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Abstract 
The objectives of this study were to evaluate the fermentative and bromatological characteristics 
of Piata palisadegrass that was ensiled with energetic brans and to assess the costs of different 
additive levels. This experiment was conducted at the Goiano Federal Institute on the Rio Verde 
campus in Goiás State, Brazil. The experimental design was entirely random with four replications 
in a 4 × 5 factorial scheme that included four energetic brans (millet, maize, sorghum and wheat) 
and five levels (0%, 8%, 16%, 24% and 32%). The energetic brans can be considered as a good 
source of additives for Piata palisadegrass ensiling, which improves the qualitative and nutritional 
fermentative characteristics of the silage. The maize and wheat brans were the most efficient for 
improving the fermentative characteristics of the silage. However, millet bran was the most effi-
cient for improving the bromatological characteristics. In addition, the wheat bran had the great-
est influence on the final production cost and the sorghum and millet brans were the most eco-
nomically feasible. Overall, the addition of 24% bran is recommended due to its beneficial impact 
on silage quality and the average final production cost of the silage. 
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1. Introduction 
The midwestern region of Brazil is characterized by two defined seasons each year: a rainy period and a dry pe-
riod. These periods result in seasonal forage production. High forage production occurs during the rainy season 
when rain is abundant. In contrast, production is limited during the dry season. Thus, the distribution of forage 
production throughout the year is not uniform [1]. Consequently, Brazilian livestock have evolved. Thus, new 
techniques that offer balanced diets for Brazilian livestock are of interest to farmers for improving bovine prod-
uctivity. Among these new techniques, ensiling is highlighted. The use of silage from forage grasses as bovine 
feed has increased due to the high potential of grass production. To obtain silage with good nutritional value 
from tropical grasses, the grasses must be collected at young ages based on their growth cycle. However, during 
this stage of development, the forage generally has a low dry mass (DM) concentration, which is associated with 
the low soluble carbohydrate concentrations in tropical grasses. This low dry mass concentration may inhibit the 
fermentation process and compromise the final quality of the silage [2]. Thus, additives should be added to grass 
silage to enhance the silage quality. Among the various additive alternatives, energetic brans, such as maize, 
sorghum, millet and wheat, are emphasized. Due to their nutritional value, these brans can be used as energetic 
additives for silage. These brans serve as a source of energy, protein and soluble carbohydrates, prevent second-
ary fermentation, and increase the nutritional value of the silage. In addition, these brans provide an alternative 
for improving silage quality by compensating for the low DM concentrations and by contributing to silage fer-
mentation [3]. The use of these brans in Piata palisadegrass silage is feasible because the Midwestern region of 
Brazil is one of the largest producers of these grains. This grain production facilitates access to the grains and 
allows for more flexible pricing. Thus, the objectives of this study were to evaluate the fermentative and broma-
tological characteristics of Piata palisadegrass ensiled with energetic brans and to determine the costs of the dif-
ferent additive levels. 

2. Material and Methods 
The experiment was conducted at the Goiano Federal Institute (Goiás State, Brazil) on the Rio Verde Campus. 
The Piata palisadegrass was established for silage production in January 2012 over an area of approximately 180 
m2. The staging area was conducted with a standardized harvest in November 2012, and then held maintenance 
fertilization with 120 kg∙nitrogen∙ha−1 and 60 kg of K2O∙ha−1 in coverage, using ammonium sulfate and potas-
sium chloride as nutrient sources. An entirely random experimental design was used with four repetitions and a 
4 × 5 factorial scheme that included four energetic brans (millet, maize, sorghum and wheat) and five percentage 
levels (0%, 8%, 16%, 24% and 32%). The brans were obtained by grinding the grains and passing them through 
a 2 mm sieve. The addition levels were determined based on the natural Piata palisadegrass material. For the en-
silaging, the Piata palisadegrass was harvested at 45 days after maintenance fertilization, at 20 cm from ground 
level, using backpack crush cutter. Afterwards, the forage was minced into 10 - 30 mm-particles, with a statio-
nary shredder, and ground. Then, the material was homogenized with the meals, according to the different levels 
determined, and stored in PVC experimental silo, with 10 cm diameter and 40 cm length. The specific mass of 
silo was of 1.12 kg∙dm3. The silage was compacted with iron pendulum and the silos were sealed with PVC caps 
and adhesive tape to preclude the entry of air. Immediately after, they were stored at room temperature and pro-
tected from rain and sunlight. The silos were opened after 60 days of fermentation, and the silage from the upper 
and lower portions of each silo was discarded. The central portion of the silo was homogenized and placed in 
plastic trays. After opening the silos, part of the in natura silage was separated and analyzed for pH, titratable 
acidity, and buffering capacity based on the methods of [4]. After this procedure, the silage sample was removed 
and divided into two parts. The first part was packed into plastic sacks and frozen. To determine the N-NH3/NT 
(ammoniacal nitrogen), soluble carbohydrate (CHOsol) and organic acid concentrations, the samples were 
thawed before extracting their liquid. The acetic, propionic, lactic and butyric acid concentrations were deter-
mined with gas chromatography based on the methods of [5]. The other part of about 1 kg was weighed and 
taken to a forced air oven at 55˚C for 72 hours to determine the pre-drying matter. Later, the samples were 
ground in a Willey type mill, with 1 mm-sieve, to be analyzed. The bromatological composition of the silage 
was determined by measuring the dry matter (DM), crude protein (CP), neutral detergent fiber (NDF), acid de-
tergent fiber (ADF), lignin, cellulose, hemicellulose, ether extract (EE) and mineral material (MM) concentra-
tions based on the methods of [4]. The total digestible nutrient (TDN) content was obtained using the equation 
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proposed by [6]. For the in vitro digestibility of dry matter (IVDMD), the technique described by [7] was 
adopted. This technique was adapted to the artificial rumen that was developed by ANKON® by using the 
“Daisy incubator” instrument from Ankom Technology. The ruminal liquid was collected from two fistulated 
male bovines with an average weight of 550 kg. These animals were allowed to graze on Brachiaria brizantha 
cv. Marandu. Before the ensiling, the Piata palisadegrass and the meals were submitted to bromatological analy-
sis (Table 1), according to the methods described above. 

Regarding the economic analysis, the additional cost of using different bran levels (AdC) and the final silage 
cost (R$∙ton−1) were calculated. Next, the additional average cost (AvC) was calculated for the additives as fol-
lows, based on the ratio of the the additional cost of using different bran levels to the final silage quantity (in 
R$∙ton−1), by the equation: 

CAdAvC
Y

=  

Wherein: 
AvC = Additional average cost 
CAd = Additional cost of using different bran levels 
Y = Final silage quantity 
After determining the average costs for using the additives, the marginal costs were calculated. The marginal 

cost was defined as the ratio between the average cost variation when the amount of bran in the silage increased 
and the ensiled quantity varied. 

CTCMg
Y

∆
=

∆
 

Wherein: 
CMg = Marginal costs 
ΔCT = Cost variation 
ΔY = Ensiled quantity varied 
The bran prices were based on historic quotes from the Rio Verde-Goiás market in Brazil. 
The data were subjected to an analysis of variance test that considered the addition levels of the additives and 

the interactions between these factors as sources of variation. These averages were compared by using the Tukey 
test with a probability of 5% in the SISVAR 4.6 statistical software [8]. The additive levels were evaluated by 
regression analysis, from which the coefficient of determination was evaluated. The regression equations were 
generated from the graphs in Sigma Plot. 

 
Table 1. Chemical composition of the Piata palisadegrass, brans and millet, maize, sorghum and wheat, used to produce the 
silage. 

Chemical composition Piata palisadegrass Bran millet Bran maize Bran Sorghum Bran wheat 

DM (%) 19.20 89.50 88.90 88.80 88.00 

CP (%) 13.70 16.18 9.70 10.50 17.12 

NDF (%) 66.50 19.03 11.59 14.15 38.81 

ADF (%) 38.90 9.53 7.80 8.56 13.50 

Lig. 4.35 2.80 1.85 2.30 3.80 

Cell. 34.55 6.73 5.95 6.26 9.70 

Hemic. 27.60 9.50 3.79 5.59 25.31 

EE (%) 2.50 4.39 4.81 4.43 3.95 

MM (%) 6.30 3.49 3.45 3.23 4.26 

TDN (%) 59.40 81.03 81.67 80.52 74.53 

IVDMD (%) 68.30 86.50 87.50 82.40 80.65 

CHOsol (%) 2.43 9.75 11.50 10.30 7.30 

DM = Dry matter; CP = Crude protein; NDF = Neutral detergent fiber; ADF = Acid detergent fiber; LIG. = Lignin; CELL. = Cellulose; HEMIC. = 
Hemicellulose; EE = Ether extract; MM = Mineral material; TDN = Total digestible nutrient; IVDMD = In vitro digestibility of dry matter; CHOsol = 
Soluble carbohydrate. 
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3. Results and Discussion 
The pH, titratable acidity, N-NH3/NT, buffering capacity, soluble carbohydrate, organic acid, DM, CP, EE, MM, 
NDF, ADF, lignin, cellulose, TDN and IVTD values were affected (P < 0.05) by the additives, the levels of ad-
dition and by the interactions of these factors.  

The addition of the millet and sorghum brans promoted a linear reduction. In addition, the maize and wheat 
brans promoted a quadratic reduction (Table 2). The minimum points in the linear and quadratic relationships 
occurred at the 26.26% and 26.54% levels, respectively. Silage pH was not considered to be a good criterion for 
evaluating fermentation because its inhibitory effect on the bacteria depends on the velocity of the humidity re-
duction in the medium [9]. Silage that has been properly fermented will have a much lower pH (be more acidic) 
than the original forage [10]. However, at the 24% bran addition level for all brans, the additives efficiently lo-
wered the pH to values that were near the recommended levels of between 3.8 and 4.2 [11]. These results dem-
onstrate the efficacy of the energetic brans for decreasing the silage pH because they contain high DM and so-
luble carbohydrate concentrations relative to the Piata palisadegrass (19.2%). Thus, adequate fermentation pro-
moted the most rapid pH decline in the silage and restricted the proteolytic enzymes of the plants, enterobacte-
ria and clostridia, which ensured better quality silage [12]. There addition of bran at 32% is not necessary. A 
bran addition of 16% was sufficient for decreasing the pH, and the best results occurred when a bran addition of 
24% was used. However, the pH remained above 5.0 in the silage without additives, which indicated that a large 
production of weaker acids, such as acetic and butyric acids (Table 3), resulted from undesirable fermentation  

 
Table 2. pH, titratable acidity, N-NH3, buffering capacity and soluble carbohydrate values of the silage from the Piata pali-
sadegrass ensiled with energetic brans. 

Additives 
Additive Levels (%) 

Equation R2 
0 8 16 24 32 

 pH values   
Millet 5.60a 5.00a 4.27ab 4.15a 3.75b Y = 5.4640 − 0.0569x* 0.94 
Maize 5.46a 4.30b 4.12ab 3.87b 3.77b Y = 5.3589 − 0.1208x + 0.0023x2* 0.95 

Sorghum 5.47a 5.02a 4.37b 4.07a 4.00a Y = 5.3640 − 0.0486x* 0.93 
Wheat 5.48a 4.27b 4.00a 3.85b 3.65b Y = 5.3717 − 0.1274x + 0.0024x2* 0.95 

CV (%) 3.96   
 Titratable acidity   

Millet 2.77a 4.17b 8.62c 9.42b 12.15b Y = 2.6240 + 0.3001x* 0.96 
Maize 3.35a 9.50a 10.7ab 12.87b 16.32a Y = 4.6860 + 0.3664x* 0.93 

Sorghum 3.42a 4.30b 9.50ab 11.57b 14.10ab Y = 2.8520 + 0.3579x* 0.96 
Wheat 3.37a 8.80a 12.20a 16.02a 16.10a Y = 4.7620 + 0.4083x* 0.92 

CV (%) 11.60   
 N-NH3 concentration (% total N)   

Millet 4.20a 3.75a 3.30a 2.72a 2.65a Y = 4.1500 − 0.0516x* 0.96 
Maize 4.40a 3.40a 2.47b 2.43a 2.02a Y = 4.0420 − 0.0696x* 0.90 

Sorghum 4.53a 4.15a 2.90ab 2.62a 2.55a Y = 4.4720 − 0.0691x* 0.89 
Wheat 4.32a 3.92a 3.42a 2.87a 2.60a Y = 4.3720 − 0.0581x* 0.99 

CV (%) 12.11   
 Buffering capacity (Emg/100 g de MS)   

Millet 26.38a 19.49a 16.57a 15.58a 12.24a Y = 24.4900 − 0.4024x* 0.91 
Maize 27.63a 18.09ab 15.33a 13.49a 11.68b Y = 26.8840 − 1.0412x + 0.0183x2* 0.96 

Sorghum 26.66a 18.89ab 16.30a 13.17a 11.03b Y = 24.6060 – 0.4623x* 0.92 
Wheat 25.09a 16.99b 16.52a 15.49a 12.41a Y = 24.0263 − 0.6743x + 0.0106x2* 0.88 

CV (%) 9.48   
 Soluble carbohydrate (%)   

Millet 2.75a 3.50a 4.50b 6.00b 8.30b Y = 2.8043 + 0.0414x + 0.0040x2* 0.99 
Maize 2.50a 4.00a 6.25a 7.75a 11.00a Y = 2.5429 + 0.1612x + 0.0031x2* 0.99 

Sorghum 2.00a 3.75a 5.50a 7.25a 10.25a Y = 2.1071 + 0.1607x + 0.0028x2* 0.99 
Wheat 2.25a 3.50a 5.00ab 6.00b 8.50b Y = 2.3357 + 0.1161x + 0.0022x2* 0.99 

CV (%) 14.53   

Means followed by different lowercases in the column (additive) are significantly different by Tukey’s test (P < 0.05). *significant at 5% level N-NH3 
= Ammoniacal nitrogen. 
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Table 3. Organic acid concentrations in the Piata palisadegrass silage ensiled with energetic brans. 

Additives 
Additive Levels (%) 

Equation R2 
0 8 16 24 32 

 Lactic acid (%)   

Millet 1.89a 2.60a 4.51b 7.13b 7.31b Y = 1.6140 + 0.1921x* 0.94 
Maize 1.62a 2.90a 6.28a 8.01a 10.05a Y = 1.3780 + 0.2746x* 0.98 

Sorghum 1.62a 2.65a 5.67b 8.51a 8.95ab Y = 1.3760 + 0.2565x* 0.95 
Wheat 1.62a 3.35a 5.10b 6.75b 7.45b Y = 1.8420 + 0.1882x* 0.98 

CV (%) 16.21   

 Acetic acid (%)   

Millet 5.12a 4.30a 2.87a 2.01a 1.33a Y = 5.1000 − 0.1234x* 0.98 
Maize 5.56a 3.77a 2.76a 1.58b 1.08b Y = 5.1800 − 0.1394x* 0.96 

Sorghum 5.45a 3.84a 2.73a 1.49b 1.11b Y = 5.1300 − 0.1379x* 0.96 
Wheat 5.46a 4.47a 3.11a 2.94a 1.67a Y = 5.3520 − 0.1139x* 0.96 

CV (%) 18.27   

 Propionic acid (%)   

Millet 0.93a 0.36a 0.12b 0.06a 0.05a Y = 0.9017 − 0.0722x + 0.0015x2* 0.98 
Maize 0.85a 0.48a 0.11b 0.08a 0.04a Y = 0.8589 − 0.0610x + 0.0011x2* 0.98 

Sorghum 0.88a 0.40a 0.13b 0.09a 0.08a Y = 0.8660 − 0.0661x + 0.0013x2* 0.99 
Wheat 0.94a 0.50a 0.18a 0.09a 0.07a Y = 0.9389 − 0.0651x + 0.0012x2* 0.99 

CV (%) 23.50   

 Butyric acid (%)   

Millet 0.15a 0.10a 0.07a 0.03a 0.008a Y = 0.1424 − 0.0044x* 0.98 
Maize 0.15a 0.11a 0.09a 0.04a 0.009a Y = 0.1502 − 0.0044x* 0.98 

Sorghum 0.14a 0.11a 0.09a 0.04a 0.010a Y = 0.1440 − 0.0041x* 0.98 
Wheat 0.15a 0.14a 0.10a 0.06a 0.007a Y = 0.1646 − 0.0046x* 0.95 

CV (%) 22.06   

Means followed by different lowercases in the column (additive) are significantly different by Tukey’s test (P < 0.05). *significant at 5% level. 
 

[13]. When the additives were compared within each level (Table 2) with the silage without additives, no sig-
nificant effects were observed between the brans (P > 0.05). The lowest pH values were obtained for the maize 
and wheat brans when bran additional levels of 8% and 24% were used. When the brans were added at 16%, 
only the sorghum bran differed from the wheat bran (with a higher pH). At the 32% level, the millet, maize and 
wheat brans had similar pH values. 

When evaluating the titratable acidity (Table 2), a linear increase was observed for all of the brans and bran 
levels in the silage. The 32% addition provided increases of 9.38%, 12.97%, 10.68% and 12.73% for the millet, 
maize, sorghum and wheat brans, respectively, relative to the silage without any additives. [4] reported that the 
types of additives used could affect the pH and lactic acid relationships because the titratable acidity analysis re-
flects the general fermentative quality aspects of the silage. These relationships affect the flavor, odor, color and 
stability of the silage and depend on the acids that determine the pH, especially lactic acid [14]. Relative to the 
silage without additives, the titratable acidity values were similar between the brans. However, at a bran level of 
8%, the millet and sorghum brans had lower titratable acidity values than the maize and wheat brans. At the 16% 
and 32% bran levels, the millet bran differed from the wheat bran. However, the millet, maize and sorghum 
brans had similar values when added at 24%. However, the wheat bran resulted in much higher values. The 
N-NH3/NT concentrations decreased linearly for all brans as the additive level increased in the silage. Relative 
to the silage without any additives, the addition of millet, maize, sorghum and wheat bran at 32% reduced the 
N-NH3/NT concentrations by 1.55%, 2.38%, 1.98% and 1.72%, respectively (Table 2). This reduction resulted 
from the greater DM concentration and pH values when the brans were added at 32%. The greater DM concen-
tration and pH values reduced the activity of the Clostridium genus bacteria and promoted the proteolysis and 
the liberation of ammonia during the silage process [15]. In addition, the N-NH3/NT concentration is a good  
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indicator for silage quality due to its contribution to the fermentative process [10]. In addition, a reduction in the 
N-NH3/NT concentrations was observed by [16]. These authors evaluated the fermentative characteristics of 
elephant grass silages with cacao bran additions and confirmed a quadratic relationship between the N-NH3/NT 
concentrations of the silages and the bran levels. In this case, the minimum value (2.83%) was observed in the 
silage with 4.5% cacao bran. The highest N-NH3/NT concentrations in the silages without bran additions re-
sulted from the lower readily fermentable carbohydrate concentrations, the lower DM concentrations and the 
greater buffering capacities, which are characteristic of perennial forage grasses [17]. In addition, the highest pH 
values were obtained for the silage in these treatments. By comparing the additives within each level, it was ob-
served (Table 2) that the N-NH3/NT concentrations were similar between the control without any added bran 
and the treatments with bran added at 8%, 24%, and 32%. However, at the 16% level, the maize bran resulted in 
a lower N-NH3/NT concentration (P < 0.05) relative to the millet and wheat brans. At the 24% and 32% levels, 
the N-NH3/NT concentrations for all of the brans were between 2.87% and 2.02%. These results were greater 
than the results that were obtained by [18], in which elephant grass silage was evaluated. These authors identi-
fied average N-NH3/NT concentrations of 3.95% following the addition of rice bran, soybean hulls, maize flour 
and sugar cane. Even in the treatments without additives, the N-NH3/NT concentrations were considered ac-
ceptable in the silage (an average concentration of 4.36%). Because N-NH3 is a product of Clostridium fermen-
tation and must not exceed 11% - 12% of the total nitrogen in well-conserved silages [13], the studied silages 
were adequately fermented when the fermentation process did not result in the excessive breakdown of protein 
into ammonia. The bran additions promoted a linear relationship between the decreasing buffering capacity and 
the increasing millet and sorghum bran additions. In addition, the addition of maize and wheat bran resulted in a 
quadratic decrease in buffering capacity. The minimum buffering capacities for the linear and quadratic rela-
tionships occurred at the 28.45% and 31.81% levels, respectively, which indicated that the brans were efficient 
at decreasing the silage buffering capacity (Table 2). In the silages without additives and at the 16% and 24% 
addition levels, the buffering capacity values were similar for the additives. At the 8% level, only the addition of 
millet bran differed (P < 0.05) from the wheat bran. At the 32% level, the maize and sorghum brans resulted in 
lower buffering capacities (P < 0.05) relative to the millet and wheat brans (Table 2). Similar results were ob-
tained by [2], who evaluated the buffering capacity of silage from Tanzanian grass when maize flour was used 
and verified a linear reduction in buffering capacity (from 16.62 to 14.64 emg of NaOH/100 g in the DM). Re-
garding the soluble CHO concentrations, a quadratic increase occurred as the additives were added to the silage 
(Table 2). The addition of 32% millet, maize, sorghum and wheat bran increased the soluble CHO concentra-
tions by 5.55%, 8.50%, 8.25% and 6.25%, respectively, relative to the silage without additives. This increase 
was more distinct for the maize and sorghum brans because these brans contained greater soluble CHO concen-
trations (Table 1). When the additives within each level were compared (Table 2), the silages without additives 
or with additives of 8% had similar soluble CHO concentrations. However, at the 16% level, only the millet bran 
differed (P < 0.05) from the maize and sorghum brans (with a lower concentration). In addition, at the 24% and 
32% levels, the maize and sorghum brans resulted in greater soluble CHO concentrations relative to the millet 
and wheat brans. [18] evaluated elephant grass silage with alternative products and verified that additions of rice 
bran, soybean hulls, maize flour and sugar cane resulted in average concentrations of 15.96%. These values 
were greater than the values that were obtained here. When analyzing the organic acid concentrations, a linear 
increase in lactic acid was observed (Table 3) with increasing bran addition for the considered brans. The addi-
tion of the millet, maize, sorghum and wheat brans at 32% resulted in increases of 5.42%, 8.43%, 7.33% and 
5.83%, respectively, relative to the silage without any additives. This result indicated that the silage was ade-
quately stabilized. In addition, this finding potentially resulted from the lower soluble carbohydrate concentra-
tions in the brans, which explain the lower silage pH values that were observed following the higher additive 
levels (Table 2). Lactic acid should be the primary acid in good silage. This acid is stronger than the other acids 
in silage (acetic, propionic, and butyric), and therefore is usually responsible for most of the drop in silage pH 
[19]. In the silage without additives and with additives at the 8% level, the lactic acid concentrations were simi-
lar. The greatest lactic acid concentrations were obtained from the addition of maize bran at 16%. At the 24% 
and 32% levels, the maize and sorghum brans resulted in greater lactic acid concentrations. These results were 
caused by the greater soluble carbohydrate concentrations in the maize and sorghum brans. In a study that eva-
luated the quality of silage from a consortium of marandu grass and maize, [17] found that the lactic acid con-
centrations were of 6.35%, 7.55% and 8.37%, in maize silages that were exclusive and in two intercropped cultures 
that were sown with marandu grass, respectively. Similar values were obtained in this study when bran levels of 
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24% and 32% were added to the silage. 
The acetic acid concentrations in the silage decreased linearly in the presence of all brans as the level of addi-

tion increased with reductions of 3.79%, 4.48%, 4.34% and 3.79% for the millet, maize, sorghum, and wheat 
bran additions, respectively, relative to the silage without additives (Table 3). According to [11], this reduction 
is important because elevated acetic acid production indicates enterobacteria activity, which occurs during the 
initial silage fermentation stages and competes with lactic acid bacteria for nutrients. These microorganisms 
have little proteolytic activity. However, these microorganisms are capable of degrading some amino acids and 
of contributing to ammonia and biogenic amine production (such as Clostridia). According to these authors, the 
fermentation mechanism of enterobacteria is similar to the fermentation mechanism of heterofermentative bac-
teria, and results from the losses of dry materials and energy. In the silage without additives and in the silage 
with additives at 8% and 16%, the acetic acid concentrations were similar between the studied brans. However, 
when the brans were added at 24% and 32%, the maize and sorghum brans resulted in lower acetic acid concen-
trations relative to the millet and wheat brans (Table 3). A quadratic reduction occurred in the propionic acid 
concentration as all of the bran additions increased (Table 3). The minimum propionic acid concentrations were 
24.07%, 27.73%, 25.42% and 27.13% for the millet, maize, sorghum and wheat brans, respectively. However, at 
a bran addition level of 16%, the propionic acid concentrations were in the appropriate range (less than 0.10%) 
for conserving ensiled mass [20]. The propionic acid concentrations were greater than the ideal recommended 
values (less than 0.10%) in the silage without additives and in the silage with bran additions of 8%. In these 
treatments, greater pH and N-NH3/NT values were observed, which indicated that undesirable fermentation oc-
curred [13] due to the greater production of weak acids. When the additives were compared within each level, 
the silage without additives and the silage with bran additions of 8%, 24% and 32% did not significantly affect 
(P > 0.05) the propionic acid concentrations between the studied brans (Table 3). In this case, only the 16% lev-
el was affected (P < 0.05), which resulted in a greater propionic acid concentration for the wheat bran. The addi-
tion of the brans to the silage promoted a linear reduction in the butyric acid concentrations with increasing ad-
ditive concentrations (Table 3). The low butyric acid concentrations following the addition of 16% bran were 
not effective for Clostridium fermentation. This result indicated good silage quality because molds and/or mil-
dew were not detected in the material. The organic acid concentrations that were observed in this study for all of 
the brans at levels of more than 16% were sufficient for silage conservation and stability. This result indicated 
that the silage from the tropical grasses, which contained low soluble carbohydrate concentrations, low dry ma-
terial concentrations during harvest and a high buffering capacity, requires additives to improve the conservation 
of the ensiled mass. Among the studied brans, the maize and sorghum bran resulted in greater organic acid con-
centrations relative to the millet and wheat brans. The DM concentrations increased linearly as the bran concen-
trations increased. These results demonstrate the importance of adding brans to absorb humidity from the ensiled 
mass. The studied brans were efficient for absorbing water within the silo, which improved the fermentative 
process and the quality of the silage. The silage without additives had the lowest DM concentrations because the 
ensiled material was in the in natura form and had low DM concentrations (Table 1). This finding is typical of 
tropical forage grasses when cut during their growth phase. Similar results were obtained by [21], who evaluated 
maize flour and soybean hulls in elephant grass silage, and by [3], who studied millet bran in marandu grass, 
xaraés grass and Piata palisadegrass silage. By comparing the additives within each level in Table 4, the silage 
without additives and with additive additions of 8%, 16% and 24% had similar DM concentrations. However, at 
an additive level of 32%, a significant effect (P < 0.05) was observed between the wheat and maize brans. In this 
case, the wheat bran achieved a DM concentration of 40.2%. These results demonstrate that the addition of bran 
at 32% resulted in silage with recommended DM concentration that was greater than the recommended 32% 
[22]. 

The CP concentrations increased linearly as the addition levels of millet and sorghum brand increased. In ad-
dition, a quadratic increase was observed for the maize and wheat brans. The amounts of maize and wheat bran 
that should be added to the silage were estimated from the regression equation as 29.47% and 30.54%, respec-
tively. The CP concentrations were lower in the silage without the additives than in the Piata palisadegrass prior 
to ensiling (13.7%). This result indicated that the protein content decreased during the fermentation process, 
which potentially resulted from the low soluble carbohydrate concentrations in the Piata palisadegrass (2.43%) 
prior to ensiling. In addition, proteolytic bacteria potentially used amino acids as a source of energy for growth 
and metabolism. [11] explained that proteolysis is extended during fermentation when acidic conditions are not 
sufficient for inhibiting undesirable microorganisms. Similar results were obtained by [18], who evaluated  
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Table 4. The DM, CP, EE and MM concentrations in the Piata palisadegrass silage ensiled with energetic brans. 

Additives 
Additive Levels (%) 

Equation R2 
0 8 16 24 32 

 DM concentrations (%)   

Millet 20.5a 26.3a 29.2a 32.1a 38.7a Y = 20.9200 + 0.5275x* 0.97 

Maize 18.7a 26.7a 28.5a 31.5a 34.8b Y = 20.6400 + 0.4625x* 0.93 

Sorghum 20.4a 28.9a 29.5a 31.4a 38.4ab Y = 22.0200 + 0.4813x* 0.89 

Wheat 19.6a 25.7a 28.9a 32.2a 40.2a Y = 19.7800 + 0.5962x* 0.97 

CV (%) 6.97   

 CP concentrations (%)   

Millet 8.8a 11.1a 13.3a 13.1a 14.9a Y = 9.4000 + 0.1775x* 0.91 

Maize 8.3a 8.7b 9.9b 9.6b 9.9b Y = 8.2171 + 0.1120x − 0.0019x2* 0.87 

Sorghum 8.5a 8.4b 9.5b 9.7b 10.8b Y = 8.2000 + 0.0738x* 0.89 

Wheat 8.2a 12.2a 14.0a 13.5a 15.3a Y = 8.5543 + 0.4214x − 0.0069x2* 0.95 

CV (%) 9.52   

 EE concentrations (%)   

Millet 1.6a 2.4b 2.7b 3.7a 3.5b Y = 1.7200 + 0.0663x* 0.96 

Maize 1.8a 2.3b 2.4b 3.4a 3.8b Y = 1.7200 + 0.0638x* 0.94 

Sorghum 1.8a 2.6a 3.4a 3.7a 3.7b Y = 1.6714 + 0.1459x − 0.0026x2* 0.99 

Wheat 1.8a 3.2a 3.1a 3.9a 4.2a Y = 2.1400 + 0.0688x* 0.87 

CV (%) 6.62   

 MM concentrations (%)   

Millet 2.93a 2.17a 2.07a 1.68a 1.51a Y = 2.7380 − 0.0416x* 0.91 

Maize 3.81a 3.42a 3.15a 2.03a 1.65a Y = 3.9540 − 0.0714x* 0.94 

Sorghum 3.61a 3.16a 2.85a 2.21a 1.55a Y = 3.6900 − 0.0634x* 0.98 

Wheat 2.83a 2.69a 2.13a 1.89a 1.76a Y = 2.8480 − 0.0367x* 0.94 

CV (%) 13.01   

Means followed by different lowercases in the column (additive) are significantly different by Tukey’s test (P < 0.05). *significant at 5% level. DM = 
Dry matter; CP = Crude protein; EE = Ether extract; MM = Mineral material. 

 
elephant grass silage and observed that low CP concentrations occurred in silage without additives due to the loss 
of soluble nitrogenated compounds in the effluent. However, at the 8%, 16%, 24% and 32% levels, the lowest 
concentrations were obtained from the maize and sorghum brans (P < 0.05), which differed from the millet and 
wheat brans. The concentrations of the soluble nitrogenated compounds increased following the addition of the 
maize and sorghum brans. These brans contained greater CP concentrations than the other brans, which im-
proved the silage quality (Table 1). According to [23], although the energetic content of the millet grain is less 
than the energetic contents of maize and sorghum, millet has a greater protein content. This greater protein con-
tent justifies the use of millet in silage. Similar results were observed by [3], who evaluated the quality of silage 
from three Brachiaria brizantha cultivars with different amounts of millet bran. These authors indicated that the 
addition of 15% millet bran to marandu, xaraés and Piata palisadegrasses resulted in CP concentrations of 14.4%, 
12.9% and 10.8%, respectively. These concentrations were 65%, 92% and 52% greater, respectively, than in the 
silages without the millet bran. The EE concentrations of the silage increased with increasing additive concen-
trations, which resulted in a linear increase for the millet, maize and wheat brans. However, a quadratic increase 
occurred when sorghum bran was added with a maximum that occurred at a sorghum bran addition of approx-
imately 28.06% (Table 4). This increase was justified by the greater EE concentrations of the brans relative to 
the Piata palisadegrass (Table 1). These EE concentrations improved the quality of the Piata palisadegrass silage. 
According to the [24], diets must contain DM concentrations of less than 6% to 7% to ensure good fiber digesti-
bility, passage rate and ruminal fermentation. In the silage without additives and at the 24% level, the EE con-
centrations were similar between the different brans. At the 8% and 32% levels, the millet, maize and sorghum 
brans had similar concentrations that differed from the wheat bran concentrations. At the 16% level, the sorghum 
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and wheat bran had the highest EE concentrations. Based on the MM concentrations of the silage (Table 4), the 
addition of greater additive concentrations resulted in a linear reduction in MM for all of the brans. In addition, 
this decrease occurred as organic material was lost. The silage without any additives had the highest MM con-
centration. This result occurred due to the greater potential losses in these treatments with inadequate fermenta-
tion that resulted in the loss of organic material and increased the relative participation of ash (mineral material) 
in the DM [25]. Similar results were obtained by [26], who evaluated the inclusion of palm kernel cake in mas-
sai grass silage. These authors verified the negative linear behavior of the mineral material as a function of the 
palm kernel cake levels in the silage. In this case, for the inclusion of 1% cake, a mineral material reduction of 
0.137% was observed. When the additives were compared within each level (Table 4), the MM concentrations 
were similar at all levels between the different brans but decreased with increasing levels. This fact resulted 
from the low MM concentrations in the brans. The NDF concentrations decreased linearly as the amount of bran 
in the silage increased (Table 5). This result occurred due to the greater NDF (66.5%) concentration in  

 
Table 5. NDF, ADF, lignin, cellulose and hemicellulose concentrations in the Piata palisadegrass silage ensiled with ener-
getic brans. 

Additives 
Additive Levels (%) 

Equation R2 
0 8 16 24 32 

 NDF concentrations (%)   

Millet 71.55a 69.02a 62.87a 61.28a 54.07a Y = 72.2980 − 0.5337x* 0.96 

Maize 70.99a 66.77a 62.38a 53.04b 52.28a Y = 71.3220 − 0.6394x* 0.95 

Sorghum 70.64a 66.39a 60.03a 57.90ab 54.44a Y = 70.0580 − 0.5111x* 0.97 

Wheat 71.38a 70.34a 65.68a 56.99ab 57.37a Y = 72.6260 − 0.5171x* 0.90 

CV (%) 5.15   

 ADF concentrations (%)   

Millet 44.45a 41.47a 37.76a 29.34b 26.31a Y = 45.5660 − 0.6064x* 0.96 

Maize 45.55a 36.49a 30.41bc 25.12b 28.95a Y = 42.9840 − 0.6050x* 0.92 

Sorghum 46.19a 38.80a 27.99c 30.56ab 24.35a Y = 44.4760 − 0.6811x* 0.95 

Wheat 46.24a 39.22a 36.25a 36.06a 29.88a Y = 44.7060 − 0.4485x* 0.91 

CV (%) 9.41   

 Lignin concentrations (%)   

Millet 4.85a 4.27a 3.85a 3.61b 2.95b Y = 4.7980 − 0.0558x* 0.98 

Maize 4.92a 4.10a 3.65a 3.32b 2.65b Y = 4.7920 − 0.0665x* 0.97 

Sorghum 4.92a 4.30a 3.87a 3.52b 2.84b Y = 4.8780 − 0.0618x* 0.98 

Wheat 5.00a 4.52a 3.95a 4.05a 3.87a Y = 5.0054 − 0.0795x + 0.0014x2* 0.94 

CV (%) 5.28   

 Cellulose concentrations (%)   

Millet 39.60a 37.19a 33.91a 25.73a 23.36a Y = 40.7460 − 0.5493x* 0.94 

Maize 40.63a 32.39a 26.76b 26.29a 21.80a Y = 38.3260 − 0.5470x* 0.91 

Sorghum 41.26a 34.50a 27.04b 24.11a 21.50a Y = 39.6640 − 0.6239x* 0.94 

Wheat 41.24a 34.75a 32.30a 29.01a 26.01a Y = 39.9020 − 0.4525x* 0.96 

CV (%) 10.63   

 Hemicellulose concentrations (%)   

Millet 27.10a 27.54a 25.11a 27.94a 27.75a ns  

Maize 25.43a 26.27a 27.96a 27.91ab 26.33a ns  

Sorghum 24.45a 27.59a 26.04a 27.33ab 26.09a ns  

Wheat 25.14a 27.05a 29.43a 28.93b 27.48a ns  

CV (%) 16.40   

Means followed by different lowercases in the column (additive) are significantly different by Tukey’s test (P < 0.05). *significant at 5% level. NDF = 
Neutral detergent fiber; ADF = Acid detergent fiber. 
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the Piata palisadegrass relative to the brans. Thus, when the silage was diluted by adding 32% millet, maize, 
sorghum, and wheat brans, the NDF was reduced by 32.32%, 35.78%, 29.75% and 24.42%, respectively, rela-
tive to the silage without added bran. This reduction in the silage NDF concentrations was verified by [27], who 
added wheat bran to elephant grass silage. In addition, [3] observed a reduction in the NDF when millet bran was 
added to marandu, xaraés and Piata palisadegrass silage. In the silage without additives and at 8%, 16% and 32%, 
the NDF concentrations were similar (P > 0.05) between the different brans. However, at the 24% additive level, 
a significant effect (P < 0.05) was observed in which the maize bran had a lower NDF concentration (53.04%) 
than the millet bran. The ADF concentrations decreased linearly with increasing bran addition (Table 4). These 
results were derived from the low fiber concentrations that were present in the brans (Table 1). In addition, 
these results indicated the importance of adding brans to tropical grass silage. The addition of the brans resulted 
in a lower fibrous content and improved the silage quality. Within each additive level and at the 8% and 32% 
additive levels, the ADF concentrations were similar. However, at the 16% additive level, the millet and wheat 
brans resulted in higher ADF concentrations, which differed (P < 0.05) from the maize and sorghum brans. At 
the 24% additive level, only the wheat bran had a lower ADF concentration than the other brans. [28] reported 
that forages with ADF concentrations of approximately 40% or more resulted in low consumption and digesti-
bility. 

A linear reduction in lignin concentration occurred following the additions of the millet, maize and sorghum 
brans. In addition, a quadratic reduction in lignin concentrations occurred as the additive concentration of wheat 
bran increased in the silage. In this relationship, the minimum lignin concentration occurred at the 28.39% level. 
The addition of the millet, maize, sorghum and wheat brans at 32% reduced the lignin contents in the silage by 
64.40%, 85.66%, 73.23%, and 29.19%, respectively, relative to the silage without brans. The lowest reduction 
was verified for the wheat bran because it contained the highest lignin (3.80%) concentration relative to the oth-
er brans. These results are relevant for improving silage quality. In addition, the creation of food with low lignin 
concentrations is important because lignin is not a carbohydrate but an amorphous phenyl propanoid polymer. 
This polymer has a structural function, is indigestible and inhibits the digestibility of plants [29]. [13] reported 
that lignin has a negative influence on the degradation and effective degradability rates of cell walls in volu-
minous foods (in addition to having silica and cutin). When the additives were compared at each level (Table 5), 
it was observed that no significant effect occurred between the brans regarding lignin concentrations at the 8 and 
16% levels. However, at the 24% and 32% levels, the highest lignin concentration was obtained in the wheat 
bran (P < 0.05; relative to the other brans). As the bran addition levels increased, the cellulose concentrations 
decrease linearly. According to [13], cellulose is the most important structural component of the cell wall. 
However, the nutritional availability of cellulose varies from indigestible to digestible and depends on the de-
gree of lignification. At both levels, the cellulose concentrations were between 20% and 40% DM (as recom-
mended by [13] for tropical forages. In the silage without additives and with additives at 8%, 24% and 32%, the 
cellulose concentrations were similar between the brans. However, the millet and wheat brans differed (P < 0.05) 
from the maize and sorghum brans at the 16% addition level, which indicated that the millet and wheat brans 
had lower cellulose concentrations. In contrast, [9] verified that the addition of an additive (coffee bean hull) did 
not affect the cellulose concentrations in elephant grass silage, which had an average cellulose concentration of 
38.5%. The hemi-cellulose concentrations were not affected by the additives or their concentrations and re-
mained between 24.45% and 29.43%. These hemi-cellulose concentrations were compatible with those recom-
mended by [11] for grasses (between 10% and 30% of DM). The TDN concentrations increased linearly as the 
bran addition increased in the silage for all of the brans (Table 6). This result was likely caused by the two fol-
lowing factors: the greater TDN concentrations that were contained in the brans relative to the Piata palisade-
grass (Table 1) and the chemical-bromatological characteristics of these additives. Elevated chemical-broma- 
tological characteristics were directly linked with the presence of energy sources, such as crude protein, ether 
extract and non-fiber carbohydrates, and with reduced fractions, which were inversely related to energy sources, 
such as NDF, ADF and lignin [27]. When the brans were compared within each level (Table 6), the treatments 
without additives and with additives at 8% level had similar TDN concentrations. When the brans were added at 
16%, 24% and 32%, only the wheat bran had a significantly higher TDN concentration (P < 0.05) relative to the 
other brans. This result occurred because the millet, maize and sorghum brans contained higher TDN concentra-
tions relative to the wheat bran (Table 1). [25] observed that adding 33.7% wheat bran to tanzania grass silage 
increased the TDN concentrations from 53.52% to 63.70%. This result is less than the average TDN concentra-
tion (67.06%) that was recorded here when 32% wheat bran was added. 
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Table 6. The concentrations of total digestible nutrients (TDN) and the in vitro digestibility of dry matter (IVDMD) of the 
Piata palisadegrass silage that was ensiled with energetic brans. 

Additives 
Additive Levels (%) 

Equation R2 
0 8 16 24 32 

 TDN concentrations (%)   

Millet 60.07a 61.75a 66.78a 67.32ª 70.03a Y = 60.0920 + 0.3186x* 0.94 

Maize 59.54a 63.89a 66.81a 70.10ª 71.01a Y = 60.4400 + 0.3644x* 0.96 

Sorghum 59.24a 62.78a 67.97a 68.98ª 70.21a Y = 60.2080 + 0.3518x* 0.91 

Wheat 59.21a 62.55a 64.00b 65.30b 67.06b Y = 59.9340 + 0.2306x* 0.96 

CV (%) 2.41   

 IVDMD concentrations (%)   

Millet 56.70a 66.55ab 68.94a 71.02ª 78.59a Y = 58.7100 + 0.6031x* 0.92 

Maize 55.95a 68.43a 70.93a 71.49ª 76.01a Y = 57.3746 + 1.1776x − 0.0199x2* 0.91 

Sorghum 56.70a 62.60b 68.86a 71.99ª 76.69a Y = 57.4940 + 0.6171x* 0.98 

Wheat 56.70a 64.20ab 70.80a 69.23ª 72.24b Y = 56.9620 + 1.0639x − 0.0191x2* 0.94 

CV (%) 3.52   

Means followed by different lowercases in the column (additive) are significantly different by Tukey’s test (P < 0.05). *significant at 5% level. TDN = 
Total digestible nutrient; IVDMD = In vitro digestibility of dry matter. 

 
The Increasing the millet and sorghum bran additives resulted in a linear increase in IVTD (Table 6) (38.6% 

and 35.2%, respectively) when the silage without additives was compared with the silage with 32% additives. 
However, for the maize and wheat brans, a quadratic increase occurred as the additive levels were increased. In 
this case, the maximum IVTD was estimated at the 29.59% level for the maize bran and at the 27.85% level for 
the wheat bran. These results are most likely correlated with the low fibrous fraction concentrations in the brans 
(Table 1), which result in greater silage digestibility. According to [30], the increase in digestibility is most 
likely associated with modifications in the chemical composition of the fraction that result in lower NDF, ADF 
and hemicellulose concentrations, which make digestible carbohydrates available to microorganisms in the ru-
men. [13] indicated that the IVTD increases with the addition of concentrates due to the elevation of non-struc- 
tural carbohydrates, which are more digestible relative to structural carbohydrates. In the silage without addi-
tives and with additives at 16% and 24%, the IVTD concentrations were similar between the brans. At the 8% 
level, a significant difference (P < 0.05) occurred between the maize and sorghum brans. In addition, at the 32% 
level, the wheat bran had a lower IVTD concentration relative to the other brans. This result was correlated with 
the higher lignin concentrations in the wheat bran. By estimating the additional average costs of the different 
additives and levels, it was observed (Table 7) that increasing the additive concentrations increased the final 
production cost. The wheat bran resulted in the greatest increase in production cost per ton of Piata palisadegrass 
silage. In contrast, the sorghum bran resulted in the smallest increase in production cost. However, the millet 
bran is an important option for silage addition because its average additional cost is only slightly higher than the 
annual additional cost of sorghum. 

However, the increasing costs did not increase in proportion with the variations after bran addition. Thus, the 
marginal cost indicated that the cost of the brans increased as their addition concentration increased (Table 8). 
However, from one level to another, only small variations occurred. These results demonstrate the advantages of 
adding higher bran concentrations (24% and 32%) because the bran benefits the silage quality and only slightly 
increases the final average cost of the silage. However, lower variations were obtained for the sorghum and mil-
let brans, which indicated a better economic return. 

4. Conclusion 
Energetic brans are a good source of additives for Piata palisadegrass silage because they improve the qualita-
tive and nutritional fermentative characteristics of the silage. The maize and wheat brans were more efficient for 
improving silage fermentation, and the millet bran was the most efficient for improving the silage bromatologi-
cal characteristics. However, the wheat bran had the greatest effect on the final production cost, and the sorghum 
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Table 7. Average costs of the additives in the production of the Piata palisadegrass silage.        

Additives Costs* R$∙kg−1 
Additive Levels (%) 

0 8 16 24 32 
R$∙ton−1 

Millet 0.24 - 17.90 33.33 46.77 58.59 
Maize 0.36 - 26.54 49.43 69.35 86.87 

Sorghum 0.23 - 17.16 31.95 44.84 56.16 
Wheat 0.50 - 37.04 68.97 96.77 121.21 

*Prices quoted in the market of Rio Verde-GO, Brazil. 
 

Table 8. The marginal costs of adding energetic brans to the Piata palisadegrass silage at differ-
ent levels.                                                                        

Additives 
Additive Levels (%) 

0 8 16 24 32 
R$∙ton−1 

Millet - 17.90 15.43 13.44 11.82 
Maize - 26.54 22.89 19.92 17.52 

Sorghum - 17.16 14.79 12.89 11.32 
Wheat - 37.04 31.93 27.80 24.40 

 
and millet brans were the most economically viable. Overall, the addition of 24% bran is recommended. This 
addition level will improve silage quality with limited variations in the average silage production cost. 
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