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This work aimed to evaluate the use of different additives in the bromatological composition of corn silage. 

The experimental design was completely randomized with five additives evaluated: no additive; silage 

added with urea (3.0%); silage added with limestone (3.0%); silage added with granulated sugar (3.0%); 

and silage with bacterial inoculant. After 60 days of ensiling, the chemical-bromatological composition of 

the produced silages was evaluated. Lime-added silage had higher dry matter contents (not differing from 

silage with no additive), mineral matter, and lignin. Silage with urea had higher values of crude protein 

(19.55%) and lower levels of total carbohydrates (74.29%) and non-fiber carbohydrates (27.13%). Silage 

with no additive had lower levels of ADF (38.99%) and NDF (19.79%) and a higher content of total 

digestible nutrients (73.98%). Using additives in corn silage promotes higher concentrations of acid or 

neutral detergent fiber, cellulose, and hemicellulose and lower TDN levels in its bromatological 

composition. The addition of urea provides an increase in protein levels, while limestone increases mineral 

material levels. 

Key-words: ensilage, chemical composition, inoculant. 

 

Objetivou-se avaliar o uso de diferentes aditivos na composição bromatológica da silagem de milho. O 

delineamento experimental foi inteiramente casualizado com cinco aditivos avaliado: sem aditivo; silagem 

aditivada com ureia (3,0%); silagem aditivada com calcário (3,0%); silagem aditivada com açúcar cristal 

(3,0%); e silagem com inoculante bacteriano. Após 60 dias de ensilagem realizou-se avaliação da 

composição química-bromatológica das silagens produzidas. A silagem aditivada com calcário apresentou 

maiores teores de matéria seca (não diferindo da silagem sem aditivo), matéria mineral e lignina. A silagem 

com ureia apresentou maiores valores de proteína bruta (19,55%) e menores teores de carboidratos totais 

(74,29%) e carboidratos não fibrosos (27,13%). A silagem sem aditivo apresentou menores teores de FDA 

(38,99%) e FDN (19,79%), e maior teor de nutrientes digestíveis totais (73,98%). O uso de aditivos na 

ensilagem de milho promove maiores concentrações de fibra em detergente ácido ou neutro, celulose e 

hemicelulose, e menores teores de NDT nas silagens produzidas. A adição de ureia proporciona aumento 

nos teores de proteína enquanto o calcário eleva os teores de material mineral. 

Palavras-chave: ensilagem, composição química, inoculante. 

1. INTRODUCTION 

Corn silage produced from the whole plant is widely used in cattle feed. It is one of the main 

components of ruminant diets and is relevant to the production sector [1]. The objective of the 

ensilage technique is to preserve the forage's nutrients immediately after harvest, ensuring that 

the final silage maintains good quality for animal feed. However, problems during preparation or 

failures in the fermentation process can lead to loss of dry matter and nutrients, compromising the 

aerobic stability and quality of the silage [2]. 

In order to improve silage nutritional value, several studies have sought alternatives to modify 

the physical and chemical characteristics of corn silage and maximize the farmers' profitability 

[1]. The use of chemical and microbiological additives has been a promising approach, as these 

additives can contribute to the fermentation process, preserving nutrients and improving forage 

conservation. They help to increase the population of desirable bacteria, accelerate fermentation, 
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reduce losses of dry matter and nutritional principles, and improve the aerobic stability of silage 

[3, 4]. 

Although several additives are available for corn silage, there are still gaps in the literature 

regarding their efficiency. Microbial inoculants, composed of homofermentative or 

heterofermentative bacteria or their combination, are widely used to promote efficient 

fermentation, reducing losses of dry matter and energy and altering the chemical composition of 

silage [4, 2]. These additives accelerate lactic acid production, rapidly reducing pH and improving 

the fermentation process. However, their effects vary, with reports of positive, neutral, or absent 

impacts highlighting the need for more robust comparative studies to evaluate different 

combinations and additive strategies [5]. Although this subject is widely explored in the scientific 

community, the number of studies that compare the adequate exploration of the effects of 

microbial additives can still be considered scarce, and the results are generally insufficient to 

establish conclusive positions on this topic. 

In this sense, in view of improving the quality of ensiled forage, chemical additives such as 

urea (CH₄N₂O) have been used to increase the protein level of silage. Studies show that adding 

urea to sugarcane silage increases dry matter and crude protein contents, reduces neutral detergent 

fiber (NDF), and improves digestibility [6, 7]. Limestone or calcium carbonate (CaCO₃) has 

shown potential to reduce cell wall constituents and preserve nutrients after the silo opening, 

especially in sugarcane silage [8]. It may also become an interesting option for corn silage. 

Other additives, such as fermentation stimulants, including sugar sources such as molasses or 

crystal sugar, promote the growth of lactic acid bacteria responsible for the rapid decrease in pH, 

which helps minimize proteolysis and the proliferation of undesirable microorganisms [9]. 

However, studies on the use of sugar in corn silage are still scarce, especially in Brazil, which 

justifies the need for research on the effects of this additive. 

Therefore, to contribute to reducing the lack of studies in this area, this study aimed to evaluate 

the chemical and bromatological composition of corn silage made with different additives. The 

main contribution of this study lies in the comparative evaluation of widely used additives (such 

as urea and bacterial inoculants) and less explored alternatives (such as crystal sugar and 

limestone). These data provide important support for technical decision-making in production 

systems, helping farmers choose additive strategies appropriate to the specific demands of 

nutritional improvement and silage conservation. Thus, it contributes to maximizing feed 

efficiency in ruminants and to the sustainability and profitability of animal production systems. 

2. MATERIAL AND METHODS 

The study was conducted in Realeza, state of Paraná, southern Brazil (25°46′ S, 53°31′ W, and 

altitude of 520 m), from 2019 to 2020 in the experimental area of the Federal University of 

Fronteira Sul (UFFS), Realeza campus. The climate of the experimental area was humid 

subtropical (Cfb type) according to Köppen Climate Classification [10]. The soil was a typical 

Dystroferric Red Latosol with a clayey texture [11]. Chemical properties and textural 

characteristics of 0-0.2m soil layer at the beginning of the experiment in July 2019 were pH 

(CaCl2) = 4.70, organic matter (OM)= 26.23 g dm-3, Mehlich- 1 P available= 11.25 mg dm-3, 

Mehlich-1 K available= 0,49 cmolc dm-3, Ca =3.66 cmolc dm-3, Mg= 1.58 cmolc dm-3, 

H+Al3+= 7.20 cmolc dm-3, Al3+ =2.86 cmolc dm-3; base saturation= 44.32% and cation exchange 

capacity = 12.93 cmolc dm-3, clay = 650 g kg-1; silt = 170 g kg-1; and sand = 175 g kg-1. 

The area used for the experiment was composed of 300 m². In the first year of evaluation, corn 

was planted on September 30th. Before its establishment, the area was plowed and 3.0 Mg ha-1 of 

limestone was applied. In the second year of evaluation, the implantation of the crop took place 

on November 6th. In both years, the base fertilization comprised 10 Mg ha-1 of chicken litter. It 

was not used seeds of genetically modified corn hybrids for planting. Chemical herbicides, 

insecticides, and fungicides were not applied. Therefore, the cultivation was carried out 

organically. 

Harvest was carried out when plants reached the point for silage, with grains in the farinaceous 

stage. Prior to harvest, an evaluation was performed to characterize the tillage: number of plants 

(counting the plants in two linear meters in 15 distinct points in the tillage); green matter (GM) 

production (estimated by cutting ten bundles, each with five plants cut at 25 cm from the ground; 
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they were randomly harvested and weighed, and their weight multiplied by the plant population). 

In addition, 50 plants were randomly selected to perform the following measurements: plant 

height, straw diameter, and leaf count. The evaluated plants were cut, sent to the UFFS laboratory, 

and separated into their physical components: stem, leaves, grains, and others (bract, cob, and 

panicle). The physical components of the plants were separately weighed in order to know the 

participation of each component in the green matter ensiled. After separation, the components 

were placed separately in paper bags, weighed, and placed in a forced air oven at 55 ºC until 

reaching constant weight to estimate the participation of components in the dry matter of the 

material to be ensiled. The productivity of the crop and the physical composition of the ensiled 

material are presented in Table 1. 

Table 1. Corn crop productivity, physical composition of the ensiled material, and dry matter of the 

ensiled forage. 

Variables  Value Standard error 

Number of plants per hectare 56,800 1,009.2 

Green matter production, kg ha -1 51,458.7 1,479.5 

Dry matter production, kg ha -1 17,660.4 387.9 

Plant height, m 2.32 0.02 

Stem diameter, mm 23.41 0.4 

Number of green and dry leaves 12.42 0.27 

Stem, % MS 35.19 1.08 

Leaves, % MS 13.17 0.4 

Grain, % MS 33.45 1.82 

Others (Bract, Sap, panicle), % 18.15 0.83 

DM at silo closing, % 34.65 0.01 

After tillage evaluation, all plants were harvested manually, considering a height of 25 cm 

from the ground level, and fragmented in a forage harvester coupled to the tractor. At the time of 

ensiling, samples of the ground material were collected to estimate dry matter (DM), which were 

stored in paper bags, weighed, and placed in a forced air oven at 55 ºC until constant weight. 

The ground material was stored in silage bags using a silage packing and compacting machine 

at a density equivalent to 550 kg m-3. All bags were hermetically sealed utilizing plastic seals. 

During the packaging process, different additives were added to the chopped material: urea, 

crystal sugar, limestone, microbial additive, or no additive. The additives urea, commercial crystal 

sugar, and limestone were incorporated in the proportion of 3.0% of the green matter weight to 

be ensiled. The bacterial inoculant used was the commercial inoculant Total Silo®. The inoculant 

was incorporated in the proportion of 1.0 liter of the additive diluted in 100 liters of water per ton 

of green material for silage. For each additive evaluated, eight silage bags were produced, of 

which three were weighed to obtain the weight of the silage bags at silo closing. Three bags of 

silage were produced for each additive evaluated. 

 After storing the silage bags for about 60 days, they were opened. A sample of approximately 

500 g of the central material was collected in each silage bag for bromatological analysis. The 

collected sample was stored in paper bags, weighed, and sent to a forced air oven at 55 ºC until it 

reached a constant weight. After this period, the sample was weighed again and subjected to 

grinding in a Wiley mill, half ground on a 1.0-millimeter sieve and the rest on a 2.0-mm sieve. 

The material sampled from the silage bags, ground to 1.0 mm, dry matter (DM) analysis was 

performed, determined by drying the sample in an oven at 105 ºC for 16 hours. Mineral matter 

(MM) was determined by combustion at 550 °C for two hours, and the organic matter (OM) by 

mass difference. Total nitrogen was determined by the Kjeldahl method [12], modified by 

Kozloski et al. (2003) [13]. The acid detergent lignin contents were determined according to 

Robertson and Van Soest (1981) [14]. The determinations of neutral detergent fiber (NDF) and 

acid detergent fiber (ADF) were performed in polyester sachets [15]. Acid detergent insoluble 

nitrogen (ADIN) and neutral detergent insoluble nitrogen (NDIN) were analyzed according to 

Licitra et al. (1996) [16]. Ethereal extract (EE) was determined in a reflux system with ethyl ether 

at 180 ºC for two hours [12]. The total digestible nutrients (TDN) content was calculated 
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according to Weiss et al. (1992) [17]. Samples ground on 2.0 mm sieves were used to evaluate in 

vitro digestibility DM (IVDDM), according to Tilley and Terry (1963) [18]. 

Total carbohydrate (TC) and non-fibrous carbohydrate (NFC) contents were estimated 

according to Sniffen et al. (1992) [19] as follows: TC = 100 - (CP% + EE% + MM%); and 

NFC= 100 - (NDF% - CP% - MM%). Hemicellulose content was calculated as the difference 

between neutral detergent fiber and acid detergent fiber: HEM = NDF - ADF. Cellulose (CEL) 

content was calculated by the equation: CEL = ADF - lignin.  

The experimental design used was completely randomized. Data were subjected to analysis of 

variance by the following mathematical model: 

 

Yij = µ + Ai + Tj + εij 
 

Where: Үij represents the dependent variables; µ is the overall mean of the observations; The 

year of evaluation effect was used as a covariate; Tj is the effect of the additive used; and εij is 

the random residual error.  

 

Data were submitted to analysis of variance using the "F" test (ANOVA). When significance 

was observed in the evaluated parameter, means were compared using the Student "t" test, with 

α = 0.05. For the orthogonal contrasts analysis, the F test was applied considering α = 0.05, in 

which silage with no additive was compared to silages with the inclusion of additives (bacterial 

inoculant, sugar, limestone, or urea). The orthogonal contrast of bacterial inoculant use versus the 

other chemical additives evaluated (sugar, limestone, or urea) was also carried out. Analyzes were 

performed using the SAS statistical program version 9.2 [20]. 

3. RESULTS AND DISCUSSION 

Silage bromatological composition results are presented in Table 2. Information concerning 

the fermentation process, pH values, and concentration of organic acids in this research was 

published by Zanella et al. (2022) [21]. Dry matter (DM) contents were lower for silage added 

with urea (23.56%) and higher for silages with no additive (26.94%) or limestone (27.00%), with 

intermediate values for silages produced with sugar or microbial additive. At the time of closing 

silo bags, the ground forage presented DM means of 34.65%, and at the opening, values lower 

than 30% were verified for all treatments, with a reduction of DM during the fermentation process. 

According to Borreani et al. (2018) [22], DM losses that occur during the fermentation process 

are mainly associated with carbon dioxide production, and the amount of DM loss in fermentation 

depends on the dominant microbial species and the fermented substrates. The losses of DM and 

gross energy during forage fermentation processes are directly related to the type of 

microorganisms that develop in the plant matrix and the availability of specific substrates. Some 

products generated by fermentation have a higher energy value than the original substrates, which 

can lead to more significant DM losses than gross energy losses [23]. 

Without the use of additives in silage, the fermentation process occurs through the action of 

epiphytic microorganisms naturally present in the plant material. The main microbial groups 

involved are lactic acid bacteria (LAB), enterobacteria, clostridia, and yeasts. The composition 

and quantity of these microorganisms in plants vary according to the plant species, cultivation 

conditions, and environmental factors during wilting [23]. In this study, the corn plants may have 

had a balanced epiphytic population and characteristics that were favorable to fermentation by 

LAB, which may have ensured efficient fermentation with low dry matter (DM) losses. 

Although the use of inoculants is widely practiced in corn silages, aiming to improve the 

efficiency of the fermentation process and reduce DM losses [24], this effect was not observed in 

the present study. The results obtained were contrary to those reported by Silva and Machado 

Junior (2014) [24], who found a significant increase in DM levels with the use of microbial 

inoculants, and by Fasolo and Carvalho (2021) [25], who observed better results in treatments 

with Lactobacillus buchneri associated with Lactobacillus plantarum or Lactobacillus plantarum 

combined with Propionibacterium acidipropionici. These findings indicate that, in this case, 

adding inoculants did not bring benefits.
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Table 2. Chemical composition and in vitro digestibility of corn silages produced with the addition of different additives, Realeza (PR). 

Variables 

Additive  P-value 

Sugar Limestone 
Bacterial 

inoculant 

No 

additive 
Urea 

Standard 

error 
Additives 

Contrast 

No additive x 

Additives 

Bacterial inoculant  

x Additives 

DM (g kg1) 25.87 b 27.00a 25.39 b 26.94a 23.56 c 0.32 <0.0001 0.0001 0.8284 

MM (g kg1) 3.87 b 10.16 a 3.66 b 3.51 b 3.78 b 0.34 <0.0001 <0.0001 <0.0001 

OM (g kg1) 96.12 a 89.83 b 96.34 a 96.49 a 96.22 a 0.34 <0.0001 <0.0001 <0.0001 

CP (%) 7.83 bc 8.26 b 7.21 bc 6.62c 19.55 a 0.42 <0.0001 <0.0001 <0.0001 

ADF (%) 24.43 a 23.89 a 24.40 a 19.79 b 24.46 a 0.44 <0.0001 <0.0001 0.7484 

NDF (%) 47.16 a 43.83 b 45.36 ab 38.99 c 47.16 a 0.81 <0.0001 <0.0001 0.4700 

ADIN (%) 2.17 2.18 1.70 1.86 1.95 0.19 0.3541 0.5127 0.0762 

NDIN (%) 2.05 ab 2.02 ab 1.27 c 1.67 bc 2.67 a 0.25 0.0050 0.2508 0.0015 

CEL (%) 20.11 bc 19.70 c 21.24 ab 17.56 d 22.38 a 0.47 <0.0001 <0.0001 0.3569 

HEM (%) 22.72 a 19.94 bc 20.96 b 19.20 c 22.69 a 0.51 <0.0001 <0.0001 0.1682 

LIG (%) 4.32 a 4.18 a 3.15 b 2.23 c 2.08 c 0.20 <0.0001 <0.0001 0.1284 

EE (%) 2.60 b 1.77 d 2.61 b 2.99 a 2.36 c 0.07 <0.0001 <0.0001 <0.0001 

TC (%) 85.68 a 79.79 b 86.50 a 86.87 a 74.29 c 0.55 <0.0001 <0.0001 <0.0001 

NFC (%) 38.52 bc 35.96 c 41.14 b 47.87 a 27.13 d 1.09 <0.0001 <0.0001 <0.0001 

TDN (%) 70.73 b 71.11 b 70.75 b 73.98 a 70.71 b 0.31 <0.0001 <0.0001 0.7840 

IVDDM (%) 74.60 ab 67.58 b 71.34 b 78.26 a 77.69 a 1.87 0.0022 0.0152 0.3752 

*DM = dry matter; MM = mineral matter; OM = organic matter; CP= crude protein; ADF = acid detergent fiber; NDF = neutral detergent fiber; ADIN= acid detergent insoluble N; 

NDIN= neutral detergent insoluble N; CEL=cellulose; HEM=hemicellulose, LIG=lignin; EE= ether extract; TC= total carbohydrates; NFC = non-fibrous carbohydrates; TDN = total 

digestible nutrients; IVDDM = in vitro digestible dry matter; **a, b, c Means followed by different letters on the row differ with P<0.05 by Student's "t" test. 

 



J.B. Zanella et al., Scientia Plena 20, 120201 (2024)                                           6 

 

Similarly, the absence of a positive effect was observed for the use of crystal sugar, presenting 

results contrary to those of Führ et al. (2023) [26]. These authors reported that the inclusion of 

brown sugar in sorghum silage increased dry matter content due to the higher concentration of 

soluble carbohydrates, which favor microbial activity during fermentation. In contrast, Rodrigues 

Neto et al. (2001) [27] evaluated the use of sugar in silages made from pupunha by-products and 

found the opposite effect. The authors did not identify significant changes in dry matter or the 

final quality of the silage. 

Regarding mineral and organic matter contents, there was a significant difference (P<0.05) 

between the evaluated silages. The lower organic matter content observed in corn silage with 

limestone as additive results from the higher concentration of mineral matter that the additive 

provided. Similar results were found by Romão et al. (2018) [28], in which the addition of CaO 

promoted an increase in mineral matter content in sugarcane silages. This increase in ash values 

is related to the fact that the additive is of mineral origin and presents a large proportion of this 

fraction in its totality [29]. The other silages produced had an organic matter content above 96.0%, 

which according to Ashbell (1995) [30], indicates adequate forage conservation because when 

fermentation is inadequate, losses of organic material occur. 

Considering crude protein concentration, silages with no additive had the lowest CP contents 

(6.62%), not differing from silages added with inoculant (7.21%) or sugar (7.83%), which were 

similar to silage with the addition of limestone (8.26%). However, the inclusion of urea promoted 

a significant increase in the CP content compared with the other additives (P<0.05). This increase 

can be explained by urea being a non-protein nitrogen source [31]. In this way, adding urea in the 

ensiling process can be an alternative to correct the low protein content of corn silage. The 

increase in protein content was also observed by Dos Santos et al. (2021) [32], in which the 

inclusion of 0.5; 1.0; 1.5, or 2.0% in corn silage promoted a linear increase in CP values, which 

were 108.98; 111.51; 139.93 and 143.18 g kg-1MS, respectively, while the silage without additive 

had a content of 82.15 g kg-1MS. 

Pasandi et al. (2012) [33] and Fallah (2019) [34] reported that the addition of molasses to corn 

silage resulted in a significant increase in crude protein (CP) contents. The authors suggest that 

this increase is related to the reduction in proteolytic activity during fermentation, which 

contributes to preserving the original protein fractions of the silage. On the other hand, Führ et al. 

(2023) [26] found no significant effect of adding brown sugar on the protein content in sorghum 

silage, suggesting that the impact of this additive may vary depending on the plant and 

fermentation conditions. Zanette et al. (2012) [35] evaluated the inclusion of sugar or microbial 

inoculants in corn silages. They observed that silages with no additives (5.4%) and sugar (4.77%) 

had higher CP contents compared to those treated with microbial inoculant (4.06%). 

Regarding the fibrous fraction, differences were observed in the acid detergent fiber (ADF) 

and neutral detergent fiber (ADF) values of silages. The silage with no additive presented the 

lowest values, 19.79% for ADF and 38.99% for NDF, differing statistically from the other 

treatments, which presented a mean of 24.30% for ADF. The increase in these silage fractions 

produced using additives is probably related to the consumption of soluble carbohydrates during 

fermentation. According to Balieiro Neto et al. (2007) [36], the consumption of soluble 

carbohydrates by microorganisms causes a proportional increase in the fibrous fraction and 

reduces the nutritive value of the silage. In the present study, the increase in fibrous fractions 

provided a reduction in TDN, observed through its negative correlation with ADF (r = -0.9998) 

and NDF (r = -0.9726), both with P<0.0001. For Van Soest (1994) [37], values above 55 to 60% 

for NDF are negatively correlated with the consumption of dry mass by the animal. 

For variables related to fibrous fractions, the use of inoculant was expected to have a positive 

impact, reducing components such as NDF, ADF, cellulose, and hemicellulose, as observed in 

previous studies. Silva et al. (2005) [38] reported that microbial inoculants were effective in corn 

silage, promoting the reduction of these fibrous components, which resulted in greater in vitro 

digestibility of dry matter and, consequently, higher potential nutritional value. Similarly, Silva 

and Machado Junior (2014) [24] found that the use of microbial inoculant in corn silage led to a 

decrease in neutral detergent fiber (NDF) values, although there was no significant change in 

crude protein levels. However, such results were not observed in this study, indicating that the 

effect of inoculants may vary depending on the specific conditions of each ensilage. 
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Alamoti et al. (2004) [39] reported that adding molasses and bacterial inoculant reduced ADF 

levels in millet silage, indicating its fibrous quality improved. Similarly, Fallah (2019) [34] found 

that the inclusion of molasses in corn silage resulted in significant decreases in ADF and NDF 

levels, reinforcing the positive role of molasses as an additive in improving the fibrous profile of 

silage. Complementing these results, Führ et al. (2023) [26] demonstrated that brown sugar also 

reduced fiber levels in sorghum silage, corroborating the effectiveness of soluble carbohydrates 

in modulating the fibrous composition of different types of silage. However, in the present study, 

the addition of crystal sugar did not significantly impact fiber levels, suggesting that the effects 

may vary depending on the carbohydrate source and the conditions of the ensiling process. 

Similarly, NDF levels were not lower in silages supplemented with urea than in silages with 

no supplementation. These results corroborate those obtained by Dos Santos et al. (2020) [40], 

who did not observe significant changes in NDF levels when evaluating different additives in 

corn silage. The expectation was that silages supplemented with urea or its combination with 

microorganisms would present a lower NDF concentration due to the alkaline effect of the 

ammonia released. However, the authors suggest that the absence of this effect may be related to 

the low dose of urea used (1.0%) since much of the ammonia produced was probably consumed 

to form salts by binding to fermentation acids, not promoting alkaline hydrolysis of the fiber, as 

initially predicted. In the present study, despite using a higher dose of 3%, no significant impact 

on NDF levels was observed. 

Additives did not have an effect on the levels of acid detergent insoluble nitrogen (ADIN), 

although they affected neutral detergent insoluble nitrogen (NDIN) (P<0.05). The levels of NDIN 

in silage with urea were higher than in silages with inoculant or without additive, presenting 

intermediate behavior in silages added with limestone or sugar. Neutral detergent insoluble 

nitrogen represents the fraction of nitrogen present in the fiber that is slowly degraded by 

microorganisms in the rumen, while ADIN corresponds to the fraction of nitrogen present in the 

cell wall that is unavailable for absorption, which is resistant to microbial enzymes and 

indigestible throughout the gastrointestinal tract [16]. 

There was a significant difference in cellulose and hemicellulose contents (P<0.05). Cellulose 

contents in silage with urea were higher (22.38%), without differing from the silage with inoculant 

(21.24%), with a smaller participation of this fraction in the silage that did not receive additives 

(17.56%). These results corroborate the data of Vieira et al. (2004) [41], who reported higher 

cellulose contents in silages of sorghum hybrids BR701 and BR601 treated with pure urea, urea 

associated with CaCO₃ or inoculants when compared to the control treatment. Cellulose is the 

structural component that represents most of the ADF, and its use by the animal depends on the 

degree of lignification of this fraction [37]. The highest levels of hemicellulose (Table 2) were 

observed in silages with urea or limestone due to the higher concentration of fiber in the cell wall, 

as hemicellulose was obtained from the difference in NDF and ADF [36]. For lignin, which 

represents the non-digestible fraction, the silage with no additive or with urea had the lowest 

levels, 2.23 and 2.08%, respectively, and differed in terms of its participation in the other silages. 

These values are lower than those found by Faria et al. (2020) [42], who found lignin contents 

between 5.5 and 3.0%.  

The application of additives reduced the ether extract concentrations in the silages, with a 

concentration of 2.99% in the silage with no additive. The values obtained are within the range 

that Ortiz et al. (2021) [43] verified, ranging from 1.39 to 3.49%. According to Khan et al. (2012) 

[44], values from 2.1 to 3.8% are considered adequate for producing quality corn silage. Attention 

must be paid to the ether extract content in silage when the total diet is supplemented with the 

concentrate fraction, as levels above 6.0 to 7.0% of fat in the diet can lead to reductions in ruminal 

fermentation, fiber digestibility, and passing rate [45]. 

The total carbohydrate content was reduced with the addition of urea or limestone additives, 

with values of 74.29% for urea and 79.79% for limestone, while silages using sugar (85.68%), 

inoculant (86.50%) or without additive (85.68%) were similar to each other. Melo et al. (2016) 

[31] also observed a reduction in the total carbohydrate content when additives in grass silage 

were used and associated this reduction with the gradual and simultaneous increase in the ether 

extract and ash contents. In this research, mineral matter content was inversely correlated with 

total carbohydrate content (r = -0.3360; P=0.0087). 
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Non-fibrous carbohydrate (NFC) content was lower in silages with urea or limestone (P<0.05), 

probably due to the greater production of lactic acid during the fermentation process [21]. Since 

both are alkaline additives, carbohydrates are used as substrates in the production of organic acids 

[46]. It was expected that adding sugar would increase NFC; however, this was not verified in the 

results. Therefore, crystal sugar may be a substrate that fermentative microorganisms do not 

prefer. The superiority of NFC content found in silages without additive (47.87%) indicates that 

this treatment will probably present a higher energy value, and in the present research, the TDN 

was directly related to the non-fibrous carbohydrate content (r = 0.8468; P<0.0001). 

The TDN content was 73.98% for corn silage with no additive, higher than the participation 

of it in the other silages produced, which presented a concentration of 71.11% (limestone), 

70.75% (inoculant), 70.73% (sugar), and 70.71% (urea). The higher TDN for silage produced 

without additive may be associated with the fact that the additives used raised ADF and NDF. 

However, although TDN in silage with additives is lower than in silage with no additive, their 

values are 67.19 to 72.99% of TDN reported by Ortiz et al. (2021) [43]. It should be noted that 

the higher the TDN, the better the digestibility and, consequently, the consumption of silages. 

According to Nussio (1993) [47], the energy value of the silage is related to the proportion of 

grains present in dry matter, and the author recommends that quality silage should contain from 

40 to 50% grains in the ensiled DM. In this research, ensiled material presented a proportion of 

33.45% in DM grains (Table 1). Although below the indicated by the literature, the produced 

silage presented considerable TDN content. 

Silages produced with urea or without additives showed in vitro digestible DM (IVDDM) 

higher than those added with limestone or inoculant, with an intermediate behavior for silage 

produced with sugar. The reduction in digestibility with the application of the additives mentioned 

above differs from that observed by some authors, such as Balierio-Neto et al. (2007) [36], who 

observed greater digestibility with increasing doses of calcium oxide in sugarcane silage and Silva 

et al. (2005) [38], who found higher IVDDM values in silage treated with inoculant compared to 

silage without additives. In this study, including additives promoted an increase in fibrous 

components and, consequently, reduced digestibility.  

The results of this experiment are essential for comparing silages treated with additives to 

those without additives. The contrast analysis showed that the crude protein content increased 

significantly with the addition of additives (P<0.0001), evidencing a positive effect in all 

formulations compared to the control silage. However, the total carbohydrate (TC) contents in 

silages with additives were significantly lower than those observed in silage without additives 

(P<0.0001). 

Furthermore, the contrast analysis indicated that the means of silages without additives 

exceeded the means of all treatments with additives (P<0.01) in terms of in vitro digestibility. 

This reduction in digestibility can be attributed to the increase in fibrous components resulting 

from the action of the additives. The means of dry matter (DM) were also higher in the silages 

without additives than those with additives (0.0001). 

These results highlight that, although additives improve parameters such as crude protein 

content, they can adversely affect other nutritional and fermentative aspects, such as digestibility 

and total carbohydrates. Therefore, it is essential to consider the balance between the benefits and 

the possible negative impacts when evaluating the application of additives in silage production. 

In addition, other factors, such as the type of additive and silage management, can interfere with 

these results, requiring additional studies. 

When comparing additives, although bacterial inoculants have been widely used in corn silage 

for a long time, their effects remain inconclusive. Some studies report benefits in silage’s 

chemical composition [38], while others show neutral effects [48]. In the present study, bacterial 

inoculants did not provide significant positive changes in the chemical composition variables of 

the ensiled forage. 

Urea, widely used as an additive in crops such as sugarcane, showed similar effects on corn 

silage, especially in increasing crude protein (CP) content. This effect is related to the ability of 

urea to provide non-protein nitrogen (NPN), which contributes to improving the protein value of 

the ensiled material. However, the results of other nutritional composition variables, such as 

fibrous fractions (NDF and ADF) and digestibility, indicate that the benefits are limited or absent. 
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In addition, it is essential to be cautious regarding the dosage used since inadequate inclusion may 

compromise fermentation or acceptability by ruminants. Therefore, it is suggested that new 

studies be carried out to investigate and determine the ideal concentration of urea, which 

optimizes the fermentation process and improves silage quality without negatively impacting 

animal consumption. A comprehensive study evaluating interrelated parameters, such as 

fermentation, nutritional composition, and animal consumption, is necessary to establish safe and 

effective guidelines for the use of urea. 

Regarding the addition of sugar, no improvements were observed in corn silage's nutritional 

composition compared to the control treatment's silage. Although some studies on sorghum 

silages have demonstrated nutritional benefits with brown sugar addition, such as increased dry 

matter and total carbohydrates [26], the results are inconsistent. Some studies, such as Zanette et 

al. (2012) [35], indicate a lower recovery of dry matter, suggesting that the effects may vary 

depending on the conditions and type of forage used. 

Finally, calcium carbonate also did not cause significant changes in the overall chemical 

composition of the silage in this study, suggesting that its inclusion could represent only an 

additional cost to the production system. However, it can serve as a source of calcium, especially 

in crops deficient in this nutrient, such as corn [49]. Limestone has the advantage of supplying 

part of the calcium (Ca) requirements in the animal diet, which can positively impact feeding. 

However, it is essential to adequately balance the proportions of calcium and phosphorus in the 

diet, as recommended by the NRC (2000) [50], which suggests a 2:1 ratio in order to avoid 

imbalances. High calcium levels, when combined with low phosphorus levels, can result in 

greater urinary excretion of calcium due to the lack of phosphorus for efficient bone deposition 

[51]. Since calcium content was not evaluated in this study, it is essential to include it in future 

studies to adjust supplementation and avoid negative impacts on the calcium-phosphorus ratio. 

4. CONCLUSION 

The use of different additives in corn silage has distinct impacts on the silage's chemical 

composition, with variable effects depending on the additive used. Urea significantly increases 

the crude protein content, with a 295% increase in the protein content of whole-plant corn silage, 

constituting an effective strategy to correct the low protein content characteristic of this type of 

silage. The use of limestone increases the mineral matter and lignin contents without improving 

fiber digestibility. 

The administration of additives in corn silage results in higher concentrations of acid and 

neutral detergent fiber, cellulose, and hemicellulose, followed by a reduction in the energy value 

(TDN). These results indicate that the use of additives at the tested dose does not significantly 

impact the nutritional value of corn silage. 
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