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Abstract

The conventional silage uses crops such as corn, sorghum or other forages for this
specific objective. The nonconventional silages use by-products, co-products and other
materials  obtained during the harvest  or  during the processing in the industry of
sugarcane, juice extraction of citrus, pineapple, cassava, pumpkin and others. These
products are available in high amounts during a short period of time. These by-products
can be ensiled to maintain their nutritive value during longer period in the year and
then used as feed for animals. These by-products have adequate characteristics for
ensiling, i.e., moisture content and fermentable carbohydrates. Forages reduce their
crude protein (CP) concentration in a period of the year (dry season or in winter), which
may limit animal production. Most by-products used for silage have low CP concen-
tration; some additives may help increase the nutritive value of these silages. These by-
products (sugarcane, juice extraction of citrus, pineapple, cassava, pumpkin and others)
can be mixed and ensiled with other by-products as poultry excreta or forage rich in
protein to obtain silage with greater CP concentration. The research shows the feasibility
of obtaining good quality silages from sugarcane tops, by-products of citrus, cassava
and pumpkin; the particularities of each are discussed in detail in this chapter.

Keywords: potential use, nonconventional, by-products, silage, tropics

1. Introduction

The preparation of conventional silage considers crops for this specific purpose; these crops
include corn, sorghum or other forages. Nonconventional silages use by-products, co-products
and other materials different from conventional crops; they include by-products of sugarcane,
juice extraction of citrus, pineapple, cassava, pumpkin and others. These products are available
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in high amounts during a short period of time, the harvest season. Their preservation is required
so they can be maintained for longer periods of time and used then as feed for animals. Silage
represents an appropriate technique for this purpose. Also these materials may have adequate
characteristics for ensiling, i.e., adequate moisture content and high fermentable carbohydrates.
These byproducts may have low crude protein (CP) and mineral concentration and some
additives may help increase the nutritive value of these silages.

The improvement in nutritional quality of silages with nonconventional products may
contribute to better animal feeding and production in tropical and subtropical areas. In
addition, the use of alternative silages for animal feeding also may contribute by reducing
environmental pollution. If by-products are not used in a short time (during the harvest season)
they will be wasted in fields and in other cases they are burned. The objective of this chapter
is to review the potential use of nonconventional silages (sugarcane tops [SCT], citrus byprod-
ucts, pumpkin and cassava) for ruminant feeding in tropical and subtropical areas.

2. Ensiling process

Silage is the preservation of feeds by anaerobic fermentation, usually by epiphytic bacteria that
convert soluble carbohydrates mainly to lactic acid, and minor amounts of other volatile fatty
acids. This reduces pH, which inactivates or inhibits microbial growth and results in the
preservation of ensiled material. The ensiling process has four stages. In phase 1, aerobic
microorganisms are active during the aerobic phase and occur under aerobic conditions during
the few hours after ensiling. The ensiled material and facultative microorganisms (yeasts and
enterobacteria) continue respiration, reducing the oxygen present. The enzymes of the ensiled
material are active and pH is close to 6. In phase 2, anaerobic fermentation starts and continues
for several days depending on substrate availability and ensiling conditions. Lactic bacteria
become the main strain, and lactic acid reduces pH to 3.8–5.0. In phase 3, the process is stable,
because changes can occur even in anaerobic conditions; most microorganisms reduce their
numbers. During this phase, while the silage maintains anaerobic conditions, the process is
practically unchanged. Phase 4 starts with the opening of the silage, or air exposure. The
spoilage of silage in this phase is due to two processes: one is the degradation of acids that
preserve the silage and the second is the spoilage by some microorganisms [1].

To produce good quality silage the following principles of fermentation during the phases of
ensiling should be considered. For phase 1, adequate particle size of ensiled material with
efficient filling (adequate packing density) will reduce aerobic respiration that allows faster
growth of anaerobic microorganisms that produce lactic acid. Phases 2 and 3 can be enhanced
and/or stabilized using some additives to silage during its preparation. For fast time of pH
reduction and decrease dry matter (DM) losses, additives containing water soluble carbohy-
drates are used. To improve the fermentation process, some microbial inoculants, organic acids
and enzymes can also be used. It is pointed out [2] that additives in silage stimulate lactic acid
bacteria growth, responsible of silage stability, decreasing nutrient loss during fermentation
and resulting in silage of higher nutrient concentration. Additives that contribute to silage
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stability are acetic, propionic and caproic acids; also ammonia and some inoculants may
contribute to silage stability [2]. To reduce the spoilage of ensiled material in phase 4, it is
recommended that the silage be used as fast as possible once the silo is opened [1].

3. Nutritive value of silages

3.1. Nutritive value of sugarcane tops silage

In tropical areas, high amounts of vegetal biomass are produced due to the dynamic ecosystem,
which is favored by the climatic conditions, i.e., humidity and temperature that propitiate
accelerated growth of plants. An example of these plants is sugarcane (Saccharum officinarum);
it can be fed to animals as an entire plant [3]. During the harvest of sugarcane for sugar
extraction in the field an abundant biomass of sugarcane tops is wasted or burned; they
constitute about 15% dry matter of total plant [4] and have greater protein content than the
stalks [5], representing an alternative forage for ruminants in subtropical areas, where the
climatic conditions complicate forage preservation; for this, sugarcane tops silage represents
an alternative. The replacement of stalks by fresh tops of sugarcane in feedlot cattle diets has
increased dry matter intake and body weight gain, Table 1 [6]. The supplementation with urea
of slow ruminal degradation to fresh sugarcane tops improved weight gain in lambs, Table 2
[7]. Ruminal fermentation of fresh sugarcane tops is improved when supplemented with
nitrogen and nonstructural carbohydrates [8], also similar results are observed in Table 3 [9].

Top:stalk fresh basis

0:100 20:80 40:60 60:40 80:20 100:00

ADG, kg/d 0.605 0.614 0.699 0.760 0.788 0.839

DMI, kg/d 4.52 4.66 6.49 6.40 6.76 7.50

Feed/gain 7.47 7.59 9.28 8.35 8.57 8.94

ADG = average daily gain; DMI = dry matter intake; feed conversion = feed intake/weight gain.
Adapted with permission from Ferreiro and Preston [6].

Table 1. Summary of growth performance of feedlot cattle fed with different proportions of tops:stalks of sugarcane.

SCT    SCT plus slow degrading urea SCT plus slow degrading urea plus corn plant

ADG, g/d 70 135 218

DMI, g/d   474 797 917

SCT = sugarcane tops; ADG = average daily gain; DMI = dry matter intake.
Adapted with permission from Galina et al. [7].

Table 2. Summary of growth performance of feedlot lambs fed with sugarcane tops supplemented with slow
degrading urea and corn plant.
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Ruminal parameters

Washing loss

(A)

Degradability of water

insoluble fractions (B)

Potential

degradability (A + B)

Fractional

degradation rate (C)

Trial 1

0 g/kg TG 0.17 0.36b 0.54b 0.0490

300 g/kg TG 0.17 0.39a 0.57a 0.0496

Trial 2

0 g/kg PM 0.17 0.38b 0.56b 0.0437

300 g/kg PM 0.17 0.40a 0.58a 0.0472

Trial 3

0 g/kg Urea 0.17 0.38b 0.56b 0.0448b

24 g/kg Urea 0.17 0.42a 0.60a 0.0568a

Trial 4

0 g/kg HNESO 0.17 0.37b 0.55b 0.0441b

1500 g/kg HNES15 0.17 0.45a 0.63a 0.0578a

TG = Taiwan grass (Pennisetum purpureum); PM = poultry manure; HNES = high nitrogen and energy supplement; the
latter had (g/kg) ammonium sulfate 18, animal lard 40, cement kiln dust 16, corn 112, cottonseed meal 164, fish meal 42,
limestone 32, mineral salts 10, molasses 182, orthophosphate 30, poultry manure 116, rice polishing 160, NaCl 40 and
urea 38; within columns, different literals (a or b), denote statistical difference (P<0.05).
Adapted with permission from Ortiz-Rubio et al. [9].

Table 3. Parameters of ruminal kinetics of sugarcane tops supplemented with different feeds, data obtained from in
situ incubations in steers.

Ensiling sugarcane tops is a logical alternative; however, this process may have complications.
It is reported that ensiling reduced dry matter digestibility and feed intake in lambs [10],
probably because of excessive production of ethanol during the process [11].

Values of 4.7% and 10.1% crude protein, 87% and 78% neutral detergent fiber (NDF), respec-
tively, were reported for fresh and ensiled sugarcane tops [12]; however, this increase in protein
could be a dilution effect and not by the fermentative process of ensiling. Acceptable color and
odor, indicating no putrefaction was also reported; pH was from 4.0 to 4.04. In vitro gas
production was higher for fresh than ensiled sugarcane tops at 24 h; however, the organic
matter digestibility estimated from in vitro gas production was higher for ensiled sugarcane
tops [12].

It was found that sugarcane tops (SCT) had lower CP and minerals than broiler litter (BL).
These two feed ingredients can improve silage nutritional composition, fermentation charac-
teristics, degradation of DM by microorganisms in the rumen and destruction of mycotoxin-
producing fungi (MPF). Excessively high amount of BL can cause deleterious effects on the
quality of the resulting silage product. It would therefore be recommended that a 30–45%
inclusion rate is the most appropriate level of incorporation of BL in silages. Adequate levels
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of moisture are needed in silage [13]. From 30 to 45% BL enhanced lactic acid production and
pH was acceptable; however, 60% of BL in silage resulted in high buffer capacity with high
levels of ammonia production that caused silage pH increased.

In a study, sorghum stover was substituted with sugarcane top silage supplemented with urea
[0 (T1), 5 (T2) and 10% (T3) DM] in high concentrate diets for feedlot hair lambs. It was observed
a reduction of effective ruminal degradability with increased SCT contents in silage. Feedlot
hair lambs observed reduced feed intake augmenting sugarcane tops silage in their ration.
Nevertheless daily weight gain was not affected by diet. Feed efficiency (gain/feed intake) was
not influenced by treatment. It was concluded that ensiled sugarcane tops constitute alternative
forage in diets for growing-finishing feedlot lambs [14].

3.2. Nutritional value of citrus silage

Most citrus species are well adapted in tropical and subtropical areas. Citrus fruits are used as
dessert, although considerable amounts are used for industrial juice extraction. Citrus
production in the producing countries is increasing [15]. The augmented disposal costs in
many parts of the world have stimulated attention in utilizing citrus by-product feedstuffs
(BPFs) as alternate feeds for ruminants [16]. In ruminant feeding, the principal citrus by-
products are fresh pulp, silage, dried, meal, molasses and citrus peel liquor. Other minor BPFs
from citrus include cull or excess fruit. Citrus BPFs can be used as a high-energy feed in
ruminant rations to support growth and lactation, with fewer negative effects on rumen
fermentation than starch-rich feeds.

The world citrus production of the genus Citrus are sweet orange (C. sinensis: 67.8%), tangerine
(C. reticulata: 17.9%), lemon (C. limon: 6.3%) and grapefruit (C. paradisi: 5.0%).

The remaining 3.0% of the Citrus genera are sour orange (C. quarantium), shaddock (C.
grandis), citron (C. medica) and lime (C. aurantifolia). The largest world orange juice producing
countries are Brazil, the United States, Mexico, Spain, China and Italy. Other significant orange
producing countries include South Africa, Israel, Egypt, Iran, Cuba, Costa Rica, Belize, Japan
and Australia [17]. It would be convenient to develop methods to preserve the fruit surplus
during the production season in tropical countries that would enable this plant material to be
utilized as animal feeds for longer periods of time [18].

It was showed that ensiling citrus by-products are possible; however, the high water content
might affect the quality of the product [16]. This sense, citrus pulp silage produces high quality
fermentation when straw and poultry litter are added [19]. In other research [20], fresh orange
peel was ensiled without additive (control), or with enzyme inoculate (EI), formic acid (FA),
propionic acid (PA) and acetic acid (AA). Samples of fresh and ensiled orange peel were
analyzed for dry matter (DM), crude protein (CP), neutral detergent fiber (NDF), acid detergent
fiber (ADF), in vitro dry matter and cell wall disappearance, pH, buffering capacity and
ammonia N. In this study, it was concluded that the additives used did not improve nutritional
value of orange peel silage. Similarly, it was observed that orange peel silage showed a high
apparent digestibility, although additives did not alter nutritive value of silages [21]. In
different results, three silages of orange fruit wastes (OFWs) combined with (1) urea (0.5%);
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(2) leucaena (ratio 1:1 leucaena-OFW) and (3) orange fruit wastes plus a fish (Oreochromis
aureus) of noncommercial size disintegrated (ratio 2:1). In this report, it was observed that
orange fruit wastes plus leucaena silage showed high alcohol content. But the silage with fish
had adequate chemical properties and could be recommended to farmers [22]. In the silage of
kinnow mandarin (Citrus nobilislour × Citrus deliciosa tenora) fruit waste, it was observed that
this by-product can be used to prepare good quality silage for goats [23]. In a similar report
[24], the fermentative characteristics, intake, digestibility and aerobic stability of pineapple
silage (PS) or citrus silage (CS) were studied. Crossbred rams were used to determine the in
vivo digestibility. Final pH at 65 d was 3.21 and 3.32 for PS and CS; in both silages, population
of Enterobacteriaceae was not detected. The DM and CP intakes and digestibility were similar
among treatments. In this study, it was noted that both silages of by-products were unstable
upon aerobic exposure, PS after 1 d when fermented 29 d and CS after 3 d when fermented 65
d. Results indicate that pineapple and citrus by-products could be preserved as silage and
included in sheep diets at 20% substitution of grass without adverse results; however, they are
susceptible to aerobic deterioration. This may represent the use of silage in feeding the animals
as fast as possible when silage is open (Table 4).

Days of fermentation

0 7 29 65

pH 5.4 3.7 3.5 3.3

Dry matter, % 24.2 19.7 19.0 18.7

Crude protein, % 5.7 5.9 6.4 6.5

NDF, % 16.2 23.4 24.2 23.7

Water soluble carbohydrates, % 5.6 1.8 4.2 5.4

Lactic acid, g/kg 0.02 1.17 1.2 1.7

Acetic acid, g/kg 0 0.20 0.27 0.36

Propionic acid, g/kg 0 0 0.01 0.01

Butyric acid, g/kg ND ND ND ND

Ammonia-N, g/kg 1.4 1.3 1.3 1.2

Adapted with permission from Pagán et al. [24]. NDF = neutral detergent fiber.

Table 4. Fermentation characteristics of citrus by-products silage at different periods of process.

3.3. Nutritive value of pumpkin silage

Fresh pumpkin can be fed to animals; they have seasonal availability. To preserve pumpkins
and use them in different seasons of the year, silage may represent an alternative in ruminant
feeding. The complete fruits are carbohydrate and protein rich. The total sugar and crude
protein are 48.1% and 18.2%, respectively; however they have low dry matter concentration
(16.8%). For this reason, when ensiling pumpkin, an adsorbent material should be included to
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have adequate water level. The silage of pumpkin with dried beet pulp has about 11% CP [25].
The nutritional quality of pumpkin silage was assessed by Halik et al. [26] who produced
silages with chopped pumpkin (Cucurbita maxima) fruits mixed with dried beet pulp at an 80:20
ratio. Silages were prepared with or without inoculant; the inoculant contained Lactobacillus
plantarum bacteria, endo-1,4-beta-glucanase, xylanase and glucoamylase. The inoculant was
applied at 0.2% of the ensiled material. The material after ensiling (10 weeks) had lower crude
fiber and ADF compared to fresh material, whereas the inoculant had no effect on silage pH
(4.5 and 4.4 for no inoculant and with inoculant) but reduced ammonia, nitrogen and ethanol
and increased lactic and acetic acids, indicating higher aerobic stability with improved silage
quality.

Silages were made of pumpkin (C. maxima), sorghum straw, urea and cane molasses at levels
of 73.4%, 25.6%, 1% and 0% (treatment 1); 72.13%, 21.87%, 0% and 6% (treatment 2); treatment
3 had 72.2%, 20.8%, 1% and 6%, respectively. With these three silages, three diets were
formulated for lambs with similar concentrations of crude protein and metabolizable energy.
With these silages, two trials were conducted. In trial 1, of growth performance, results showed
similar weight gain, feed intake and feed efficiency of lambs fed the three diets. Based on these
results, they concluded that silages of pumpkin with sorghum straw and additives can be used
in ruminant feeding [27]. In trial 2, the apparent digestibility of complete diets for lambs
containing the same silages was studied. The in vivo digestibility was of 81.27%, 70.7% and
70.31% for crude protein; 75.21%, 62.04% and 80.95% for ether extract (EE). These values were
different (P < 0.05). The in vivo digestibility of dry matter and nitrogen-free extract was similar
between the rations (P > 0.05). In this study, it was concluded that the digestibility was
improved in ration with silage that contained only urea [28]. Although this study did not report
fermentative characteristics of silages, urea might contribute for growth of bacteria that
digested nitrogen.

Pumpkin can be cultivated for seed collection, with abundant residues that many times are
wasted in field and have potential for ensiling and use in ruminant feeding. For this application,
Hashemi and Razzaghzadeh [29] used pumpkin residue (PR; fleshy part of fruit that remains
after seeds are collected). Pumpkin residue (71.4%) was mixed with wheat straw (28.6%) and
ensiled with dry beet molasses (10% or 20%) and urea (0% or 5%). After 2 months, silages were
evaluated for pH and dry matter. They concluded that PR may be ensiled with wheat straw as
absorbent of moisture and beet molasses as fermentable additive.

In other research [30], the growth performance of male buffalo calves fed diets containing silage
of pumpkin (Cucurbita pepo) residues was studied. Silages were prepared using pumpkin
residues chopped at 2 cm; 700 kg of this was mixed with 300 kg of wheat straw and ensiled
adding 100 l of a solution (10 kg urea plus 50 kg beet molasses in water). Pumpkin residual
silage (PRS) replaced forage (alfalfa) at 0% (control), 20%, 40% and 60%. In this study, it is
concluded that part of the alfalfa may be substituted with PRS at 60% level with no negative
effects on male buffalo calves’ fattening performance.

Pumpkin was ensiled (C. maxima D.) with dried sugar beet pulp (80:20 ratio) and studied its
antioxidant potential. It was observed that ensiling increased the saturated fatty acid content
and decreased the polyunsaturated content. Ensilage increased the polyphenol compounds
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and decreased the carotenoid and alpha-tocopherol content of the silages. Although there was
a reduction of carotenoid and tocopherol compounds, the increase of polyphenol compounds
suggests that the ensiling did not lower the silage antioxidant potential of pumpkins compared
to fresh material [25].

3.4. Nutritive value of cassava silage

The importance of cassava (Manihot esculenta crantz) for livestock feeding was reported [31].
Cassava has high productivity per unit of land; it has low crude protein but a high amount of
starch (about 85% DM basis). Different methods for ensiling this material have been explored.
A study investigated the chemical composition and organoleptic traits of maralfalfa silage
(Pennisetum sp.), containing 0%, 5%, 10% and 15% fresh cassava (M. esculenta). This research
reported improved silage characteristics of maralfalfa grass with 15% of cassava, with
acceptable pH; reduction of cell wall (NDF) fraction and the crude protein is maintained in the
silage [32]. The fermentation characteristics of cassava silage at laboratory scale have been
improved with microorganism-inoculant of genus Lactobacillus. This study reports reduction
of ethanol and total VFA but maintained or increased lactic acid for adequate pH with inoculant
treatment of silos; also it is reported that acid treatment goes to alcoholic fermentation. In
addition, Lactobacilli inoculum generated homofermentative pattern [33]. In a similar study, L.
plantarum and Lactobacillus cellobiosus increased the acidification rates of M. esculenta silages
[34]. The results at laboratory silos are satisfactory; however, more conclusive results are
required.

The chemical composition of cassava starch by-products before and after ensiling was studied;
fermentation characteristics and growth of microorganisms were also determined. The results
showed that ensiling reduced NDF and hemicellulose concentrations, but increased concen-
trations of ADF, cellulose and lignin. pH and microbial populations were reduced as the
duration of silage fermentation increased. Predrying did not change the fermentative profile
and microbiological population of silages at 28 and 56 d and reduced neutral detergent fiber
and hemicellulose of silages. The wet waste residue silage showed a reduction in crude protein
content in the course of the fermentation period. This research showed that cassava by-
products have good fermentation characteristics [35]. Also, the fermentative characteristics
and chemical composition of Elephant-Grass silages with cassava by-product (SM in relation
to the grass fresh matter) was explored [36] . It was observed that in the level of 7.1% of SM
addition, the silages had adequate dry matter content (30–35%) for a good fermentative
process. In all levels of SM addition, the silages had appropriate pH values for silages (3.8–
4.2). The cassava by-product up to the 20% level (on a grass fresh matter basis) at the elephant
grass ensiling produced good fermentative characteristics and a better silage chemical
composition. Although a minimum level of CP (7%) was not reached in any level of SM.

In another study [37], Holstein cows in diets were fed with silage of the residue from the
extraction of cassava starch (SRECS), replacing 0%, 25%, 50%, 75% or 100% of the corn feed.
Before ensiling the material had 128.0 g kg−1 of dry matter (DM), 25.3 g kg−1 of crude protein
(CP), 25.0 g kg−1 of mineral matter (MM), 297.0 g kg−1 of neutral detergent fiber (NDF) and
6.1 g kg−1 of ether extract (EE) on a dry matter basis. After ensiling (40 d) the silage had

Advances in Silage Production and Utilization92



189.8 g kg−1 of DM, 24.4 g kg−1 of CP, 23.8 g kg−1 of MM, 324.9 g kg−1of NDF, 271.9 g kg−1 of
ADF and 05.4 g kg−1 of EE (dry matter basis). In this study, it was concluded that the silage
of the residue from the extraction of cassava starch to replace the ground corn on feed nega-
tively affects nutrient intake without changing the efficiency of milk production, milk com-
position or blood parameters of lactating cows.

Cassava by-product is starch-rich and promotes good fermentation characteristics; however,
it is low in protein. The age was compared at harvesting time (7, 8 and 9 months) of cassava
plants on whole crop silage quality. Plants were ensiled in laboratory silos. The results showed
that ensiling reduced HCN content (more than 60%). Harvesting cassava plant at 8 months of
age gave the best whole cassava plant silage quality (best physical characteristics and in vitro
rumen digestibility). They also conclude that the low crude protein of cassava for ensiling
could be improved mixing with other protein rich by-products like poultry litter [38]. In other
research, silage of cassava (M. esculenta) by-product with poultry litter at 0%, 5%, 10%, 15%
and 20% was produced. They observed that increasing levels of poultry litter influenced DM,
CP, EE, ash, calcium, NDF, ADF, cellulose and hemicellulose content of the silage; however,
no clear tendencies were found for lignin content. On the other hand, poultry litter addition
decreased nonfibrous carbohydrate concentration and IVDMD of the silage. Although pH
increased, the level was acceptable in all silages. The authors recommend 10% poultry litter to
preserve nutritional and fermentative characteristics of the cassava silage [39].

Another alternative to improve crude protein in the cassava by-product is the inclusion of
forage rich in protein. Cassava peels (CaPe) was ensiled with mixtures of Gliricidia sepium and
Leucaena leucocephala; the nutritive value was assessed in goats. All diets were supplemented
with molasses (40 g/kg) before ensiling which lasted 3 months. The silage with only CaPe
(control) had the lowest hydrocyanic acid content. All silages had low pH (<4.5). Authors
reported that L. leucocephala and G. sepium ensiled with CaPe did not affect fermentation but
improved the CP content of the resulting silage. Increasing level of L. leucocephala reduced
weight gain of animals. Silage of CaPe (control) improved weight of animals. They conclude
that ensiling CaPe with foliages of G. sepium and L. leucocephala may be recommended,
especially for the season of year when forages reduce availability and nutritive value.

During the harvest of root cassava, also can be collected the aerial part, the vegetative fraction
containing mainly leaf may generate about 1.8 tons per ha of dry matter. Cassava leaf is protein
rich; it contains about 21% CP [40]. The silage of cassava foliage with different levels of molasses
was studied. Increasing molasses level did not influence DM, pH or lactic acid of silages;
however, reduced CP and increased water soluble carbohydrates. Cyanic acid (HCN) was not
influenced by molasses; however, all silages reduced HCN concentration after 2 months of
fermentation. These results show the possibility of ensiling leaf cassava with low levels of
molasses [41]. In other study, cassava leaves were used without additives, with molasses or
with caged layer waste. All silages had adequate fermentation parameters. In this study, HCN
was lower in silages with additives; the HCN (mg/kg) was of 112.3, 95.8, 84.7 and 89.3 for fresh
leaves, silage of leaves, silages of leaves with molasses and silage of leaves with poultry excreta,
respectively [42].
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4. Conclusions

Silages of sugarcane tops, citrus, cassava and pumpkin represent an alternative in animal
feeding; the particular characteristics of each should be considered for better silage production.
The research shows the feasibility of producing good quality silages with these materials. This
technology represents an alternative to enhance animal production, converting these products
or by-products in good quality protein of animal origin. Research to improve the fermentation
process during ensiling of these materials and their incorporation with other available
resources must continue.
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