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Highlights

No significant interaction was observed between substrates and additives.

Natural additives showing no difference from the control.

Monensin and Flavomycin reduced dry matter and fiber digestibility.

Flavomycin increased gas production.

DFS improved both dry matter and fiber digestibility compared to forage.

Monensin altered the rumen environment by reducing pH and ammonia nitrogen levels.

Abstract

This study aimed to assess the impacts of various additives on the kinetic parameters of gas production
and in vitro dry matter digestibility (IVDMD) and in vitro neutral detergent fiber digestibility (IVNDFD)
in substrates with high fiber content. The additives evaluated were: control (CON) - without additives;
Monensin (MON) - 20 mg/kg DM; Flavomycin (FLAVO) - 4 mg/kg DM; Live yeasts (LY) - Saccharomyces
cerevisiae - 0.5 g/kg DM; Yeast culture (YC1) - 1.3 g/kg DM; Yeast culture (YC2) - 1.3 g/kg DM; and
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Essential Oils (EO) - 3.5 g/kg DM. The substrates used were: forage Urochloa brizantha cv. Xaraés (11.5%
of CP) alone, Dry Fiber with Solubles (DFS) alone, and a combination of the two (50:50). Ruminal fluid
was obtained from two castrated F1 Nellore x Angus (BW = 400 * 25 kg), fitted with a rumen cannula,
grazing Urochloa brizantha cv. Marandu, and receiving mineral supplement without additives. Three
consecutive incubations were conducted with gas production volume (GP) measured on times 3, 6, 9,
12,18, 24,36, and 48 hours using a semi-automatic reader. A total of 67 flasks per incubation (7 additives
x 3 substrates x 3 replicates) and four additional flasks as blanks (rumen liquid + buffer solution) were
used in each run. Data were analyzed in a 7 x 3 factorial arrangement (7 additives and 3 substrates).
No interactions between additives and substrates (P > 0.05) were observed for variables analyzed.
Asymptotic GP was higher (P < 0.05) for combination of the forage + DFS substrate, intermediate for
DFS alone, and lower for forage alone. The FLAVO supplementation increased GP (P < 0.05) compared
to other additives, while MON and FLAVO inclusion reduced (P < 0.05) the digestion rate. Lag time was
higher (P < 0.05) when only forage was used as a substrate, with no differences between additives.
The MON and FLAVO decreased (P < 0.05) IVDMD, IVNDFD, and NH,-N. The substrate DFS stimulated
microbial biomass synthesis (P < 0.05), with no significant difference observed between additives. In
conclusion, regardless of the substrate, FLAVO inclusion promotes greater in vitro gas production,
whereas MON and FLAVO had detrimental effects on DM and NDF digestion.

Key words: Rumen fermentation. Forage. ionophore. Yeast. non-ionophores. Functional oils.

Resumo

Este estudo teve como objetivo avaliar os impactos de varios aditivos nos pardmetros cinéticos de
producado de gases e na digestibilidade in vitro da matéria seca (DIVMS) e digestibilidade in vitro da
fibra em detergente neutro (DIVFDN) em substratos com alto teor de fibra. Os aditivos avaliados foram:
controle (CON) - sem aditivos; Monensina (MON) - 20 mg/kg MS; Flavomicina (FLAVO) - 4 mg/kg MS;
Leveduras vivas (LY) - Saccharomyces cerevisiae - 0,5 g/kg MS; Cultura de leveduras (YC1) - 1,3 g/kg
MS; Cultura de leveduras (YC2) - 1,3 g/kg MS; e Oleos Essenciais (EO) - 3,5 g/kg MS. Os substratos
utilizados foram: forragem Urochloa brizantha cv. Xaraés (11,5 de PB) isoladamente, Fibra Seca com
Soluveis (DFS) isoladamente, e uma combinacao dos dois (50:50). O fluido ruminal foi obtido de dois
bovinos castrados F1 Nelore x Angus (PV = 400 + 25 kg), equipados com cénula ruminal, em pastagem
de Urochloa brizantha cv. Marandu, recebendo suplemento mineral sem aditivos. Trés incubacdes
consecutivas foram realizadas com o volume de produc¢ao de gas (PG) medido nos tempos de 3, 6, 9,
12,18, 24, 36 e 48 horas, utilizando um leitor semiautomatico. Um total de 67 frascos por incubacgéao (7
aditivos x 3 substratos x 3 réplicas) e quatro frascos adicionais como brancos (liquido ruminal + solugcao
tampéao) foram usados em cada incubacdo. Os dados foram analisados em um arranjo fatorial 7 x 3 (7
aditivos e 3 substratos). Nao foram observadas interagdes entre aditivos e substratos (P > 0,05) para as
variaveis analisadas. A producao de gas assintdtica foi maior (P < 0,05) para a combinagao de forragem
+ DFS, intermediaria para DFS isoladamente, e menor para forragem isoladamente. A suplementacéao
com FLAVO aumentou a PG (P < 0,05) em comparacao com outros aditivos, enquanto ainclusdo de MON
e FLAVO reduziram (P < 0,05) a taxa de digestao. O tempo de laténcia foi maior (P < 0,05) quando apenas
a forragem foi usada como substrato, sem diferencas entre os aditivos. MON e FLAVO diminuiram (P
< 0,05) a DIVMS, DIVFDN e NH3-N. O substrato DFS estimulou a sintese de biomassa microbiana (P
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< 0,05), sem diferenca significativa observada entre os aditivos. Conclui-se que, independentemente
do substrato, a inclusdo de FLAVO promove maior producgao de gas in vitro, enquanto MON e FLAVO
tiveram efeitos prejudiciais sobre digestdao de MS e FDN.

Palavras-chave: Fermentacao ruminal. Forragem. lonéforos. Levedura. Ndo-ionéforos. Oleos funcionais.

Introduction

Feed additives are extensively utilized
in beef cattle production to enhance ruminal
fermentation, improve nutrient utilization
efficiency, prevent digestive disorders, and
boostoverallperformance (Marques & Cooke,
2021; Ahmed et al., 2024). Despite these
benefits, there is growing public concern
regarding the use of antibiotic ionophores
due to the potential for residue transfer into
animal products and the consequent risk
of developing antibiotic-resistant bacterial
strains (Morsy et al., 2015; Brutti et al.,
2019). In response to these concerns, the
European Union has proactively banned the
use of ionophores in animal feed since 2006
(Martello etal., 2019). Thisregulatory shift has
spurred interest in identifying and evaluating
natural alternatives to conventional antibiotic
additives, such as monensin, particularly for
cattle on high-concentrate diets, without
compromising feed efficiency (Yang et al.,
2015; Rezaei Ahvanooei et al., 2023).

Among these natural alternatives,
essential oils (EOs) have garnered significant
attention within the scientific community,
primarily due to their antimicrobial properties
(Mutlu-Ingok et al., 2020). The EOs are
recognized for their ability to enhance
fermentation patterns and  positively
influence nutrient utilization (Teobaldo et
al., 2020). Another promising category of
natural additives is yeast products, including
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live yeasts, yeast cell walls, and yeast
cultures, which have demonstrated potential
in improving dry matter digestibility and
overall animal performance (Maamouri &
Ben Salem, 2022; Melo et al., 2023). Strains
of Saccharomyces cerevisiae, in particular,
have shown a capacity to modulate the
rumen environment (Oztirk et al., 2015;
Zhang et al., 2022; Nzeyimana et al., 2023).
Additionally, yeast cell wall components
function as prebiotics by fostering the growth
of beneficial bacteria, thereby enhancing
ruminal  fermentation and potentially
increasing the degradation and digestibility
of fibrous feed fractions (Oeztuerk et al.,
2005; Zhang et al., 2022; Xue et al., 2022).

Given the unique mechanisms
of action associated with these natural
additives, this study aimed to evaluate their
potential to induce favorable modifications
in the ruminal environment. However, it is
important to note that the efficacy of these
additives in ruminant diets has produced
varied and sometimes contradictory results.
Furthermore, a significant limitationin current
research is the focus on high-concentrate
diets, which are more commonin non-tropical
regions. In tropical countries, where livestock
production predominantly relies on pasture,
thereis a pressing need to assess the impact
of these additives in forage-based diets.
Therefore, the objective of this study was
to evaluate the inclusion of different natural
additives on the kinetic parameters of gas
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production, as well as the digestibility of dry
matter and fiber in forage-based diets, both
with and without the combination of a corn
ethanol co-product.

Materials and Methods

Experimental location and ethical approval

The experiment was conducted
at the Beef Cattle Sector of the UFMT's
Experimental Farm and in Animal Nutrition
Laboratory of the Faculty of Agronomy and
Animal Science of the Universidad Federal de
Mato Grosso (UFMT), Cuiaba - Mato Grosso,
in September 2022.

All experimental procedures
conformed to the ethical principles
adopted by the National Council for Animal
Experimentation (CONCEA) and the protocol
was approved by the Ethics Committee in
Animal Use of the Universidad Federal do
Mato Grosso (CEUA/UFMT) (approval n°
23108.026027/2021-62).

Experimental and

substrates

design, treatments,

The experiment was carried out in
a 3 x 7 factorial arrangement, with three
substrates [Forage Urochloa brizantha cv.
Xaraés (11.5% CP), DFS - Dry Fiber with
Solubles, and the combination of the two
(50:50) — Table 1], and the following additives:

968

Control (CON) - no additives; Monensin
(MON) - ionophore - (Rumensin200™,
Elanco, Sdo Paulo, Brazil) - inclusion of
20 mg of monensin/lkg DM; Flavomycin
(FLAVO) -- non-ionophore - (flavomycin® 80,
Huverpharma, Porto Alegre, Brazil) - inclusion
of 4 mg of flavomycin/kg DM); Live yeasts
(LY) - (Saccharomyces cerevisiae, Aleris, Sao
Paulo, Brazil) - inclusion of 0.5 g of live yeasts/
kg DM; Yeast culture (YC1) - (Cultron®, Aleris,
Sao Paulo, Brazil, composed based on S.
cerevisiae fermented in medium with cereal
and sugarcane molasses) - inclusion of 1.3 g
of yeast culture/kg DM; Yeast culture (YC2)
- (Cultron X®, Aleris, Sao Paulo, Brazil; culture-
based additive of fermented yeast in cereals
with autolyzed sugarcane yeast) - inclusion
of 1.3 of yeast culture g/kg DM and Essential
Oils (EO) - (Essential®, Oligo Basics, Parana,
Brazil, blend of cashew nut oil and castor oil)
- inclusion of 3.5 g of functional oils/kg DM.
The dosages used herein were according to
manufacturer's recommendation.

The DFS used was supplied by the
company FS Bioenergia, located in Lucas do
Rio Verde - MT, Brazil, a product marketed as
FS OURO.®. The forage used from Urochloa
brizantha cv. Xaraés were obtained during the
rainy season, in a pasture area of the UFMT
Experimental Farm, located in Santo Antonio
do Leverger - Mato Grosso. The forage was
obtained by hand-plucking method, and then
pre-dried in a forced ventilation oven at 55°C
for 72 hours and ground in a Willey mill with a
1T mm sieve (SL32 - Solab®, Piracicaba, Brazil).
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Table 1
Chemical composition of the substrates used

Item (%) Forage*
Dry matter 93.78
Mineral Matter 6.74
Crude protein 11.50
Ether extract 1.27
NDF 67.03
Non-Fiber Carbohydrates 13.46

— SEMINA —
DFSa Forage+DFS
93.42 93.60
5.16 5515
21.26 15.02
5.08 3.93
56.94 62.46
11.55 12.63

* Urochloa brizantha cv. Xaraés; a DFS = Dry Fiber with Solubles; b NDF = Neutral detergent insoluble fiber.

In vitro incubations

The ruminal fluid was obtained from
two F1 steers (Nellore x Angus), provided
with a silicon rumen cannula, with an age of
14 + 3 months and BW of 400 + 25 kg keptin
grazing. The animals were kept in paddocks
with  Urochloa brizantha cv. Marandu,
provided with trough and drinker, receiving
mineral supplement without additives.

Incubations were carried out for
three consecutive weeks, in which a total
of 67 flasks per incubation (7 additives x 3
substrates x 3 replicates) and four additional
flasks as blanks (ruminal liquid + buffer
solution) were used.

For each 100 mL amber flask, 0.5 g
of substrate was weighed, then 0.2 mL of
solutioncontainingone oftheaforementioned
additives was pipetted, except in the control
treatment, in which only distilled water was
pipetted. The additives MON and EO were
macerated and later diluted in ethanol (Ishlak
et al., 2015; Martello et al.,, 2019; Teobaldo et
al., 2020). The additives FLAVO, LY, YC1 and
YC2 were diluted in water. The additives were
diluted to reduce weighing errors and meet
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the established concentrations. In each flask,
40 mL of buffer solution and 10 mL of rumen
fluid were added, resulting in a ruminal fluid:
buffer ratio of 1:4 (v/v).

The rumen inoculum was obtained
from each animal, gauze-filtered (pore size
of 250 um), and stored in a thermos without
empty spaces, as recommended by Yanez
Ruiz et al. (2004). The liquid was transported
to the Animal Nutrition Laboratory - UFMT,
homogenized and filtered again, placed
in a glass container to which CO2 was
continuously added, and kept in a water bath
at 39°C.

After inoculation, the flasks were
closed with a rubber stopper sealed with an
aluminum sealand randomly placed inawater
bath at 39°C, with orbital agitation throughout
the incubation period. The pressure caused
by the accumulation of gases in the upper
part of the flasks was measured utilizing a
pressure transducer at the following times: 3,
6,9, 12, 18, 24, 36, and 48 h, to quantify the
cumulative production of gases. Thus, the
total production was obtained by the sum
of the pressure, which was later converted
into volume (mL), since after each reading
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performed, the pressure in the flasks was
exhausted.

The conversion of pressure (psi) to mL
of gas was performed from the regression
equation (y= a + bx), where the b coefficient
allows the correction and transformation of
pressure (psi) into gas volume (psi) corrected
for barometric pressure of the day. For this,
a known volume of gas was injected into
five flasks kept under the same conditions
as the incubated samples. The pressures
corresponding to the injected volumes were
measured and used to obtain the regression
equation between the pressure and the
volume of the gas.

All flasks were removed from the
water bath after the last reading (48 h) and
quickly transferred to the refrigerator to
cease microbial activity, remaining in this
manner for 1 hour.

Dry matter and NDF digestibility

The undigested residues from the
substrates of each flask were filtered into
non-woven tissue bags (6 cm x 12 cm). The
filtered content was used to analyze the
digestibility of DM and neutral detergent
insoluble fiber (NDF), as well as to quantify
the ammonia concentration and the pH of the
rumen fluid, following the method G-003/1 as
recommended by INCT-CA. Subsequently,
the DM residues were subjected to extraction
withneutraldetergentat100°Cinanautoclave
for 1 hour (INCT-CA - F-002/1). Thus, in vitro
dry matter digestibility (IVDMD) and in vitro
neutral detergent fiber digestibility (IVNDFD)
were calculated considering the difference
between the material initially weighed in each
flask and its respective DM and NDF residue.

970

Ammonia nitrogen analysis

The concentration of ammonia
nitrogen was determined by the indophenol-
catalyzed colorimetric reaction method
(INCT-CA N-006/1). To determine the
concentration of NH,-N, 5 mL of the liquid
residue from the post-filtration incubation
of each bottle was used, which was
centrifuged at 10.000 rpm for 10 minutes at
4°C and quantified according to the method
described by Chaney and Marbach (1962).

Chemical analyses

The substrates used in the
incubations were analyzed for dry matter
(INCT-CA n. G-003/1), crude protein (Kjeldahl
procedure, INCT-CA method n° N-001/1), ash
(complete combustion in muffle at 600°C
for 4 h), and organic matter (OM) (INCT-CA
n. M-001/1), and NDF using autoclave (INCT-
CA - F-002/1). All analyses were performed
using the methods proposed by the National
Institute of Science and Technology of Animal
Science (Detmann et al., 2012) except for
ether extract which was used (AOCS method
Official Procedure Am 5-04).

Calculations and statistical analysis

Microbial protein production (PPM)
was calculated according to Blummel et al.
(1997):

PPM = IVDMD (mg) - (GP x 2.2 mg/mL)

Where GP is the gas production (mL/g
DM) at 24 hours of incubation.

The kinetic parameters of in vitro gas
production over time were estimated using

Semina: Ciénc. Agrar. Londrina, v. 46, n. 3, p. 965-982, maio/jun. 2025
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the NLIN option of SAS (version 9.4), following
the Gompertz function:

GP= Vf *exp (- exp (1+k * (h - 1))

where GP is cumulative gas production (mL);
Vf is the maximum gas production (ml); k is
the rate of digestion (mL/h) that occurs at the
inflection point of the curve; Lag is the delay
time (h), and t is the incubation time (h).

Data were analyzed using the SAS
MIXED procedure (version 9.4). Before the
statistical analyses, the averages of the data
for each week were obtained and used as
the experimental unit (Udén et al., 2012). The
statistical model included the fixed effects
of substrates, additives the interaction of
substrates x additives, and the random
effect of incubation. The degrees of freedom
and tests were adjusted by the Kenward-
Roger option. When the interactions were
not significant, the main factors (substrates
and additives) were tested separately. It is
anticipated that there was no interaction
effect for any of the variables evaluated.
The LSMEANS option was used to generate

Table 2

individual averages for each treatment.
Differences between treatment means were
identified using Fisher's Least Significant
Difference (LSD) method. In all analyses,
differences were considered significant
when P<0.05.

Results

No significant interaction was
observed between substrates and additives
(P>0.05). This lack of interaction allowed for
the independent assessment of substrate
and additive effects on the evaluated
variables.

The maximum gas production (V1)
was significantly higher (P<0.05) for the
combination of forage and DFS, intermediate
for DFS alone, and lowest for forage (Table
2). Flavomycin (FLAVO) led to significantly
higher asymptotic gas production compared
to the other additives, with no significant
differences observed between the other
additives and the control (Table 2).

Kinetic parameters of gas production overtime on the use of different additives

GP in vitro (mL/g DM)

Substrates Additives GP Parameters
%3 K

Forage COM 230.47 0.0924
MON 242.83 0.0800
FLAVO 267.53 0.0820
YC1 232.77 0.0894
YC2 238.50 0.0921
LY 230.27 0.0894
EO 227.00 0.0944

Semina: Ciénc. Agrar. Londrina, v. 46, n. 3, p. 965-982, maio/jun. 2025

Lag V24 Vf 36 Vfa8

1.86 88.21 154.10 196.79 227.84
2.12 76.26 146.45 194.03 230.98
2.06 88.77 164.80 216.37 257.25
1.47 89.43 155.20 197.34 228.43
1.27 95.48 164.04 206.12 236.23
0.80 91.70 152.79 194.12 225.64
1.39 92.27 157.87 197.89 227.45

continue...
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continuation...

DFS CON 244.20 0.0886 1.18 95.01 162.22 206.89 240.43
MON 240.43 0.0833 0.85 93.95 155.15 199.93 235.32
FLAVO 260.03 0.0806 1.34 93.84 160.76 211.21 250.97
YC1 244.87 0.0871 0.64 96.87 163.32 208.19 239.87
YC2 239.67 0.0871 1.30 92.30 160.05 203.99 235.57
LY 267.43 0.0876 0.99 10298 177.18 224.91 262.43
EO 248.53 0.0909 1.55 96.24 164.32 210.83 246.25
Forage+ DFS  CON 256.10 0.0859 0.46 101.84 172.27 218.23 251.59
MON 250.00 0.0800 1.00 90.14 155.07 204.01 241.68
FLAVO 294.27 0.0784 1.48 98.73 179.56 237.08 280.37
YC1 256.77 0.0834 0.99 94.55 165.53 213.57 247.99
YC2 267.30 0.0829 0.58 101.34 17254 223.11 258.04
LY 260.20 0.0849 0.75 99.47 171.77 219.28 253.59
EO 256.73 0.0829 0.72 96.73 166.21 213.46 248.87
SEM 11.73 0.0069 0.31 5.62 7.98 8.49 9.70
Substrates
Forage 238.48c 0.08853a 1.57a 88.88b 156.47b 200.38b 233.40b
DFS 249.31b 0.08646a 1.12b 95.88a 163.29a 209.42a 244.41a
Forage + DFS 263.05a 0.08265b 0.85b 97.54a 16899a 218.39a 254.59a
Additives
CON 243.59b 0.08897a 1.17 95.02 162.86 207.30 239.96b
MON 244.42b 0.08110b 1.32 86.78 152.22 199.33 236.00b
FLAVO 273.94a 0.08036b 1.62 93.78 168.38 221.55 262.86a
YC1 244.80b 0.08662a 1.04 93.62 161.35 206.37 238.76b
YC2 248.49b 0.08738a 1.05 96.38 165.54 211.07 243.28b
LY 252.63b 0.08730a 0.85 98.05 167.25 212.77 247.22ab
EO 244,09b 0.08944a 1.22 95.08 162.80 207.39 240.86b
P-value
Substrates 0.0002 0.0011 0.0003 0.0016 0.0069 0.0012 0.0008
Additives 0.0062 0.0005 0.0860 0.0954 0.1309 0.0924 0.0302
Substrates*

" 0.6394 0.8757 0.2156 0.7232 0.8054 0.7891 0.7368
Additives

Averages on the same line accompanied by different letters differ by Fisher's Minimum Difference. Vf - maximum gas

production (mL); k - digestion rate (h™"); Lag - delay time; DFS - dry fiber with solubles; CON - control, without inclusion of

additives; MON - monensin; FLAVA - flavomycin; YC1 - yeast culture 1 (Cultron®); YC2 - yeast culture 2 (Cultron X®); LY -

live yeast; EO -Essential Oils (Essential®).
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The digestion rate (K) was higher
(P<0.05) for the forage and DFS substrates
individually compared withforage + DFS.
The inclusion of monensin (MON) and
FLAVO significantly reduced the digestion
rate (P<0.05), with no differences observed
between the other additives (Table 2).

The lag time was significantly longer
(P<0.05) when forage was used as the sole
substrate compared with DFS and forage +
DFS, that did not differ each other (Table 2).
No differences in lag time were observed
between the additives (P>0.05; average
of 1.18 h). Additionally, the cumulative gas
production (Vf) was consistently lower
(P<0.05) for forage alone compared with DFS
and forage + DFS, that did not differ each

other at all evaluated time points (Table 2). On
the other hand, no difference was observed
for additives inclusions at 12, 24, and 36 h of
incubation, withaverages of94.1,162.91,and
209.4 mL/g DM, respectively. At 48 h FLAVO
increased Vf compared with other additives,
that did not differ from each other’s (Table 2).

Differences in vitro dry matter
digestibility (IVDMD) were observed among
substrates (P<0.05), with DFS showing
the highest IVDMD, the forage + DFS
combination yielding intermediate values,
and forage alone the lowest (Table 3). The
inclusion of MON and FLAVO significantly
reduced IVDMD (P<0.05) compared with
other additives and the control (CON).

Effect of different additives on pH, NH,-N digestibility of DM and NDF, and synthesis of microbial

Table 2
biomass
Substrates Additives PH
CON 6.70
MON 6.40
FLAVO 6.70
Forage YC1 6.70
YC2 6.85
LY 6.90
EO 6.90
CON 7.00
MON 6.60
FLAVO 6.85
DFS YC1 6.70
YC2 6.80
LY 6.90
OF 6.75
CON 6.50
MON 6.45

NH_-N IVDMD IVNDFD PMM
12.48 68.56 65.67 346.52
7.04 67.05 62.66 348.32
9.58 65.36 63.40 291.07
10.95 67.38 64.52 332.28
12.18 67.30 64.89 312.14
10.36 68.03 65.01 344.09
11.19 67.45 65.67 327.19
16.34 77.82 65.04 421.33
11.69 72.94 78.53 388.08
13.63 73.61 72.84 382.47
17.59 75.11 73.36 391.78
15.93 77.13 77.01 419.23
13.89 75.50 77.02 365.23
14.39 76.06 76.25 399.18
15.84 72.89 74.01 349.84
8.89 72.45 74.93 383.36

continue...
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continuation...

FLAVO 6.80
Forage + DFS YC1 6.75
YC2 6.90
LY 6.90
EO 6.85
SEM 0.1148
Substrates
Forage 6.73
DFS 6.80
Forage+DFS 6.73
Additives
COM 6.73a
MON 6.48b
FLAVO 6.78a
YC1 6.72a
YC2 6.85a
LY 6.90a
EO 6.83a
p-value
Substrates 0.5072
Additives 0.0076
Substrates* Additives 0.5093

11.62 71.44 73.51 319.38
14.65 74.04 73.30 376.28
14.49 73.88 74.46 359.24
15.09 74.80 74.84 370.09
13.27 7EL.EE 75.88 367.63
1.8571 1.3640 1.1089 21.1278
10.54b 67.30c 64.45b 328.80c
14.78a 75.45a 75.57a 395.33a
13.40a 73.26b 74.59a 360.83b
14.88a 73.09a 73.04a 372.56
9.20d 70.81b 69.67b 373.26
11.61c 70.13b 70.02b 330.97
14.40ab 72.17a 71.99ab 366.78
14.20ab 72.77a 72.25a 363.54
13.11bc 72.78a 72.38a 359,80
12.95bc 72.28a 71.39ab 364.67
<.0001 <.0001 <.0001 <.0001
<.0001 0.0015 0.0022 0.1246
0.7726 0.4633 0.6127 0.4834

Averages on the same line accompanied by different letters differ by Fisher's Minimum Difference. IVDMD is the in vitro
dry matter digestibility (%), IVNDFD is the in vitro digestibility of neutral detergent fiber (%), SEM is thestandard error
mean. CON - control. without inclusion of additives; MON - monensin; FLAVA - flavomycin; YC1 - yeast culture 1 (Cultron);
YC2 - yeast culture 2 (Cultron X); LY - live yeast; EO - Essential Oi.

For in vitro neutral detergent fiber

No significant differences (P>0.05)

digestibility (IVNDFD), the inclusion of MON
and FLAVO resulted in significantly lower
values (P<0.05) compared to the CON, yeast
culture 2 (YC2), and live yeast (LY; Table 3).
Intermediate IVNDFD values were observed
for yeast culture 1 (YC1) and essential oils
(EO). For substrates, forage alone resulted
in significantly lower IVNDFD (P<0.001)
compared to the other substrates (Table 3).
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were observed in pH between the substrates
(average of 6.75). Among the additives, MON
led to a significant reduction (P<0.05) in pH
compared with other treatments, that did not
differ from each other’s. Inclusion of MON and
FLAVO reduced ammonia nitrogen (NH,-N)
levels, intermediate values were observed
for LY and EO, and greater values for CON,
YC1,and YC2.
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Microbial biomass synthesis was
significantly higher (P<0.05) for DFS,
intermediate for the 50:50 combination of
forage and DFS, and lowest for forage alone.
Therewere no significantdifferences (P>0.05)
in microbial biomass synthesis between the
additives tested (average of 361.65 mg/kg).

Discussion

In the present study, the use of DFS
and the DFS-forage combination substrates
led to an improvement in in vitro gas
production, in vitro dry matter digestibility
(IVDMD), and in vitro neutral detergent
fiber digestibility (IVNDFD) compared to
forage alone. This improvement appears
to be directly associated with the lower
neutral detergent fiber (NDF) content of the
substrates with DFS, which likely reduced the
physical barriers to microbial colonization
and digestion in the rumen environment.
In addition, although DFS and others corn
ethanol byproducts present considerably
high NDF content, considering that its NDF
contains low amount of lignin compared with
forage, DFS can be considered as having an
NDF highly digestible (Schingoethe et al.,
2009; Rosa e Silva et al., 2024). The negative
effect of high NDF content on digestibility has
been widely reported (Alamouti et al., 2009;
Nunes et al., 2016), and the observed results
are consistent with this relationship, as also
supported by Paciullo et al. (2001), who
identified a negative correlation between
fibrous components and IVDMD.

Ammoniacal nitrogen (NH,-N)
concentration is another critical factor
for rumen fermentation and efficient use
of fibrous carbohydrates, as it directly

Semina: Ciénc. Agrar. Londrina, v. 46, n. 3, p. 965-982, maio/jun. 2025

influences the growth of fibrolytic
microorganisms (Russell, 2002). In our study,
the inclusion of monensin, flavomycin, live
yeast and essential oils reduced NH3-N
concentrations compared to the control
treatments. In fact, feed additives might
mitigate ruminal proteolysis and reduced
N-NH, concentration (Rogers et al., 1997),
although this effect seem more pronounced
for monensin. These findings are aligned
with earlier studies (Russell & Martin, 1984;
Russell & Strobel, 1989; Ishlak et al., 2015;
Brutti et al, 2019), which demonstrated
monensin's ability to suppress ruminal
proteolysis, consequently lowering NH3-N
levels. Although the levels remained above
the minimum threshold of 8 mg/dL proposed
by Detmann et al. (2009) for maintaining fiber
degradation, the lower NH_-N availability
may have partially limited microbial activity
and thus fiber digestibility. However, in the
present study, only monensin and flavomycin
decreased dry matter and fiber digestibility.

Interestingly, treatments in which
NH,-N concentrations approached 15 mg/
dL exhibited the highest IVDMD and IVNDFD
values. This reinforces the idea that the
availability of NH_,-N is a key modulator of
rumen fermentation efficiency, especially
for fibrous diets. Detmann et al. (2009) and
Leng (1990) previously reported that optimal
ruminal degradation and intake of fibrous
feeds occur when NH,-N concentrations
are maintained between 10 and 20 mg/dL, a
range that our data also supports.

In addition to monensin, other
feed additives demonstrated a significant
influence on ruminal fermentation patterns,
particularly functional oils and flavomycin.
Both were associated with reduced NH_-N
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concentrations, suggesting inhibitory effects
on proteolytic and ammonia-producing
bacteria. This observation corroborates
previous reports describing the antimicrobial
action of functional oils and flavomycin
(Busquet et al., 2006; Calsamiglia et al., 2007;
Teobaldo et al., 2020; Russell et al.,, 1991;
Edwards et al., 2005). The similarities in the
effects of monensinand flavomycin on NH-N
concentrations highlight their shared ability
to modulate the ruminal microbiota, although
through different modes of action.

Regarding ruminal pH, our results
confirm that maintaining pH values between
6.40and7.00createsafavorable environment
for fibrolytic bacteria, supporting optimal
fiber degradation.

The effects of additives on nutrient
digestibility are variable. Overall, the literature
stillis scared about the effects of additives for
cattle fed high-forage diets (Bretschneider
et al, 2008; Polizel et al., 2020). In our
study, despite the NH,-N concentrations,
monensin and flavomycin had deleterious
effects on dry matter and fiber digestibility.
In fact, monensin can inhibit growth of some
cellulolytic bacteria (Duffield et al.,, 2012).
Accordingly, the reduction in DM and NDF
digestibility with monensin inclusion may be
attributed to its inhibitory effect on Gram-
positive bacteria, such as Ruminococcus
albus, Ruminococcus flavefaciens, and
Butyrivibrio fibrisolvens, which are key
fibrinolytic species (Anassori et al., 2012).
Corroborating our results, Brutti et al. (2019)
observed that in vitro digestibility’'s of DM
and NDF were reduced when monensin
was used in nitrogen-fertilized and non-
fertilized Urochloa brizantha cv. Marandu. In
contrast, Flavomycin - despite being a non-
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ionophore antibiotic - may have exerted
selective effects on Gram-negative species
like Fibrobacter succinogenes, as reported
by Edwards et al. (2005). Nonetheless, the
potential for compensatory growth of other
cellulolytic microorganisms and protozoa
may explain the less pronounced effect of
flavomycin on fiber degradation compared
to monensin.

Our findings also suggest that
ionophore supplementation, particularly
monensin, may reduce protozoa populations,
indirectly limiting fibrolytic activity, as
previously reported (Gijzen et al., 1988). While
defaunation often impairs fiber digestion
and animal performance, the trade-off may
include beneficial outcomes such asreduced
methane emissions and nitrogen excretion,
as demonstrated in the meta-analysis by
Newbold et al. (2015).

On the other hand, supplementation
with yeast-based products, including live
yeast and yeast cell wall polysaccharides,
has been associated with enhanced NDF
digestibility. This effect is likely explained by
the ability of yeast components to stimulate
fibrolytic bacterial populations, either by
improving rumen pH stability or by supplying
essential micronutrients and vitamins that
support microbial growth (Oeztuerk et al.,
2005). However, in this study, inclusion of
yeast productsdidnotresultinimprovements
compared with control. Supporting these
results, no significant changes in microbial
protein production were observed in yeast-
supplemented treatments. This suggests
that the effects of yeast products on fiber
digestibility and microbial protein synthesis
may be limited or influenced by other factors
not directly measured in this study.
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Another  important  observation
concerns to the fermentation lag time, which
was reduced in treatments including DFS.
Since DFS has undergone prior fermentation,
it likely presented a less lignified and
more accessible structure to the ruminal
microbiota, facilitating microbial adhesion
and colonization. This observation is in line
with the concept that the physicochemical
characteristics of substrates, particularly
theirlignincontent,arekeydeterminantsoflag
time and fermentation rate (Krishnamoorthy
et al., 1991; Van Soest, 1994; Tomich et al.,
2003; Rodrigues et al., 2021).

Conclusion

This study demonstrates that natural
additives, such as LY, YC, and OE, did not
show significant differences from the control.
In contrast, the additive FLAVO resulted
in higher gas production, suggesting its
potential to enhance certain aspects of
ruminal fermentation. Nonetheless, both
MON and FLAVO had a detrimental effect
on the digestion of DM and NDF. Among the
substrates evaluated, the inclusion of DFS
was particularly beneficial, improving DM and
NDF digestibility and stimulating microbial
protein synthesis. These findings highlight
the importance of carefully selecting
additives and substrates to optimize ruminal
fermentation and nutrient utilization in beef
cattle production.
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