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Abstract 

The cultivation of sorghum for silage production has gained more space each year because of 

its satisfactory nutritional characteristics, resistance to water deficit and adaptability to 

various types of soil. Thus, the use of sorghum silage has been an alternative for periods of 

low forage production, providing quality food for ruminants. In this context, the objective 

was to evaluate the fermentation parameters and quality of sweet and biomass sorghum 

silages added with doses of vinasse. The experiment was a 2 x 5 factorial completely 

randomized design with three replications of two sorghum species (sweet and biomass) and 

five doses of vinasse applied to the soil: 0; 50; 100; 150 and 200 m3 ha-1, totaling 30 

experimental silos. For silage, sorghum species were harvested in the 105-day cycle, with 

30.5 and 32.3 g kg-1 dry matter, for biomass and sweet sorghum, respectively. The results 

showed that the biomass sorghum silage showed higher dry mass production. However, the 

sweet sorghum silage presented a lower buffering capacity, NH3-N, and higher concentration 

of lactic acid. Doses of vinasse increased the content of crude protein, in vitro digestibility of 

dry matter and ether extract and reduced fiber fractions in both sorghum species, showing 

that both species can be used for silage production. Vinasse is a promising alternative to 

organic fertilizer, since the use of 200 m3 ha-1 positively influenced the fermentation 

parameters and nutritional value of the sorghum silages. 

Keywords: fertilization, ensiling, fermentation, Sorghum bicolor Moench 

1. Introduction 

The Central region of Brazil is characterized by two well-defined seasons in the year, the dry 

and the rainy season, which causes a seasonality in forage production, interfering with the 

supply of forage, nutritional composition and consequently the performance of ruminants. 

Among the alternatives to meet the demand for forage in the dry season, stands out silage 

production, which provides food with good nutritional value, widely used in the feeding of 

ruminants (Santos et al., 2009). 
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Sorghum is a plant adapted for silage production, due to its phenotypic characteristics that 

allow easy planting, management, harvesting and storage, resistant to water deficit (Ribeiro et 

al., 2017) and lower production cost, when compared to corn (Oliveira et al., 2020). It also 

has the advantage of concentrating soluble carbohydrates, which are of great importance to 

provide adequate lactic fermentation, combining the main advantages of this cereal for 

quality silage production (Cardoso et al., 2012; Oliveira et al., 2020). 

Sweet sorghum stands out for the high potential for mass production for silage making, due to 

greater resistance to water stress, high photosynthetic capacity and production in low fertility 

soils, excellent balance between stalks, leaves and panicles, combined with good productivity 

of dry mass and nutritional value (Molina, 2000). Besides that, it contains directly 

fermentable sugars, which contributes to good silage fermentation (Nagaiah et al., 2012) 

Another important variety is the biomass sorghum, which has rapid growth and high 

productive potential, as it produces a large volume of mass in a short period, having a large 

amount of green mass, fibrous stalk and high size, being ideal as an energy raw material due 

to its versatility as a source of starch, sugar and lignocellulose (Carrillo et al., 2014). 

Biomass sorghum is sensitive to photoperiod, making the plant have a longer vegetative 

period and consequently greater production of green and dry matter. It is considered a 

productive and responsive crop to water supply and fertilization, sorghum can also 

outperform corn in grain and dry matter productivity (Pereira Filho et al, 2013). 

Although sorghum has favorable characteristics for its development, it is known that the 

application of fertilizers, mainly nitrogen, phosphorus and potassium, has a direct relationship 

with higher productivity (Santos et al., 2019). Due to the high demand for these nutrients, it is 

necessary to adopt alternative fertilizers to minimize the cost of producing these varieties. 

An alternative that may improve the performance of sorghum production is the use of vinasse, 

a biofertilizer that can be applied to replace chemical fertilizers without affecting production 

and reducing fertilizer costs. The chemical composition of vinasse contains a high 

concentration of organic matter and nutrients, mainly potassium, phosphorus, nitrogen, sulfur, 

calcium, magnesium and micronutrients (Santos et al., 2011). 

Due to the importance of fertilization for high sorghum productivity, studies are needed to 

determine the ideal dose of vinasse that provides better quality silage. Thus, the objective of 

this study was to evaluate the fermentation parameters and the nutritive value of sweet and 

biomass sorghum silages added with doses of vinasse. 

2. Material and Methods 

The experiment was conducted at the Universidade Estadual de Goiás (UEG), in the 

municipality of Santa Helena, State of Goiás, Brazil, on a dystrophic Red Latosol. Soil 

samples were collected before planting to determine the physical and chemical properties in 

the experimental area, at the 0-20 cm layer. The characterization was 400; 90; 510 g kg-1 clay, 

silt and sand, respectively; pH in CaCl2: 5.0 cmolc dm-3; Ca: 1.7 cmolc dm-3; Mg: 0.7 cmolc 

dm-3; Al: 0.0 cmolc dm-3; Al+H: 4.2 cmolc dm-3; K: 0.12 cmolc dm-3; CEC: 6.72 cmolc dm-3; P: 
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7.7 mg dm-3; Zn: 1.8 mg dm-3; O.M.: 24.0 g dm-3.  

Planting fertilization was carried out according to the result of the soil analysis, with 

application of 1.5 t ha-1 limestone filler with 100% PRNT, 30 days before sowing. 

Subsequently, the soil was prepared with two plows and harrows. 

The experiment was a 2 x 5 factorial completely randomized design, with three replications, 

with two sorghum species (sweet and biomass) and with five doses of vinasse applied to the 

soil: 0; 50; 100; 150 and 200 m3 ha-1, totaling 30 experimental silos. 

For sowing, eight seeds were sown per linear meter, 2 cm deep, with 50 cm spacing. Vinasse 

was applied manually as topdressing, 50% of the volume was applied before sowing and the 

remainder was split into 6 applications, every 7 days. 

The plots were 14 m long and 6.5 m wide. The useful area used for making the silages was 

the four central rows, disregarding 0.5 m from each end. 

For silage, sorghum species were harvested in the 105-day cycle, with 30.5 and 32.3 g kg-1 

dry matter, for biomass and sweet sorghum, respectively, at 20 cm from the ground, using a 

backpack brush cutter. Then, the material was weighed to determine production and taken to 

a forced air oven at 55ºC. The other part of the material was chopped in a stationary chopper 

to particles of approximately 10 mm. Then, the material was stored in experimental PVC 

silos, measuring 10 cm in diameter and 40 cm in length. Subsequently, they were compacted 

with an iron pendulum, closed with PVC lids, and sealed with adhesive tape in order to 

prevent air from entering. Then, the experimental silos were kept in a covered area, at room 

temperature. 

After 50 days of ensiling, the silos were opened, discarding the top and bottom layers of each 

one. The central portion of the silo was homogenized and placed on plastic trays. Part of the 

fresh silage after opening the silos was separated for analysis of fermentation parameters such 

as buffering capacity, pH and ammonia nitrogen in relation to total nitrogen (NH3-N/TN), 

using the method described by Bolsen et al. (1992). 

The buffering capacity and pH were determined upon silo opening, thus avoiding changes in 

the expected values caused by heat and moisture. For ammonia nitrogen, the silage was 

frozen to inactivate the activities of anaerobic bacteria to prevent nitrogen loss through 

volatilization, and later the analysis was carried out. 

Organic acids were analyzed using a high-performance liquid chromatograph (HPLC), 

according to the method described by Kung Jr. (1996), to determine lactic, acetic, propionic 

and butyric acids. 

The other part of the material, weighing approximately 0.5 kg, was weighed and taken to a 

forced air oven at 55ºC for 72 hours and then ground in a knife mill with a 1 mm sieve, and 

stored in plastic containers. 

The chemical characteristics were analyzed to determine dry matter (DM) (Method 934.01); 

mineral matter (MM) (Method 934.01); crude protein (CP), obtained by determining the total 
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N using the correction factor 6.25 (Method 920.87); ether extract (EE), (Method 920.85); 

according to the methodologies described by AOAC (1990). The neutral detergent fiber (NDF) 

was determined according to Mertens (2002); acid detergent fiber (ADF) (Method 973.18; 

[AOAC], 1990) and lignin in 13.51 M sulfuric acid (VAN SOEST et al., 1991). 

To determine in vitro digestibility of dry matter (IVDMD), it was adopted the technique 

described by Tilley and Terry (1963), adapted to the artificial rumen developed by ANKON®, 

using the “Daisy incubator” instrument from Ankom Technology (in vitro true digestibility- 

IVTD). 

Data were subjected to analysis of variance (ANOVA), considering sorghum species, and 

doses of vinasse, and the interaction between factors as sources of variation. The mean values 

were compared using Tukey’s test at 5% probability. Doses of vinasse were evaluated by 

regression analysis, based on the value of the coefficient of determination, where the 

equations were generated from the graphs constructed on SigmaPlot. 

3. Results and Discussion 

The results of the analysis of variance indicated significant (P<0.05) interaction between 

sorghum species and doses of vinasse for dry matter production, buffering capacity, 

NH3-N/TN, lactic acid and mineral content. However, for pH, acetic, propionic and butyric 

acids, crude protein, NDF and ADF, lignin, IVDMD and EE, there was a significant effect 

(P<0.05) only for doses of vinasse. For dry matter content, there was no significant effect 

(P>0.05).  

Evaluating the dry mass production (Figure 1a), there was a linear increase with increasing 

doses of vinasse for both sorghum species. This increase in production can be attributed, 

among several factors, to the mineral concentration of vinasse, favoring production. 

Vinasse is rich in potassium, in addition to other nutrients, such as calcium and magnesium. 

Barros et al. (2010) found, after 10 years of vinasse application in soil cultivated with 

sugarcane, changes in the chemical properties of the soil with an increase in the levels of 

organic matter and macronutrients, and a decrease in the levels of micronutrients. 

Biomass sorghum had higher production compared to sweet sorghum, with increase of 30.42; 

31.65; 29.90 and 28.47% at doses of 50, 100, 150 and 200 m3 ha-1, respectively. This result is 

due to the morphology of the crop, which has a higher plant height, thus accumulating more 

biomass. 

It is important to highlight the versatility of these crops, mainly due to the short cycle, which 

makes them interesting to make silages. At this point, biomass sorghum has the particularity 

of being sensitive to the photoperiod, which makes it have a longer vegetative period and 

consequently greater production of green and dry matter, in addition to high energy potential. 

Sweet sorghum, on the other hand, maintains a balance between stalks, amounts of green 

mass and nutritional value (Pereira Filho et al., 2013) 
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Figure 1. Dry matter production (a), buffering capacity (b) and NH3-N/TN (c) of sweet and 

biomass sorghum silages, and pH value (d) of sorghum silage with doses of vinasse 

Regarding the buffering capacity (Figure 1b), for both species, there was a linear reduction in 

buffering capacity with increasing doses of vinasse. However, the biomass sorghum silage 

showed a higher value, due to the lower dry matter content (305.4 g kg-1) obtained at the time 

of cutting. McDonald el al. (1991) reported that the ensiled material should not have high 

values of buffering capacity, since the action of not offering resistance to the drop in pH, 

constitutes a way to preserve the nutrients of the silage as much as possible. 

It should be noted that sweet sorghum is a variety that has greater ability for grain production, 

with a greater concentration of soluble carbohydrates, which favored a lower buffering 

capacity.  

The addition of increasing doses of vinasse reduced NH3-N/TN of silage in the two sorghum 

species (Figure 1c). The highest values were obtained in the biomass sorghum silage, which 

may be due to the greater buffering capacity. However, both species showed acceptable 

NH3-N/TN values in silage. Considering that NH3-N is the product of clostridial fermentation 

(a) 

(c) 

(b) 

(d) 
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and should not exceed 11-12% total nitrogen in well-preserved silages (Van Soest, 1994), it is 

evident that the studied silages presented adequate fermentations, where the fermentation 

process did not result in excessive protein breakdown into ammonia. 

For the silage pH, there was a linear decline with increasing doses of vinasse (Figure 1d). 

Although the pH of the silage is not considered alone as a criterion for the evaluation of 

fermentation, since its inhibitory effect on bacteria depends on the rate of reduction of the 

moisture of the medium, this drop is important, because the pH of the silage was close to 

recommended values, which is from 3.8 to 4.2 (McDonald et al., 1991). 

Sweet sorghum showed the highest concentration of lactic acid, in relation to biomass 

sorghum, under the application of vinasse of 212 m3 ha-1. In biomass sorghum, the highest 

concentration of lactic acid was found at a dose of 198 m3 ha-1. This result should be applied 

in terms of the trend of the curve, because the ideal dose of 212 m3 ha-1 exceeded the 

maximum application dose, which was 200 m3 ha-1 (Figure 2a). 

This result indicates that the higher content of soluble carbohydrates in sweet sorghum 

species, when compared to forage species or biomass, may increase the production of short 

chain organic acids during the ensiling process, mainly lactic acid (Retore et al., 2016). 

According to Siqueira et al. (2007), in the fermentation process of a silage, greater 

importance is given to higher concentrations of lactic acid, as this is a strong acid, responsible 

for reducing the pH of the silage to the range of 3.8 - 4.2, which allows a good preservation 

of the ensiled mass, ensuring product quality. 

For the concentration of acetic, propionic and butyric acids, there was a reduction in 

concentration with increasing doses of vinasse (Figure 2 b, c, d). According to the results 

obtained, two advantages of using silage were observed, namely, an increase in lactic acid 

that influences the adequate silage fermentation and a drop in the concentrations of propionic 

and butyric acids, ensuring product quality, due to the inhibition of Clostridium bacteria, 

which are responsible for the production of butyric acid and consequently for the 

deterioration of silage (Van Soest, 1994). 

In this sense, it is important to consider that the concentration of propionic acid, above 5 g 

kg-1, means the degradation of lactic acid by butyric bacteria (Kung & Shaver, 2001). 

Moreover, the importance of increasing doses of vinasse is highlighted, since the application 

of 200 m3 ha-1 reduced the concentrations of propionic acid, keeping the values closer to the 

ideal.  

As for butyric acid, there was a behavior similar to that of propionic acid, however, the 

concentrations were within the appropriate range, according to Vieira et al. (2004), less than 

1.0 g kg-1. The proliferation of clostridia negatively affects the quality of silage, due to the 

production of butyric acid, which limits the intake of silage by animals. Nonetheless, low 

concentrations of butyric acid demonstrate that the clostridial activity throughout the 

fermentation process was not enough to result in significant losses, mainly losses of dry 

matter and energy. 
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Figure 2. Concentration of lactic acid (a) of sweet and biomass sorghum silage, and acetic 

acid (b), propionic acid (c) and butyric acid (d) with doses of vinasse. 

Sweet sorghum and biomass showed average dry matter content of 310.64 g kg-1 and 305.4 g 

kg-1, respectively. According to Wannasek et al. (2017), the dry matter content suitable for 

sweet sorghum is between 270 and 350 g kg-1; the values observed in this study are within the 

recommended range. 

Assessing the crude protein content (Figure 3a), there was a linear increase with the applied 

doses of vinasse. Thus, it is necessary to highlight that the vinasse provided a greater amount 

of nitrogen in the soil, which resulted in an increase in the protein content of the silages. 

In addition, the dose of vinasse required to raise the crude protein content to a value equal to 

or greater than 70.00 g kg-1, a limit reported by Lazzarini et al. (2009) as a minimum for 

maintaining the population of bovine rumen microorganisms, without impairing the efficient 

use of fiber carbohydrates from silages, should be approximately 137 m3 vinasse ha-1. 

(a) (b) 

(c) (d) 
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Vinasse is a liquid residue from the ethanol industry; it is rich in organic matter. However, in 

addition to organic matter, vinasse also contains potassium and other nutrients, such as 

nitrogen, calcium, magnesium, zinc and copper and others (Possignolo et al., 2015). 

There was an increase in IVDMD with increasing doses of vinasse in sorghum species 

(Figure 3 b). This is due to the higher contents of CP and lower contents of the fiber fraction, 

with the increase in vinasse doses. The maximum point of the curve was obtained at doses of 

345 m3 ha-1. However, as the applied doses of vinasse were tested up to 200 m3 ha-1, this 

maximum value was not reached, demonstrating that sorghum can be more responsive to 

vinasse fertilization. 

The contents of NDF and ADF of the silage (Figure 3 c, d) decreased with increasing doses of 

vinasse. This result may be related to the higher development of sorghum species, higher 

proportion of leaves and number of grains in the panicle. Besides, it is noted in the present 

study that, as the doses of vinasse increased, there was a linear increase in protein content, 

resulting in a dilution effect of the fiber fractions of the silages. According to Van Soest (1994), 

the evaluation of the composition of fiber carbohydrate fractions is important for 

understanding the potential use of several ingredients, especially forages. 

The values observed for ADF for doses of vinasse higher than 50 m3 ha-1 are within the 

optimal range described by Van Soest (1994), who recommended forages with ADF values 

below 400 g kg-1, in order to have better intake and greater digestibility. 

As the doses of vinasse increased in sorghum species, there was a reduction in lignin content 

(Figure 3e). The minimum value of lignin, according to the trend of the curve, was obtained 

with the application of 228 m3 ha-1. However, as the applied doses of vinasse were tested up to 

200 m3 ha-1, this minimum value was not reached in the real field. The contents of lignin are 

linked to the contents of ADF, being related to the fiber fraction of the plant. 

According to Van Soest (1994), the lignin content of forage is the main limiting factor of 

digestibility, due to the encrustation of cell wall polysaccharides, making them less 

accessible to the action of bacteria. Lignification alters the rate and extent of forage 

digestion. 

Lower contents of lignin in sorghum silage favor increased intake and digestibility of fiber 

fractions (Martins et al., 2003). However, other factors, in addition to the lignin content, such 

as its arrangement and its precursors with the other components of the cell wall, may be 

responsible for much of the limitations to the digestibility of forages (Ferreira et al., 2011). 
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Figure 3. Crude protein (a), in vitro digestibility of DM (b), neutral detergent fiber (c), acid 

detergent fiber (d), lignin (e) ether extract (f) content of sorghum silage with doses of vinasse 
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The contents of ether extract were augmented, with increasing doses of vinasse (Figure 3f), 

improving the amount of fat in the silages. According to Kozloski (2011), the content of 

ether extract should not exceed 70 g kg-1 DM, above that, rumen fermentation can be 

impaired interfering with digestibility and rate of passage. Oliveira et al. (2010) verified 

values of 38 g kg-1 DM of EE in whole plants, both in early harvest and the number of grains 

obtained in the panicle. Antunes et al. (2007) analyzed the chemical and physical composition 

of 33 sorghum genotypes, and registered values of 26.9 g kg-1 DM of EE, approaching the 

values obtained herein. 

There was a linear reduction in mineral matter with increasing doses of vinasse (Figure 4). 

However, biomass sorghum had a higher content of mineral matter, when compared to sweet 

sorghum. This result may possibly be related to the higher values of buffering capacity and 

N-NH3 in the biomass sorghum silage, which resulted in greater relative participation of 

mineral matter. The same results were reported by Cruvinel et al. (2017) and Costa et al. 

(2018). 
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Figure 4. Mineral matter content of sweet and biomass sorghum silage with doses of vinasse 

The mineral matter provides only an indication of the amount of minerals present in the 

sample. High values can be the result of a high silica content that were not used by animals 

(Hoffman, 2005). 

4. Conclusions 

1. The biomass sorghum silage showed higher dry mass production. However, the 

sweet sorghum silage presented a lower buffering capacity, N-NH3, and higher 

concentration of lactic acid.  

2. Doses of vinasse increased the content of crude protein, in vitro digestibility of dry 

matter and ether extract, and reduced fiber fractions in both sorghum species, 

showing that both species can be used for silage production. 
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3. Vinasse is a promising alternative to organic fertilizer, since the use of doses of 200 

m3 ha-1 positively influenced the fermentation parameters and nutritional value of 

sweet and biomass sorghum silages. 
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