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ABSTRACT: The objective of this study was to evaluate the effect of the inclusion
of different levels of mango residue (0, 10, 20 and 30% natural matter) in the mixed
silages of elephant grass and cassava peels. The material was ensiled for 60 days in
polyvinyl chloride "PVC" experimental bags. There was a maximum loss (P<0.05) of
the effluent of 48.5 kg/ton of natural matter with the inclusion of 24.3% of mango
residue in the elephant grass silage and cassava peel. Maximum dry matter (DM)
loss (P<0.05) of 22.1% and minimum DM recovery (P<0.05) of 78.9% were found with
the inclusion of 21.1% and 21.4% of mango residue. Quadratic behavior (P<0.05) was
observed for the chemical composition of the silages, with minimum DM content
(29.2%) and non-fibrous carbohydrates (37.6% NFC), and maximum crude protein
(9.64% CP) and neutral detergent fiber (41.6% NDF) contents, with the inclusion
of 23.5%, 8.90%, 10.7%, and 9.11% of mango residue, respectively. In the sensory
evaluation regarding the characteristics associated with the nutritional value, the
classification "good to very good" was recorded for the silages where the elephant
grass and the cassava peels were added with 10% and 20% of mango residue. The
inclusion of 10.7% of natural mango residue in elephant grass and cassava peel
silages is enough to improve crude protein content, with lower effluent loss.
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PERDAS FERMENTATIVAS E COMPOSICAO QUIMICA DAS SILAGENS MISTAS DE
CAPIM-ELEFANTE E CASCAS DE MANDIOCA COM RESIDUO DE MANGA

RESUMO: Objetivou-se com esse estudo avaliar o efeito da inclusdo de diferentes
niveis de residuo de manga (0, 10, 20 e 30% da matéria natural) nas silagens mistas
de capim-elefante e casca de mandioca. O material foi ensilado durante 60 dias
em silos experimentais de policloreto de vinil “PVC”. Observou-se perda méxima
(P<0,05) de efluentes de 48,5 kg/t de matéria natural com a inclusao de 24,3% de
residuo de manga. Perda maxima (P<0,05) de 22,1% de matéria (MS) e recuperagdo
minima (P’<0,05) de 78,9% de MS foram registradas com a inclusdo de 21,1% e
21,4% de residuo de manga. Comportamento quadrético (’<0,05) foi observado
para a composicdo quimica das silagens, com contetdo minimo de MS (29,2%) e
carboidratos ndo fibrosos (37,6% de CNF), e conteidos maximos de proteina bruta
(9,64% de PB) e fibra em detergente neutro (41,6 % de FDN), com a inclusao de 23,5%,
8,90%, 10,7% e 9,11% de residuo de manga, respectivamente. Na avaliacdo sensorial
quanto as caracteristicas associadas ao valor nutritivo registrou-se a classificagdo
“boa a muito boa” para as silagens onde o capim-elefante e a casca de mandioca
foram aditivados com 10 e 20% de residuo de manga. A adigao de 10,7% de residuo
de manga na silagem de capim-elefante e casca de mandioca é suficiente para
melhorar o contetido de proteina bruta, com menores perdas por efluentes.

Palavras-chave: avaliacdo sensorial, densidade, ensilagem, perda de efluente,
proteina bruta
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INTRODUCTION

The Brazilian semi-arid will be one
of the regions most affected by the climatic
changes of the last years and may become
arider (ANGELOTTI et al., 2011). One of the
aggravating factors of the scarcity of rainfall
in this region is the increase of the mortality
of animals due to a nutritional deficiency
associated to the lack of pasture, and the
consequent increase of the hunger of the
populations residing in that region.

This scenario demonstrates the need
to develop strategies to coexist with drought
in the semi-arid region and at the same time
increase the production of food for human
consumption. Thus, in recent years the use of
alternative feed replacing grains conventionally
used in the animal diet has been studied as an
option to reduce feeding costs. Based on this,
the conservation of forages with by-products
or feed residue, such as fruit, from losses in
the production process have been used as
alternative low-cost resources for energy or
protein supplementation.

Among the most used forage for
conservation in the form of silage, elephant
grass (Pennisetum purpureum Schum) stands out
for the high production of biomass and good
nutritive value. However, at the time of cutting,
tropical grasses usually present low DM and
soluble carbohydrates, and it is necessary
to wilt the plant or add moisture absorbing
additive to allow better fermentability of the
silage. According to Ferreira et al. (2017), the
dry matter (DM) content is a major factor in the
biochemical process of ensiling and could be
corrected using an absorbent additive, such as
buriti fruit peel tested in elephant grass silage.

Among the low-cost additives for use in
grasssilage, post-harvestresiduessuchas coffee
peels, corn cob, and cassava residues stand out.
Pires et al. (2009) verified improvement in the
fermentative characteristics and increase of the
in vitro digestibility of DM of elephant grass
silage with cassava meal. Ferrari Junior et al.
(2009) reported increased DM content and
adequate fermentation of silage of elephant
grass ensiled with citrus pulp.

The ensiling of residue and residues of
fruit and alternative forage crops has become
an alternative to traditional crops. According
to Wadhwa and Bakshi (2013) the peels
and remains of mango pulp, banana, citrus,

pineapple, tomato, can be supplied fresh or
ensiled for ruminant animals. Régo et al. (2010)
recorded a satisfactory fermentation process
with additions of over 8.6% of mango by-
product (Mangifera indica L.) in the elephant
grass ensilage.

In view of the above, it is important to
verify if the cassava peels could function as a
good moisture-absorbing additive, increasing
the DM content of silage in general; and at
the same time investigate the effect of the
addition of mango residue on the conservation
of elephant grass used to feeding ruminants
during drought. Therefore, the aim of this
study was to evaluate the fermentative losses,
chemical composition and sensory quality of
elephant grass and cassava peels ensiling with
different levels of mango residue.

MATERIAL AND METHODS

The study was conducted at the Federal
University of Western Bahia, located in Barra
- BA, Brazil, with coordinates of 11° 05' 20" S
and 43° 08' 31" W and 406 m. The treatments
analyzed consisted of different levels of
inclusion of mango residue in elephant grass
and cassava peels silages: 0, 10, 20 and 30% of
the natural matter (NM). The NM of elephant
grass and cassava peels was equated.

Theelephant grass (Pennisetum purpureum
cv. Napier) was collected at 60 days of regrowth
in a farm located in Barra, BA; mango residue
and dehydrated cassava peels were obtained
in local markets and farms of Barra, Buritirama
and Ipird, BA. These materials (mango pulp
and pells, and cassava peels) was ground by
hand, and the elephant grass was crushed in
a forage machine, to obtain a 2 cm particle
size. After this, the additive (mango residue)
were mixed to the elephant grass and cassava
peels, according to the proposed treatments,
and immediately ensiling. Samples of elephant
grass, cassava peels, and mango residue were
collected and stored as original material for
further chemical composition analysis (Table
1).

The experimental unit consisted of an
experimental bag of polyvinyl chloride "PVC",
50 cm high and 10 cm in diameter. The bins of
the bags were equipped with "Bunsen" valves
to allow the quantification of gases from the
fermentation. At the bottom of each bag was
placed 1.0 kg of sand, separated from the
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Table 1 - Chemical composition of the elephant grass, cassava peels and mango residue before ensilage.

Ingredient DM (%) CP? (%) EE® (%) NDF* (%) ADF° (%) MME (%)
Elephant grass 18.2 8.70 70.9 41.9 10.5
Cassava peels 88.3 4.50 26.1 17.7 4.90
Mango residue 19.9 5.98 31.8 19.9 240

'DM: Dry matter; *CP: Crude protein; *EE: Ether extract; ‘NDF: Neutral detergent fiber; >ADF: Acid detergent fiber; “MM:

Mineral matter.

forage by a cotton cloth, to capture the effluent
from the forage silage. The compaction of
the material was performed manually using
wooden sockets and subsequently sealed with
plastic film and PVC bags, for 60 days. Four
replicates were adopted for each treatment and
arranged following the completely randomized
design, totalizing 16 experimental units.

The density of the silages was calculated
by the ratio of the ensiled forage mass to
the volume of the bag. The empty set (bag,
lid, plastic film, sand, and cotton cloth) was
weighed to quantify effluent production, gas
loss, total DM loss, and DM recovery, using the
equations cited by Zanine et al. (2010).

The silages were analyzed for the
determination of DM (Method INCT-CA
G-003/1), organic matter (OM), mineral
matter (MM; Method INCT-CA N-001/1),
total nitrogen (N; Method INCT-CA N-001/1),
ether extract (EE; Method INCT-CA G-004/1);
neutral detergent fiber (NDF; Method INCT-
CA F-002/1), and acid detergent fiber (ADEF;
Method INCT-CA F-004/1), according to
methodologies described by Detmann et al.
(2012). Non-fibrous carbohydrates (NFC) were
estimated by equation recommended by Hall
et al. (1999): %NFC = 100 - (%CP + %EE +
%NDFap + %MM), where NDFap, corresponds
to neutral detergent fiber corrected for ash and
protein, and CP corresponds to crude protein
(%CP = %N x 6.25).

The sensory evaluation of the silages
was carried out according to the methodology
described by Meyer et al. (1989). Thirty
evaluators, men, and women were randomly
selected, who were trained on the completion
of the scores in the evaluation form. At the
opening of the bags, the sensory evaluation
of the silages was carried out according to the
criteria: (i) smell; (ii) coloration; (iii) texture;
and (iv) contamination (sanitary aspect,
evaluated only by smell). The quantification
and identification of microorganisms or

microbiological analysis was not the object of
the present study. The silages received scores
for each of the mentioned aspects and, from the
sum of these, were classified as: good to very
good, satisfactory, regular and unsatisfactory.

The data were analyzed using the analysis
of variance and regression using the System of
Statistical Analysis of the software SAEG 9.1
(UFV, 2007), adopting a level of significance of
5% for type I error. The comparisons between
the inclusion levels of mango residue in the
silages were driven by the decomposition of the
sum of the squares into orthogonal contrasts
with linear and quadratic effects (P<0.05),
with subsequent adjustment of the regression
equations.

RESULTS AND DISCUSSION

There was a quadratic behavior (P<0.05)
for the density of the silages, with a maximum
point of 559.2 kg of natural matter (NM) per
m® with the inclusion of 24.1% of mango
residue (Table 2). This result is related to the
reduction of the DM content of the silage up
to the 23.5% inclusion level of mango residue.
According to Sun et al. (2017), the extent of
aerobic deterioration depends on the growth
rate of aerobic microorganisms and on the bulk
density of the silage, with low density of 520-
550 kg/m?® and high density of 860-950 kg/m?®.

When silages with low density are
produced, the probability of containing more
residual air in the ensiled mass is increased,
as well as lower anaerobic stability of the
silage, leading to an increase in silage DM
losses (MCDONALD et al., 1991). According to
Balieiro Neto et al. (2009) in the silage process,
the effluent loss is directly related to the
moisture content of the ensiled mass, which
justifies the higher effluent production in the
silages with 20% and 30% of mango residue
(Table 2).

There was a maximum loss (P<0.05)
of the effluent of 48.5 kg/ton NM with the
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Table 2 - Density, fermentation losses and dry matter recovery of mixed silages of elephant grass and cassava peels with

mango residue.

Mango residue (%of NM") P-value®
Item SEM?
0 10 20 30 L Q
Density (kg NM/m?) 515.5 505.3 654.0 601.3 9.640 0.013 0.004
Effluent loss (kg/ton NM) 3.72 6.89 54.7 415 1.856 0.001 0.001
Gas loss (% DM?) 0.024 0.032 0.029 0.028 0.002 NS° NS°
Total DM loss (%) 6.56 13.8 25.7 17.9 1.799 0.000 0.000
DM Recovery (%) 93.5 86.2 76.1 824 3.863 0.000 0.000

'NM: natural matter; 2SEM: Standard error of mean; °L: Linear effect; Q: Quadratic effect; *‘DM: Dry matter; °NS: Non-

significant (P>0.05).

Density: y =497.49 + 5.1188x - 0.1062x% Effluent loss: y = 5.342 + 1.5872x - 0.0376x?% Total DM loss: y = -33.551 + 6.7439x

- 0.1385x% DM Recovery: y = 94.46 - 1.454x + 0.034x*

inclusion of 24.3% of mango residue in the
elephant grass silage and cassava peel, which
was related to the higher density of the ensiled
mass (Table 2). This result was higher than
that recorded by Mota et al. (2015) of 9.79 kg/
ton NM in elephant grass silage with 20% of
babassu meal; and by Melo et al. (2016) of 12.3
kg/ton NM in tanzania grass silage with corn
meal, molasses, urea and limestone. These
results can be related to the lower DM content
of the silages of the present study. Andrade et
al. (2010) found that the inclusion of 14.2% of
the cocoa meal was sufficient to inhibit effluent
loss, different from the present study in that the
addition of only 10% of mango residue allowed
lower effluent losses (6,89 kg/ton NM). Negrao
et al. (2016) verify decrease of effluent and gas
losses using rice meal in the silage of Brachiaria
decumbens. According to these authors, the
different results are related to the hygroscopic
capacity of the different additives, associated
with DM content. One of the factors that
contributed to the reduction of effluent losses
in elephant grass silages in this study was the
presence of dehydrated cassava peels (88.3% of
DM), which functioned as moisture absorbing
additive, otherwise, the effluent losses would
be higher.

Santos et al. (2019) verified that the
determination of the gas and total DM losses
in silages, using the laboratory silos of PVC
provided with a cover with a valve for the
elimination of gases, was efficient to the
evaluation of the quality of the fermentation
of the forage silage. In the present study,
there was no effect (P>0.05) of inclusion
levels of mango residue on gas losses, with
a mean value of 0.03% of DM (Table 2). The

reduction of gas losses is associated with the
action of homofermentative bacteria and
inhibition of gas-producing microorganisms,
such as enterobacteria and clostridial bacteria,
which develop in poorly fermented silages
(PACHECO et al., 2014). Zanine et al. (2010)
verify that the inclusion of cassava scrapings
in the elephant grass silages improve
fermentation profile due to the reduction of
gas and effluent losses. Thus, the ensiling of
elephant grass with low DM content (21.1%)
together with dehydrated cassava peels (88.3%
DM) was effective in absorbing the moisture
of the ensiled material. In addition, the
inclusion of mango residue provided a higher
content of soluble carbohydrates in the silage,
contributing to the establishment of bacteria
suitable to a good fermentation process.
Quadpratic behavior was observed in the
DM loss and DM recovery, with a maximum
DM loss of 22.1% and, consequent, minimum
DM recovery of 78.9%, with the inclusion
of 21.1% and 21.4% of mango residue,
respectively. This result was lower than that
recorded by Andrade et al. (2010) of 99.8% DM
recovery with the inclusion of 20% of the cocoa
meal. According to Pacheco et al. (2014), the
DM recovery rate is negatively correlated with
effluent and gas losses in the silages, which
explains the reduction of DM recovery with
the inclusion of up to 21.4% of the additive.
Quadratic  behavior (P<0.05) was
observed for DM, NFC and MM contents, with
minimum contents of 29.2%, 37.6% and 8.85%
with the inclusion of 23.5%, 8.90% and 14.6%
of mango residue, respectively (Table 3). These
lower values could be explained by the low
content of DM (19.9%) and MM (2.40%) of the
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Table 3 - Chemical composition of mixed silages of elephant grass and cassava peels with mango residue.

Mango residue (%NM") P-value®
Item SEM?
0 10 20 30 L Q
DM* (%) 34.5 34.4 27.2 29.5 0.049 0.000 0.000
OM? (%) 89.2 89.7 91.6 90.9 0.252 0.000 0.000
CP® (%) 8.56 8.57 10.6 8.98 0.216 0.000 0.000
EE” (%) 1.50 1.95 1.84 1.57 0.050 0.000 0.008
NFC8 (%) 494 39.2 35.7 47.8 1.486 0.000 0.000
NDF° (%) 29.7 40.0 43.5 32.6 1.434 0.000 0.000
ADF" (%) 17.0 232 27.1 20.0 0.969 0.000 0.000
MM (%) 10.8 10.3 8.36 9.11 0.253 0.000 0.000

NM: natural matter; 2SEM: Standard error of mean; °L: Linear effect; Q: Quadratic effect; *DM: Dry matter; *OM: Organic
matter; °CP: Crude protein; “EE: Ether extract; *NFC: Non-fibrous carbohydrates; °"NDF: Neutral detergent fiber; ’ADF:

Acid detergent fiber; "MM: Mineral matter.

DM: y =35.33 - 0.402x + 0.006x% OM: y = 88.221 + 0.402x - 0.0138x% CP: y =7.6002 + 0.3822x - 0.0179x% EE: y =1.2904
+0.1379x - 0.008x% NFC: y = 57.595 - 4.4869x + 0.252x% NDEF: y = 21.735 + 4.3687x - 0.2399x% ADF: y = 11.64 + 2.8341x -

0.1485x% MM: y = 11.779 - 0.402x + 0.0138x*

additive used, while the reduction of the NFC
content accompanied the decrease in DM.

The minimum DM content obtained
in this study was close to that registered by
Andrade et al. (2010) of 29.7% DM, when
evaluating elephant grass ensiling with 20%
cocoa meal; and by Azevedo et al. (2017), of
29.8% DM, using 16.1% mango residue in the
elephant grass silage. However, it was superior
to the elephant grass silages evaluated by Régo
et al. (2010) 27.9% DM, with the addition of
16% by-product of the mango processing; by
Ferreira et al. (2015) that obtained 27% DM
with addition of 14% dehydrated cashew
residue and by Ferrari Junior et al. (2009) which
added 10% citrus pulp and reached 24.9% DM.
Despite the reduction in NFC content with
the addition of mango residue, the minimum
value recorded in this study was higher than
that found by Azevedo et al. (2017) of 22.8%;
by Régo et al. (2010) of 12.1% and by Guerra
et al. (2016) of 21.7% when adding dehydrated
cashew pulp.

In relation to the DM contents with the
addition of mango residue in elephant grass
and cassava peels silages, the results obtained
in this study were considered adequate for
good fermentation. In addition, the inclusion
of 10% mango residue, obtaining silages with
34.4% DM satisfies the ideal DM value (30-
35%), corroborating with the results showed
by Ferreira et al. (2017), using buriti fruit
peel in the elephant grass silage. According

to Kung Junior et al. (2018), many problems
in the quality of the silage, such as clostridial
fermentations, are increased when the moisture
content is above 70%.

Quadratic behavior was observed for the
OM, CP, EE, NDF and ADF with maximum
points of 91.1%, 9.64%, 1.88%, 41.6% and 25.2%
with inclusion of 14.6%, 10.7%, 8.62%, 9.11%,
and 9.54% (Table 3). The maximum (P<0.05) CP
content obtained in this study was higher than
that recorded by Azevedo et al. (2017) of 6.60%
with the inclusion of 16.1% mango residue in
elephant grass silage; by Régo et al. (2010) of
6.21%, with 16.0% by-product of the mango
processing and by Ferreira et al. (2015) and
Guerra et al. (2016) 9.10% and 6.45% with the
addition of 14% and 20% dehydrated cashew
residue, respectively. The reduction in CP
levels in elephant grass and cassava peel silages
with the addition of mango residue above 11%
could be related to the lower protein content of
the additive. Zanine et al. (2010) found a similar
result, with a reduction in the CP concentration
with the addition of cassava scrapings (3.40%
CP) in the elephant grass silage. According to
Aragdo et al. (2012) in the mango peel, there is
about 3.90% of CP and 3.40% in the pulp, while
in the fresh elephant grass there is around 9%
at the 90 days of growth (VALADARES FILHO
etal., 2018). Therefore, in the present study, the
addition of 10.7% of mango residue in elephant
grass and cassava peels silage allowed the
minimum content of CP (7%), recommended
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by Van Soest (1994), who is necessary by the
ruminal bacteria.

For the fibrous components, it was
verified that the values recorded in the silages
of this study were lower (P<0.05) to those
obtained by Régo et al. (2010) of 65.8 % NDF and
43.1% ADF, with 16% by-product of the mango
processing and Ferreira et al. (2015) of 71.9%
NDF and 49.3% ADF and Guerra et al. (2016)
of 68% NDF and 46.1% ADF with 14% and
20% dehydrated cashew residue, respectively.
According to Fustini et al. (2017) the DM intake,
feeding behavior, and animal performance can
be influenced by fiber digestibility and NDF
percentage of the forage. The National Research
Council (NRC, 2001) recommends a minimum
of 25% NDF in DM from the ruminant animal
diet, at least 75% of that NDF from long or
coarsely chopped forage to allow rumination
stimulation and prevent metabolic disorders,
thus, the silage evaluated in the present study
could satisfactorily participate in the total
mixed diet of ruminants.

In the sensory evaluation regarding the
nutritional value characteristics, the "good to
very good" classification was recorded for the
silages with 10% and 20% of mango residue
inclusion (Table 4). In these silages, most of
the evaluators considered the pleasant smell
(acid). Typically greenish coloration and DM
content during proper handling. These results
demonstrated that the addition of mango

residue in elephant grass and cassava peel
silages provides an adequate fermentation due
to the addition of NFC, providing the supply
of soluble sugars for acid lactic bacteria. The
findings of this study corroborated Guerra et al.
(2016) that working with elephant grass silage
with dehydrated cashew bagasse obtained
similar results, indicating an improvement in
the fermentation of the silage.

Regarding the characteristics associated
with the sanitary aspect, the majority of
the evaluators classified the silages as
"good to very good", that is, with absence
of unpleasant smell, presence of mold or
inadequate consistency (Table 5), indicating
that the adequate DM content in the silage,
the presence of soluble carbohydrates for
the homofermentative bacteria and absence
of oxygen by the adequate compaction and
silage sealing, protected the forage against the
development of microorganisms pathogenic
and undesirable to the fermentative process
(BORREANI et al., 2018).

The results found in the sensory analysis
performed by Jian et al. (2015) evaluating
oat (Avena nuda) and alfalfa (Medicago sativa)
and by Teixeira and Fontaneli (2017) when
assessing winter grain silage showed that there
is a positive correlation between the qualitative
attributes (smell, color and texture) with the
quantitative attributes, providing important
information about the state of conservation of

Table 4 - Sensory evaluation about characteristics associated with the nutritive value of mixed silages of elephant grass

and cassava peels with mango residue.

Mango residue (%NM") Total Score Classification Parameter
0 22 Good to very good 21a25
10 23 Good to very good 21a25
20 22 Good to very good 21a25
30 20 Satisfactory 15a20

INM: natural matter.

Table 5 - Sensory evaluation about characteristics associated with a sanitary aspect of mixed silages of elephant grass

and cassava peels with mango residue.

Mango residue (%NM") Total Score Classification Parameter
0 -3 Good to very good 0a-5
10 -3 Good to very good 0a-5
20 -3 Good to very good 0a-5
30 -3 Good to very good 0a-5

INM: natural matter.
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the silage material, being able to reflect directly
on the acceptability of this food by the animal.

CONCLUSIONS

The inclusion of 10.7% of natural mango
residue in elephant grass and cassava peel
silages is enough to improve crude protein
content, associated with lower losses in the
fermentation process and adequate sensory
attributes.
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