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ABSTRACT

The trial was conducted with the objective to evaluate fresh sugarcane as a replacement
for corn silage on dry matter intake, ruminal parameters (pH, short chain fatty acids, and
ammonia nitrogen concentration), and degradation kinetics of forages and concentrate in
maintenance adult goats. Four nonlactating ruminally cannulated goats were used in a 4
x 4 Latin square design with the replacement of 0, 33, 67, and 100% of corn silage by
sugarcane as the independent variable. The substitution of sugarcane for corn silage did
not affect dry matter intake, daily weight gain, or ruminal pH. A quadratic effect was
observed for ammonia nitrogen concentration with a maximum concentration at 74.43%
of sugarcane inclusion, as well as for short chain fatty acids, with maximum
concentrations of acetate and butyrate at 0.59 and 32.70% of sugarcane inclusion,
respectively. The minimum concentration of propionate was verified on 10.36% of
sugarcane inclusion. However, the acetate:propionate ratio linearly decreased with
increased sugarcane content. No effect was observed of different rumen environments on
forage dry matter and neutral detergent fiber degradability (effective and potential
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degradability, soluble and potential degradable fractions). Dry matter degradability was
66.79% for sugarcane and 72.62% for corn silage after 96 h of incubation. Neutral
detergent fiber was 37.10 and 51.82% for sugarcane and corn silage, respectively, after
96 h of incubation. In conclusion, sugarcane can be used as a replacement for corn silage
in maintenance adult goats feed without altering dry matter intake and forage
degradability while increasing propionate production.

Keywords: ammonia nitrogen, degradability, dry matter, short chain fatty acids

RESUMO

O experimento foi conduzido para avaliar a cana-de-agucar in natura em substitui¢do a
silagem de milho no consumo de matéria seca, parametros ruminais e cinética de
degradacdo de forragens e concentrado em cabras adultas em mantenga. Quatro cabras
nao lactantes canuladas no rumen foram utilizadas em um delineamento em quadrado
latino 4 x 4 com a substituicdo de 0, 33, 67 e 100% da silagem de milho por cana-de-
agucar. A substituicao da cana-de-acucar pela silagem de milho ndo afetou o consumo de
matéria seca, o ganho de peso diario e o pH ruminal. Foi observado efeito quadratico para
a concentracdo de nitrogénio amoniacal com concentragdo maxima de 74,43% de
inclusdo da cana, e também para acidos graxos de cadeia curta, com concentragdes
maximas de acetato e butirato de 0,59 e 32,70% de inclusdo da cana, respectivamente. A
concentragdo minima de propionato foi verificada em 10,36% de inclusdo de cana-de-
acgucar. No entanto, a relagdo acetato: propionato diminuiu linearmente com o aumento
do teor de cana-de-agucar. Nao foi observado efeito de diferentes ambientes ruminais
sobre a degradabilidade da matéria seca da forragem e da fibra em detergente neutro. A
degradabilidade da matéria seca foi de 66,79% para a cana-de-agucar e 72,62% para a
silagem de milho apds 96 h de incubacdo. A fibra em detergente neutro foi 37,10 e 51,82%
para cana-de-agucar e silagem de milho, respectivamente, ap6s 96 h de incubagdo. Em
conclusdo, a cana-de-agucar pode ser usada como substituto da silagem de milho na
alimentacdo de cabras adultas de manutencao, sem alterar o consumo de matéria seca ¢ a
degradabilidade da forragem, aumentando a produgao de propionato.

Palavras-chave: 4acidos graxos de cadeia curta, degradabilidade, matéria seca, nitrogénio
amoniacal

INTRODUCTION

The inclusion of sugarcane in ruminant
feed, especially for low production
animals, as an available source in a
critical period of food scarcity allows for
the reduction or replacement of
conserved forages, such as silage and
hay that have a high costs of production,
and are not always accessible for small
producers.

Sugarcane can be considered a strategic
forage to be used in ruminant feeding
because of its high sugar content and
forage production per area. However,
sugarcane has little nutritive value,
limited by its reduced cell wall digestion
which contributes to low levels of
metabolizable energy for the animal and
reduced efficiency of soluble sugars
utilization (Carmo et al., 2001).
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Forage feeds consumed by ruminants,
such as sugarcane, undergo physical and
chemical modifications, generating
nutritive compounds, which are products
of ruminal fermentation. The rumen is
considered a fermentation chamber that
presents suitable environmental
conditions for the multiplication and
development of microorganisms which
ferment the feed ingested by the animal,
producing necessary nutrients for their
survival and short chain fatty acids used
by the host as an energy source for
different metabolic processes. Therefore,
the nature of the diet, dry matter intake
level, and rumination are determinant
factors in  ruminal fermentation
(Carvalho et al., 2003).

The present trial was designed with the
objective to evaluate the effects of
replacing 0, 33, 67, and 100% of corn
silage with fresh sugarcane on dry matter
intake, ruminal fermentation parameters,
and in situ rumen degradability in
maintenance adult goats.

MATERIALS AND METHODS

Four nonpregnant and nonlactating
ruminally cannulated goats with live
weight of 42.45 + 4.40 kg were used in
this experiment, according to the
guidelines established by Sao Paulo
State  University  (Brazil) Ethical
Committee for Animal Research. The
goats were housed in a covered shelter,
placed in individual pens of 3.5 m? with
free access to drinkers, salt, and feed
bunks. Experimental diets were offered
twice daily, at 08:00 and 16:00, as total
mixed rations, in a quantity to allow 10%
surplus of feed. Water was supplied ad
libitum.

http://dx.doi.org/10.1590/81519-99402122182021

The experimental design was a 4 X 4
Latin square used to evaluate the effect
of four diets structured by the
replacement by fresh chopped sugarcane
for corn silage, on a dry matter basis, in
proportions of 0, 33, 67, and 100% as
follows: Treatment 0 (0% sugarcane,
100% corn silage); Treatment 33 (33%
sugarcane, 67% corn silage); Treatment
67 (67% sugarcane, 33% corn silage);
and Treatment 100 (100% sugarcane, 0%
corn silage).

Sugarcane was chopped daily and
combined with the concentrate along
with corn silage, according to a
forage:concentrate ratio of 40:60, on dry
matter basis. Experimental diets were
formulated to be isoproteic and the
ingredients used were evaluated
according to methodology described by
AOAC (1997) (Table 1). Neutral
detergent fiber (NDF) and acid detergent
fiber (ADF) were determined according
to methodology described by Van Soest
et al. (1991). Nonfiber carbohydrates
(NFC) and total digestible nutrients
(TDN) were estimated according the
equations: NFC = 100 - (%CP + %EE +
%ASH + %NDF), Van Soest et al.
(1991); and TDN = DCP + DNFC +
DNDF + (DFA x 2.25) -7, (NRC, 2001),

where  DCP  represents  protein
digestibility, DNFC is  nonfiber
carbohydrate  digestibility, = DNDF

denotes  neutral  digestible  fiber
digestibility, and DFA represents fatty
acids digestibility. Metabolizable energy
(ME) was determined using TDN and
digestible energy (DE) values, suggested
by NRC (2001), where: DE (Mcal/kg) =
0.04409 x TDN (%) and ME (Mcal/kg)
=1.01 x DE (Mcal’kg) — 0.45.

Table 1. Ingredient and chemical composition of the experimental diets
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Replacement levels (%)

0 33 67 100
Ingredient, % DM
Sugarcane - 13.2 26.8 40.0
Corn silage 40.0 26.8 13.2 -
Dry-ground corn 42.6 41.5 40.2 39.0
Soybean meal 13.8 14.8 16.0 17.1
Limestone 1.00 1.00 1.00 1.00
Dicalcium phosphate 1.00 1.00 1.00 1.00
Urea 0.60 0.70 0.80 0.90
Mineral premix 1.00 1.00 1.00 1.00
Composition (% DM)
Dry matter 67.2 66.4 65.7 64.9
Organic matter 96.2 96.5 96.8 97.1
Ash 3.80 3.50 3.20 2.90
Crude protein 15.2 15.1 15.1 15.1
Ether extract 4.10 3.80 3.40 3.10
Neutral detergent fiber 20.0 21.1 22.3 23.4
Acid detergent fiber 12.4 12.8 13.2 13.6
Nonfiber carbohydrate 55.0 54.8 54.4 54.1
Calcium 0.80 0.80 0.80 0.80
Phosphate 0.50 0.40 0.40 0.40
Total digestible nutrients 83.2 80.8 78.1 74.3

Metabolizable energy (Mcal’kg of DM)  3.325 3.215 3.092 2.918

Mineral premix composition (quantity per kg of the product): 200 g of S, 150 g of Mg, 47,210
mg of Zn, 27,000 mg of Fe, 20,000 mg of Cu, 1200 mg of Mg, 1400 mg of Co, 1250 mg of I, 315
mg of Se.

The experimental period was 92 d,
divided into four periods of 23 d, with
the first 12 d used for diet adaptation and
adjustment of dry matter intake, and the
final 11 d for sample collection. Five
days of each period were used for
recording dry matter feed intake, one day
for rumen fluid collection for
determining rumen pH, short chain fatty
acids (SCFA), and ammonia nitrogen

(NH3-N) concentration, and five days for
DM and NDF in situ degradability of
forages.

To establish the rumen fermentation
parameters, rumen fluid samples were
collected every 2 h for 12 h, starting at
08:00, before the offering of
experimental diets, and finishing at
20:00, for a total of seven samplings.
Approximately 200 mL of rumen content
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was collected from different parts of the
rumen and filtered through multiple
layers of cheesecloth to separate the
liquid from the solid. After sampling
collection, both parts were returned to
the rumen. At the sampling day, diets
were delivered to animals at 08:00 and
20:00.

Immediately after collection, 100 mL of
rumen fluid was wused for pH
determination using a portable digital pH
meter (HANNA instruments Limited
HI8424, Bedfordshire, UK) calibrated
with solutions of pH 4.0 and 7.0.

For SCFA and NH;3-N determination,
samples of rumen fluid were placed in 15
mL tubes and centrifuged at 3,000 x g for
15 min at room temperature. From the
supernatant, 2 mL were transferred to
vacutainer tubes containing 0.4 mL of
formic acid for SCFA determination and
1 mL of HxSOs for NH3-N
determination. These samples, in
duplicate, were stored at -20 °C for
further analysis. Acetate, propionate, and
butyrate determination were measured
by gas chromatography (Finnigan 9001,
USA) using a glass column of 1.22 m in
length and 0.63 cm in diameter packed
with  80/120 Carbopack B-DA/4%
(Supelco, Sigma-Aldrich, St. Louis, MO,
USA). Ammonia nitrogen concentration
determination was done by colorimetric
technique, according to Kulasek (1972)
and adapted by Foldager (1977).
Degradability of sugarcane NDF and
corn silage starch was accomplished
using the in situ technique described by
Mehrez and @rskov (1977). Nylon bags
with a porosity of 50 um (10.0 x 20.0
cm) were filled with approximately 4 g
of feed previously dried at 55 °C for 72 h
with an incubation area of 10 x 10 cm,
according to Vanzant et al. (1998). Bags
were weighed, tied, and stored in a

http://dx.doi.org/10.1590/81519-99402122182021

refrigerator (5 °C) before use. Nylon
bags were attached to the rumen cannula
by a nylon thread with a minimum of 50
cm length and incubated during 0, 6, 12,
24,48, 72, and 96 h in each experimental
period. After incubation, all bags were
washed thoroughly by hand and dried at
55 °C for 72 h for further weighing and
chemical analyses. Degradability at time
zero was measured by washing bags in
water (39 °C) for 15 min.

For dry matter degradability the
following formula was used: DMDg% =
100 x [1 - (BWAI - EBW)/(BWBI -
EBW)], where DMDg% = DM
degradability in percentage, BWAI =
bag weight after incubation, BWBI = bag
weight before incubation, and EBW =
empty bag weight. The model proposed
by Orskov and McDonald (1979) was
used to estimate degradation parameters:
p=a+ b (I-€%), where “p” is the
degradation at each period, “a” is the
soluble fraction, “b” is the potentially
degradable fraction of the insoluble
fraction that would be degraded at a rate
“c”, and “c”, is the rate of degradation of
fraction “b”, and “t” is the incubation
period in hours.

The parameters a, b, and c of the
exponential equation generated by
PROC NLIN of SAS (2008) were used
to calculate the potential degradability
(Pd = a + b), which represented the
quantity of feed that could be solubilized
or degraded in the rumen if time was not
a limiting factor. The effective ruminal
degradability (Ed) which represented the
quantity of feed actually degraded in the
rumen was calculated according the
mathematic model proposed by Orskov
and McDonald (1979): Ed = a + [(b X
c)/(c + k)], where k is the ruminal
passage rate of solids, defined as 0.02
and 0.05 %/h. When parameter “a” was
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negative, data were adjusted in an
alternative model: p = b(1-e**Y), where
L represents the colonization time
(McDonald, 1981) and the estimation of
Ed and Pd were calculated as described
above, only considering the parameter
“a” as zero.

Data were subjected to variance analysis
(ANOVA) by PROC MIXED of SAS
(2008) using the effects of treatment,
period, and animal. The variables
ruminal pH and total rumen
concentration of SCFA and NH3-N were
added to the model above with
consideration of the effect of repeated
measures in time, based on the different

http://dx.doi.org/10.1590/81519-99402122182021

sampling intervals. The parameters
revealing  significant  effects for
treatment and/or time were evaluated by
polynomial regression. In all analyses,
the significance level adopted was 5% of
probability.

RESULTS AND DISCUSSION

Ammonia nitrogen (NH3-N)
concentration was influenced by the
substitution levels of corn silage by
sugarcane (P<0.05). However, dry
matter intake and ruminal pH were not
affected by the treatments (Table 2).

Table 2. Dry matter intake (DMI), ruminal pH, and ammonia nitrogen (NH3-N)
concentration as functions of sugarcane levels in diets

. Replacement levels (%) (\Y Regression
Variable Mean o

0 33 67 100 (%) L Q

DMI (kg/d) 1.60 1.53 1.56 1.48 1.54 8.21 ns ns

Ruminal pH 6.14 6.15 6.08 6.15 6.13 6.43 ns ns

NH;-N(mg/dL)  21.1 236  28.1

25.0 242 30.79

ns *

CV = coefficient of variation; ns = non-significant; * = P<0.05; L = linear effect; Q = quadratic

effect.

Mean dry matter intake (1.54 kg/d) was
superior to the requirements for
maintenance adult goats with live weight
of 40 kg (NRC, 2007). The greater dry
matter intake can be related to the higher
level of concentrate (60%) in diets,
which increases the energy density. As
dry matter intake is regulated by energy
demand (Mertens, 1996), the increase in
concentrate proportion in ruminant diets
resulted in higher dry matter intake,
allowing for an increase in digestible
organic matter and decrease in fiber
concentration, avoiding the effect of
rumen repletion. This higher dry matter
intake can explain the daily weight gain
of goats during the experiment (55 g/d).

Mean ruminal pH was 6.13 which was
lower than the 6.30 and 6.74 values
found by Valvasori et al. (2001) and
Magalhaes et al. (2006), respectively, in
diets with sugarcane and/or corn silage
inclusion for cattle. The higher
concentrate level could have contributed
to ruminal pH reduction to values that
could have  affected  structural
carbohydrate fermenting
microorganisms. According to Hoover
(1986), a ruminal pH decrease to
approximately 6.0 causes less reduction
in fiber digestion. Gongalves et al.
(2001) observed a ruminal pH reduction
from 7.05 to 5.85 in diets with 0 and 80%
of concentrate for dairy goats,
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respectively. According to those authors,

ruminal pH drop was related to lower

rumination activity which reduced saliva

production with consequent buffering
reduction.

Ruminal pH drop was observed

approximately 2 h after the first feeding

(08:00), and can be consequence of a

higher proportion of concentrate in the

diets or selectivity by the animals,

choosing first the concentrate and juicy

parts of forage, although diets were

supplied as total mixed rations (Figure

1). The decreased rumen pH was within

that of Qrskov (1986), at 0.5 to 4 h after

feeding, characterizing the peak of

fermentation, at which time the pH drop

can result in a nutritional disturbance

such as acidosis, a result of excessive

acid accumulation in the rumen. Ruminal

pH values were below 6.2 at the majority

6,90 1

6,30 1

6,70 1

6,60 A

6,50 1

6,40

T 6,30 -

6,20 1

6,10 1

6,00 A

5,90 A

5,80

5,70

Rev. Bras. Satde Prod. Anim., Salvador, v.22, 01 - 16, 2122182021, 2021

http://dx.doi.org/10.1590/81519-99402122182021

of sampling times, which can inhibit
structural  carbohydrate  fermenting
microorganisms and significantly reduce
microbial protein synthesis (Strobel &
Russell, 1986). Under  normal
conditions,  structural carbohydrate
fermenting microorganisms grow well in
ruminal pH near 6.7 (Hoover & Stokes,
1991; Valadares et al., 2006). Ruminal
pH peaks were  observed at
approximately 12:00 and 18:00, which
can be attributed to the goat feeding time
and rumination. Ruminal pH is a variable
correlated to ingestive behavior of the
animal and is dependent on mastication
and salivation times, as well as the
frequency of ingestion and rumination,
which could be maintained in normal
conditions by the increase of saliva
neutralization power or reduced by acid
production (Church, 1993).

08:00 10:00 12:00

- =

cooifipeee 33

14:00
Time

—aA- =67

16:00 18:00 20:00

—x— 100

Figure 1. Effect of substitution of corn silage by sugarcane on ruminal pH as a function of time

The mean value of ammonia nitrogen
ruminal concentration was 24.20
(mg/dL) and a quadratic effect was
observed at the maximum concentration

0f26.32 (mg/dL) for the level 74.43% of
sugarcane inclusion in diet. These values
were higher than those found by
Valvasori et al. (2001) and Magalhaes et
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al. (2006), of 18.82 and 11.32 mg/dL,
respectively.

The highest level of urea inclusion with
sugarcane diets could have contributed
to the increase of NH3-N to the level of
74.43% of sugarcane replacement and
the decrease of this concentration to the
participation of soluble carbohydrates in
100% of sugarcane, favoring bacteria in
ammonia for microbial  protein
production.

NH3-N concentration peak generally
occurred 2 h after feeding (Figure 2),
which can be attributed to the excess of
crude protein in maintenance goat diets

29,00 1

25,00 H
23,00 A

21,00 A

N-NH3 (mg/dL)

19,00 o

17,00 A

15,00 . :
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and the urea present in the concentrate.
According to Santos (2006), in diets
containing urea, ammonia nitrogen peak
normally occurs 1-2 h after feeding and
in the case of true protein, at 3—5 h after
feeding, depending on  ruminal
degradability of this source. After the
peak of concentration, NH3-N decreased
along sampling time. This fact indicates
that part of this production was used by
rumen microorganisms to synthesize
microbial protein, which is recycled in
the rumen and the excess eliminated in
the urine.

Y, = 2632 to X =74.43

[ ]
28,12

67 100

Levels (%)

Figure 2. Ammonia nitrogen concentration as related to levels of substitution
of corn silage by sugarcane

Significant differences (P<0.05) were
observed for short chain fatty acid
(SCFA) concentration, molar
proportions of acetate, propionate, and
butyrate, and acetate:propionate ratio in

the levels of corn silage replacement by
sugarcane as a function of sampling time
(Table 3). However, there was no
interaction between treatment and time.
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Table 3. Concentrations of total short chain fatty acids (SCFA), molar proportions of
acetate, propionate, and butyrate, and acetate:propionate (Ac:Pr) ratio as a
function of levels of sugarcane inclusion in diets and sampling time.

. Replacement levels (%) Cv  Regression
Variable Mean —_—
0 33 67 100 () L Q
Acetate (mol/mol) 63.31 61.56 61.49 5724 6090 432 ns *
Acetate — time ns *
Propionate (mol/mol)  22.10 24.19 23.50 30.35 25.04 1621 ns *
Propionate — time ns *
Butyrate (mol/mol) 14.59 1425 15.00 1241 14.06 1542 ns *
Butyrate — time ns *
Total SCFA (mM) 89.62 87.70 79.09 89.66 86.52 1741 ns *
Total SCFA — time * ns
Ac:Pr ratio 296 240 273 211 2.61 21.52 * ns
Ac:Pr ratio — time ns *

CV = coefficient of variation; ns = non-significant; * = P<0.05; L = linear effect; Q = quadratic

effect.

Acetate and butyrate molar proportions
had quadratic effects, where the
maximum concentration was recorded at
0.59 and 32.70% of corn silage
substitution by sugarcane, respectively.
In contrast, propionate showed a
minimum concentration at 10.36% of
sugarcane (Table 3). These results were
contrary to those found by Valvasori et
al. (2001) in maintenance cows fed 60%
forage diets containing corn silage
replacement levels by sugarcane.
Soluble carbohydrates presented in
sugarcane can contribute to the energy
supply for rumen microorganisms, and
consequently to short chain fatty acid
production,  especially  propionate.
According to Sutoh et al. (1996), sucrose
in the diet increased crude energy in the
rumen and could intensify organic matter
digestibility of ingested feed. The rumen
fermentation products are determined by
the nature of the diet that can change the
metabolic activity of microorganisms

(Bergman, 1990), such as the drop of
rumen pH to values that favor the growth
of nonfiber carbohydrate fermenting
microorganisms.  Consequently, the
acetate:propionate ratio decreased. The
frequency in which nutrients flow to
rumen also affects different peaks of
acetate and  propionate  molar
proportions.

For short chain fatty acid concentrations
a quadratic effect was observed
(P<0.05), in contrast to Valvasori et al.
(2001) in diets with 60% of forage
inclusion, who returned no difference in
SCFA concentration when corn silage
was replaced by sugarcane. Possibly, the
preference of goats for concentrate and
corn silage as opposed to sugarcane
influenced the higher productions of

SCFA in diets with 0 and 100%
replacement. The mean of acetate,
propionate, and  butyrate  molar

proportions was 61:25:14, respectively.
These values are similar to those found
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by Valvasori et al. (2001), of acetate,
propionate, and butyrate rates, 62:25:13,
while for diets with a forage:concentrate
ratio of 60:40, proportions of 60:26:14
were obtained, which are values
presenting patterns of fermentation
expected for the forage:concentrate ratio
of 30:70. According to Bergman (1990),
molar proportions of acetate, propionate,
and butyrate can vary from 75:15:10 to
40:40:20. The acetate:propionate ratio
decreased with increased substitution
levels of corn silage by sugarcane, which
is related to the higher production of
propionate in relation to acetate with the
increase in soluble carbohydrates of
sugarcane.

Sampling time had a quadratic effect
(P<0.05) on the molar proportions of
acetate, propionate, and butyrate, with
higher propionate and lower acetate and
butyrate proportions. These values are
reflected in the total concentration of
SCFA and the acetate:propionate ratio.
The participation of concentrate in diet
(60%) and dry matter intake of goats,
given preference for the concentrate,
could favor the acetate molar proportion
over propionate and alter their
relationship along sampling time.
Concentrate diets favored rumen pH
drop, and therefore fermentative activity
in the rumen, especially of starch
fermenting bacteria with total SCFA
production, particularly  propionate.
According to Valadares et al. (2006), in
high concentrate diets, ruminal pH
selects sensible microorganisms and
when it declines below 6.2, nonfiber
carbohydrate fermenting bacteria which
are resistant to acidity increase, whereas
structural carbohydrate bacteria
decrease. Therefore, amylase activity
relative to cellulase increases.

http://dx.doi.org/10.1590/81519-99402122182021

Potential degradability (Pd), soluble
fraction (A), potentially soluble fraction
(B), degradation rate (C), and effective
degradability (Ed) for 0.02 and 0.05/h of
forage DM were not affected (P>0.05)
by the different rumen environments
from diets with corn silage substitution
by sugarcane (Table 4). Possibly because
of the higher participation of concentrate
in diets and a particle size similar to
forage, the ruminal environments did not
differ. According to Valadares et al.
(2006), the decrease of fibrous
carbohydrate fermenting
microorganisms in animals fed high
concentrate diets is related to fiber
particle size and passage rate.

Potential degradability of sugarcane dry
matter was 65.80%. This value was
higher than those observed by Pinto et al.
(2007) of 54.73 and 62.01% for
sugarcane treated with 0 and 3% of
sodium hydroxide, respectively, and
lower than what was found by Aroeira et
al. (1995) of 77.50%, in cattle fed
sugarcane supplemented with cotton
meal in the ratio 77.5:22.5. Santos et al.
(2008) observed a difference in Pd of
sugarcane dry matter in cattle fed fresh
and ensiled sugarcane (means of 51.27
and 62.68%, respectively).
Degradability values of fractions A
(41.38%) and B (24.42%) of sugarcane
dry matter were higher than what was
observed by Pinto et al. (2007), of
37.41% and 17.79%, respectively. The
higher degradability of fraction A of
sugarcane can be attributed to its soluble
sugar content. According to Franzolin
and Franzolin (2000), the higher level of
soluble sugar (sucrose) in sugarcane
cellular content is readily available for
microbial fermentation. Those authors,
in studies of sugarcane degradability,
observed values for fraction A of 48.00
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and 47.00% and for fraction B of 33.00
and 31.00% in buffalo and cattle,
respectively.
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Table 4. Values of soluble fraction (A) and potentially soluble fraction (B) degradability,
degradation rate (C), and effective degradability (Ed) for passage rates of 2.00
and 5.00% per hour and potential degradability (Pd) of forage dry matter as a
function of sugarcane levels in replacement of corn silage

. Replacement levels (%) Regression
Variable Mean CV (%)
33 67 100 L Q
Dry matter degradability of sugarcane (%)
A 41.71 4158 4142 4081 4138 1098 ns ns
B 23.89 2480 2450 2450 2442 597 ns ns
C (%/h) 0.04 0.05 0.05 0.06 0.05 25.70 ns ns
Ed (0.02/h) 57.24 58.09 58.62 58.76 58.18 137 ns ns
Ed (0.05/h) 52.12 53.01 53.61 53776 53.12 1.57 ns ns
Pd 65.60 6638 6592 6531 65.80 3.30 ns ns
Dry matter degradability of corn silage (%)
A 2092 21.22  20.05 2234 21.13 10.19 ns ns
B 47.50 4792 48.66 5273 4920 746 ns ns
C (%/h) 0.09 0.08 0.12 0.07 0.09 33.87 ns ns
Ed (0.02/h) 58.72 58.79 60.88 58.82 5930 347 ns ns
Ed (0.05/h) 50.09 4992 5333 4944 50.70 5.12 ns ns
Pd 68.42 69.14 68.72 75.07 7033  7.85 ns ns

CV = coefficient of variation; ns = non-significant; * = P<0.05; L = linear effect; Q = quadratic

effect.

There was no difference (P>0.05) in Pd,
fractions A and B, and degradation rate
C with 2.00%/h passage rate of
concentrate dry matter in the levels of
corn silage replacement by sugarcane.
Effective degradability on 5.00%/h
passage rate had a quadratic effect with
maximum degradation at 51% of
sugarcane inclusion in the diet. Potential
degradability of concentrate dry matter
was 93.28, indicating that the maximum
degradation can be attributed to
nonstructural ~ carbohydrates,  true

protein, and protein nitrogen of the
concentrate.

The percentages of sugarcane and corn
silage reduction were 66.79 and 72.62%,
respectively, at 96 h of incubation and
the concentrate was 93.06% at 48 h of
incubation (Figure 3). The value
observed in sugarcane was higher than
those found by Pinto et al. (2007) of
55.00 and 62.00% with sugarcane treated
with 0 and 6.00% of sodium hydroxide,
respectively, at 144 h of incubation.
Carmo et al. (2001) observed a value of
53.80% at 96 h of incubation with

ISSN 1519 9940

Lo

11



LR,

Rev. Bras. Satde Prod. Anim., Salvador, v.22, 01 - 16, 2122182021, 2021
http://dx.doi.org/10.1590/81519-99402122182021

different protein sources in cattle
feeding.

35,0 -
33,0
31,0
29,0 -
27,0 -
25,0 -
23,0 -
21,0 -
19,0 -
17,0 -
15,0

N-NH3 (mg/dL)

14:00 16:00 18:00 20:00

Time

08:00 10:00 12:00

-4 =0 --®-33 —A =67 ——100

Figure 3. Effect of the levels of substitution of corn silage by sugarcane
on ammonia nitrogen as a function of time

Potential degradability, fraction B Franzolin and Franzolin (2000), of 78.77

degradability, and degradation rate C of
sugarcane and corn silage NDF were not
influenced (P>0.05) by the different
rumen environments of goats fed
crescent levels of sugarcane in
replacement of corn silage (Table 5).
Potential degradability of sugarcane was
higher than those found by Santos et al
(2008) of 20.88 and 34.00% in rumen
environments of cattle fed fresh and
ensiled sugarcane, respectively; and
lower than what were verified by

and 70.29% in buffalo and cattle,
respectively. Possibly, the similarity of
rumen environments did not damage
NDF sugarcane degradability. No
differences were observed (P>0.05) in
effective degradability with passage
rates 2.00 and 5.00%/h in NDF of
studied forages in different rumen
environments. Effective degradability
(0.02/h) of sugarcane NDF had a mean
0f 23.92%.

Table 5. Values of potentially soluble fraction (B) degradability, degradation rate (C),
colonization time (L), and effective degradability (Ed) for passages rates of 2.00 and
5.00%/h and potential degradability (Pd) of NDF of forages, as well as CP of concentrate
as a function of sugarcane levels in replacement of corn silage

Replacement levels (%) Mean CV (%) Regression
33 67 100 L Q
NDF sugarcane degradability (%)

Variable
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B 38.71 4090 3796 36.79 38.59 14.21 ns  ns
C (%/h) 0.04 003 004 0.04 004 3287 ns  ns
L 528 497 524 553 525 28.84 ns  ns
Ed (0.02/h)  23.56 2397 24.18 23.95 2392 431 ns  ns
Ed (0.05/h) 1528 1524 1625 1598 15.69 7.59 ns  ns
Pd 38.71 4090 3796 36.79 38.59 14.21 ns  ns
NDF corn silage degradability (%)
B 59.14 51.67 4898 50.00 52.45 10.49 ns  ns
C (%/h) 0.03 0.04 0.06 0.05 0.05 28.55 ns  ns
L 7.05 496 3.53 4.57 503 21.54 ns *
Ed (0.02/h) 32.62 33.66 35.14 3472 34.03 5.08 ns  ns
Ed (0.05/h)  20.07 22.43 2499 2396 2286 10.11 ns  ns
Pd 59.14 51.67 4898 50.00 52.45 10.49 ns  ns

CV = coefficient of variation; ns = non-significant;

effect.

A quadratic effect was observed for
colonization time (L) in NDF corn silage
degradability with minimum value at
68.8% sugarcane inclusion in the diet.
The mix of forages in this proportion
could have reduced the selection by the
animals, favoring the colonization of
microorganisms and reducing
colonization time in NDF corn silage
degradability. According to Ryle and
Orskov (1987), forage diets demand
longer mastication and rumination time,

* = P<0.05; L = linear effect; Q = quadratic

promoting abundant salivation, resulting
in stable ruminal pH and favoring the
survival of protozoa.

The percentages of NDF reduction were
37.10 and 51.82 for sugarcane and corn
silage, respectively, at 96 h of incubation
(Figure 4), and this result for sugarcane
degradability was similar to that
described by Carmo et al. (2001) of
35.96%, and Pinto et al. (2007) of
48.00%, at 96 and 144 h of incubation,
respectively.
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Figure 4. Concentration of short-chain fatty acids as a function of the levels
of substitution of corn silage by sugarcane

CONCLUSIONS

Sugarcane can replace corn silage in a
forage: concentrate ratio of 40:60 and
used in maintenance adult goats without
affecting dry matter intake.

Sugarcane as a replacement for corn
silage favored propionate production.

In general, the rumen environments of
animals fed different levels of sugarcane
in replacement of corn silage showed
similar values of sugarcane and corn
silage degradation.
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