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Abstract – The objective of this work was to evaluate four cultivars of saccharine sorghum (Sorghum bicolor) 
regarding productivity, chemical composition of plant parts, and quality of the ensiling process. The tested 
varieties of saccharine sorghum were BRS 506, BRS 508, BRS 509, and BRS 511. The experiment was divided 
into two trials, which assessed: production, morphological composition, and nutritional quality of the saccharine 
varieties; and fermentation quality and nutritional value of the silage produced from the saccharine varieties. Of 
the tested varieties, BRS 509 and BRS 511 showed the highest total dry matter (DM) production. The BRS 508 
variety presented the highest in vitro digestibility of the whole plant (70.65% DM). During ensiling, the BRS 509 
variety showed the lowest DM loss (8.87%). The highest effluent production was observed for BRS 506 and 
BRS 508, with yields of 521.87 and 393.16 kg Mg‑1 ensiled DM, respectively. The BRS 511 variety is the most 
recommended because of the best results for plant production and nutritional quality. Regarding the ensiling 
process, BRS 509 presents the lowest fermentation losses and the highest nutritional value of silage.

Index terms: Sorghum bicolor, forage system, nutritional value, roughage, ruminant.

Potencial forrageiro e qualidade da silagem de quatro  
variedades de sorgo sacarino

Resumo – O objetivo deste trabalho foi avaliar quatro variedades de sorgo sacarino (Sorghum bicolor)quanto à 
produtividade, à composição química das partes da planta e à qualidade do processo de ensilagem. As variedades 
de sorgo sacarino utilizadas foram BRS 506, BRS 508, BRS 509 e BRS 511. O experimento foi dividido em dois 
ensaios, que avaliaram: produção, composição morfológica e qualidade nutricional das variedades sacarinas; e 
qualidade do processo fermentativo e valor nutricional das silagens das variedades sacarinas. Das variedades 
testadas, a BRS 509 e a BRS 511 foram as que apresentaram maiores produções de matéria seca (MS) total. 
A variedade BRS 508 apresentou o maior coeficiente de digestibilidade in vitro da planta inteira (70,65% da 
MS). Durante a ensilagem, a variedade BRS 509 foi a que apresentou menor perda de MS (8,87%). A maior 
produção de efluentes foi observada para BRS 506 e BRS 508, com produção de 521,87 e 393,16 kg Mg‑1 de 
MS ensilada, respectivamente. A variedade BRS 511 é a mais indicada em razão dos melhores resultados de 
produção e de qualidade nutricional da planta. Em relação ao processo de ensilagem, a BRS 509 apresenta as 
menores perdas fermentativas e o maior valor nutritivo da silagem.

Termos para indexação: Sorghum bicolor, forragicultura, valor nutritivo, volumoso, ruminantes.

Introduction

In Brazil, the use of sorghum [Sorghum bicolor (L.) 
Moench] in animal feed has been growing every year, 
mainly due to its greater resistance to water stress when 
compared to corn (Alves et al., 2012). The development 
of a male‑sterile line of grain sorghum allowed the 
generation of hybrids that are more suitable for silage 

production, with good dry matter yield and also high 
nutritional value (Souza et al., 2003; Nascimento et al., 
2008).

Saccharine sorghum varieties, distinguished by 
increased stem yield and high content of soluble 
carbohydrates, were developed to be used as raw 
material for ethanol production in the off-season of 
sugarcane (Silva et al., 2014a). The BRS 506 variety 
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was one of the first cultivars to be developed by 
Embrapa in the 1980s, and it became the main option 
for the production of ethanol at that time (Durães et al., 
2012). In 2012, three new varieties were launched by 
Embrapa: BRS 508, BRS 509, and BRS 511, which are 
considered, so far, the best alternatives for cultivation, 
according to studies carried out by Parrella & Schaffert 
(2012).

Although these varieties have been widely studied 
for ethanol production, little is still known about their 
potential as forages. Current studies, such as those of 
Lourenço et al. (2007) and Santos et al. (2015), only 
assess the sugar content and stem production of these 
varieties, without discussing the nutritional quality of 
different plant parts and its effect on silage production. 
Moreover, the large amount of sugar present in these 
varieties can provide a significant source of energy 
intake for animals, improving animal performance 
and contributing to the efficiency of the ensiling 
process (Bergamaschine et al., 2006; Coan et al., 2007; 
França et al., 2011). Amer et al. (2012) evaluated the 
performance of dairy cows fed with hybrid saccharine 
sorghum (CSSH45) and obtained average yields of 
33 kg milk per day. This result indicates that further 
studies are needed to assess the nutritional value of the 
varieties of saccharine sorghum used in Brazil.

The objective of this work was to evaluate four 
cultivars of saccharine sorghum (Sorghum bicolor) 
regarding productivity, chemical composition of plant 
parts, and quality of the ensiling process.

Materials and Methods

The study was conducted at the experimental 
field of Embrapa Agropecuária Oeste, and chemical 
analysis was performed at Universidade Federal da 
Grande Dourados, both located in the municipality of 
Dourados, in the State of Mato Grosso do Sul, Brazil. 
The soil of the experimental area is classified as a 
Latossolo Vermelho‑Escuro (Rhodic Oxisol) with clay 
texture (Santos et al., 2006), and presented the following 
characteristics: pH (CaCl2) 4.6; 24.4 mg dm‑3 P‑resin; 
8.0 mmol dm‑3 K; 42 mmol dm‑3 Ca; 17 mmol dm‑3 Mg; 
82 mmol dm‑3 Al+H; sum of bases of 244 mmol dm‑3; 
cation exchange capacity of 149  mmol  dm‑3; base 
saturation of 44.9%; and 30.6 g dm‑3 organic matter. 
The average temperature during the experimental 

period was 28.1oC, and the accumulated precipitation 
was 485.4 mm.

The experiment was divided into two trials, which 
assessed: production, morphological composition, 
and nutritional quality of the saccharine varieties; and 
fermentation quality and nutritional value of the silage 
produced from the saccharine varieties.

The experiment was established in June 2014, 
considered as an “off-season” culture, in a randomized 
complete block design with four treatments (the 
saccharine sorghum varieties BRS  506, BRS  508, 
BRS 509, and BRS 511) and eight replicates. A total 
of 450  kg  ha‑1 of the formula 8‑20‑20  N-P2O5-K2O 
was applied at sowing, and nitrogen fertilization with 
500 kg ammonium sulfate and 100 kg KCl was applied 
30 days after plant emergence. Sowing was performed 
using a planter, with 0.45 m between rows and seven 
plants per linear meter, totaling 155,000  plants per 
hectare. The experimental plots were eight 5.0‑m long 
rows, excluding 1.0 m at each end.

Harvesting occurred when each hybrid reached 28% 
DM, i.e., when the grains are in the dough stage, which 
was at 138 days for BRS 506, 120 days for BRS 508, 
132 days for BRS 509, and 132 days for BRS 511. The 
evaluated parameters were: production of dry matter 
per hectare, and the proportion of stem, leaves, and 
panicles in plants. Leaf fractions were separated into 
blade and sheath, whereas the panicle was detached at 
the insertion of the last leaf. The fractions were dried at 
55°C in a forced air circulation drying oven for 72 hours 
and were then ground in a Willye‑type mill, model 
STAR FT‑50/6, (Fortinox, Piracicaba, SP, Brazil), with 
1.0‑mm mesh sieve, for laboratory analysis. The dried 
and ground samples were subjected to analyses of DM, 
crude protein (CP), neutral detergent fiber (NDF), acid 
detergent fiber (ADF), hemicellulose, cellulose, lignin, 
and in vitro DM digestibility (Silva & Queiroz, 2006).

The results were evaluated through analysis of 
variance, and the means were compared by Tukey’s 
test, at 5% probability, using the R software (The R 
Foundation, 2012).

The experiment to evaluate silage fermentation 
quality and nutritional value was carried out in a 
completely randomized design with four treatments 
and six replicates (silos). The treatments were the 
varieties of saccharine sorghum: BRS 506, BRS 508, 
BRS  509, and BRS  511; and the experimental silos 
were made with PVC pipes, with 50  cm height and 
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10 cm diameter, sealed at the bottom end with a cap. 
At the bottom of the silos, 0.3 kg dry sand was placed, 
separated from the forage by a screen and a cotton 
fabric, to quantify the effluent produced. Compaction 
of the chopped material was performed manually with 
wooden bats. After compaction of forage, the silos 
were sealed with plastic sheet and duct tape, weighed, 
and stored.

At 100  days of fermentation, silos were weighed 
again to determine gas losses and were then opened. 
The determination of gas loss was calculated according 
to the following equation (Jobim et  al., 2007):  
GL =  (SWE ‑ SWO)/EDM  ×  100, in which GL 
represents gas losses (% DM); SWE is the silo weight 
at ensiling (kg); SWO is the silo weight at opening 
(kg); and EDM is the ensiled DM (forage amount in kg 
× % DM).

After silage removal, the set silo, sand, screen, and 
cotton fabric was weighed to quantify the amount 
of effluent produced. Effluent production was 
calculated through the equation (Jobim et  al., 2007):  
PE =  (WSSO  ‑  WSSE)/EDM  ×  1,000, in which PE 
is the effluent production (kg of effluent/Mg ensiled 
green mass); WSSO is the weight of silo, sand, screen, 
and fabric after opening (kg); WSSE is the weight of 
silo, sand, screen, and fabric before opening (kg); and 
EDM is the ensiled DM (kg).

DM loss was determined by the following equation 
(Jobim et al., 2007): DM loss = ((DMi ‑ DMf) /DMi) 
× 100, in which DMf is the final amount of DM; and 
DMi is the initial amount of DM.

After opening, silage samples, of approximately 
300  g, were collected from each plot. Each sample 
was divided into two sub‑samples: one was used for 
determination of pH, according to Silva & Queiroz 
(2006); and the other was weighed and taken to a forced 
air circulation drying oven, at 55°C, for 72 hours and 
ground in a Willye‑type mill, model STAR FT‑50/6, 
(Fortinox, Piracicaba, SP, Brazil), with 1.0‑mm mesh 
sieve, for further laboratory analysis.

The dried and ground samples were subjected 
to analysis of DM, CP, NDF, ADF, hemicellulose, 
cellulose, lignin, and in vitro DM digestibility (Silva & 
Queiroz, 2006). The results were evaluated by analysis 
of variance, and the means were compared by Tukey’s 
test, at 5% probability, using the R software (The R 
Foundation, 2012).

Results and Discussion

Among the tested varieties, BRS 511 and BRS 509 
presented the greatest values of total DM production, 
whereas BRS 508 had the worst performance for this 
parameter (Table  1). There was a difference in stem 
production among varieties, with a mean value of 
19,679 kg ha‑1 DM. The BRS 508 variety also had the 
greatest leaf production (960.82  kg  ha‑1 DM), which 
represents a ratio of 4.3 leaves in relation to the total 
DM production.

The stem was the part of the plant with the highest 
ratio and a mean value of 85.9% in the morphological 
composition of the evaluated varieties. This result was 
already expected since the saccharine varieties were 
selected for high stem production (Lourenço et  al., 
2007; Santos et  al., 2015). There was no difference 
in the stem ratio among varieties; however, the high 
proportion of this fraction affected the results of 
chemical composition.

The CP content of the tested varieties was higher 
in the leaf fraction, with no significant differences 
among varieties (average of 11.10% CP). However, 
the CP content of the whole plant was higher in the 
BRS 508 and BRS 511 varieties. Rodrigues Filho et al. 
(2006) observed variations of CP content of 4.85 to 
7.78% (average of 6.73% CP) in different varieties 
of forage sorghum, i.e., CMSXS  762, BRS  610, 
BR  700, and BRS  506. When comparing all tested 
varieties, only BRS 511 and BRS 508 presented a CP 
content similar to that of a forage variety – in this case 
BR 700 –, whereas the other varieties showed much 
lower CP values. Since protein is essential to meet 
the nutritional requirements of animals, when using 
saccharine sorghum in ruminant feed, larger ratios of 
protein concentrate in diets will be necessary to ensure 
minimum levels of protein.

The fibrous fractions were increased in the panicle 
due to the low production of grains (average of 2.4% 
DM of panicle), observed mainly in the BRS  506 
and BRS 511 varieties. BRS 508 showed the highest 
coefficient of whole plant digestibility (70.65% DM), 
which can be explained by the fact that this variety 
presented one of the largest CP contents, associated 
with one of the lowest NDF contents in the plant. 
Regardless of the fraction of the plant analyzed, the 
BRS 506 variety was the one that presented the highest 
levels of NDF, ADF, cellulose, and lignin, which 
influenced negatively in vitro digestibility of the plants. 
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Orrico Junior et al. (2013) pointed out the importance 
of NDF to assess the quality of forage plants. According 
to this author, the higher the NDF ratio, the lower is 
the voluntary intake of forage by animals, and, as a 
result, the worse is animal performance. Therefore, 
the BRS 506 and BRS 509 varieties would be the least 
indicated for use in animal feed because of the low DM 
production and low nutritional quality of the plants.

A similar result was obtained by Rodrigues Filho 
et  al. (2006), who compared the BRS 506 variety 
with BRS  610, BR  700, and CMSXS  762. These 
authors highlighted that BRS 506 presented the same 
productive potential as other varieties, but with lower 
levels of CP and total digestible nutrients. The BRS 511 
variety had distinctive productions of panicle and stem, 
resulting in plants with lower fiber content and higher 

Table 1. Production, chemical composition, and in vitro digestibility coefficient of panicle, leaf, stem, and whole plant from 
four varieties of saccharine sorghum (Sorghum bicolor)(1).
Fraction Variety Coefficient of variation  

(%)BRS 506 BRS 508 BRS 509 BRS 511
Production (kg ha‑1)

Panicle 2,707.16a 2,507.21b 2,747.11a 2,759.00a 29.74
Leaf 420.73b 960.82a 385.60b 399.38b 8.12
Stem 19,194.34b 18,523.70c 20,919.47a 20,081.21a 9.34
Total production 22,322.24b 21,991.74c 24,052.19a 23,239.60a 18.90

Crude protein (% dry matter)
Panicle 4.29b 7.65a 6.31ab 4.51b 15.24
Leaf 10.87 11.89 11.02 10.63 12.6
Stem 3.42ab 2.84b 4.18ab 4.34a 15.48
Whole plant 4.76b 5.30a 4.78b 5.14a 3.91

Neutral detergent fiber (% dry matter)
Panicle 73.04a 54.37c 62.71bc 68.55ab 6.01
Leaf 50.35ab 50.44ab 54.42a 49.52b 3.53
Stem 38.70 37.59 36.97 39.11 10.77
Whole plant 49.69a 42.16b 40.93b 41.69b 9.98

Acid detergent fiber (% dry matter)
Panicle 41.13a 25.88c 31.12bc 35.74ab 7.37
Leaf 25.29ab 24.36b 28.03a 23.16b 4.94
Stem 20.25 20.82 18.68 21.34 16.43
Whole plant 28.48a 24.42b 23.64c 20.86d 2.21

Hemicellulose (% dry matter)
Panicle 31.91 28.48 31.58 32.82 8.06
Leaf 25.06 26.08 26.39 26.37 3.58
Stem 18.46 18.77 18.30 17.77 11.31
Whole plant 21.21a 17.75d 20.38b 19.23c 1.52

Cellulose (% dry matter)
Panicle 32.70a 19.99c 22.72bc 27.88ab 8.25
Leaf 18.76ab 19.82ab 21.89a 18.05b 6.52
Stem 15.23 15.45 14.14 16.87 16.56
Whole plant 23.64a 20.49b 20.48b 20.74b 4.86

Lignin (% dry matter)
Panicle 7.65a 5.35b 7.56a 6.98ab 16.21
Leaf 5.90a 3.63c 5.13b 3.99b 18.23
Stem 4.62a 4.77a 3.98b 3.94b 13.45
Whole plant 3.84a 3.17b 3.92a 3.18b 15.69

Digestibility (% dry matter)
Panicle 32.30b 62.00a 40.50b 36.10b 16.21
Leaf 56.17 55.53 49.27 52.53 6.61
Stem 65.63 63.73 65.53 60.70 10.54
Whole plant 65.67c 70.65a 65.93c 67.61b 1.74
(1)Means followed by different letters, within rows, differ by Tukey’s test, at 5% probability. 
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protein content, which positively affected in vitro DM 
digestibility; consequently, the use of this cultivar as 
fresh forage in animal feed could be recommended.

There was no difference in pH between the studied 
varieties either at the beginning or at the end of the 
silage process (Table  2). The average pH value was 
3.64, which can be considered ideal, since, according to 
Ferreira et al. (2011), pH values lower than 4.0 indicate 
the occurrence of lactic acid fermentation that inhibits 
the growth of undesirable microorganisms, ensuring 
the quality of the final product. França et  al. (2011) 
obtained values of pH ranging from 3.9 to 4.3 in the 
silages of the 1F 305, 0369 267, 0369 255, and BR 700 
forage sorghum varieties. This indicates that the larger 
content of soluble carbohydrates present in saccharine 
varieties, when compared to forage varieties, may 
provide greater production of short‑chain organic acids 
during the ensiling process, which enables a fast and 
efficient pH reduction in the ensiled material.

The BRS  511, BRS 508, and BRS  506 varieties 
presented the highest DM losses, whereas BRS  509 
had the lowest one. These results are similar to those 
obtained by Rodrigues et  al. (2002), who found DM 
losses ranging from 8 to 14%. Regarding gas losses, 
these did not differ among varieties, with a mean value 
of 5.98%. This value was greater than the gas losses of 
2% reported by França et al. (2011), when evaluating 
silage of the 1F 305, 0369 267, 0369 255, and BR 700 
forage sorghum varieties.

Saccharine varieties have a succulent stem and, as 
a result, showed high effluent production (Podkówka 

& Podkówka, 2011), from 310.89 to 521.87 kg Mg‑1 
ensiled DM for BRS 509 and BRS 506, respectively. 
These results are considered high in comparison to 
the value of 133  kg Mg‑1 observed by França et  al. 
(2011) using forage varieties. This excessive effluent 
can promote the development of anaerobic bacteria of 
the genus Clostridium, which produce butyric acid, 
resulting in the degradation of protein and lactic acid. 
Furthermore, a significant portion of plant nutrients 
can be eliminated from the effluent, reducing the 
quality of the material (Amaral et  al., 2008; Silva 
et al., 2014b).

When comparing the quality of the plants of the 
first trial (same material used for filling the silo) and of 
the silages of the second trial, it can be concluded that 
the more digestible the variety is, the greater the loss 
of quality will be due to the leaching of nutrients via 
effluent production. The BRS 508 variety presented 
the highest coefficient of in vitro DM digestibility 
before ensiling, and, because of the large production of 
effluent (393.16 kg Mg‑1 DM), the value of digestibility 
was reduced in 19.29% of silage produced (57.02%). 
In contrast, BRS 509, which had the worst coefficient 
of in vitro DM digestibility (65.93% before ensiling) 
and the lowest production of effluent (310.89  kg 
Mg‑1  DM), achieved a reduction of only 6.90% 
digestibility (61.35%) during the ensiling process.

The BRS 506 and BRS 508 varieties generated the 
greatest amount of effluents and presented the highest 
values of fibrous fractions, except lignin. In addition, 
these varieties had the lowest CP values, which shows 

Table 2. Values for pH, fermentation losses, and chemical composition of silages produced from four varieties of saccharine 
sorghum (Sorghum bicolor)(1).
Parameters Variety Coefficient of 

variation (%)BRS 506 BRS 508 BRS 509 BRS 511
pH ensiling 5.35 5.53 5.28 5.25 16.90
pH opening 3.60 3.68 3.64 3.67 0.47
DM losses (%) 10.57ab 11.12ab 8.87b 16.67a 34.88
Gas losses (%) 6.16 5.94 3.74 8.10 59.24
Effluent losses (kg Mg‑1 DM) 521.87a 393.16b 310.89d 374.62c 9.09
Mineral content (% DM) 5.26a 4.93ab 4.48c 4.82bc 7.91
Crude protein (% DM) 4.14b 4.10b 4.98a 4.96a 5.81
Neutral detergent fiber (% DM) 47.30ab 48.32a 43.63c 45.70b 7.45
Acid detergent fiber (% DM) 27.60ab 27.69a 24.01c 24.45bc 11.31
Hemicellulose (% DM) 19.70 20.63 19.61 21.24 11.00
Cellulose (% DM) 21.52ab 22.49a 18.24c 18.88bc 12.47
Lignin (% DM) 5.31 4.51 5.33 5.07 18.1
Digestibility (% DM) 57.29b 57.02b 61.35a 61.16a 5.7
(1)Means followed by different letters, within rows, differ by Tukey’s test, at 5% probability. DM, dry matter. 
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even more the negative effects of effluent production 
in these varieties of saccharine sorghum.

Despite the mentioned losses, which are unusual 
when compared to other species of sorghum, the 
varieties showed an adequate chemical composition 
from a nutritional point of view, in which some results 
were superior when compared with the varieties of 
forage and grain sorghum commonly found. The 
average levels of 46.30% NDF and 59.20% in vitro 
DM digestibility obtained in the present study were 
lower than those reported by Rodrigues et al. (2002) 
for forage varieties, who observed values of 58.79% 
NDF and 52.87% in vitro DM digestibility.

All varieties presented satisfactory performance 
(Coan et al., 2007; Podkówka & Podkówka, 2011; Dias 
et al., 2014) in the studied parameters, except effluent 
production, which must be reduced to ensure a more 
appropriate use of nutrients from the silage produced 
from the saccharine varieties.

Conclusions

1. The BRS 511 variety presents higher plant 
production and nutritional quality.

2. Regarding the fermentation process, the BRS 509 
variety presents the lowest fermentative losses and the 
highest nutritional value of silage.
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