c? 45.1a 49.9d 5.0c
Congo grass 88.1a 25.9d 63.9a 10.1a
Xaraes palisadegrass 88.8a 28.6d 61.7ab 9.6a
Paiaguas palisadegrass 86.9a 30.2¢ 60.9ab 8.9ab
70% Maize + 30% Congo grass 83.6b 32.6b 60.0bc 7.5b
70% Maize + 30% Xaraes palisadegrass 82.7b 36.0b 56.4c 7.6b
70% Maize + 30% Paiaguas palisadegrass 82.6b 35.3b 56.9¢ 7.8b
CV (%) 0.7 44 2.8 8.3
s.e.m. 0.31 0.73 0.83 0.34

'TC: total carbohydrate.

*Means within columns followed by different letters differ by Tukey test at 5% probability.

Discussion

This study has shown that mixing Urochloa grasses
with maize forage at ensiling has significant impacts
on both protein and carbohydrate fractionation in the
resulting silages.

While Paiaguas palisadegrass silage showed the highest
CP concentration and pure maize silage the lowest CP
concentration with mixed silages intermediate (Teixeira et
al. 2021), the proportions of the various protein fractions
altered the nutritive value of the protein contained.
According to Lazzarini et al. (2009), ruminants should
receive a diet with at least 70 g/kg CP to not compromise
the efficiency of ruminal microorganisms in using the
fibrous carbohydrates present in silages. Therefore, with
the exception of exclusive maize silage, the other silages
presented CP concentrations that were higher than was
recommended by the above-mentioned authors.

The finding of the highest values for the A fraction
of the proteins in maize silage in relation to the mixed
and grass silages was possibly due to the amount of starch
in the maize grains, which were at the soft dough-hard
dough transition phase (Souza et al. 2019), which favors
better degradation inside the rumen. While inclusion of
30% Urochloa spp. forage with maize at ensiling provided
higher A fraction than in pure grass silage, which suggests
better rumen degradation than for pure grass silage, the A
fraction in the mixed silage was still lower than in pure
maize silage.

According to Russell et al. (1992), fraction A is
essential for good ruminal functioning, since ruminal
carbohydrate-fermenting microorganisms use ammonia
as a nitrogen source. This fraction, formerly classified
as non-protein nitrogen, was reclassified as ammonia to
facilitate analysis and provide a better prediction of the

metabolizable protein contribution from free amino acids
and small peptides (Higgs etal. 2015). These improvements
increased the ability to detect the most limiting nutrient,
allowing the user to refine the diet formulation to improve
the productive efficiency of cattle (Van Amburgh et al.
2015).

Proteins in the ensiled material can be converted into
non-protein nitrogen due to the fermentation processes
that may occur inside the silo (Dong et al. 2019). Therefore,
build-up of high concentrations of non-protein nitrogen
in silage can result in nitrogen losses if there is a lack of
a carbon skeleton readily available for microbial protein
synthesis in the rumen (Santos et al. 2020). It is worth
noting that plant and microbial proteolytic processes lead
to changes in nitrogen compounds in silages, which can
result in soluble N increasing to between 55 and 60%
of total N, while NH,-N is usually less than 10-15% of
total N (Kung et al. 2018). Therefore, the balance between
non-protein nitrogen and soluble carbohydrates is very
important to avoid nutrient losses and keep ruminal
microorganisms active (Queiroz et al. 2011).

The silages showed protein Bl fraction values ranging
from 17.1 to 20.2%, which represent true soluble proteins
and tend to be extensively degraded in the rumen (Pires et
al. 2009). Bacteria that ferment structural carbohydrates
use this fraction as a nitrogen source (Sniffen et al. 1992).
High proportions of the Bl fraction may result in nitrogen
leakage to the intestines if there is lack of a carbon skeleton
that is readily available for microbial protein synthesis; this
confirms the importance of the appropriate carbohydrate
and protein balance for ruminal microorganisms (Queiroz
et al. 2011; Negrao et al. 2014).

The lower protein B2 fraction values (Table 1)
observed in the Urochloa silages may be related to the
higher concentrations of the fibrous fraction and lower
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digestibility of grasses (Teixeira et al. 2021). The pure grass
silages showed average concentrations of NDF of 698 g/
kg DM and ADF of 422 g/kg DM. Higher fiber fractions
reduce the ruminal degradation of silages, since the B2
fraction represents the protein fraction with intermediate
degradation rates because it is associated with potentially
degradable fiber with a slower degradation rate (Sniffen et
al. 1992).

The B3 fraction values correspond to cell wall-
associated proteins with slow rumen degradation (Leite et
al. 2021) and which are mainly digested in the intestines
(Ferreira et al. 2018). Even though pure Urochloa spp.
silages presented higher crude protein concentrations
than maize and mixed silages (Teixeira et al. 202I;
Table 2), there was a lower degradation rate due to the
higher NDF concentrations in tropical grasses relative to
maize. Although the Urochloa silages presented higher
concentrations of the B3 fraction, mixing maize and grass
when ensiling reduced the overall concentration of the
B3 fraction. This would result in better utilization of the
resulting silage by ruminants.

The lower protein C fraction values (considered
indigestible) in the maize silage may have been related
to the lower lignin concentration in maize relative to
the grasses (Teixeira et al. 2021), because the C fraction
corresponds to lignin-associated proteins, tannin-protein
complexes and products from the Maillard reaction,
which are highly resistant to microbial breakdown
and enzyme activity along the gastrointestinal tract
(Licitra et al. 1996).

According to Van Soest (1994), an increase in the C
fractioninsilages may occurdueto the formation of Maillard
reaction products, caused by the temperature increase
inside the silo resulting from undesirable fermentations.
This phenomenon is generally common in silages with a
high moisture content and with a higher amount of fibrous
fractions, characteristics commonly found in tropical
grasses, which explains the higher concentration of this
indigestible fraction in the Urochloa silages and the mixed
silages. Low concentrations of this indigestible fraction in
the maize silage are interesting from a nutritional point of
view (Branco et al. 2010). Viana et al. (2012) evaluated the
protein fractionation of silages from different forages and
found that maize silage presented a C fraction of 14.1%,
which suggests that further studies are needed to determine
if the concentrations recorded for maize in the current
study are abnormal.

Protein fractionation is important because rate and
level of protein degradation in the rumen have marked
impacts on supplying nitrogen to rumen microorganisms

as well as N losses if rate of breakdown is too rapid.

The finding of the highest total carbohydrate values
(TC) in the Urochloa silages would be a function of higher
NDF, ADF and lignin levels present in those tropical
grasses at ensiling (Teixeira et al. 2021), since Brandstetter
et al. (2019) reported that fiber present in tropical
grasses represents most of the total carbohydrates in the
pasture. However, all silages contained at least 80% total
carbohydrates, which is adequate to support satisfactory
animal performance.

The high non-fibrous carbohydrate levels, represented
by the A + Bl fraction in the maize silage would be due
to the starch content of the maize grains, which were at
the soft dough-hard dough transition phase (Souza et al.
2019), which gives rise to these fractions. High starch
concentrations in corn silage result in high energy content
and high dry matter degradation (Refat et al. 2017), which
is followed by high rates of passage of ingesta and high
propionate production, that is related to increased dry
matter intake by animals (Oba and Allen 2000). According
to the Cornell Net Carbohydrate and Protein System
model, fraction A consists of sugars, and the Bl fraction
consists of starch, pectin and glucans (Sniffen et al. 1992).

Feed with high concentration of the A + Bl fraction
is a good source of energy for ruminal microbial growth
(Carvalho et al. 2007), and the higher the A + Bl fraction,
the greater the need to supply rapidly degrading proteins
to synchronize carbohydrate and protein fermentation
in the rumen, i.e. a simultaneous release of energy and
nitrogen, which has an important effect on the final
products of fermentation and animal production (Russell
et al. 1992). With regard to potentially digestible fibrous
carbohydrates, corresponding to the B2 fraction, the high
values observed in pure grass silages can be explained by
the high NDF concentrations in these tropical grasses at
ensiling (Teixeira et al. 2021). It is of interest that the mixed
silages had lower A fraction than maize silage but Bl and
B2 fractions were not significantly different for pure maize
and mixed silages.

The B2 fraction provides slow energy in the rumen
and may affect efficiency of microbial synthesis and hence
animal performance. In cases of high levels of this fraction,
forage must be supplemented with energy sources that are
readily available in the rumen, when there are no protein
limitations in terms of quantity or quality (Epifanio et
al. 2014). In this context, it is important to highlight that
making mixed silages lowered B2 fraction levels in the
silage relative to those for pure grass silage.

Concentrations of the C fraction, considered
indigestible in the gastrointestinal tract, were clearly
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higher in the Urochloa silages, possibly reflecting the high
lignin concentrations in grass at ensiling.

It is known that the B2 fraction, which is the main
component of tropical forage silages, presents a slow
degradation rate, which combines with the C fraction
(indigestible) to impair animal consumption via rumen
physical limitation, reducing animal performance (Ferreira
etal. 2018). It is necessary to examine strategies to increase
the quality of silage produced, possibly by mixing cereals
and grasses, but appropriate levels and quality of tropical
forages must be determined, so as not to compromise the
quality of the silage produced.

Conclusions

Despite the Urochloa exclusive silages having higher
crude protein concentration than maize and mixed
silages, they have a higher proportion of unavailable
fractions with slow degradation rates, which can
compromise animal performance. The maize silage
and mixed silages had higher levels of protein and
carbohydrates with high degradation potential than pure
grass silages. Therefore, mixed silages represent one
more alternative to provide forage with good nutritional
value for ruminants in times of feed shortage.

Mixing grass and maize at ensiling would increase
the volume of silage produced relative to ensiling maize
alone without any significant reduction in quality of
the silage produced. However, further studies are
needed to determine the appropriate combinations of
maize and grass at ensiling to produce silage with the
desired nutritional value for the particular application
and class of animals being fed. Feeding studies with
animals would verify production levels achieved with
the various silages.
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