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Abstract 
Sugarcane is one of the most widely grown crops in the world, primarily cultivated for sugar and 
bioethanol production. A large portion of the sugarcane plant, including leaves, tops, and bagasse, 
remains unutilized or is discarded, contributing to agricultural waste and environmental pollution. Recent 
developments in agricultural sustainability have drawn attention to the potential of converting sugarcane 
byproducts into valuable feed for livestock. One promising solution is the conversion of these byproducts 
into silage, which can serve as a sustainable feed option for livestock, particularly in tropical and 
subtropical regions where sugarcane is widely grown. Sugarcane byproduct silage not only reduces 
agricultural waste but also provides a cost-effective, high-fiber, and carbohydrate-rich feed for ruminants, 
contributing to more efficient livestock production. However, challenges such as low protein content, 
fermentation quality, and proper storage conditions must be addressed to optimize its nutritional value. 
This review explores the potential of sugarcane byproduct silage as an innovative approach to livestock 
feeding and waste valorization. By improving fermentation techniques and promoting proper storage, 
sugarcane byproduct silage can become a sustainable way forward. This review examines the nutritional 
value, production methods, uses, and constraints of sugarcane byproduct silage, offering an in-depth 
discussion of its role in sustainable agricultural practices. 
 
Keywords: Silage, Sugarcane, Sustainable, Fermentation, Carbohydrates 
 
Introduction  
India is known for its delicate biomes and genetically diverse flora and wildlife. An essential 
part of green eco-sustainability is livestock. India boasts a wealth of animal genetic diversity. 
With the greatest human and livestock population, country requires a well planned approach to 
meet the growing need for food, feed, and fodder in sufficient quantity and quality. While 
technological intervention, government policy, and farmer effort have greatly contributed to 
the success of food production, dedication is still required to meet the nutritional needs of 
animals when it comes to livestock feed. India is currently facing a fodder problem, with the 
difficult task of producing enough nourishment and fodder for its animals from a land supply 
that is already running low. A shortcoming in the supply line is also caused by the 
unpredictable feed supply during the summer or drought. There is a current estimated 11.24% 
shortfall in green fodder, a 23.4% shortfall in dry fodder, and a roughly 29% shortfall in 
concentrates (Roy et al., 2019) [36]. In order to bridge the gap between demand and supply, it is 
crucial to utilize the unconventional alternate feed resources, more precisely the byproducts of 
agriculture. One such significant agricultural crop with efficient feed purpose byproduct 
globally is sugarcane (Saccharum officinarum) with a production of over 1.92 billion tons 
(FAO, 2022) [42]. In the dry season, when forage output is both qualitatively and quantitatively 
inadequate, sugar cane serves as an alternate roughage supplement (Fernandes et al., 2003) [20]. 
Sugar cane is distinguished among fodder grasses due to its substantial output, ranging from 
60 to 120 fresh tons per hectare, and its capacity to sustain energy potential even throughout 
the dry season (Mariano and Trivelin 2023) [29]. One hectare of sugarcane yields roughly 5-8 
tonnes of trash or byproduct after harvest. However, burning sugarcane waste destroys the 
majority of its organic content and nutrients, which causes terrible contamination of the 
environment (Mitchell et al., 2000) [31]. Farmers typically burn the rubbish because they 
believe it will be difficult to maintain, disrupt regular cultivating methods, and decrease 
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germination. Hence, this review is intended to comprehend 

the potential use of different byproducts of sugarcane as 

animal feed resource especially during feed shortage as a 

potential nutritious feed. 

 

Sugarcane byproducts as livestock feed 

Sugarcane is grown primarily for its juice, which is then used 

to make sugar, ethanol, and other byproducts. However, much 

of the plant, such as the leaves, tops, and bagasse (the fibrous 

residue left after juice extraction), is not utilized to its full 

potential. Sugarcane tops is the major byproduct of sugarcane 

and comprises about 15-25% of the aerial part of the plant 

which is commonly left in the field unutilized, burnt or 

improperly used after harvest by large scale producers and 

most of the small-scale farmers try to feed fresh tops to the 

livestock which is nutritionally not efficient enough for the 

livestock to relish thus reducing the palatability (Kaur et al., 

2022) [25]. Likewise, once the juice is extracted, bagasse is 

obtained and about 300 kg of bagasse is produced from one 

ton of raw sugarcane. Through methods like burning or 

inappropriate disposal, these byproducts frequently wind up 

as waste and contribute to environmental contamination. In 

response to growing environmental concerns and the need for 

sustainable farming practices, there has been an increasing 

focus on utilizing sugarcane byproducts for alternative 

purposes, particularly as livestock feed (Wong, 2000) [42].  

Due to high fermentable sugar content in sugarcane tops and 

bagasse, it could be easily ensiled with additives to uplift the 

quality of by-product and be used for animal feeding 

especially in drought prone tropical areas. Ensiling is the 

process of preserving feed through regulated bacterial 

fermentation without air, which turns sugar and sugar-like 

substances into organic acids, primarily lactic acid. This 

lowers the pH and thus inhibits the growth of undesirable 

microorganisms hence prevents spoilage (Brar et al., 2019) [8]. 

 

Value addition during ensiling sugarcane byproducts: 

Though sugarcane tops is one of the most agronomical and 

economically suitable forage sources for ruminants in tropical 

and sub-tropical regions, the question is how to improve the 

quality before utilizing it as a feed source. Ensiling is one of 

the effective processes that enhance the feeding and keeping 

quality of the sugarcane tops targeting sustainability. Silage 

from sugarcane tops could be the best alternate quality 

livestock feed to support and nourish the livestock production. 

Farmers can prepare silage and utilize for feeding livestock 

whenever required instead of feeding fresh tops. Feeding of 

fresh sugarcane tops after harvest is not promising as it 

contains just 3% CP and 45% TDN or even silage from sole 

sugarcane tops is considered to be poor quality roughage 

(Bodare et al., 2020) [7]. Therefore, various silage additives 

could be utilized to improve animal performance, decrease 

fermentation losses, increase the nutrient and energy retrieval, 

and promote quick fermentation. It is commonly 

acknowledged that additives used in ensiling can improve 

animal performance and intake by altering the quality of the 

silage (Kaur et al., 2022) [25]. Edible substances like urea, 

molasses, and bacterial inoculants are typically used as silage 

additions (Amer et al., 2012). Several studies have shown that 

molasses enhances lactic acid fermentation and decreases the 

pH of silage (Wang et al., 2017) [39]. These additions (urea, 

molasses) are beneficial when microorganisms can readily 

ferment them.  

The nutritional value of sugarcane byproducts varies based on 

the type and processing method. For instance, it shows high 

dry matter (DM) production of about 25-40 t/ha and presents 

up to 571 g/kg total digestible nutrients after being ensiled 

(Avila et al., 2014) [6]. The sugarcane tops and peels are rich 

in fiber, sometimes exceeds 600 g/kg of DM (Andrade et al., 

2016) [3] but low in protein and energy which impairs 

digestibility (Aroeira et al., 1993) [4]. According to Mohd-

Setaparet al. (2012), the DM concentrations of the material 

used to make high-quality silage should be between 28 and 

42% and accordingly it was observed that sugarcane top 

silage treated with different additives like urea, molasses 

contained quite sufficient DM between 30.13-41.89% (Getiso 

et al., 2022) [4]. Martins et al., 2021[30] inferred that sugarcane 

silage treated with CaO at a concentration of 10 g/kg CaO or 

with a combination of 5 g/kg urea + 5 g/kg CaO was 

recommended for feeding the dairy cows. 

Additionally, sugarcane byproducts' low crude protein content 

lowers the quality of the feed; however, this nutrient deficit 

may be addressed by adding urea during ensiling (Maeda et 

al., 2011) [27]. Compared to treatments without additions, 

sugarcane tops ensiled with urea-based additives has 

demonstrated a higher crude protein content. Getiso et al. 

(2022) [4] found that sugarcane top treated with 4% urea and 

then 4% urea + 1% molasses had higher CP (12.5%) than 

untreated sugarcane tops (7.85%) and sugarcane tops treated 

with 1% molasses (5.33%) which were below the crude 

protein needed for ruminant maintenance. This suggests that 

in order to improve sugarcane tops as a feed source for 

ruminants, they must be supplemented with nitrogen-rich 

materials. In a comparable way, Iranian researchers Noroozy 

and Alemzadeh (2006) [34] found that following urea 

treatment, the CP content of sugarcane top rose from 1.25 to 

6.75. This might be because urea, a nitrogenous non-protein 

molecule, may raise the silage's CP and ammonia nitrogen 

concentration. The higher CP content in sugarcane top silage 

treated with additives may be due to the microbial growth of 

lactic acid bacteria during the fermentation period, which 

causes them to become a part of the medium where in the pH 

drops to 4. Bacteria are proteins by nature, and over 75% of 

their cell mass is made up of true protein. Through 

ammonification, urea, a nitrogen source, also acts as a 

delignifying agent and has been shown to remove 

polymerized silica from leaf blades and sheaths (Man and 

Wiktorsson, 2001) [28].  

Furthermore, adding carbohydrate sources such soybean 

husks and cassava waste may lower effluent production while 

raising the nutritional content of silage (Gandra et al., 2022) 

[22]. Loss during fermentation operations is another limitation 

that has been documented in the sugarcane ensilage process. It 

was discovered that the use of additives was crucial for 

preventing the growth of yeast, fungus, and ethanol 

production, hence lowering the total losses (Ribeiro et al., 

2010) [35]. However, alcoholic fermentation during ensilage 

may result from the plant's high soluble carbohydrate and 

yeast content, potentially leading to significant dry matter 

losses (Carvalho et al., 2015) [10]. When sugarcane byproducts 

are ensiled, chemical treatments can improve fermentation 

and preserve the dry matter (Andrade et al., 2016) [3]. 

Furthermore, according to Chizzottiet, these additions may 

suppress undesired microorganisms like yeasts and 

clostridiums or favour advantageous microorganisms like 

lactic acid bacteria. Furthermore, enzymatic additives like 

fibrolytic enzymes are a recent addition to silage that 

improves the digestion of fibre (Arriola et al., 2017) [5]. 

Gandra et al. (2022) [22] discovered that adding cellulase and 

xylanase (XYL) to sugarcane silage increased the digestibility 
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of the fibre. Acetic acid is the main result of xylan breakdown 

during fermentation (Dehghani et al., 2012) [16]. Since it 

lowers pH and inhibits the proliferation of spoiling organisms, 

acetic acid is associated with increased aerobic stability 

(Danner et al., 2003) [14]. According to Dehghani et al. (2012) 

[16], adding fibrolytic enzymes to sugarcane silage changes the 

chemical composition and fermentative profile without 

compromising aerobic stability. Additionally, ensiled 

sugarcane byproducts contained 426 g/kg of non-fibre 

carbohydrates, mostly sucrose. These carbohydrates can be 

fermented by lactic acid bacteria, which will reduce the pH 

and create organic acids (Del et al., 2019) [17]. 

In the same direction, Liu et al., (2020) [26] found that adding 

molasses during the ensiling process could increase the 

fermentation quality of silage and lower pH by encouraging 

the growth of lactic acid bacteria. According to a study by 

Kaur et al., (2022) [25], the silage prepared from sugarcane 

tops had an ammonical nitrogen concentration of 7.70% and a 

pH of 5.03. Low NH3-N levels in silage imply prevention of 

proteolysis during fermentation and, as a result, higher 

efficiency of rumen microbial N synthesis. The ammonical 

nitrogen concentration in silage serves as an indicator of 

protein degradability (Wilkinson, 1999) [41]. In general, gas 

production is a reliable predictor of fermentability, 

digestibility, and the generation of rumen microbial protein. 

Sugarcane top silage treated with urea and urea plus molasses 

had ADF and NDF concentrations of 38.80-46.00 and 66.20-

77.80 percent, respectively (Getahun et al., 2018) [23]. The 

NDF levels in sugarcane top silages increase when urea and 

urea plus molasses are applied, although the ADF contents 

somewhat decrease. This decline occurs as a result of the 

additives decreased ADF content. Sugarcane top silage's 

nutritional content was generally enhanced by the addition of 

only urea and urea with molasses additives (Suarez et al., 

2011) [38]. According to an earlier study of Alemayehyu et al., 

(2014) [1] untreated sugarcane top had a greater oxalate 

concentration (3.94 g/kg) than urea-treated sugarcane tops 

silage (1.88 g/kg). Kaur et al., (2022) [25] observed that the 

oxalate content was reduced by 6.33%, 15.19%, 15.82%, and 

10.13% using 2% urea, 1% molasses, 2% molasses, and 1% 

urea plus 1% molasses, respectively. 

Comparably, raw sugarcane bagasse has a total digestible 

nutrient (TDN) value of roughly 35%, comprising roughly 36-

43% crude fibre, 0.5-1.7% ether extract, and 3.5% crude 

protein. These qualities reduce their palatability and 

jeopardize the performance and intake of animal feed (Correa 

et al., 2004). Although bagasse has a high fibre content and 

low protein content, once the quality is improved, the biomass 

could be used as animal feed. Bagasse typically contains 

crude protein, cellulose, hemicelluloses, lignin, ash, and 

waxes varying from 1-1.3, 45-55, 20-25, 18-24, 1-4, less than 

01 percent, respectively (Fadel et al., 2003). Bagasse's low 

digestibility, which ranges between 45 and 50 percent, is the 

largest obstacle to its usage as animal feed (Mohammed et al., 

2013) [32]. This is mostly due to the increased cellulose and 

lignin concentrations. Fermenting bagasse with molasses may 

improve its digestibility, but the true problem is economics 

because bagasse fermentation is costly because certain 

chemicals are needed (Dayana et al., 2015) [15]. Nonetheless, 

scientists have discovered that some yeasts are useful for 

fermenting bagasse with molasses, which somewhat improves 

bagasse's digestibility (Caneque et al., 1998) [9]. According to 

another study, bagasse silage produced by treating it with 

molasses, urea, and regular salt and storing it under anaerobic

circumstances was of a respectably good caliber (Mohammed 

et al., 2013) [32]. Specifically, as it ferments in the rumen, 

sugarcane bagasse has a high cellulose and hemicellulose 

content and hence offers a slower-released energy source 

(White et al., 2020) [40]. This gradual release of energy keeps 

ruminants' blood sugar levels steady and helps avoid 

problems like acidosis that might arise from giving them a lot 

of quickly fermentable carbohydrates. 

Molasses, another by-product of sugarcane processing, is an 

additional by-product (Dayana et al., 2015) [15]. Sugarcane 

molasses is chemically free of fat, crude fibre, and crude 

protein. In addition to several minerals like calcium, 

magnesium, and iron, it also has carbohydrates such as 

sucrose, glucose, and fructose (Cox et al., 2014) [13]. Large 

and small ruminants can be freely fed molasses to lick, but 

only up to 5-10% of their total feed. Additionally, it can be 

used to make cereal straws like rice straw more palatable 

when fed to animals during times when there is a shortage of 

forage. It can also be added to silage to make it more 

palatable, and the same is true for hay (Mohammed et al., 

2013) [32]. 

 

Constraints in the Production and Utilization of 

Sugarcane Byproduct Silage 

Despite the advantages, there are a number of issues that must 

be resolved in the production as well as use of sugarcane 

byproduct silage. 

 

Fermentation Quality 

The fermentation process has a significant impact on the 

quality of silage, a byproduct of sugarcane. Lactic acid 

bacteria must proliferate in order to control the fermentation 

process, which lowers the silage's pH and retains its nutrients. 

However, because of their high moisture content and 

relatively low sugar content, sugarcane byproducts—

especially leaves and tops—make it challenging to 

accomplish ideal fermentation. The nutritional value of the 

silage can be increased and fermentation quality improves by 

adding fermentative chemicals or co-fermenting with other 

high-sugar materials like molasses (Deville et al., 2018). 

Maintaining the quality of silage also requires making sure 

that the right storage conditions are met, such as sealing the 

silage in airtight containers. 

 

Low Protein Content 

One of the primary obstacles to using sugarcane byproducts 

as the exclusive source of feed is still their low protein 

content. As previously stated, in order to guarantee that cattle 

acquire sufficient nutrients for development and productivity, 

protein supplementation is required. This can be 

accomplished by using protein concentrates like soybean meal 

or cottonseed cake, or by adding crops high in protein, like 

legumes or by enriching the sugarcane silage using 

nitrogenous compounds as dealt in this review. 

 

Storage and Handling Issues 

Proper storage is crucial to maintaining the quality of 

sugarcane byproduct silage. The bulky and fibrous nature of 

sugarcane residues can make it challenging to compact and 

seal the silage in pits or plastic bags. If silage is exposed to 

oxygen, it can lead to spoilage and nutrient loss. Moreover, 

improperly stored silage may develop mold or bacterial 

contamination, rendering it unsafe for livestock consumption 

(White et al., 2020) [40]. 
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Conclusion 

The Crude Protein concentration of sugarcane tops ensiled 

with urea-based additives was higher than that of the molasses 

and additive-free treatments. In addition to sugarcane top 

being widely available, it may be a substitute source of 

roughage for cattle production by lowering the main barriers 

to its use. Therefore, based on their chemical compositions 

and silage properties, sugarcane top was determined to be a 

good substitute silage crop. Particularly in tropical and 

subtropical areas, silage made from sugarcane byproducts 

offers a viable and sustainable feed alternative for animals. 

For ruminants, its high fibre and carbohydrate content 

provides substantial nutritional advantages, and its capacity to 

recycle agricultural waste promotes farming sustainability. 

The potential of silage made from sugarcane byproducts can 

be maximized with continued study and advancements in 

fermentation methods and supplementation tactics, even in the 

face of low protein content and poor fermentation quality. 

Silage, a byproduct of sugarcane, can be a significant 

contributor to waste reduction, animal production, and 

environmental sustainability in agriculture if it is managed 

carefully and used into agricultural systems. 
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