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Abstract

Corn silage is a fundamental component in ruminant nutrition, but its preservation depends on optimizing
fermentation to maintain nutritional quality and aerobic stability. This study evaluated the effects of Effective
Microorganisms Activated Solution (AMS)-based biol as a natural fermentation enhancer in silage under tropical
conditions. Treatments included AMS-based biol at different doses (1, 1.5, and 2 L per ton™') and untreated control
(UN). Silage pH, chemical composition, aerobic stability, and dry matter recovery were analysed. Results showed
that AMS-based biol enhanced fermentation efficiency, reducing pH values compared to the control (3.98 vs.
3.78,P <0.001). Aerobic stability improved significantly, particularly at 1.5 L/t, where temperature increases after
exposure to air were minimized (0.01 vs. 1.68°Cin UN, P < 0.001). Dry matter recovery was higher in treated silages
(4.6-4.8 vs. 4.5 kg in UN, P = 0.005). Crude protein content showed a slight decline at higher AMS doses (6.3-5.8%
vs. 7.0% in UN, P = 0.002), while fibre composition varied significantly among treatments. These findings indicate
that AMS-based biol is a viable alternative to synthetic additives, improving silage quality and preservation. Future
research should focus on optimizing application rates and assessing long-term effects on animal performance.

Keywords: aerobic stability, organic additive, forage preservation, maize, tropical condition.

Resumo

A silagem de milho é um componente fundamental na nutri¢do de ruminantes, mas sua preservacao depende
da otimizagdo da fermentacdo para manter a qualidade nutricional e a estabilidade aerébica. Este estudo avaliou
os efeitos do biol a base de Solu¢do Ativada por Microrganismos Eficazes (AMS) como um intensificador natural
de fermentagdo em silagem sob condigdes tropicais. Os tratamentos incluiram biol a base de AMS em diferentes
doses(1,1,5e2 L por tonelada-1) e controle ndo tratado (UN). O pH, a composi¢do quimica, a estabilidade aerébica
e a recuperacdo de matéria seca da silagem foram analisados. Os resultados mostraram que o biol a base de AMS
aumentou a eficiéncia da fermentacdo, reduzindo os valores de pH em comparagdo ao controle (3,98 vs. 3,78,
P <0,001). A estabilidade aerébica melhorou significativamente, particularmente a 1,5 L/t, onde os aumentos de
temperatura ap6s a exposi¢do ao ar foram minimizados (0,01 vs. 1,68 °Cem UN, P < 0,001). A recuperacdo de matéria
seca foi maior nas silagens tratadas (4,6-4,8 vs. 4,5 kg em UN, P = 0,005). O teor de proteina bruta apresentou um
ligeiro declinio em doses mais altas de AMS (6,3-5,8% vs. 7,0% em UN, P = 0,002), enquanto a composicao de fibras
variou significativamente entre os tratamentos. Esses resultados indicam que o biol a base de AMS é uma alternativa
vidvel aos aditivos sintéticos, melhorando a qualidade e a preservacdo da silagem. Pesquisas futuras devem se
concentrar na otimizagdo das taxas de aplicacdo e na avaliagao dos efeitos a longo prazo no desempenho animal.

Palavras-chave: estabilidade aerébica, aditivo organico, conservagao de forragem, milho, condi¢des tropicais.

1. Introduction

Maize silage is an important component of cattle
diets in Western Europe, and its energy value is widely
estimated from chemical composition and in vitro
organic matter digestibility (OMd) (Kallscheuer, 2018).

Corn (Zea mays) is one of the most important cereal
crops globally, serving as a staple food for human
populations and a primary feed source for livestock
(Cooke et al., 2007; Eskandari et al., 2009; Griffey et al.,
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2010). Its high yield potential, adaptability to different
agroecological conditions, and rich carbohydrate content
make it a fundamental component in animal nutrition,
particularly in ruminant diets (Broderick, 1995; Galyean
and Defoor, 2003; Van Knegsel et al., 2007). Corn silage,
a product of the ensiling process, is widely used in dairy
and beef production systems due to its high energy
density, digestibility, and long-term storage capability
(Charmley, 2001; Cooke et al., 2007; Helm and Salmon,
2002; Huhtanen et al., 2013; Driehuis et al., 2018).
However, the success of silage preservation depends
largely on the efficiency of the fermentation process,
which must ensure proper acidification, inhibit spoilage
microorganisms, and maintain the nutritional integrity
of the feed (Charmley, 2001; Huhtanen et al., 2013;
Borreani et al., 2017; Driehuis et al., 2018).

To optimize silage quality, various additives have
been developed, including chemical preservatives such
as propionic acid, formic acid, and synthetic inoculants
(Ahvenjdrvi et al., 2006; Driehuis et al., 2018; Kung
Junior et al., 2018a; Kung Junior et al., 1993; Muck et al.,
2018). These additives are commonly used to accelerate
fermentation, prevent mold growth, and enhance aerobic
stability (Yitbarek and Tamir, 2014). While effective, the
prolonged and indiscriminate use of synthetic additives
has raised concerns regarding their environmental impact
(Cardoso et al., 2020; Dijkstra et al., 2024; Durmic et al.,
2024), safety for animal consumption (Harrison et al.,
1994; Del Prado et al., 2024), and economic viability
(Souza et al., 2014; Coblentz and Akins, 2018). Residues
from chemical additives can accumulate in soil and water
sources, altering microbial communities and potentially
affecting ecological balance (Driehuis and Elferink, 2000).
Additionally, consumers are increasingly demanding
natural and sustainable livestock production practices,
pressuring the industry to seek alternatives that align with
environmental and food safety standards (Akash et al.,
2022; Liu et al.,, 2023; Varma et al., 2024).

In response to these challenges, the use of biological
additives has gained significant attention as a sustainable
alternative for silage production (Kung Junior and Ranjit,
2001; Del Prado et al., 2024; Hristov et al., 2024). Among
these, Effective Microorganisms Activated Solution (AMS)-
based biol has emerged as a promising biotechnological
tool to enhance silage fermentation (Siddiqui et al.,
2023). AMS is a consortium of beneficial microorganisms,
including lactic acid bacteria, yeasts, and phototrophic
bacteria, which work synergistically to promote desirable
fermentation pathways, reduce the growth of spoilage
organisms, and improve the nutritional profile of silage
(Balogun et al., 2016; Kallscheuer, 2018; Hidalgo et al.,
2022). The use of activated solutions with microorganisms
(AMs)—often referred to as effective microorganisms (EMs)
or microbial inoculants—is a biotechnological approach
widely applied in forage conservation (ensiling), soil
fertility, and animal nutrition. These AMs typically consist
of consortia of beneficial microorganisms such as lactic acid
bacteria (LAB), yeasts, and phototrophic bacteria, which
play complementary roles in fermentation, microbial
ecology, and stabilization processes (Balogun et al., 2016;
Kallscheuer, 2018). By fostering a more balanced microbial
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environment, AMS-based biol can enhance lactic acid
production, accelerate pH reduction, and contribute to
the preservation of essential nutrients. Additionally, the
use of bio-inoculants derived from natural sources aligns
with circular economy principles by reducing dependency
on synthetic inputs and minimizing environmental
pollution (Sande et al., 2024; Sani et al., 2024). Therefore,
the use of AMs Biosol is justified as a key biotechnological
strategy within the framework of circular economy
and regenerative agriculture, as it harnesses naturally
occurring microorganisms to transform organic waste
into valuable resources, improving soil fertility, plant
health, and forage preservation. Its low cost, simple
preparation, and absence of synthetic chemicals make
it an accessible and sustainable alternative that supports
more resilient, efficient, and environmentally friendly
agricultural systems.

Despite the potential benefits of AMs-based biol,
limited research has been conducted on its optimal
application rates and its overall effectiveness in silage
production. Understanding the appropriate dosage of
AMS-based biol is critical to maximizing its impact on
fermentation efficiency, nutrient retention, and feed
quality (Balogun et al., 2016). Therefore, this study aims to
evaluate the effects of different doses of AMS-based biol
on the fermentation dynamics, chemical composition,
and preservation efficiency of corn silage. The findings
of this research will contribute to the development of
more sustainable silage management practices, offering
an alternative that not only improves feed quality but
also aligns with environmentally responsible agricultural
systems. Besides this, this study aligns with the United
Nations Sustainable Development Goals, particularly
SDG 2 (Zero Hunger) by promoting improved feed
quality and food security through sustainable forage
preservation; SDG 12 (Responsible Consumption and
Production) by encouraging the recycling of organic
resources and reducing dependence on synthetic inputs
(ONU, 2020); and SDG 13 (Climate Action) by supporting
low-emission, climate-resilient practices. Small and
medium livestock producers in tropical regions stand
to benefit the most, as AMs Biosol offers a low-cost,
environmentally friendly tool to enhance productivity
while strengthening sustainability and resilience in
vulnerable rural communities.

2. Materials and Methods

2.1. Study area

This study was carried out in Orellana Province,
located in the North of the Ecuadorian Amazon. It is
divided into four Districts (Cantons): this Province
has an area of 21,730 kilometers (km?) (18.6%). The
climate in the Region is characterized by humid tropical
rainforests (Bilsborrow et al., 2004; Orellana, 2015;
Gonzélez Marcillo et al., 2021). The average rainfall is
2,942 millimeters (mm) annually, with an annual average
temperature of 29.7°C (Walz et al., 2010). The Region had
an estimated population of 157,520 people in 2018.
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2.2. AMS preparation

Decomposed leaves found on the ground were collected,
preferably those with white spots, as they come from
native forests that have not been disturbed by man. This
ensures the presence of a wide range of micro-organisms,
which can promote healthy and sustainable growth in
harmony with the environment. To prepare it, start by
placing the mulch, rice bran and molasses on a suitable
surface. Then, with the hands, it is kneaded until a bread-
like consistency is obtained, as show In Table 1. Once the
mixture is formed, it is placed in a tank and compacted
by tamping to eliminate possible air pockets. Finally, the
tank was hermetically sealed and left to ferment for 30
days to complete the process. After this process, the biol
of AMs were applied to forage.

2.3. Cereal crop and ensiled procedures

Maize (Zea mays L.,) was sown in 6 July 2024 on
2.5 ha under rainfed conditions at 120 kg/ha of seed and
fertilization of 82-46-00 and 80-60-40 NPK. Harvesting
for silage was done 75 days after sowing with a chopper
harvester. Biol of AMs were dissolved in demineralized
water on the day of ensiling established the following
treatments; 1) (UN), maize silage untreated, 2) (LB)
applied at a rate of 11t silage, 3) (MB) applied at a rate
of 1 L5 t' silage and 3) (HB), applied at a rate of 2 t
silage. The silages fermented for 25 days after harvest.
Therefore, 3.7 + 0.3 kg of the maize silage was packed into
16-L macro silos (~27 cm, diameter x 36 cm, height) in
triplicate and sealed immediately. Weights of these silos
were recorded. The filled macro silos were then stored at
ambient temperature (20 to 27°C) in an enclosed barn.
Weights of these silos were recorded

3. Analytical Methods

The silage juice was extracted manually with a Motorq
20 (SP Tools, UK) silage press. Then, the silage pH was
measured directly from the silage juice using a pH meter
(Jenway 3010 pH meter; Kernick and Son, Cardiff, UK). The
chemical analysis was conducted in duplicate according to
AOAC (2000) and expressed on a dry matter basis. In fact,
dry matter (DM) was determined at 60°C for 24 h and ashes
burnt at 550°C for 5 h. Crude protein was calculated as a
percentage of N x 6.25 by the Kjeldahl method (Bradstreet,
1954). Crude fiber (CF) was analysed according to Weende
method by acid hydrolysis with 1.25% H2S04, followed by
alkaline hydrolysis with 1.25% NaOH. In contrast, neutral
detergent fibre (NDF) and acid detergent fiber (ADF) were
sequentially determined on an ash-free basis according
to Van Soest et al. (1991) adding sodium sulphite and
thermostable o- amylase (Ankom Technology, Fairport,
NY, USA) (Van Soest, 1994).

3.1. Aerobic stability measurement

Aerobic stability, defined as the time required for
the temperature to increase by 1°C above ambient
temperature (Puntillo et al., 2020), was assessed by placing
approximately 800 g of silage in insulated PVC containers
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measuring 15 x 16 cm?, with one end open such as described
(Kung Junior, 2010; Yuan et al., 2015). To ensure insulation,
these containers were placed within specially designed
cavities in a polystyrene sheet (Combat Polystyrene Group,
Bristol, UK). Temperature changes within each container
were recorded hourly over a period of 6 days using a
temperature probe connected to a universal data logging
module (Technolog, Derbyshire, UK).

4. Statistical Analysis

The data, previously entered in Excel spreadsheets
(Microsoft, USA), were coded for subsequent analysis.
Therefore, using SAS v. 9.4 statistical software (SAS,
Institute Inc., Cary, NC, USA) and after checking for
normality (PROC UNIVARIATE) and/or logarithmic
transformations, if necessary, they were analysed as
parametric data. For this purpose, under a general linear
model (PROC GLM), our statistical model considered
treatments, time and their interaction as fixed effects.
Similarly, dose-dependent regression (PROC REG) and
correlation (PROC CORR) analyses were performed. Means
separated by the PDIDFF option of SAS are presented as
least squares (LSD) and compared with a Dunnet’s test.
Statistical differences were considered at a P <0.05, while
statistical trends at a P < 0.10.

5. Results and Discussion

The Table 2 shows the biol analysis. The result reveals
a solution with an acidic pH (3.6), which may limit
phosphorus availability. The electrical conductivity
(16.7 mS/cm) indicates moderate salinity. Although the
total nitrogen content is adequate, a low proportion of
nitrates and a superiority of ammonium are observed.
To optimise fertilisation, it is recommended to increase
the total nitrogen content to around 1000 ppm by adding
organic matter or ammonium salts such as ammonium
phosphate. The latter option. In addition to providing
nitrogen, will raise phosphorus levels and help to regulate
the pH. Potassium levels are high, which could be affecting
electrical conductivity. Calcium is within optimal ranges
for most crops. Micronutrients, especially copper and
zinc, may require adjustment by foliar application of a
concentrated micronutrient solution.

Table 1. Ingredients used for the production of AMs.

Ingredient Quantity
Mountain leaf litter 4qq
Rice bran 2qq
Cane molasses 4qq
Water 18 Liters
Plastic tank (200 L) with lid 1 Unit

and rubber seal
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Figure 1 shows the descriptive statistics of the ambient
temperatures recorded throughout the study. In general,
during the whole experimental period a mean ambient
temperature of 25°C was recorded, with a standard
deviation of 0.56°C, but with maxima exceeding 27°C
and minima recorded below the mean of 24°C. The
variations in ambient temperature observed during the
whole experimental period (Figure 1) indicate constant
fluctuations that should be considered when making a
forage conservation plan (Borreani and Tabacco, 2010).

Ambient temperature, T®

12 3 4 5 6 7 8 9 011 1213 18 5 16 17 18 19 20 N 2 3 24 2

Days

Figure 1. Variation of the ambient temperature recorded during
the whole experimental period.

Table 2. Analytical results of the Biol of AMs.

Parameter Unit Value
pH - 3.6
Electrical mS/cm 16.7
Conductivity
Total Nitrogen mg/L 628.8
(TN)

Phosphorus (P) 165.8
Potassium (K) 5712.5
Calcium (Ca) 893.1

Magnesium (Mg) 384.5
Iron (Fe) 70.0
Copper (Cu) 0.12
Zinc (Zn) 0.87
Manganese (Mn) 54

For this reason, climates with high humidity and rainfall,
such as the one in the province of Orellana (Guaman-
Rivera et al., 2024), have to be highly considered in the case
of silage. Enough scientific evidence has already shown
that chopped plant material follows an enzymatic process
that is highly conditioned by temperatures, which, in our
case, we conjecture have had a certain degree of influence
according to each treatment (r = 0.99; P < 0.001) In fact,
Contreras-Govea et al. (2009) stated that bacteria are
more abundant in warmer than in cooler temperatures,
with higher levels at certain maturity stages.

Table 3 shows pH data, pre- and post-macro silos
weight of plant material. Statistical differences were
evidenced for pH values among treatments (P < 0.001).
The UN had less than -6% than those observed when AMs
were applied in doses of 1 to 2 t silage (3.78 vs. 3.93).
Nevertheless, the pH values have shown similar referential
values to other studies (Basso et al., 2012; Borreani and
Tabacco, 2010; Nishino et al., 2003; 3.64 vs. 3.84). Corn
silages have a lower final pH (3.7-4.0) than legume silages
(4.3-5.0; Table 3; McDonald et al., 2010) because they
have lower buffering capacities (buffering capacity of
200-250 mE/kg of DM for corn and 500-550 mE/kg of
DM for legumes) (Kung Junior et al., 2018b). According to
Yuan et al. (2015) low pH values help to regulate the growth
of other bacteria (sucha as Clostridium) and minimize
avoidable losses such as plant true proteins. Therefore,
biol based on AMs could have helped silage fermentation
by increasing lactate accumulation and reducing pH and
growth of deleterious epiphytic microbes such as clostridia
and moulds (Oliveira et al., 2017). Referential studies
using Lactobacillus buchneri in maize silage reported pH
values ranged from (4.40 to 3,45), so, it has been used to
improve the aerobic stability of corn silages (Burns et al.,
2018; Kang et al., 2009; Kung Junior and Ranjit, 2001;
Muck et al., 2018). In the same way, the final weight of
macro silos is shown in Table 3. This first study showed
that the application of biol-based AMs on maize silage
allows to recovery more dry matter than UN (0.1 vs.
0.4 kg difference weight; P = 0.010; Table 3). A study by
Cleale IV et al. (1990) and Arriola et al. (2021) reported a
DM recovery greater than 90% in plant corn silage using
microbial inoculants such as Lactobacillus spp. Despite this
study, the volatile fatty acids (VFA) were not determined,
Driehuis et al. (2001) evidenced that Heterofermentative
inoculants (e.g. L. buchneri) applied in grass silages allow
CO2 formation during the conversion of lactic acid to

Table 3. Data on pH, pre- and post-silage macro silo weight of plant material.

Treatments P=value
Item
UN LB MB HB SEM Treat
pH 3.78¢ 3.982 3.97° 3.84° 0.01 0.001
Microsilo initial weight (kg) 4.9° 4.1° 4.8° 5.0° 0.6 0.020
Microsilo final weight (kg) 4.5% 4.0 4.6 4.8 0.2 0.005
Weight difference (kg) 0.42 0.1° 0.2° 0.2° 0.1 0.010

SEM, standard error of the means. *< Means with different letters in the same row differ at P < 0.05. (UN), maize silage untreated, 2) (LB)
applied at a rate of 11t-1 silage, 3) (MB) applied at a rate of 1 1.5 t-1 silage and 3) (HB), applied at a rate of 2 t-1 silage.
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acetic acid and 1,2-propane-diol, leading to extra DM
loss. Therefore, we hypothesized that biol-based AMs
limited DM loss than UN silage. However, this should be
confirmed with more studies.

The aerobic stability and macro silo temperature are
shown in Table 4. Differences highly significant in macro
silo temperatures were observed among treatments (P =
0.002). Our results showed that using MB (1.5 litters of biol
based-AMs) provides an optimal temperature compared
to UN (26.5 vs. 28.2 T°C). Scientific evidence states that if
silage is well packed and sealed immediately, the average
temperature of the forage mass should not increase to more
than about 5 to 8°C above the ambient temperature at filling
(Kung Junior et al., 2018a). In addition, Basso et al. (2012)
mentioned that high temperatures result in large losses on
the surfaces of the silos and low doses of L. buchneri may
be insufficient to control aerobic deterioration of silages
(Ohyama et al., 1975). Based on these results, this pioneer
study evidence that using biol of AMs could be a potential
alternative instead of chemical additives which should be
confirmed with more studies (Contreras-Govea et al., 2009).

Regarding to aerobic stability, the results are shown
in Table 4. The UN group showed a greater increase in
temperature compared to when using AMs at doses of 1.5
litres (1.68 vs. 0.01 T°C; P < 0.001). Also, the experimental
period (Figure 2) conditioned the silage temperature (P <
0.001) with a high variation which could be explained
by ambient temperature (r = 0.95; P = 0.002). In this
sense, the aerobic stability of silages varies significantly
depending on silage composition and management
(Nishino et al.,2003). The rate of deterioration after silage
opening, as well as the magnitude of DM and nutrient
losses, depend to a large extent on the initial stability of
the silage (Borreani and Tabacco, 2010; Taylor and Kung
Junior, 2002). Kung Junior and Ranjit (2001) have reported
that improvements in aerobic stability during prolonged
storage and feeding may be beneficial. Homofermentative
and facultative heterofermentative lactic acid bacteria
(LAB) inoculation has been commonly used to improve
lactic acid fermentation, inhibit deleterious epiphytic
microbes, and preserve the nutritional quality of ensiled
forages (Oliveira et al., 2017), although this same author,
mentioned that microbial inoculants do not improve
the aerobic stability of corn. By contrast, Arriola et al.
(2021) reported that Lactobacillus buchneri may produce
antimicrobial substances, such as buchnericin, a bacteriocin
that may contribute to increased aerobic stability. However,
our study reported a modest improvement (Table 4) which
would have to be more studied. Anyway, our research
team conjectures that this biol of AMs could have a

Table 4. Aerobic stability of silage concerning the main effects.

AMs-Biol as a silage fermentation booster

huge microbial population (e.g., homofermentative and
facultative heterofermentative).

In addition to this, the time factor (days) considered
in our study showed that all micro silos, regardless of the
treatment, for an estimated time of 36 hours the ambient
temperature was around (25.96 °C), and then rose drastically
above the ambient temperature (0.6 to 7.2 °C, difference
T°C stability). On all treatments, the temperature rose at
120 h and peaked at 144 h after exposure to air (Figure 2).
Nishino et al. (2003) reported that aerobic deterioration
was sooner than our study (36 vs. 120 h). Therefore, this
may support the hypothesis that the enhanced aerobic
stability is due primarily to the antifungal action of acetic
acid (Puntillo et al., 2020). In addition, similar to our results,
Puntillo et al. (2020) had lost aerobic stability after 5 days
of being exposed to air in Control silages.

The chemical composition of the silages is shown in
Table 5. Despite the numerical differences observed in
the DM between the different treatments, these were
not significant (25 + 1.3%: = 0.86). Referential values by
Nishino et al. (2003) reported similar DM (27%, on a dry
matter basis) and CP contents (6.5%; on average; Kung
Junior et al.,, 1993). In the same way, Ferraretto et al. (2018),
informed DM contents ranged from 25 to 33%. However,
it is important to mark that maturity at harvest alters
yield, nutrient composition (e.g., decline CP and FND
contents) digestibility, and ensiling potential of crops, in
fact, Borreani et al. (2017) have estimated DM loss of - 4 to
19%. According to Ferraretto et al. (2018) targeting 35%
DM at harvest is recommended for optimising nutritive
value of lactation performance by dairy cows. Regarding
crude protein contents (Table 5), we expected that the
efficiency of the AMs could have been reflected in a
lower crude protein degradation of the ensiled material.

34 4 r 28.5

Macro silos, °C
Ambient temperature, °C

Days

Figure 2. Aerobic stability according to experimental period.

Treatment P=value
Item SEM
UN LB MB HB T Day T x Day
Macro silos, °T 28.22 28.52 26.5° 29.32 03 0.002 0.001 0.98
Aerobic stability differences, °T 1.7% 2.0 0.01° 2.8 0.03 0.002 0.001 0.82

SEM, standard error of the means. ** Means with different letters in the same row differ at P < 0.05. (UN), maize silage untreated, 2) (LB)
applied at a rate of 11t-1 silage, 3) (MB) applied at a rate of 1 1.5 t-1 silage and 3) (HB), applied at a rate of 2 t-1 silage.
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Table 5. Chemical composition of silage according to treatments.

Treatments P =valor
Item SEM

UN LB MB HB Treat
Dry matter at 60°C 214 26.4 25.0 27.0 13 0.86
Ash, % 6.1° 6.5 7.92 6.2° 0.4 0.02
Organic matter, % 94 94 92 94 0.4 0.78
Crude protein, % 7.0 6.3° 6.3° 5.8b¢ 0.3 0.002
Ether Extract, % 32 2b 2° 2° 0.1 0.003
Crude Fibre, % 372 330 382 36° 1.0 0.004
Nitrogen-Free Extract NFE1, % 47° 512 46> 502 13 0.001
FND, % 25 24 25 25 0.3 0.66
FAD, % 432 39¢ 452 420 13 0.002
Gross Energy, Mcal/kg 3900 3900 3900 3900 0.01 0.92

SEM, standard error of the means. < Means with different letters in the same row differ at P < 0.05.
(UN), maize silage untreated, 2) (LB) applied at a rate of 11t-1 silage, 3) (MB) applied at a rate of 1 1.5 t-1 silage and 3) (HB), applied at a rate of

2 t-1 silage.

However, the UN silages were the ones with the highest
crude protein content (7 £ 0.3%), observing, in addition, a
reduction of CP contents for the MB treatment that should
be further studied. Similar results were observed for the
rest of the proximal components analysed, i.e., ethereal
extract and crude fibre (P = 0.003 to 0.004). Although the
overall fermentation quality improved, a reduction in CP
may affect the balance of nutrients required for optimal
animal performance (Obispo et al., 2013; Torrent, 2015;
Lima et al., 2001), particularly in high-producing livestock.
Therefore, it is necessary to make nutritional formulation
adjustments or complementary protein sources when
using higher AMs doses.

As for cell wall contents (Table 5), NDF showed values
well below those usually observed in other studies
(25 vs. 57.3%; Ferraretto et al., 2018), a result that could
partly be due to the age of the culture, but it should be
noted that these values were not significant (P = 0.66).
Contrary to this, the FAD contents between the different
treatments showed highly significant differences (P <
0.002). Basso et al. (2012) reported greater NDF (60%, on
average) and lower ADF (14%, on average) using different
doses of L. buchneri than our study. In contrast, Silva et al.
(2017) informed NDF values slightly superior than those
observed in this study (33 vs. 25%).

6. Conclusions

The application of AMS-based biol improved aerobic
stability, reducing temperature increases after exposure to
air. All treated silages exhibited low pH suggesting enhanced
fermentation efficiency. Crude protein content decreased
slightly with higher doses, while fibre composition showed
significant variations, with lower neutral detergent fiber
(NDF) and acid detergent fiber (ADF) in some treatments.
These findings highlight AMS-based biol as a promising
natural additive for improving silage preservation and quality,
warranting further research on optimal application rates.
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