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SILAGEM DE GRÃO DE MILHO REIDRATADO COM RESÍDUO ÚMIDO DE CERVEJARIA E DIFERENTES 
INOCULANTES 

RESUMO 
Objetivou-se avaliar os efeitos da inclusão de diferentes proporções de Resíduo Úmido de Cervejaria (RUC) com uso de inoculantes na qualidade da 
silagem de grão de milho moído reidratado. O experimento foi conduzido em delineamento inteiramente casualizado em esquema fatorial 4 x 3, com 
quatro repetições. Foram avaliadas quatro combinações de RUC e grão de milho moído para alcançar 45 (MS45), 50 (MS50), 55 (MS55) e 65% (MS65) 
de matéria seca (MS) no material homogeneizado antes da ensilagem, e três tipos de inoculação: sem inoculante com L. plantarum + P. acidilactici 
(Homo) e com L. buchneri (LB). A ensilagem foi feita em silos experimentais de PVC (±4,0kg) e estocadas por 180 dias. As variáveis obtidas foram 
analisadas pelos procedimentos da análise de variância e regressão (P<0,05) utilizando o software R. A porcentagem da MS real ensilada nos 
tratamentos foram 47%, 52%, 56% e 66%. Não foi observado comprometimento da capacidade de diminuição do pH do milho reidratado com RUC. As 
perdas de matéria seca total ficaram dentro do limite aceitável na silagem com 52% de MS (MS50), independentemente do tipo de inoculação. As 
perdas de gases ficaram dentro do limite aceitável apenas nos tratamentos MS50 com inoculante Homo e no tratamento MS50 sem inoculação. As 
perdas de efluentes ficaram fora do limite tolerável no tratamento com 47% de MS (MS45) na presença do inoculante L.B. Houve interação significativa 
entre o inoculante L.B e as silagens com 47% (MS45) e 56% (MS55) de MS para os níveis de Proteína Bruta (PB). As variáveis FDA e FDN reduziram 
linearmente em função do aumento de matéria seca do material ensilado, com tendência de os menores valores serem encontrados nos tratamentos 
sem inoculação. Para todas as variáveis, foi observado um incremento nos níveis de energia (Carboidratos não Fibrosos, amido, Nutrientes Digestíveis 
Totais e Energia Líquida de ganho) com o aumento do teor de MS da silagem. Conclui-se que para as perdas fermentativas a silagem com 52% de MS 
(MS50) foi o que obteve os melhores resultados. Para as características bromatológicas e energéticas a silagem com 66% de MS foi a melhor, exceto 
para a variável PB que a silagem 47% MS alcançou resultado superior. De forma geral, a adição de aditivos não apresentou melhoria em relação aos 
tratamentos sem inoculantes. 

Palavras-chave  
Aditivo, Amido, Energia, Matéria seca. 

Abstract  
The objective was to evaluate the effects of including different proportions of 
Wet Brewery Residue (WBR) using inoculants on rehydrated ground corn silage 
quality. The experiment was conducted in a completely randomized design in a 
4 x 3 factorial scheme with four replications. Four combinations of WBR and 
ground corn were evaluated to achieve 45 (DM45), 50 (DM50), 55 (DM55), 
and 65% (DM65) of dry matter (DM) in the homogenized material before 
siling, and three types of inoculation: without inoculant, with L. plantarum + P. 
acidylactici (Homo) and with L. buchneri (L. B). Ensiling was done in 
experimental PVC silos (±4.0kg) and stored for 180 days. The variables 
obtained were analyzed by the analysis of variance and regression procedures 
(P<0.05) using the R software. The percentage of real DM included in the 
treatments was 47%, 52%, 56%, and 66%. No impairment of the pH-reducing 
capacity of corn rehydrated with WBR was observed. Total dry matter losses 
were within the acceptable limit in silage with 52% DM (DM50), regardless of 
the type of inoculation. Gas losses were within the permissible limit only in the 
DM50 treatments with Homo inoculant and in the DM50 treatment without 
inoculation. Effluent losses were outside the tolerable limit in the treatment 
with 47% DM (DM45) in the presence of the inoculant LB. There was a 
significant interaction between the inoculant LB and the silages, with 47% 
(DM45) and 56% (DM55) DM for the Crude Protein (CP) levels. The ADF and 
NDF variables reduced linearly as a function of the increase in dry matter of the 
ensiled material, with a tendency for the lowest values to be found in 
treatments without inoculation. For all variables, an increase in energy levels 
(Non-Fibrous Carbohydrates, starch, Total Digestible Nutrients, and Net Energy 
gain) was observed with the increase in the DM content of the silage. It is 
concluded that silage with 52% DM (DM50) obtained the best results for 
fermentative losses. For bromatological and energetic characteristics, silage 
with 66% DM was the best, except for the CP variable, where 47% DM silage 
achieved superior results. In general, the addition of additives did not show 
any improvement in relation to treatments without inoculants. 
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INTRODUCTION 

Ground corn is the main source of energy used in animal feed concentrates 

(FAUSTINO et al., 2020). Approximately 75% of the energy value of corn grain is 

derived from starch. Often, this starch is not fully available for animal use, since 

commercial hybrids in Brazil are preferably of high vitreousness, the protein matrix 

is dense, with structured protein bodies, which surround the starch granules 

(OLIVEIRA et al., 2019), having to use some technique to improve its availability 

(GRANT and FERRARETTO, 2018). 

Rehydrated corn grain silage can be an excellent alternative in order to 

increase the digestibility of starch granules. It consists of harvesting the grain in full 

maturity stage (85 – 90% dry matter), followed by grinding and then rehydrated, 

raising its humidity from 30 to 40% and ensiled (CARVALHO et al., 2017). This 

better use of ensiled grains is attributed to the proteolysis that occurs in silage by the 

action of bacteria and microbial enzymes in the protein matrix involving starch 

granules (KUNG JR et al., 2018). 

The success in using corn grain silage rehydrated is highly affected by the 

rehydration process (MOMBACH et al., 2019), because if the incorporation of water 

to the corn occurs by a non-rigorous mixture, the hydration of the grain will not be 

perfect, which may result in loss of DM from the silage material (FAUSTINO et al., 

2020). An alternative to improve this mixture for small producers is the inclusion of 

materials with high moisture content, without causing loss of its nutritional value, an 

example of this is the brewery wet residue (BWR) which has good nutritional value. 

BWR has a high protein content (28.1%), higher than corn, with an excellent 

amino acid profile, with good levels of methionine that associates well with soybean 

meal because it contains good levels of lysine, enabling a more balanced diet in terms 

of amino acids (SCHEID and GUERIOS, 2021). In addition, it has neutral detergent 

fiber (NDF) that reaches 49.3% and is considered good quality (NRC, 2021). 

However, it presents storage challenges due to high humidity (78.5%). Segundo 

Bueno et al. (2020) mixing dry with wet ingredients can minimize the risk of effluent 

production and undesirable fermentation. In this sense, WBR can be used as a 

moisture source for rehydration of dry ground grain, resulting in moisture suitable 

for silage. On the other hand, corn would provide an adequate substrate 
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concentration for silage fermentation and improvement in the preservation of 

nutritional value and storage of WBR. 

The use of inoculants for silage, such as the homofermentative bacteria of the 

type Lactobacillus plantarum, Pediococcus acidilactici and Enterococcus faecium aims for 

improving the fermentation process, through an efficient acidification in order to 

provide adequate conservation. The heterofermentatives bacteria such as Lactobacillus 

buchneri, can increase the aerobic stability of the material, preventing the proliferation 

of pathogenic microorganisms (MORAIS et al., 2017).  

The use of alternative foods, such as agro-industrial waste, in the feeding of 

ruminants is an alternative to reduce production costs, in addition to promoting less 

environmental pollution. These advantages can be enhanced if there are lower losses 

in the fermentation process, which in turn has been associated with the presence of 

inoculants. Therefore, the present study aimed to evaluate the effects of the inclusion 

of different proportions of WBR, with or without the use of inoculants, on the quality 

of rehydrated corn grain silage. 

MATERIAL AND METHODS 

The experiment was conducted at the Department of Zootechnics of the 

Federal Institute of Education, Science and Technology of Southeastern Minas Gerais – 

Campus Rio Pomba, Minas Gerais, Brazil. The raw material for silage consisted of wet 

residue from brewery – WBR (27% DM) purchased in brewery located in the city of 

Cláudio-MG and commercial grain corn (12% DM), purchased in the local market. The 

inoculants were purchased through commercial products, based on a source of 

homofermentative bacteria Lactobacillus plantarum4x1010 UFC/g) and Pediococcus 

acidilactici (4x1010 UFC/g) - Kerasil® (Kera Nutrição Animal) and heterofermentative 

bacteria Lactobacillus buchneri (5x104 UFC/g) - Lalsil® (Lallemand).  

The experiment was conducted in a completely randomized design, in a 

double factorial scheme (4x3), with four replications. The treatments consisted of 4 

different amounts of WBR and dry ground corn grain to reach the DM levels of 45% 

(DM45), 50% (DM50), 55% (DM55) and 65% (DM65) in the homogenized material 

before silage (Table 1) and 3 types of inoculation: (1) heterofermentative bacteria - L. 

buchneri (LB); (2) homofermentative bacteria - L. plantarum and P. acidilacticii (homo) 

and (3) without inoculant. 
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The corn, in commercial grain, was crushed in a hammer mill, equipped with 

a 4 mm diameter sieve and rehydrated with different levels of WBR. The corn:WBR 

proportions were calculated using Pearson's square aiming at the final DM of each 

treatment. The ingredients were added to a container and homogenized manually. In 

this step, inoculants diluted in distilled water were added, following the 

manufacturer's recommendation and the treatment without inoculant received the 

same proportion of distilled water. Then the mixture was placed in silos of PVC pipes, 

with a diameter of 10 cm and a height of 50 cm, and compacted with wooden 

pendulums. At the base of each silo, 0.5 kg of fine dry sand was placed inside a NWF 

cloth (non-woven fabric) separated from the silage material. Each set (tube + lid + 

sand + cloth) were weighed and sealed with PVC lids coupled to Bunsen valves to 

allow fermentation gases to escape and prevent air from entering. The silos were 

stored for 180 days in a covered area and at room temperature. At the time of silage, a 

sample of each treatment was collected to determine the initial bromatological 

chemical composition (Table 2). 

The addition of WBR to corn in the proportions defined in the present study, 

exceeded in 1.91, 1.85, 0.81 and 0.82% the estimated value of dry matter (DM) of the 

treatments of 45%, 50%, 55% and 65%, respectively. Thus, the observed DM values 

were 46.91%, 51.85%, 55.81% and 65.82%. These values were considered for analysis 

and interpretation of the results since it is the composition in real ensiled DM.  

After 180 days of silage, the silos were weighed to determine the losses that 

occurred during the fermentation process. Effluent and gas losses were determined 

according to the methodology described by Jobim et al. (2007) and for the 

Table 1. Proportions of corn and wet brewery residue (WBR) used for Factor 1 composition and Factor 2 inoculants. 

 

Treatments 
Factor 1: corn:WBR ratio in silage Target dry matter 

(%) 
Factor 2: Inoculant 

Corn (%) WBR (%) 

T1 29.5 70.5 45 LB 

T2 38.0 62.0 50 LB 

T3 46.0 54.0 55 LB 

T4 62.0 38.0 65 LB 

T5 29.5 70.5 45 Homo 

T6 38.0 62.0 50 Homo 

T7 46.0 54.0 55 Homo 

T8 62.0 38.0 65 Homo 

T9 29.5 70.5 45 Without inoculation 

T10 38.0 62.0 50 Without inoculation 

T11 46.0 54.0 55 Without inoculation 

T12 62.0 38.0 65 Without inoculation 
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determination of total dry matter losses (TDML) the methodology described by Silva 

and Queiroz (2006) was used. The losses were calculated using the following 

equations: 

 
 

 
 

 
 

Where: 

Peffluent = loss per effluent (% of ensiled natural matter); 

Pgases = gas loss calculated as a function of ensiled dry matter (%); 

TDML = total dry matter loss as a function of ensiled dry matter (%); 

GMSens = green mass of sample in silage. 

PTCens = total weight of the set in silage (sample + silo + lid + NWF with dry sand); 

TWSopen = total weight of the set at the opening (sample + silo + lid + NWF with wet sand);  

WSs = weight of the set in silage (silo + lid + NWF with dry sand); 

WSopen = set weight at opening (silo + lid + NWF with wet sand); 

DMs = % of sample dry matter in silage; 

DMopen = % dry matter of the sample at the opening. 

 

Table 2. Average contents of bromatological characteristics and energy values of ground corn 
grain with different levels of WBR, before silage. 

 
Legend: NDIP - Neutral detergent insoluble protein; ADF - Acid detergent fiber; NDF – Neutral detergent fiber; 
NFC – non-fiber carbohydrates; TDN – Total Digestible nutrients; NEG - Net Energy gain. 

Analysis 
Dry matter content of the silage mixture % 

DM45 DM50 DM55 DM65 

Dry Matter 46.91 51.85 55.81 65.82 

Crude Protein 19.12 17.57 16.18 14.61 

NDIP 2.52 2.34 2.06 1.85 

ADF 10.59 9.74 7.42 6.01 

NDF 23.36 22.52 18.21 15.20 

Ash 2.20 2.31 2.83 2.42 

Starch 43.78 45.83 51.89 57.53 

NFC 52.43 54.44 59.89 65.34 

TDN 80.13 80.46 81.70 83.00 

NEG 1.81 1.80 1.81 1.81 
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After determining the fermentative losses, the upper material of each silo was 

discarded and the central material of the silo was homogenized, and a sample (9 g) 

was taken for pH analysis. The sample was placed in 60 ml of distilled water for 30 

minutes, followed by direct reading of the hydrogenionic potential using a benchtop 

pH meter. The rest of the material was used to collect samples that were sent to the 

laboratory (3RLAB, 2021).  

The NIRS type analyzes (SILVERSTEIN, 2019) were performed in a 3Rlab 

laboratory to determine the contents of dry matter (DM), crude protein (CP), neutral 

detergent insoluble  protein (NDIP), neutral detergent fiber (NDF), acidic detergent 

fiber (ADF), starch, non-fiber carbohydrates (NFC), total digestible nutrients (TDN) 

and net gain energy (NEG) for dairy cattle, following the NRC 2001.  

The variables obtained after opening the silos were analyzed by analysis of 

variance and regression (p<0.05). Shapiro-Wilk (α= 0.05) and Bartlett (α=0.05) tests 

were performed for normality of residuals and homogeneity of variances, respectively. 

ANOVA was then performed using the significance of the F-test at 5% probability. 

When the interaction was significant (p<0.05), the unfolding of the interaction was 

performed, analyzing the inoculating factor through the Tukey test (p < 0.05) and the 

dry matter levels factor by regression analysis. The choice of the regression model was 

based on the significance of the coefficients (linear and/or quadratic), test for the lack 

of adjustment (p ≥ 0.05) and the coefficient of determination (r²). All analyses were 

performed using the ExpDes.pt package (FERREIRA et al., 2014) from R software (R 

CORETEAM, 2022). 

RESULTS 

Fermentative Losses and pH 

For pH (Figure 1) there was no significant interaction between DM levels and 

types of inoculants. The pH was influenced (P=0.000112) by the different DM levels of 

the silage. There was no difference in silage pH between the inoculants. 

The interaction effect (P<0.05) among the percentages of DM and the 

inoculants. The highest loss of total dry matter was observed for DM45, regardless of 

the use of inoculant and the lowest losses were observed for DM50, without the use of 

inoculant (Table 3). 
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In the evaluation of gas losses (Table 3), the highest losses were also observed 

for the treatment of DM45, no difference between types of inoculation and the lowest 

gas losses were observed for the treatment DM50, inoculated with LB and without 

inoculation. As for the losses by effluents, the greatest losses were also in the treatment 

with DM45 and with the use of the inoculant LB.  

Figure 1. pH values of silages with different DM and inoculants.  

 
Without inoculant - without the addition of inoculant; Homo - inoculant homofermenta-

tive bacteria Lactobacillus plantarum and Pediococcus acidilactici; L. Buchneri (LB) - inoculant 

L. buchneri. Means followed by the same capital letter, do not differ from each other by the 

Tukey test 5% probability. 

Table 3. Values of total dry matter losses, gases and effluents of corn grain silages rehydrated with WBR for differ-
ent dry matter contents for silage, with the presence or not of inoculants. 

 
1Without inoculant - without the addition of inoculant; 2Homo-inoculant homofermentative bacteria Lactobacillus 
plantarum and Pediococcus acidilactici; 3LB-inoculant L. buchneri. Means followed by the same letter, uppercase in the 
row and Lowercase in the column do not differ from each other by the Tukey Test at 5% probability. 

Inoculant 
Dry matter (%) 

CV (%) 
DM45 DM50 DM55 DM65 

Total dry matter losses % 

3LB 21.57 Aa 5.11 Da 8.52 Ba 6.90 Ca 

4.65 
2Homo 21..99 Aa 5.91 Ca 7.70 Ba 7.59 Ba 

1Without inocu-
lant 

19.59 Aa 3.95 Cb 7.64 Ba 6.93 Ba 

Gas loss % 

LB 17.23 Aa 1.90 Cb 7.17 Ba 5.40 Ba 

8.42 Homo 17.32 Aa 3.28 Ca 6.18 Ba 5.81 Ba 

Without inoculant 14.66 Aa 1.71 Db 7.39 Ba 5.37 Ca 

Effluent loss % 

LB 7.25 Aa 2.05 Ba 1.46 Ba 1.57 Ba 

15.90 Homo 6.22 Ab 2.70 Ba 1.60 Ca 1.88 BCa 

Without inoculant 5.57 Ab 2.08 Ba 1.61 Ba 1.59 Ba 
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Bromatological Features 

Significant interaction was observed between the percentage of DM and 

inoculants (P<0.05) (Figure 2A). In the DM45 treatment, inoculation with LB had the 

highest dry matter losses in relation to Homo and without inoculation. In the DM50 

treatment, silage without inoculation showed lower losses. In the DM55 and DM65 

treatments there were no significant differences for the inoculating factor. DM levels 

were influenced by the treatments comparing the material before silage with the 

material after silage. There was a reduction in the percentage of silage DM that were 

higher in silage DM45: 4.71%, DM50: 4.17% in relation to DM55: 3.33% and DM65: 

3.0%.  

For the characteristic CP there was significant interaction between the 

percentage of DM and the inoculants. CP decreased with the increase of DM content of 

the silage. This effect was represented by the quadratic decreasing model for the 

Homo inoculant. The minimum point of the model was estimated at the 63.04% DM 

level. At this DM level, CP reached a minimum of 14.10% (Figure 2B). This same 

model was adjusted for silage without inoculant in which the minimum point of the 

model is observed when reaching the level corresponding to 69.4% DM, which is 

outside the range of the present study. The increase in DM linearly reduced the CP 

content of the silage in the presence of the LB inoculant, for each unit increased in the 

DM content, it was estimated a reduction of 0.15 units in the CP content of the silage. 

Figure 2. Mean values of dry matter (A) and crude protein (B) of corn 

grain silages rehydrated with WBR, with different DM levels, without and 

with the presence of inoculants. 

 
Without inoculant - without the addition of inoculant; Homo-inoculant homofermentative 

bacteria Lactobacillus plantarum and Pediococcus acidilactici; L. Buchneri (LB) - inoculant L. 

buchneri. Means followed by the same lowercase letter do not differ from each other by the 

Tukey Test at 5% probability. 
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Differences were observed between CP levels depending on the form of 

inoculation in DM45 and DM55 treatments. In DM45, the LB (17.52% of CP) presented 

lower value statistically than the other treatments (without inoculant 18.94% of CP and 

Homo 19.30% of CP). In DM55, LB had the highest CP content (15.99%), followed by 

silage without inoculant (15.38%) and Homo inoculant with the lowest amount of CP 

(14.72%). 

The ADF and NDF variables decreased linearly as a function of the increase in 

DM (quantitative factor) of the silage material (Figure 3A) and (Figure 3B). In the ADF, 

in relation to inoculants, silage without inoculant presented lower ADF values, 

however, in DM45 and DM55 treatments there was no significant difference in relation 

to Homo. In NDF, for the inoculant type factor, in DM45, DM50 and DM65, silage 

without inoculant had lower values statistically in relation to those with inoculants. In 

DM55, the Homo inoculant showed lower value than the other treatments. 

Regarding the NDIP (Figure 3C), a significant interaction was observed 

between the factors percentage of DM and types of inoculants. The NDIP value 

showed quadratic responses in all types of inoculants. The minimum values of the 

model for no inoculant, Homo and LB were obtained when reaching 64.96, 60.55 and 

62.23% DM, respectively. At these DM levels, it was estimated the levels of 1.40, 1.29 

and 1.55% in NDIP for silage without inoculant, Homo and LB, respectively.  

Energy Value 

For all variables, an increase in energy levels was observed with increasing 

DM content of silage (Figure 4). This increase was represented by the linear model for 

the variables NFC, starch, TDN, NEG in the factors without inoculant and with the 

Homo inoculant and by the quadratic model for the variable NEG when the LB 

inoculant was used. The maximum NEG value was observed when it hit DM levels 

corresponding to 68.67%, which is outside the range investigated.  

Regarding starch (Figure 4A), there was a decrease in concentrations in 

relation to the material before silage compared to silage, where in DM45 was a sharp 

reduction reaching 11.8 percentage points in Homo treatment. The smallest loss, 

corresponding to 1.3 percentage points of the mass silaged, was observed in the silage 

without inoculant of treatment DM65. In relation to the inoculants within each dry 

matter level, the Homo treatment presented significantly lower values in relation to 
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the others, for DM45. In the dry matter levels DM50 and MD55, LB presented lower 

values in relation to without inoculant, but did not differ statistically from Homo 

inoculant in DM50. However, in DM65 the absence of inoculants presented a higher 

Figure 3. Values of ADF (A), NDF (B), NDIP(C) of corn grain silages rehydrated with 

WBR, with different dry matter contents, without and with the presence of inoculants. 

 
Without inoculant - without the addition of inoculant; Homo-inoculant homofermentative 

bacteria Lactobacillus plantarum and Pediococcus acidilactici; L. Buchneri (LB) - inoculant L. 

buchneri. Means followed by the same lowercase letter do not differ from each other by the 

Tukey Test at 5% probability. 
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amount of starch in relation to treatments with inoculation. 

For the NFC in relation to the presence of inoculants, in DM45 Homo 

presented lower significant values in relation to without inoculants, but did not differ 

statistically from LB. In DM50 and DM65 treatments, without inoculant was higher 

than LB, but it did not differ from Homo inoculant, whereas in DM55 Homo was 

higher than LB. In relation to non-silaged material, DM45 lost NFC. For DM65, all 

treatments increased the percentage of NFC. 

For the TDN (figure 4C), in relation to the inoculants, LB was significantly 

lower in relation to the others in the DM45 and DM50 treatments. In DM55, LB was 

higher. In DM65 there was no significant difference between treatments. In relation to 

NEG (figure 4D), the presence of LB inoculant in DM45 presented a significantly lower 

value compared to the others. In DM55, LB was higher than Homo and without 

inoculant and in DM50 and DM65 there was no difference between treatments.  

Figure 4. Starch values % DM (A), NFC (B), TDN (C) and NEG (D) of corn grain silages 

rehydrated with WBR, with different dry matter contents, without and with the presence 

of inoculants. 

 
Without inoculant - without the addition of inoculant; Homo - inoculant homofermenta-

tive bacteria Lactobacillus plantarum and Pediococcus acidilactici; L. Buchneri (LB) - inoculant 

L. buchneri. Means followed by the same lowercase letter do not differ from each other by 

the Tukey Test at 5% probability. 



REHYDRATED CORN GRAIN SILAGE WITH WET BREWERY RESIDUE...  

Bol. Ind. Anim., Nova Odessa, v. 81, 2024 

12 

DISCUSSION 

There was no impairment of the ability to decrease the pH of the ground corn 

grain rehydrated with WBR for the amounts of dry matter in the material to be siled, 

obtained in the present study. The pH values of the treatments are close to those 

considered ideal from 3.8 to 4.2 (McDONALD et al., 1991). The pH values were similar 

to those reported by Ferraretto et al. (2018) comparing WBR and corn mixtures to 

achieve 60, 65, 70% DM, with pH values below 4 with 28 days of fermentation, 

demonstrating the possibility of using the material as a pH reduction 

According to McDonald et al. (1991), the limit value considered appropriate 

for total effluent losses in silages ranges from 5 to 7%. In the present study, only the 

DM45 with the LB inoculant was not within this limit, with a value of 7.24% of losses. 

The gas losses presented values considered acceptable of 1 to 2% of the total energy 

losses (MOMBACH et al., 2019) only in DM50 silage, within the levels without 

inoculants (1.98%) and LB (1.90%). The remainder was above ideal, especially with 

DM45, with losses of 17.23, 17.32 and 14.66%, for LB, Homo and without inoculant, 

respectively. At levels close to 45% DM, gas losses are enhanced by the fermentation of 

CO2-producing microorganisms. This is due to the activity of bacteria of the genus 

Clostridium, enterobacter and yeasts that promote decarboxylation and/or oxidation 

during the fermentative process (McDONALD et al., 1991).  

For the pmst values, silage MS50 was the one that was closest to the 5% of 

losses accepted for silage materials, according to Mombach et al. (2019). The greatest 

losses occurred in silage DM45 being well above the ideal, without changes with the 

presence or absence of inoculants. This increase in losses is justified by gas losses, 

since these are accounted for in the TDML.  

Oliveira et al. (2019) studying corn grain silage rehydrated at 33% humidity, 

siled for 45 days and inoculated with L. plantarum and Propionibacterium acidipropionici, 

verified values of TDMLof 12.5, 17.5 and 15.4% in DM, for the control treatments, 

presence of the enzyme glucoamylase and in the presence of the enzyme amylase, 

respectively. The authors associated these losses with the intensification of microbial 

activity in silages with highly fermentable carbohydrates. 

DM levels were influenced by the treatments comparing the material before 

silage with the material after silage. There were losses of 4.71% for DM45 silage, 4.17% 

for DM50, 3.33% for DM55 treatment and 3.01% for DM65 silage. 
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The present study showed a negative correlation between the reduction of dry 

matter and the increase in losses. The reduction of DM occurs, since in the process of 

acidification of the medium there is the consumption of DM by lactic acid-producing 

bacteria, until the silage material becomes stable. There is a tendency that moisture 

contents above 35% at the time of silage favor DM losses (PEREIRA et al., 2017). 

Ferraretto et al. (2018) comparing mixtures of WBR and rehydrated corn to achieve dry 

matter of 60, 65, 70%, observed that DM had a slight decrease (1 to 2 percentage units) 

observed for all treatments up to 28 days. In another study, Carvalho et al. (2017) 

found that the total reduction in DM concentration was 3.2 percentage points of corn 

grain silage rehydrated at 30% moisture at 180 days. 

The fibrous fraction, represented by NDF and ADF, of corn silages rehydrated 

with WBR suffered a dilution effect after the silage period. The production of organic 

acids from soluble components has a dilution effect proportional to the fibrous 

fraction of the silage. This result possibly comes from the occurrence of hemicellulose 

hydrolysis (WEIMER et al., 2022).  

In a meta-analysis with approximately 5,900 samples of corn silage with wet 

grains, Ferraretto et al. (2014) found mean values of 7.1% for NDF and 2.6% for ADF, 

lower results than those obtained in the present study. The values closest to these were 

DM65 silage without the presence of inoculants, 10.9% for NDF and 3.24% for ADF. It 

was a trend of this study, silages without inoculants presented lower values of NDF 

and ADF. 

The NDIP content decreased from the green mass to be siled to the silage in all 

treatments, due to the fermentative process (SOUZA et al., 2022). It should be noted 

that the lower the value of such, the more available the protein content will be for the 

animal. Being the lowest value found in silage DM65 with LB. 

 The treatments that received the highest amount of WBR had higher 

concentrations of CP, which resulted in an increase in the nutritional value of corn 

grain silage, proportional to the level of added WBR. This resulted in a silage with 

energy and protein contents approaching the commercial concentrates for ruminants.  

CP losses were very small, with the highest loss of 1.6% observed in silage 

DM45 with the presence of LB inoculant. During silage fermentation, nitrogen loss is 

typically less significant than other soluble fractions, with minor effects on total CP 

content. The silage that had the highest loss of CP was precisely the one that had the 
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highest losses of effluents, being outside the measure considered ideal of 5 to 7% DM. 

This may have occurred due to the degradation of nitrogen compounds through 

undesirable microbial activity and have led to increases in ammonia content, which is 

lost via effluents (BUENO et al., 2020). On the other hand, Silva et al. (2019) evaluated 

silage of corn grains rehydrated at 65% DM with water and with inoculation, and 

found no significant difference between the treatment with L. Buchneri and without 

inoculant   

For the starch concentration of the silage, losses were observed in relation to 

the non-silage material. Arcari et al. (2016) also observed a reduction in the starch 

content of rehydrated corn grain silage after 330 days of silage. These same authors 

justify this loss due to the starch content not being degraded by microorganisms that 

produce lactate during the silage process.  

However, it can be degraded by other bacteria that do not produce lactate, 

depending on the fermentative activity of the silo. This may explain the great 

difference between starch losses, being a much more significant loss in silages with 

higher humidity, reaching a greater loss in DM45 with the presence of the Homo 

inoculant in the value 11.8 %. The reduction observed by Arcari et al. (2016) reached 

2.4% during the total silage period, and at 180 days of silage achieved a loss of 1.15 

percentage points, close to 1.21% of treatment DM65 of silage without inoculant.  

TDN and NEG maintained the trend of higher results in DM65. Since in this 

DM content there is a higher concentration of corn, which is rich in energy, compared 

to the other silages. 

CONCLUSIONS 

The inclusion of 62% of WBR in the rehydrated corn grain silage, with 50% of 

dry matter, resulted in the lowest losses of gases, effluents and total dry matter. 

However, silage with 65% dry matter, obtained with the inclusion of 38% WBR, 

provided better bromatological and energetic characteristics, except for the crude 

protein variable where treatments with DM45, corresponding to the addition of 70.5% 

WBR, achieved superior results. In general, it was not possible to identify 

improvements with the addition of inoculants in silage quality. 
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