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ABSTRACT. The objective this study was to evaluate the effect of manicoba supplementation in sugar
cane silage with respect to chemical-bromatological composition and the in vitro degradation kinetics of the
silage. This experiment was conducted in a completely randomized design with four treatments (manigoba
levels: 0, 20, 30, and 40%) and six repetitions. Silage samples were analyzed for their chemical-
bromatological composition, digestible energy, metabolizable energy, total digestible nutrients, in vitro gas
production and degradability parameters. The silage with higher inclusion level had better bromatological
composition (p < 0.05) than the silage without manigoba for CP, NDF, ADF and MM (6.49, 56.64, 38.66
and 4.52% versus 2.21, 70.96, 49.95 and 2.78%). Higher ME content (2.35 MJ kg' MS versus 1.85 M] kg!
MS), DE (2.87 Mcal kg™! MS versus 2.25 Mcal kg! MS) and TDN (65.16% versus 51.11%), respectively. The
highest values for gas production were also observed in silage with added manigoba due to higher NFC
content (34.87%). With an increase in the proportion of manigoba, there was an increase in the soluble a
fraction, b fraction, and thus a higher effective degradability of dry matter (46.56%). The addition of
manigoba improves the nutritive value of sugarcane silage.

Keywords: degradation; forage conservation; gas production; Saccharum officinarum.

Composi¢ao quimico bromatolégica e cinética ruminal in vitro em silagens de cana de
acglicar com manigoba

RESUMO. O objetivo do presente trabalho foi avaliar a inclusio de manigoba 2 silagem de cana de agticar
na composi¢io quimico bromatolégica e cinética de degradacio in vitro. Foi elaborado experimento em
delineamento inteiramente casualizado com quatro tratamentos (niveis de inclusio: 0, 20, 30 e 40%) e seis
repetices. As silagens foram analisadas quanto 2 sua composigio quimico bromatoldgica, energia digestivel,
energia metabolizdvel, nutrientes digestiveis totais, produgio de gases in vitro e determinagio dos
parimetros de degradabilidade. A silagem com maior nivel de inclusio apresentou melhor composicio
bromatolégica (p < 0,05) que a silagem sem manigoba para PB, FDN, FDA ¢ MM (6,49, 56,64, 38,66 ¢
4,52% versus 2,21, 70,96, 49,95 ¢ 2,78%). Maior contetido de EM (2,35 MJ kg-1 MS wversus 1,85 MJ kg-1
MS), ED (2,87 Mcal kg-1 MS versus 2,25 Mcal kg-1 MS) e NDT (65,16% versus 51,11%), respectivamente.
Os maiores valores de produgio de gis também foram observados em silagens com adigio de manigoba em
fungio dos maiores contetidos de CNF (34,87%). A medida que se aumentou a propor¢io de manigoba,
houve incremento da fragio a, da fracio b e, consequentemente, maior degradabilidade efetiva da matéria
seca (46,56%). A adi¢io de manicoba melhorou o valor nutritivo da silagem de cana de agtcar.

Palavras-chave: conservacio de forragem; degradagio; produgio de gis; Saccharum officinarum.

Introduction

Sugar cane is regarded as an alternative feed for
the dry season. The daily cutting of sugar cane for
use as fresh forage, however, demands a large
amount of manpower. As a result, producers have
opted for sugar cane silage as an alternative
(Fortaleza et al.,, 2012). Besides improving the
efficiency of harvesting, sugar cane silage ensures
forage availability during periods of food scarcity.
However, sugar cane has limited use because of its

low crude protein (4%) and minerals, and high
alcoholic fermentation when ensiled, compromising
the nutritional quality of the food (Nussio, Susin,
Mendes, & Amaral, 2009).

The nutritional deficiencies of sugar cane forage
can be reduced with the addition of forage of higher
value, such as manigoba (Manihot
pseudoglaziovii), which has a higher protein content
of 20.6% (Silva et al., 2011). Manigoba is native to
semiarid environments and so is resistant to hot and

nutritive
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dry climatic conditions. The cyanogenic glycosides
that manigoba contains are easily volatilized by hay
and silage processing. Studies conducted by
Carvalho, Queiroz, Silva, and Voltolini (2014)
demonstrate the importance of using manigoba in
sugar cane silage to improve the fermentative
Furthermore, the
represents a better utilization of the forage resources

dynamic. use of manicoba
available.

The nutritional quality of food is related, among
other factors, to its digestibility. Many attempts have
been made to predict the quality of food using
laboratory techniques that simulate the process of
digestion. Among these, the technique of
cumulative gas production provides an estimation of
digestibility, the rate of fermentation of different
food fractions, and ruminal microbial synthesis
(Muniz et al, 2012). It is a low-cost technique,
capable of evaluating a large amount of substrate,
and it presents a high correlation with in vivo
digestibility.

This study aimed to evaluate the chemical-
bromatological composition, the kinetics of in vitro
gas production, and the parameters of ruminal
degradation in sugar cane silage with increasing
levels of manigoba.

Material and methods

This study was conducted at Embrapa Semiirido
and at the Laboratory of Bromatology and Animal
Nutrition/Univasf in Petrolina, PE, Brazil. To
prepare the silage, 24 silos consisting of plastic
buckets of 25 liters’ capacity were used. The
experiment was conducted in a completely
randomized design with four treatments (levels of
inclusion of manicoba: 0, 20, 30, and 40%) and six
replications.

The forage was harvested by hand at a
phenological stage of 18 months for the sugar cane
and 8 months for the manicoba. It was then
separately chopped to particle sizes smaller than 2
cm and compacted by trampling, while maintaining
the proper proportions (0, 20, 30, and 40%
manigoba by shoot area throughout to replace the
sugar cane, based on the natural matter of both).
Each silo was then sealed with a cover and adhesive
tape, and kept in a protected area at room
temperature.

After 90 days of storage the silos were opened,
the ends were discarded, and the material was
sampled. The samples were dried in an oven with
forced air (55°C for 72h) and ground in a knife mill
with a 1-mm sieve, the dry matter content (DM)
was determined. Chemical-bromatological analyses
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of mineral matter (MM) (Association of Official
Analytical Chemists, AOAC, 2005) (942.05), crude
protein (CP) (AOAC, 2005) (954.01) and ether
extract (EE) (Am 5-04: American Oil Chemists’
Society, AOCS, 2009) were as a percentage of dry
matter. The ratio of acid detergent insoluble
nitrogen to total nitrogen (ADIN/TN), and acid
detergent insoluble protein (ADIP) were made
following the procedures of Licitra, Hernandez, and
Van  Soest  (1996). Measurements of neutral
detergent fiber (NDF), neutral detergent fiber free
from ashes and protein (NDFap), and acid detergent
fiber (ADF) were performed according to Van Soest,
Robertson, and Lewis (1991), and hemicellulose
(HEMI) was calculated as the difference between
NDF and ADFE.

A chemical-bromatological analysis of the sugar
cane and manigoba before ensiling was performed
according to the methods described below (Table 1).

Table 1. Chemical-bromatological composition of the sugar cane
and manigoba used in the production of silage.

v DM MM __ CP EE__ NDE__ ADF
orage . kg" DM
Sugar canc 2900 170 213 105 6510 3080
Manigoba 3350 610 1238 340  450.0 2843
The total carbohydrate content (TC) was

calculated by the equation:
[100 — (PC + EE + MM)]

as proposed by Sniffen, O'Connor, Van Soest, Fox,
and Russell (1992). The non-fibrous carbohydrates
(NFC) were estimated by the equation:

[100 — (CP + NDFap + EE + MM)]

as proposed by Mertens (1997).

To determine gas production in vitro, it was used
the method described by Theodorou, Williams,
Dhanoa, McAllan, and France (1994), modified by
Mauricio et al. (1999). Rumen fluid was collected
through a fistula from two Holstein cattle with an
average weight of 500 kg, after the animals had been
kept on the diet of forage (sugar cane) ad libitum,
along with concentrate (based on corn and soybean
meal) containing 10% CP to meet the requirement
for maintenance of cattle according to NRC (2001).

To estimate gas production and degradation,1-g
samples of silages were packed in nylon bags of
known weight and added to fermentation flasks (160
mL) that had been previously injected with CO,
(three bottles per treatment). To each flask, 90 mL of
culture medium (pH 6.9-7.0) and 10 mL of ruminal
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fluid and filtrate were added (Mauricio et al., 1999).
Bottles containing only rumen fluid and culture
medium were used as controls. The flasks were
sealed with rubber stoppers and then incubated.
From that point, the pressure of the gases produced
by the fermentation of the substrate and
accumulated in the bottles was measured using a
pressure transducer at 2, 4, 6, 8, 10, 12, 15, 19, 24,
30, 36, 48, 72, 96, and 120h, and the pressure
measurements were converted to volumes.

In order to estimate the gas production kinetic
parameters of the silage we used the
bicompartmental logistic model proposed by
Schofield, Pitt, and Pell (1994), adjusted to
cumulative gas production curves, according to
equation:

V£l Vf2

V(t) = [1 + e(2—4m1(L—T))] + [1 + e(2—4m2(L—T))]

where: V = total volume of gases; Vf; = maximum
volume of gas production from the fraction of non-
fiber carbohydrates; m; = degradation rate (%/h) of
the fraction of non-fiber carbohydrates; T =
incubation time (h); L = lag time (h); Vf, =
maximum volume of gas production from the
fraction of fibrous carbohydrates; and m, =
degradation rate (%/h) of the fraction of fibrous
carbohydrates.

Pressure readings were taken more frequently
during the initial fermentation. The degradability of
DM was estimated at 2, 6, 12, 24, 48, 96, and 120h
of incubation in wvitro. To evaluate the potential
degradation of dry matter we used the equation
PD =a+b(1 —exp™") proposed by Mehrez,
Qrskov, and McDonald (1977). To determine the
effective degradation we used the expression:

ED=a+(b><c)/(c+Kp)

from Orskov and McDonald (1979). The passage
rate was assumed to be 5% h™.

Metabolizable energy (ME) was calculated
according to Robinson, Givens, and Getachew
(2004) as follows:

ME (M] kg=! DM) = 1.25 + (0.0292 X gas,,) +
(0.0246 x EE) + (0.0143 x (PB — ADIP)),

where gas,, is the gas production over 24 h of in vitro
incubation (mL 0.2 g' DM). The values of crude
protein (CP), ether extract (EE), and mineral matter
(MM) were expressed in g kg'! DM. Subsequently,
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the digestible energy (DE) and total digestible
nutrients (TDN) were estimated according to NRC
(2001) as follows:

DE (Mcal. Kg~1) = ME/0.82, and
TDN (%) = DE/4.409 x 100.

The results were analyzed by the Statistical
Analysis System (SAS, 2003) computer program
(Version 9.1), and normality was previously verified
by the Shapiro-Wilk test (Proc Univariate); variances
were compared by orthogonal contrasts at a
significance level of 5% using Proc GLM. As the
levels were not equidistant between treatments,
PROC IML was used to generate the vectors for
each contrast (linear, quadratic, and quadratic
deviation). PROC REG determined the parameters
of the regression equations if contrast analyses were
significant.

Results and discussion

The addition of manigoba increased (p < 0.05)
the content of DM, MM, EE, and CP of the silages
compared to the control, with maximum values of
284.7,45.2, 20.7 and 64.9 g kg'! DM, respectively, in
silage with the highest (40%) manigoba inclusion
levels (Table 2).

Table 2. Chemical-bromatological composition (g kg! DM) of
sugar cane silage with manigoba: dry matter (DM), mineral
matter (MM), ether extract (EE), crude protein (CP), ratio of acid
detergent insoluble nitrogen to total nitrogen (ADIN/TN), acid
detergent insoluble protein (ADIP), neutral detergent fiber
(NDF), ash and protein-free neutral detergent fiber (NDFap),
acid detergent fiber (ADF), and hemicellulose (HEMI).

Manigoba level (%) P Value

Variable 0 20 30 40  SEM L Q

DM 252.0 2664 2731 2847 0.447 <.0001 0.6544
MM 27.8 36.1  40.6 452 0.091 <.0001 0.7156
EE 14.3 135 207 207 0.164 <.0001 0.2488
CP 221 437 563 649 0.053 <.0001 0.2298
ADIN/TN 3.0 3.8 33 39 0.024 0.0501 0.7082
ADIP 6.3 16.4 187 252 0.109 <.0001 0.8871
NDF 709.6  693.4 6454 566.4 0.764 <.0001  0.0002
NDFap 6955 6705 6185 520.6 0.442 <.0001 <.0001
ADF 4925 4523 430.7 386.6 0.515 <.0001 0,0623
HEMI 217.0 2412 2148 1798 0.443 0.0346  0.0047

Regression Equation R’

DM y = 251.2 + 0.79x 0.63
MM y = 27.7 + 0.432x 0.93
EE y = 13.1 + 0.19x 0.89
CP y = 223 + 1.09x 0.99
ADIP §y = 6.34 + 0.46x 0.88
NDF § = 709.4 + 2.04x - 0.14x> 0.92
NDFap § = 695 + 2.19x + 0.16x> 0.97
ADF § = 497.5- 25x 0.90
HEMI § = 217.5 + 3.07x - 0.1x? 0.94

SEM = standard error of the mean; R> = coefficient of determination.

The DM content of the fresh manicoba was
higher (320 g kg™') than the DM content of the sugar
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cane before ensiling (290 g kg™'), and it provided an
increase of 0.08% in DM for each 1% inclusion.
However, the dry matter content of the silage was
less than in the forage. According to Schmidt et al.
(2007), sugar cane contains high levels of soluble
carbohydrates and an epiphytic yeast population
responsible for alcoholic fermentation, and this
cause excessive loss of DM. Carvalho et al. (2014)
succeeded in reducing DM losses by adding
manigoba to sugar cane silages, corroborating the
importance of the use of this supplemental forage.

With the addition of manigoba, the MM content
increased linearly. For each 1% addition, MM
increased 0.04%. This can be explained by the
higher MM content observed in the manicoba
(Table 1), which is evidenced by the major
difference between NDF and NDFap (Table 2)
when manigoba is included in the silage. The
inclusion of manigoba also linearly increased EE
content because the manigoba presented higher EE
content before ensiling. Souza et al. (2010) found
values of 43 g kg”' DM and 27 g kg” DM of EE in
fresh manicoba and in manigoba as silage,
respectively. Before ensiling, manigoba showed
greater crude protein (CP) than cane, which
resulted in a linear increase in this nutrient in the
silage. For every 1% inclusion, there was an increase
of 0.11% in protein content, so with the addition of
40% manigoba, the silage showed a CP content of
64.7 g kg DM.

As a result of higher crude protein, silage with
greater percentages of manigoba had higher
concentrations of ADIP: 25.2 g kg”! DM, as against
the 6.3 g kg DM found in silage made exclusively
of cane. However, the amount of nitrogen available
for the animals, as measured by ADIN/NT, was not
influenced (p > 0.05).

The highest levels of NDFap (702.4 g kg™ DM)
were estimated by the regression equation for silage
with 6.7% manicoba, and this variable may have
influenced the content of hemicellulose, which in
turn showed its highest value (24.0 g kg”' DM) with
15.2% manigoba.

ADF content decreased linearly (p < 0.05) with
increasing manigoba content: for each additional
percentage point of included manigoba, the ADF
content decreased 0.25%. However, even for silage
with higher manigoba content, the ADF values were
higher than with sugar cane alone. According to
Pedroso et al. (2007), fibrous components become
more concentrated in sugar cane silage dry matter
due to the loss of soluble carbohydrates during
ensiling. Rezende et al. (2009) also observed a linear
ADF relationship in sugar cane silage with the
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addition of potato scrap (0, 7, 14, 21, and 28%). In
this case, each percentage unit of added potato
reduced ADF by 0.81%.

Cumulative gas production was influenced by
the addition of manigoba (Figure 1), and the highest
values were observed in silage with a higher
proportion of manigoba, indicating potentially more
degradation by faster fermentation of NFC and
slower of fiber fraction.

There was a difference between treatments (p <
0.05) in the total carbohydrate content (TC) and
non-fiber carbohydrate content (NFC) (Table 3).
The lowest value of NFC (219.0 g kg! DM) was
estimated for silage with 11.7% manigoba. The total
carbohydrate content (T'C) decreased by 0.17% for
each 1% of manicoba added. This can be explained
by the similar decrease in the carbohydrate
components already mentioned (ADF and NDF),
and by the subtraction of the MM values when
calculating CT.
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Figure 1. Estimation of gas volume according to incubation time
for different levels of manigoba in sugar cane silage.

Table 3. Maximum volume of gas production from non-fiber
carbohydrates, fibrous carbohydrates and total (Vf1; V2; V, in mL
¢! DM); rate of gas production from non-fiber carbohydrates and
fibrous carbohydrates (my; m,, in mL ¢! DM h™'); lag time (L, in
h); total carbohydrate and non-fiber carbohydrate (TC; NFC, in
g kg! DM) of sugar cane silage with manigoba.

Manigoba level (%) SEM P Value

Variables 0 20 30 40 L Q
Vi, 63.08 60.16 5819 6214 1.77 0.3934  0.5562
VI, 12.15 20.16 2375 2528 0.37 <.0001  0.0623
\% 7523 80.32 8195 8742 1.65 0.0011 0.4271
m, 0.09 0.07 0.07 0.06 0.004 <.0001 04211
m, 0.01 0.01 001 0.01 00002 0.0720 <.0001
TC 935.7 906.8 8824 8693 0.18 <.0001 04276
NFEC 240.2 2363 2639 3487 0.56 <.0001  <.0001

Regression Equation R?
Vi, y = 12.78 + 0.3391x 0.96
\% § = 74.78 + 0.2868x 0.73
m, § = 0.09- 0.001x 0.64
m, § = 0.01 + 0.0001x - 0.000002x? 0.70
TC 9 = 93.68- 0.1703x 0.97
NFC § = 2412 - 0.37x + 0.0158x> 0.93

SEM = standard error of the mean; R? = coefficient of determination.

Sugarcane silage has fermentation characterized
by high ethanol production and high disappearance
of soluble carbohydrates, which may lead to losses of
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dry matter, reduction in nutritive value and high
effluent production (Cavali et al., 2010). The higher
ethanol production and eftluent losses in cane silage
found by Carvalho et al. (2014), allows us to infer
that the soluble carbohydrates initially present in the
sugar cane were consumed in the silage process,
while the inclusion of manicoba favored the
production of organic acids in detriment to the
ethanol production of the effluent losses.

The inclusion of manigoba improved the fiber
quality of the silages, which provided the highest
total gas production (V), since only the volume of
gas from fibrous carbohydrates (Vf2) increased
(p < 0.05), while the volume of gas of non-fibrous
carbohydrates was not influenced. The total gas
production (V) increased by 0.29% for each 1% of
manigoba added.

The rate of gas production from non-fiber
carbohydrates (m,) decreased linearly by 0.001% for
each percentage point of additional manigoba. The
same behavior was not observed for the rate of gas
production from fibrous carbohydrates (m,), which
had its highest value (0.011 mL g' DM h") at the
25% inclusion level. There was a greater total
carbohydrate content at that level, and this possibly
influenced the result.

Despite its effect on non-fibrous carbohydrates,
the addition of manicoba did not affect the
maximum volume of gas production from these
components (Vf;). However, the maximum volume
of gas production from the fibrous component (Vf,)
increased linearly, even though the 40% inclusion
level showed lower levels of NDFap, a fact that
allows us to infer that the inclusion of manicoba
improves degradability of the fibrous components of
sugar cane silage. These results were similar to those
found by Moreira et al. (2014). NFC exhibits high
degradability in the rumen and rapid gas production,
while cellulose and hemicellulose are characterized
by slow ruminal degradation. NFC is readily
available for microbial degradation and exhibits a
rapid rate of fermentation, while the fibrous
carbohydrate must initially be colonized by
microorganisms to be degraded, and even then has a
slow fermentation rate (Van Soest, 1994).

With respect to ruminal degradation, there was
an increase in the soluble a fraction according to the
level of manigoba inclusion (Table 4). The silage
with 40% manigoba had an a fraction 40.9% greater
than the silage comprising solely of sugar cane;
however, the b fraction was 39.6% lower in this
treatment. The a fraction increased 0.36% whereas
the b fraction decreased 0.41% for each percentage
unit of manicoba. This can be explained by the
fermentation profile, which, in general, is
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characterized by faster fermentation of NFC, and
slower fermentation of the fibrous constituents. The
¢ fraction (undegradable) did not differ between
treatments.

The degradation rate of the b fraction (Kd)
increased 0.04% h™' with the addition of 40%
manigoba. Besides presenting the smallest b fraction,
the cane silage with 40% manicoba showed higher
Kd values, which explains, in part, the greater
degradation under this treatment. Fortaleza et al.
(2012) studied the in situ degradability of sugar cane
silage treated with chemical additives and bacteria
and found approximate DM degradation rates of
0.018, 0.030, 0.050, and 0.026% h™' for silage with
added urea inoculant, sodium hydroxide, and
calcium hydroxide, respectively.

Table 4. Degradation parameters of sugar cane silage with added
manigoba (4, b, ¢, PD, and ED in g kg™ DM; Kd in % h™).

Manigoba level (%) SEM P Value

Variable 0 20 30 40 L Q
a 2169 251.1 3028 3669 1.71 <.0001 0.0812
b 4080 2554 2838 2462 201 <.0001 03146
c 3751 3935 4084 3869 090 0.4355 0.4890
Kd 0.01 0.02 0.03 0.05 0.005 <.0001 0.1243
PD 6249 6065 591.6 613.1 090 04980 0.4322
ED 2674 3252 3892 465.6 223 <.0001 0.1034

Regression Equation R’
a § = 20.25 + 0.364x 0.90
b ¥ = 41.7- 0.41x 0.83
Kd y = 0.008 + 0.001x 0.78
ED § = 25.28 + 0.48x 0.93

SEM = standard error of the mean; R* = coefficient of determination; RE = regression
equation; ns = not significant.

Adding manigoba had no effect (p > 0.05) on
potential degradability of dry matter (PD), possibly
because the silage had the same undegradable ¢
fraction (391 g kg”' DM). The effective degradability
(ED); however, increased 0.48% with each 1%
inclusion. These results can be explained by the
increase in DM content, the smaller fibrous
constituents, and the higher NFC content observed
in silage with manigoba. The highest effective
degradability (465.6 g kg' DM) was observed in
silage containing 40% manigoba. Rossi Janior and
Schogor  (2006)  found
degradability (452 g kg DM) of sugar cane silage
treated with 1% wurea. Sugar cane silage with
manigoba positively influences the performance of
animals fed with this silage compared to the control.
In evaluating the digestibility of sugar cane silage
with Lactobacillus, urea, and agricultural by-products,
a higher rate of degradation of the b fraction
(0.027% h™') was found (Maeda et al., 2011), as
well as higher consumption (7.54 kg DM d™') in
cattle fed with sugar cane silage with inoculants
(Maeda et al., 2012).

similar  values for
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The levels of digestible energy (DE),
metabolizable energy (ME), and total digestible
nutrients (TDN) increased linearly by 0.013%,
0.017%, and 0.378%, respectively, for ecach
percentage unit of manicoba addition (Table 5).

Ferro, Castro, Zanine, and Souza (2017) found
similar behavior of ME (linear increase) although
with higher wvalues in sugarcane silage with
dehydrated barley residue. According to Campos et
al. (2010), total digestible nutrient content (TDN) is
a parameter widely used for quantitying the energy
available from food. The TDN wvalue of silage
without manigoba addition (511.1 g kg”! DM) was
similar to those observed by Pedroso, Rodrigues,
Barioni Janior, and Souza (2011a) and Pedroso et al.
(2011b). As manigoba was added, however, there
was an increase in this value, which can be explained
by higher levels of CP and higher gas production
after 24 h, thus demonstrating the usefulness of
manicoba inclusion in improving sugar cane silage

quality.
Table 5. Metabolizable energy (ME, MJ kg! DM), digestible

energy (DE, MJ kg™ DM), and total digestible nutrients (TDN, g
kg! DM) of sugar cane silage with manigoba.

Manigoba level (%) SEM P Value

Variable 0 20 30 40 L Q
ME 1.85 202 232 2.35 0.055 <.0001  0.7505
DE 225 247 283 2.87 0.070 0.002  0.7330
TDN 511.1  559.9  641.0 651.6 1.520 <.0001  0.7396

Regression Equation S
ME y = 183 + 0.136x 0.79
DE y = 505.8 + 0.117x 0.79
TDN y = 505.8 + 3.8x 0.79

SEM = standard error of the mean; R*> = coefficient of determination; RE = regression
equation.

Conclusion

The addition of mani¢oba improved the
nutritional quality and the chemical-bromatological
composition of sugar cane silage, and altered the
kinetics of gas production. The highest level of
manigoba inclusion (40%) improves gas production
as well as the degradation parameters, thereby
yielding a higher value for effective degradability of
dry matter.
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