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ABSTRACT: This study identified ways of using Manihot silage to feed finishing goats and sheep. A review protocol was developed in which
the search terms were previously tested based on the PVO strategy, to determine the guiding question, the population (P): finishing sheep
and goats; variables (V) of interest: the use of Manihot silage; and the outcomes (O): the performance of animals fed Manihot spp. silage.
The following guiding question was formulated: What are the impacts of using Manihot silage in the diet of finishing sheep and goats? The
databases used were SCOPUS (Elsevier), Web of Science and Science direct, and the search was carried out until September 6, 2023. A total of
1,856 research articles were identified; however, only 13 were considered eligible for answering the guiding question for data extraction. The
most used species were pornunga (Manihot sp.) in 46.15% of the articles, manicoba (Manihot pseudoglaziovii) in 30.8%, and cassava (Manihot
esculenta) in 23.06%. A total of 296 sheep and 51 goats were used in the studies. The use of silage from the plants of the genus Manihot showed
to be a viable feeding alternative for finishing goats and sheep, with a high adaptive capacity in tropical regions.

Key words: alternative feed, lambs, goats, cassava (Manihot esculenta), manigoba (Manihot pseudoglaziovii), pornunga (Manihot sp.).

Aspectos relacionados a utilizacio da silagem de manihot na terminacio de pequenos ruminantes
baseado na abordagem integrativa

RESUMO: Esse estudo identificou as formas de uso da silagem de Manihot para a alimentagdo de caprinos e ovinos em terminagdo. Foi
desenvolvido um protocolo de revisdo em que os termos de busca foram previamente testados, baseados na estratégia PVO para determinar
a questdo norteadora, sendo a populagdo (P): ovinos e caprinos em terminagao; variaveis (V) de interesse: o uso da silagem de Manihot; e os
resultados (O): o desempenho de animais alimentados com silagem de Manihot spp.). Formulou-se a seguinte questdo norteadora: Quais os
impactos do uso da silagem de Manihot na dieta de ovinos e caprinos em terminagdo? As bases de dados utilizadas foram SCOPUS (Elsevier), Web
of Science e Science direct, sendo a busca realizada até o dia 06 de setembro de 2023. Foram identificados 1.856 artigos de pesquisas, no entanto,
apenas 13 foram considerados elegiveis e incluido que respondiam a questao norteadora para extragdo de dados. As espécies mais utilizadas foram
a pornunga (Manihot sp.) com 46,15%, manigoba (Manihot pseudoglaziovii) com 30,8% e a mandioca (Manihot esculenta) com 23,06% dos
artigos. Um total de 296 ovinos e 51 caprinos foram utilizados nos estudos. A utilizagdo das silagens de forrageiras do género Manihot mostra-se
como alternativa alimentar viavel para caprinos e ovinos em terminagio, possuindo alta capacidade adaptativa em regides tropicais.

Palavras-chave: alimento alternativo, cordeiros, caprinos, mandioca (Manihot esculenta), manigoba (Manihot pseudoglaziovii), pornunga

(Manihot sp.).

INTRODUCTION The use of forage plants that are native and/
or adapted to these regions, particularly those that can

The availability of forage resources for withstand periods of drought and are highly efficient

ruminant animals in tropical regions is a constant in water use (COSTA et al., 2022), is an alternative for
challenge within production systems, particularly forage supply. Therefore, it is important to identify
because of the long periods of drought, irregular and develop technologies linked to the use of these
rainfall and nutrient-poor soils, resulting in scarce forage species, ensuring the availability of roughage
forage production and low nutritional value with adequate nutritional value for the animals
(ARAUIJO et al., 2009), with a direct impact on (LIMA et al., 2023). Some of these species have
animal performance (HUANG et al., 2017). stood out due to their high productive, adaptability
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to environmental conditions, resistance to pests and
diseases, and nutritional characteristics that meet
the dietary requirements of livestock (SOUZA et
al., 2022). Among these forage species are plants
of the Manihot genus, including cassava (Manihot
esculenta) and manicoba (Manihot pseudoglaziovii),
which are perennial, shrubby species belonging to
the Euphorbiaceae family, (BELTRAO et al., 2006;
FOLONI et al.,, 2010). Also notable is pornunca
(Manihot sp.), considered a natural hybrid between
cassava (Manihot esculenta) and manigoba (Manihot
esculenta x Manihot pseudoglaziovii). Forage plants
of the Manihot genus are distinguished for their high
biomass yield and protein-rich leaves, as well as their
strong regrowth capacity after cutting. In addition,
their roots store significant amounts of starch,
conferring notable resistance to periods of water
scarcity (ANDRADE et al., 2014; LIMA et al., 2022).

The use of silage made from Manihot
species has been highlighted as a good nutritional
alternative for goats and sheep, particularly in regions
affected by adverse edaphoclimatic conditions
(SENA et al., 2014). This practice has demonstrated
significant improvements in ruminant performance
and in the overall efficiency of production systems
(FERREIRA et al., 2009). It is important to note
that; although, plants of the Manihot genus contain
cyanogenic glycosides that can be toxic by releasing
hydrocyanic acid (HCN), the conservation process
considerably reduces the concentrations of this acid,
making it a safe option for animal feeding (MATOS
et al., 2005; BELTRAO et al., 2015).

Thus, replacing high-cost feed ingredients
with alternative roughage sources helps producers
during periods of low feed availability. This highlighted
the need for research that assesses the ideal quantity
and productive potential of Manihot silage for small
ruminants (AMORIM et al., 2023). Different parts of
cassava (Manihot esculenta) can be used as animal
feed, such as the leaves, peels and bran. These residues,
which would often be discarded, can be transformed
into nutritious feed (PEREIRA et al., 2018). Cassava
(Manihot esculenta) leaves, for example, are rich
in protein and can be dehydrated and included in
the feed, serving as a protein supplement. Cassava
(Manihot esculenta) peels and bran, which are rich
in carbohydrates, can be used as a source of energy.
Therefore, when properly processed, these by-products
can be mixed with other ingredients in the formulation
of balanced rations (SANTOS et al., 2001).

To this end, the integrative review
represents an efficient tool for researchers, as it allows
the collection and critical analysis of published studies

within a particular field, generating more knowledge
and enhancing scientific understanding on the topic
(SOUZA, 2010). By grounding the discussion in
scientific evidence, this method contributes to a
better understanding of the subject (WHITTEMORE
& KNAFL, 2005). Therefore, this study identified
and synthesized studies on the use of Manihot silage
in diets of finishing goats and sheep through an
integrative review approach.

METHODS

This is an integrative review study used to
generate a consistent overview of the use of Manihot
silage in the finishing of sheep and goats. This is
currently the broadest review research method for
determining knowledge on a specific topic (SOUZA,
2010). It also aimed to identify, analyze and synthesize
the results of independent studies on the same topic.

Development of the protocol and guiding question

To formulate the guiding question of this
review, the PVO mnemonic strategy was adopted. In
this method, the population (P) consisted of finishing
sheep and goats, the variable (V) of interest was the
use of Manihot silage, and the outcome (O) referred to
the performance of animals fed with this silage. Based
on these elements, the following guiding question was
developed: “What are the impacts of using Manihot
silage in the diet of finishing sheep and goats?”.

Database search

The articles were selected by two
trained researchers using three databases: Scopus,
ScienceDirect (Elsevier), and Web of Science
(Clarivate Analytics). Studies published up to
September 6, 2023, that addressed the guiding
question were included. Access to the databases was
provided via the CAPES Periodicals Portal through
the proxy of the Universidade Federal do Piaui
(UFPI, Brazil). Table 1 shows the terms used in the
search and their respective synonyms.

Screening and data extraction

In the first stage, the databases were
screened, and two independent reviewers assessed
the search results by examining the titles and
abstracts, selecting only scientific articles. In the
subsequent stage, the full texts of the selected articles
were analyzed in detail and evaluated according to
the eligibility criteria defined in the review protocol.
Microsoft Excel® was used to support and orgaize the
screening process throughout all phases.
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Table 1 - Terms used in single-cross search and high sensitivity studies.

Keyword

“Finishing sheep” OR “ finished” OR “Ewe” OR “Lamb” OR “Lambs” OR “Sheep” OR “Ovine” OR “goats” OR “goats
termination” OR “Finishing ewe” OR “Ewes finishing” OR “Lamb Finishing” OR “Finishing lamb” OR “Lambs
finishing” OR “Finishing lambs” OR “Finishing goats” OR “Ovine finishing” OR “Finishing ovine” OR “Ewe
Population (P) termination” OR “Termination ewes” OR “ Ewes termination” OR “Lamb termination” OR “Termination lamb” OR
“Lambs termination” OR “Termination lambs” OR “Sheep termination” OR “Termination Sheep” OR “Ovine
termination” OR “Termination ovine” OR “Ewe fattening” OR “Fattening ewe” OR “Fattening ewes” OR “goats
fattening” OR “Fattening lamb” OR “Lambs fattening” OR “Fattening lambs” OR “goats fattening” OR “Ovine goats”.

““Pornunga” OR “Food alternative” OR “Manihot sp” OR “Semiarid” OR “Cassava” OR “native forage” OR “Silage”
OR “Conservation” OR “Pornona” OR “Manihot pseudo glaziovii” OR “Manihot glaziovii” OR “Euphorbia” OR

Variables (V)

“Cassava” OR “Fodder” OR “Animal feed” OR “Manihot esculenta Crantz” OR “Production” OR “Porntncia” OR

“Native forage” OR “Productivity” OR “Manihot glaziovii Muell” OR “Manihot silage” OR “Foragers plants” OR “Use
of cassava” OR “Silage pornunga” OR “Maniva” OR “Manihot glaziovii Hoffmann” OR “Food conservation”.

“Productive performance” OR “Weight gain” OR “Ingestive behavior” OR “Daily weight gain” OR “Mean daily gain”

Outcomes (O)

OR “Average daily gain” OR “Average daily weight gain” OR “Mean daily weight gain” OR “Weight gain” OR
“Lifetime performance” OR “Gain” OR “Mean daily weight gain” OR “Weight gain” OR “Lifetime performance” OR

“Liveweight gain” OR “Dry matter intake” OR “Lamb performance” OR “goat performance”.

A data extraction form specifically
designed for this study was used to systematically
collect relevant information from each article.
The form included details related to publication
identification (article title, indexed databases, authors,
country, language, and year of publication), the name
of the scientific journal, and methodological aspects
(description of the experimental design, including
criteria for the composition of treatment groups and
comparisons/controls, experimental period, variables
analyzed, and results). Additionally, data were
extracted on animal performance outcomes, study
limitations, and conclusions.

Critical analysis of the studies included

The selected studies were initially classified
based on the level of evidence generated, following
the Joanna Briggs Institute (JBI) classification system,
with only studies categorized as Level 1 evidence
being included. To assess the methodological quality
of the included studies, the CASP instruments,
appropriate to each study’s methodological design
were used (available at: <https://casp-uk.net/casp-
tools-checklists/>). Only studies that fulfilled the
essential criteria of compliance with the research
methods described in each study were considered
eligible for inclusion.

RESULTS

The search returned a total of 1,986 studies,
of which 1,857 were scientific articles. Of this total,
23 were identified as potential data sources of interest.
Thirteen publications were considered eligible and

included for answering the guiding question for data
extraction (Figure 1).

Of all the articles, 46.2% of the authors
studied pornunca (Manihot sp.), 30.8% manicoba
(Manihot  pseudoglaziovii), and 23.1% cassava
(Manihot esculenta). The experimental period of the
articles studying pornunca (Manihot sp.) ranged from
21 to 69 days, with an average of 51 days (Table 2). In
experiments with manigoba (Manihot pseudoglaziovii),
evaluations ranged from 15 to 63 days, with an average
of 42 days. While in the cassava (Manihot esculenta)
studies the experimental period ranged from 56 to 90
days, with an average of 76 days.

Of the total number of animals used in the
selected studies, 296 were sheep and 51 were goats,
totaling 347 experimental units, which monitored data
on the chemical composition of the species and the
performance of the animals fed on the diet containing
the different species. The chemical composition of the
Manihot species and the composition of the experimental
diets were analyzed (Table 3 and Table 4).

Among the selected studies, only one
specified the cutting age for the Manihot species,
indicating that pornunca (Manihot sp.) was harvested
six months after regrowth, at an established cutting
height of 1.5 meters. Regarding the chemical
composition of the Manihot species, all articles
showed results for dry matter, mineral matter, crude
protein and ether extract, while 69.2% of the articles
showed results for NDF and ADF, 30.7% for cellulose
and hemicellulose, 69.2% for lignin and 53.8% for
total carbohydrates (Table 3).

In terms of animal performance, 92.3% of
the articles reported initial weight and 84.1% reported

Ciéncia Rural, v.56, n.1, 2026.



4 Viana et al.
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Figure 1 - Flowchart of the selection process for the final sample of the integrative review
(Adapted from MOHER et al., 2010).

final weight. Additionally, average gain results were
described in 61.5% of the papers, while carcass yield,
feed conversion, dry matter digestibility and hot and
cold carcass weights were reported in 15.9%, 30.76%,
61.5% and 38.4% of the studies, respectively (Table 5).

DISCUSSION

Studies characterization

The articles selected for inclusion in this
integrative review were published in journals indexed
in major scientific databases, ensuring the research’s
reliability. Therefore, this review shows safety due
to the solid methodology adopted, with thorough
screening by the reviewers for the inclusion or
exclusion of articles that could compromise or distort
the analysis.

Most of the studies that were excluded at
the eligibility stage (full reading by the reviewers)
were articles that contained information regarding the
effect of using hay on the performance of goats and
sheep or animal species that were not of interest to the
research. In addition, studies with finishing females
were discarded, and several studies were excluded

because they used species of Manihot in the fresh
form, such as cassava (Manihot esculenta) peel, in the
diet of finishing lambs or goats, as this was not the
focus of the review (MENEZES et al., 2004).

To summarize, the articles were included
according to the criterion that the studies had
information on the silage of Manihot species in diets
of finishing lambs or goats (SILVA et al., 2023), in
which data on the chemical composition of the feed
and the performance of the animals subjected to
treatments with Manihot silage were extracted.

The first published studies on the use of this
species occurred in 2009, with the inclusion of manigoba
(Manihot pseudoglaziovii) silage associated with
different energy sources, focusing on goat performance.
In the same year, another article focused on the intake
and digestibility of manigoba (Manihot pseudoglaziovii)
was published (MEDINA et al., 2009a). In 2011, another
study evaluated the processing of cassava (Manihot
esculenta) in sheep feeding, ensiling cassava (Manihot
esculenta) for 30 days and obtaining performance results
in Santa Inés lambs (FARIAS et al., 2011).

The publication timeline of the selected
studies varied significantly, with 65.5% published

Ciéncia Rural, v.56, n.1, 2026.
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Aspects of using Manihot silage in the finishing of small ruminants: An integrative approach. 5
Table 2 - Methodological characteristics of studies on the use of Manihot silage for finishing goats and sheep.
Author/year Species Region Duration Cultivar =~ == Treatments----------------------- E\;c‘lfeer;ce
The treatments were 54% manigoba silage (Manihot
Manicoba pseudoglaziovii) and 46% energy concentrates:
MEDINA et Goats Petrolina, 63 davs M. n?hot ground corn (Zea mays) (T1); cassava chips (Manihot 1
al. (2009a) (PE) y . do" l;z oviiy ¢Sculenta Crantz) enriched with 1.8% urea (T2), and
PSCUGOSIAZIOVNT) .o ctus pear meal (Opuntia ficus indica) enriched with
1.1% urea (T3).
The treatments were 54% manigoba silage (Manihot
Manicoba pseudoglaziovii) and 46% energy concentrates:
MEDINA et Goats Petrolina, 19 davs ( Manfhot ground corn (Zea mays) (T1); cassava chips (Manihot 1
al. (2009b) (PE) y seudoglaziovii) esculenta Crantz) enriched with 1.8% urea (T2); and
p & cactus pear meal (Opuntia ficus indica) enriched with
1.1% urea (T3).
The treatments evaluated were the ways in which
Serra de Cassava
~ . cassava peel was processed: dehydrated, crushed
FARIA et Sao (Manihot .
Lambs . 84 days through a 12 mm or 5 mm sieve; wet, crushed and 1
al. (2011) Vicente esculenta, LS . N
(MT) Cranzi) ensiled; and wet, crushed and hydrolyzed with 0.5%
lime (calcium oxide - CaO).
OLIVEIRA Cruz das (AC/[ZS:;’V; Cassava plant shoot ensiled in natura, without and
Lambs Almas 56 days with the addition of 10% cassava flour, jackfruit bran 1
et al. (2014) (BA) esculenta or oranee bagasse
Crantz) ge bag '
The experimental diets were made up of four silages
(treatments): salt grass (Atriplex numularia Lind),
CAMPOS et Lambs Petrolina 59 davs Pormunga  buffel grass (Cenchrus ciliaris), Gliricidia (Gliricidia 1
al. (2017) (PE) y (Manihot sp.). sepium), and pornunga (Manihot sp.) plus concentrate
based on corn, soybean meal, urea, mineral mixture,
calcite limestone and ammonium chloride.
The treatments consisted of diets containing four
CARVALH . species of forage plants preserved as silage: salt grass
Petrolina Pornunga X AR
O et al. Lambs (PE) 69 days (Manihot sp.) (Atriplex numularia Lindl), buffel grass (Cenchrus 1
(2017) P: ciliares L.), gliricidia (Gliricidia sepium) and
pornunga (Manihot sp.).
MACIEL et Serra Manicoba Three treatments: Tifton 85 hay (TH), Manigoba ha;
al. (2018) Lambs Talhada 71 days (Manihot (ME) and Manigoba Sy“a o (MS) ¢ Yo
’ (PE) pseudoglaziovii) ¢ g '
. Cassava s . . . .
OLIVEIRA Petrolina ) Gliricidia was ensiled with cassava leaves in proportions
Lambs 90 days (Manihot . 1
et al. (2018) (PE) of 0, 200, 400 and 600 g/kg of the mixture.
esculenta)
CAMPOS et Petrolina Pornunca lefer.ent cultivars added: salt grass .(/'4 tr'zplex .n.ur.mflarza
al. (20192) Lambs (PE) 59 days (Manihot sp.) Lind), buffel grass (Cenchrus ciliaris), gliricidia 1
’ ’ (Gliricidia sepium) and pornunga (Manihot sp.)
t CAMPOS et Petrolina e D1ff§rent cultivars plus salt grass )(Atrtglex qu(nylfma
O al. (2019b) Lambs (PE) 59 days ) Lind), buffel grass (Cenchrus ciliaris), gliricidia 1
§ ’ ’ (Gliricidia sepium) and pornunga (Manihot sp.)
Al
£ MATIAS et Petrolina Manigoba Cactus pear silage with manigoba inclusion levels
) Lambs 15 days . 1
N al. (2020) (PE) (Manihot sp.) (25, 50, 75 and 100%)
&N The treatments consisted of levels of substitution of
:‘e : AMORIM Lambs Petrolina 21 davs Pornunga Tifton-85 hay by pornunga silage (0, 33, 66 and 100 1
R et al. (2023) (PE) Y (Manihot sp.) % of the roughage portion of the diet, in % DM),
By named 0 %PS, 33 %PS, 66 %PS and 100 %.
\
8 Five treatments (diets based on: cactus pear silage
SILVA et al. Lambs Petrolina 50 days Pornunga ca(c(tjlf,sS),e:;r1 imslilif(:aifi;;zlillgfe:: %?;é;l;a%:étistz; + 1
(2023) (PE) Y (Manihot sp.) pear g & ’ p

pornunga silage (CPPS) and corn silage (CS; control)
with eight animals per treatment.

Ciéncia Rural, v.56, n.1, 2026.



6 Viana et al.

within the past six years. Research on Manihot silage
typically spans 60 days and are typically structured in
two phases: the first assessing performance, and the
second focusing on carcass characteristics.

All the research on Manihot species has
been conducted in Brazil, as it is a plant native to
South America. Due to its resilience to the soil and
climatic conditions of tropical regions (SEPTYA et
al., 2022), as well as its high efficiency in water use, it
is an interesting alternative feed resource for goat and
sheep production systems (CAMPOS et al., 2017).
Thus, conservation in the form of silage, to be offered
during periods of low forage availability has proven to
be an efficient way to maintain good production rates
(AMORIM et al., 2023). Therefore, further research
on forage plants of the Manihot genus will be needed

to establish them as an alternative feed for goats and
sheep, and to prove their potential for conservation in
the form of silage, promoting the dissemination of the
results, particularly internationally.

Chemical composition and digestibility

It is noteworthy that even when used as
a dietary roughage, cultivars of the genus Manihot
have shown protein content that can meet nutritional
requirements. Cassava (Manihot esculenta), for
example, has a high CP content both in the shoot and
roots, making it a viable alternative feed resource for
ruminant animals (FERREIRA et al., 2009; SILVA et
al., 2023). It should be noted that the composition of
experimental diets varies greatly depending on the
different ingredients used by the different authors, and

Table 3 - Chemical composition (g/kg dry matter) of species of the Manihot genus.

Cutting

height (m) bM

Author/year Variety
Manigoba
(Manihot - 266.6

pseudoglaziovii)

MEDINA et al. (2009b)

Manigoba
(Manihot - 266.6
pseudoglaziovii)

MEDINA et al. (2009b)

Cassava
(Manihot - 3393
esculenta)

FARIA et al. (2011)

Cassava
(Manihot - 940.0
esculenta)
Pornunca
(Manihot sp.)
Pornunga
(Manihot sp.)
Manigoba
(Manihot - 347.0
pseudoglaziovii)
Cassava
(Manihot - 349.0
esculenta)
Pornunca
(Manihot sp.)
Pornunga
(Manihot sp.)
Manigoba
(Manihot - 300.1
pseudoglaziovii)
Pornunca
AMORIM et al. (2023) (Manikot sp.) - 276.7
Pornunga
(Manihot sp.)

OLIVEIRA et al. (2014)

CAMPOS et al. (2017) 1.5 320.0

CARVALHO et al.

(2017) 3760

MACIEL et al. (2018)

OLIVEIRA et al. (2018)

CAMPOS et al. (2019a)

CAMPOS et al. (2019b)

MATIAS et al. (2020)

SILVA et al. (2023) 1.5 300.1

CP

204.2

204.2

394

14.0

167.0

161.0

125.0

155.0

145.0

150.0

145.0

EE NDF ADF MM TCHO CEL HEM LIG

32.7 6265 5309 87.7 6754 - - 108.0
32.7 6265 5309 87.7 6754 - - 108.0
9.0 - - 414 - - - -

7.0 - - 30.0 - - - 86.0
29.0 552.0 4260 71.0 - 279.0 126.0 199.0
340 269.0 263.0 71.0 734.0 - - 104.0
62.0 - - 86.0 726.0 - - -

56.0 458.0 - 88.0 - 75.0 262.0 121.0

47.5 5002 3129 89.7 - - - 103.3

523 536.7 2777 795 710.0 - - -

474 5002 3129 89.7 - - - 103.3

DM: dry matter; CP: crude protein; EE: ether extract; NDF: Neutral detergent fiber; ADF: Acid detergent fiber; MM: mineral matter;
TCHO: total carbohydrates; CEL: cellulose; HEM: hemicellulose; LIG: Lignin.
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Aspects of using Manihot silage in the finishing of small ruminants: An integrative approach. 7

Table 4 - Chemical composition (g/kg dry matter) of experimental diets with Manihot silage.

Author/year Variety DM CP EE NDF ADF MM TCHO CEL HEM LIG

MEDINA et al. (2009b) Manicoba (Manihot 541 3 1489 404 5294 3628 605 7496 - - 6Ll
pseudoglaziovii)

MEDINA et al. (2009b) Manicoba (Manihot 5,1 3 1489 404 5294 3628 605 7496 - - 6Ll

pseudoglaziovii)
Cassava (Manihot

FARIA et al. (2011) esculenta)

5984 2630 6.6 218.0 103.0 55.7 - - - -

Cassava (Manihot

OLIVEIRA et al. (2014) 567.0 159.0 46.0 364.0 - - - - - -

esculenta)
CAMPOS et al. (2017) Pornunga (Manihot sp.) 576.0 151.0 34.0 400.0 2330 71.0 7340 161.0 167.0 104.0
CARVALHO et al. (2017) Pornunga (Manihot sp.) 320.0 167.0 46.0 443.0 4260 71.0 716.0 - - 199.0

Manigoba (Manihot
pseudoglaziovii)
Cassava (Manihot

esculenta)

CAMPOS et al. (2019a) Pornunga (Manihot sp.) 576.0 161.0 34.0 400.0 233.0 71.0 7340 161.0 167.0 -

CAMPOS et al. (2019b) Pornunga (Manihot sp.) 576.0 161.0 34.0 400.0 233.0 71.0 7340 161.0 167.0 -

Manigoba (Manihot

MACIEL et al. (2018) 413.0 156.0 34.0 251.0 - 95.0 733.0 - - -

OLIVEIRA et al. (2018) 466.0 161.0 32.7 481.0 256.0 82.7 7237 193.0 225.0 -

MATIAS et al. (2020) o 241.0 1700 62.0 437.0 272.0 97.7 - - - 85.0
pseudoglaziovii)

AMORIM et al. (2023) Pornunga (Manihot sp.) 678.0 138.0 61.6 3194 180.0 74.7 6771.7 - - 113.8

SILVA et al. (2023) Pornunga (Manihot sp.) 300.0 160.0 39.0 398.0 320.0 146.0 654.0 - - 73.0

DM: dry matter; CP: crude protein; EE: ether extract; NDF: Neutral detergent fiber; ADF: Acid detergent fiber; MM: mineral matter;
TCHO: total carbohydrates; CEL: cellulose; HEM: hemicellulose; LIG: Lignin.

protein is a key factor as it can affect the nutritional to intake (ISMARTOYO, 2022) and feed digestibility
value of the diet. (VAN SOEST, 1994). Lignin is part of the cell wall
The analysis and characterization of total of plants and is not affected by digestive enzymes,
carbohydrates in these forages is important and interfering with fiber digestibility (MERTENS, 1994)
partly determines the quality of the ensiled material. and directly affecting animal performance.
The total carbohydrates in Manihot silage, including Fiber is important in the energy metabolism
non-fiber carbohydrates, contribute significantly to of ruminants, since regardless of the carbohydrate
its nutritional value, with high digestibility and total source, it is fermented by microorganisms and
digestible nutrient content, which when reduced, converted into short-chain fatty acids (SCFA), mainly
impact digestibility (DANTAS et al., 2008). In acetic, propionic and butyric acid, which can account
addition to affecting the nutritional quality of the for 60 to 80% of ruminant energy needs. However,
silage, determining the optimal harvest time for the high levels of fiber can reduce the efficiency with
ensiling process is crucial. The total carbohydrate which carbohydrates and other nutrients are used
values reported in the articles included in this (MERTENS, 1994; MERTENS, 1997). In addition,
research are consistent with the findings of VAN it was found a variation of 20.46% in the DM
SOEST (1994), indicating that carbohydrates account digestibility of the different experimental diets, which
for approximately 50 to 80% of the dry matter content is influenced by the quality of the Manihot species and
; in forage plants. its acceptability by the animals, directly reflecting their
Fiber  represents an  indispensable performance (VAN SOEST, 1994; BRANCO et al,,
N 3 component and one of the main items in the diet of 2010). The digestibility of Manihot silage for lambs
-“\‘ ‘ ruminants, which depending on its physical and has been reported as high in several studies. Research
.“\‘\ chemical characteristics can directly interfere with the on Pornunga (Manihot sp.) silage has shown that
e digestive physiology of the rumen (ZHIVOTOVSKY, increasing the levels of plant silage in the diet of lambs
2022). In the present review, 100% of the authors led to greater digestibility of DM, NDF and CP due
presented results on the NDF and 84.4% on the to its good nutritional quality (AMORIM et al., 2023).
ADF content of the experimental diets, which are, The limitation is that only one article

respectively, directly linked and inversely proportional presented the harvesting age of the species, and few
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studies presented the results of the cutting height of
the plant, with more information in the studies with
pornunca (Manihot sp.). Few articles contained
information on the digestibility of the dry matter,
therefore, it is necessary to standardize this information.
Future research should place greater emphasis on
evaluating the digestibility of Manihot silages to better
use them in the feeding of small ruminants.

Intake and performance

All articles presented intake data, which
is crucial given its potential impact on animal
nutrition and performance in the tropics. Research
on pornunca (Manihot sp.) and manigoba (Manihot
pseudoglaziovii) silages highlighted the benefits of
incorporating these two species in ruminant diets.
Increasing levels of Manihot silage in the diet led
to higher dry matter intake and nutrient digestibility
(CAMPOS etal.,2019; AMORIM et al., 2023; SILVA
et al, 2023). In addition, feeding Manihot silage
resulted in higher nutrient intake and digestibility
without affecting physiological responses or

hematological parameters (MATOS et al., 2005),
i.e., animal health, which is a primary evaluation
characteristic when aiming to include alternative feed
ingredients in ruminant diets.

The use of Manihot as a source of
preserved roughage in the form of silage has
promoted average daily gain (ADG) above 200 g
of BW/day (CARVALHO et al., 2017; CAMPOS
et al., 2019b; AMORIM et al., 2023). However,
there is a high variation (82 to 208.2 g of BW/day)
in the performance of goats and sheep respectively,
according to the Manihot species. As a result, the
difference in daily weight gain between goats
and sheep can be attributed to factors such as diet
composition, genetic differences and metabolic
requirements. Research indicated that goats and
sheep have different energy and protein requirements
for maintenance and weight gain, influenced by their
genotype and body composition (ALMEIDA et al.,
2020). Diets and supplementation play a crucial role
in increasing weight gain in both species, impacting
on productive performance. In addition, concentrating

Table 5 - Performance of small ruminants fed diets based on Manihot silage.

Dry matter Dry matter
Author/year intake Digestibility

(g/day) (o)

g&?glbl‘)“* ctal. g1 81 511 14.8 238
](\;[(})E()%E\)IA etal. 754.97 64.27 - 21.0
Fz,?)]ﬂ? etal. 449 5 i} - 19.0
8]611§:;EIRA et al. 1,466 - 7.2 =

8311\{[7?05 etal. 9877 ) - 17.6
waoy RO T
1(\;[(/)\](él)EL et al. 650.0 64.6 8.2 19.9
8;11\SEIRA et al. 1,147 65.7 - 18.7
88]1\/;;’)05 etal. 990.0 . - 17.6
(Cz,gll\/;gg)s et al. 987.7 _ - 18.6
1(\;[(/)\2](“)I)AS et al. 1.104 67.6 - 25.0
,(Azl(\)/lz(gl)iﬂ\/[ et al. 1267 71.5 - 222

Feed Initial
conversion weight (kg) weight (kg)

Average Cold

weicht eain Carcass  Hot carcass carcass
gnte yield (%) weight (kg)

Final

(g/day) weight (kg)
282 82.0 - 12.8 12.3
30.3 1385 - 125 12.1
34.0 217.0 . - B}
272 162.7 - 12.7 12.4
28.7 208.2 - = =
27.5 1353 - - .
32.6 185.0 59.5 15.8 14.8
27.0 159.1 - - .
27.7 208.2 58.24 12.7 12.4
26.5 200.0 = 8 B}
37.2 278.0 - - .
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supplementation can increase fattening capacity in
both sheep and goats, affecting their weight gain
patterns (KHAN et al., 2014).

Carcass and meat characteristics

The nutritional characteristics of Manihot
silage promoted greater hot and cold carcass weights
and yields compared to other alternative feeds
(MEDINA et al., 2009a). The higher digestibility
of the diet had a positive influence on carcass yield
(MEDINA et al., 2009b; OLIVEIRA et al., 2018).
Research with sheep indicated that replacing Tifton
85 hay with manicoba (Manihot pseudoglaziovii)
hay or silage did not affect average daily gain or
body weight at slaughter, demonstrating the potential
of manigoba (Manihot pseudoglaziovii) as a viable
alternative feed source for ruminants (GOMES et
al., 2021). These results suggest that incorporating
cassava (Manihot esculenta) silage into goat and
sheep diets can lead to favorable carcass gains and
efficient feed conversion, characterizing this forage
as a viable feed option for ruminants in arid and semi-
arid tropical regions (MACIEL et al., 2018).

The evaluation of goat diets containing
cassava (Manihot esculenta) silage and different
energy sources highlighted the importance of the
effect of silage composition on carcass weight and
yield (MEDINA et al., 2009a). It is worth noting that
most articles do not provide information on carcass
yield, feed conversion, hot and cold carcass weight
or ADG, which are very important indices to evaluate
performance, characterizing and indicating superior
carcasses and the viability of the production system
(MATIAS et al., 2020; AMORIM et al., 2023).

Implications and suggestions

The literature review identified only two
studies involving goats, highlighting the limited research
available on this species. Therefore, it is necessary
to intensify studies on the inclusion of Manihot in the
diet of animals, considering the high adaptive capacity
to arid and semiarid tropical regions, representing an
important option for animal production systems.

Another point to be highlighted is the lack
of information on the optimal age and height of the
plant for harvest and ensiling, which are directly
related to the efficiency of the fermentation process
and the final quality of the product. Therefore, it is
important to develop agronomic research to evaluate
different planting systems and determine the best time
to cut the plant in order to obtain better quality silage.
In addition, it is important to incorporate parameters
to evaluate the digestibility of silages obtained from

the different species, generating more accurate
information for ruminant production systems.

Finally, it is important to evaluate the
productive potential of the Manihot genus, in other
tropical climate conditions, seeking to validate
information for different environments, given the
greater concentration of studies carried out in the state
of Pernambuco, which makes it difficult to validate
the results found in the research.

CONCLUSION

The use of silage from forage plants of the
genus Manihot proved to be a viable feed alternative
for finishing goats and sheep. The Manihot species
present high adaptive capacity in tropical regions and
represent a viable forage option for silage production
and feeding small ruminants throughout the year.
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