Effects of narasin supplementation frequency on intake, ruminal fermentation
parameters, and nutrient digestibility of Bos indicus Nellore steers fed with
forage-based diets
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ABSTRACT: The study aimed to evaluate if the
frequency of narasin supplementation impacts
dry matter intake, ruminal fermentation param-
eters, and apparent digestibility of nutrient in
Nellore (Bos indicus) steers fed forage-based diets.
A total of 32 rumen-cannulated Nellore steers
(initial body weight [BW] = 317 + 27 kg; age
=18 £ 1 mo) were assigned to individual pens in
a randomized complete block design according to
their initial shrunk BW. Within block, steers were
randomly assigned to 1 of 4 treatments: 1) for-
age-based diet without the addition of narasin
(CON; n=28),2) CON diet plus 13 ppm of narasin
every 24 h (N24; n = 8), 3) CON diet plus 26 ppm
of narasin every 48 hours (N48; n = 8), or 4) CON
diet plus 39 ppm of narasin every 72 hours (N72;
n = 8). The experimental period lasted 30 d, with
18 d for diet adaptation and 12 d for sample col-
lection. The experimental diets contained 95% of
Tifton-85 (Cynodon dactylon spp.) haylage and 5%
ground corn used as a delivery vehicle for nara-
sin. Ruminal fluid was obtained from d 25 to 30
at 6 h after feeding to determine ruminal fermen-
tation parameters. Narasin supplementation fre-
quency did not affect (P > 0.22) nutrient intake
and total tract apparent digestibility. Steers fed
N24 and N48 had reduced (P = 0.02) ruminal

acetate concentration compared with CON and
N72. Daily supply of narasin increased (P = 0.01)
the molar proportion of propionate compared
with CON and N72, and it did not differ be-
tween N24 vs. N48, N48 vs. N72, and N72 vs.
CON. Also, N48 steers had greater (P = 0.01)
rumen propionate concentration compared with
CON. The N24 treatment decreased the Ac:Prop
(P = 0.01) and AcBut:Prop (P = 0.02) ratio com-
pared with CON and N72, while N48 had reduced
(P = 0.01) Ac:Prop and AcBut:Prop ratio when
compared with CON steers. Steers fed N24 and
N48 had greater (P = 0.04) ruminal short-chain
fatty acids compared with CON, but it did not
differ (P > 0.11) between N24, N48, and N72.
Supplementing narasin to steers fed forage-based
diets decreased (P < 0.01) ruminal ammonia con-
centration compared with CON steers regardless
of supplementation frequency, being the least re-
sult observed for N24 steers. Collectively, narasin
supplementation frequency affected fermenta-
tion parameters without altering the nutrient in-
take and total tract apparent digestibility. Hence,
decreasing frequency of narasin supplementation
to Nellore steers fed a forage-based diet did not
reduce the capacity to modulate rumen fermenta-
tion parameters.
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INTRODUCTION

Feed additives are an important aspect of
dietary management to enhance feed efficiency
and profitability in grazing beef cattle systems
(Berchielli and Bertipaglia, 2010) by altering rumen
environment and fermentation routes and increas-
ing energy and nitrogen efficiency metabolism
(Tedeschi et al., 2003). Ionophores are the most
studied and used feed additives in cattle, mainly for
optimizing rumen fermentation and reducing the
rates of digestive disorders (Ladeira et al., 2014).
Nevertheless, the proportion of studies evaluating
the use of ionophores in ruminants fed high-for-
age diets is limited compared with studies evaluat-
ing high-concentrate diets (Goodrich et al., 1984;
Tedeschi et al., 2003).

In grazing-based systems, supplementation
strategies (mineral, protein, and energy) are often
adopted to minimize the unbalanced nutrient
composition of the forage to meet the animal nu-
trient requirement (McDowell and Arthington,
2005; NASEM, 2016). Low-consumption supple-
ments are the most feasible and simple alternative
in grazing systems and often serve as carriers for
feed additives (McDowell, 1996; Bretschneider
et al., 2008). Although ionophores have been
shown to enhance productivity of beef cattle fed
forage-based diets (Bretschneider et al., 2008),
their use is limited, given reduced supplement
intake, increased intake variability across ani-
mals and over time, and labor required for their
utilization in grazing systems (Davenport et al.,
1989; Bretschneider et al., 2008; Cappellozza
et al., 2019). Furthermore, the infrequent sup-
plement intake by grazing animals (Cappellozza
et al., 2019) might impact the effects of a feed
additive on rumen metabolism and growth per-
formance (Bretschneider et al., 2008). Large
meal size may also increase the probability of
feed additive toxicity in grazing animals, if the
bunk space is not appropriate to avoid overcon-
sumption (Horn, 2006). Hence, it is crucial to es-
tablish if decreasing supplement frequency with
feed additives would impact rumen metabolism
in grazing beef cattle.
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Narasin is an ionophore that improves per-
formance of grazing beef cattle without affecting
mineral (Silva et al., 2015) or protein supplement
intake (Polizel et al., 2019). Daily supplementation
of narasin to beef cattle fed forage-based diets in-
creased concentration of ruminal propionate and
total short-chain fatty acids (SCFA) and reduced
acetate:propionate (Ac:Prop) ratio (Miszura et al.,
2019; Polizel et al., 2020; Limede et al., 2021). Also,
supplementing narasin daily into low-consumption
mineral and protein supplements increased animal
performance (Polizel et al., 2017, 2018, 2019), given
these supplements are often consumed erratically
by animals (Cappellozza et al., 2019), denoting a
possible lasting effect of this molecule on ruminal
metabolism. Accordingly, Pasqualino et al. (2020)
reported an increased rumen propionate concen-
tration even after 4 days of narasin withdrawal,
suggesting a lasting residual effect of narasin on
rumen fermentation routes. Based on this rationale,
we hypothesized that infrequent narasin supple-
mentation to beef cattle will not affect dry matter
intake (DMI), nutrient digestibility, and ruminal
fermentation parameters. Hence, our objective was
to determine the effects of narasin supplementa-
tion frequency on DMI, ruminal fermentation
parameters, and nutrient digestibility of Bos indicus
Nellore steers fed a forage-based diet.

MATERIALS AND METHODS

This experiment was conducted at the University
of Sdo Paulo, Piracicaba campus (USP/ESALQ;
Piracicaba, SP, Brazil; 22°43731” S, 47°38'51”W,
and 524 m elevation). Experimental procedures
involving animals were reviewed and approved by
the Ethics Committee on the Use of Animals at the
same institution (University of Sdo Paulo; protocol
#5270260520).

Animals, Experimental Design, and Diets

A total of 32 rumen-cannulated Nellore steers
(initial body weight [BW] =317 + 27 kg; age =18 £
1 mo) were assigned to individual pens (2.5 X 4.5
m; concrete surface, with a feed bunk and waterer)
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in a randomized complete block design according
to their initial shrunk BW. Within block (n = 8),
steers were randomly assigned to 1 of 4 treatments:
1) forage-based diet without the addition of nar-
asin (CON; n = 8), 2) CON diet plus 13 ppm of
narasin (Zimprova; Elanco Animal Health, Sao
Paulo, Brazil; N24; n = 8) every 24 h, 3) CON diet
plus 26 ppm of narasin every 48 h (N4§; n = 8),
or 4) CON diet plus 39 ppm of narasin every 72 h
(N72; n = 8). The administration rates of narasin
used herein were according to the manufacturer’s
recommendation. The experiment consisted of a 30
d period with 18 d for diet adaptation and 12 d for
sample collection.

Throughout the experimental period (d 0 to
30), steers were offered 95% of Tifton-85 haylage
(Cynodon dactylon spp.) and 5% of ground corn,
which was used as a delivery vehicle for narasin
treatments (N24, N48, and N72). Haylage was
chopped daily with a vertical mixer (Mixer VMS8B,
DeLaval International AB, Rumba, Sweden). The
concentrate was offered to each steer individually
and daily before haylage feeding to avoid that the
small amount of supplement would be mixed with
hay and compromise the immediate intake of the
mixture. On days when the N48 and N72 steers were
not supplemented with narasin, the CON treatment
concentrate (without feed additive) was offered to
maintain similar forage:concentrate ratio between
treatments. It is important to note that the treat-
ments rate used herein aimed to provide 13 ppm of
narasin daily. Treatment amounts were calculated
based on the previous day individual total forage
DMI. Steers were fed the concentrate once daily

(0800 h) and followed by haylage (0830 h). Steers
promptly consumed concentrate within 30 min after
feeding. All steers had ad libitum access to haylage,
fresh water, and mineral mix (offered in separately
feed bunk from the haylage and concentrate) for
the entire 30-d period. The mineral mix (Premiphds
80; Premix; Ribeirdo Preto, SP, Brazil) used herein
contained 150 g/kg Ca, 80 g/kg P, 12 g/lkg S, 134 g/
kg Na, 4,500 mg/kg Zn 1,600 mg/kg, 1,400 mg/kg
Mn, 800 mg/kg F, 210 mg/kg Co, 180 mg/kg I, and
27 mg/kg Se. The nutritional profile of the haylage
and concentrate (ground corn) are described in
Table 1.

Sampling, Laboratory Analyses, and Measurements

Samples of haylage and concentrate were col-
lected weekly, pooled across all weeks, and ana-
lyzed for nutrient profile (Table 1). From d 19 to 24,
total fecal production was collected and quantified
from the ground twice a day at 0800 h and 1800 h
using an electronic scale (Marte AC-10K; Marte
Cientifica, Sao Paulo, SP, Brazil), and a represen-
tative sample (approximately 10% of wet weight)
of the daily production of each steer was collected
and stored at —18°C on the same day of collection.
Pens used to allocate the animals in this experiment
were built with a 1% slope to separate and minimize
urine contamination in the feces sample. Total
tract apparent nutrient digestibility was calculated
according to the formula: TTAD (%) = ([DMI
X NCDM] - [FDM x NCFM] x 100)/(DMI X
NCDM), where TTAD is the total tract apparent
digestibility, DMI is the dry matter intake, NCDM

Table 1. Nutritional profile of the Tifton-85 (C. dactylon spp.) haylage and ground corn®®

Item Haylage Corn

Nutrient profile, dry matter basis
Dry matter 47.5 88.0
Crude protein, % 20.8 9.10
Neutral detergent fiber, % 63.3 13.3
Acid detergent fiber, % 30.6 3.90
Hemicellulose, % 32.7 9.4
Ether extract, % 2.58 4.0
Ash, % 9.22 1.64
Total digestible nutrients’, % 55.1 88.6
Digestible energy, Mcal/kg 243 391
Metabolizable energy?, Mcal/kg 1.99 3.20
Net energy of maintence?, Mcal/kg 1.14 2.20
Net energy of gain‘, Mcal/kg 0.59 1.52

“Based on nutritional profile of each ingredient, which were analyzed via wet chemistry procedures (AOAC, 1990).

"The experiment consisted of a 30 d period with 18 d for diet adaptation and 12 d for sample collection.

“Calculations were performed according to the equations proposed by Weiss et al. (1992).

‘Calculated composition using tabular values from NASEM (2016).
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is the nutrient content of the DMI (%), FDM is the
fecal dry matter, and NCFM is the nutrient content
of the fecal DM (%).

Samples of haylage, concentrate, orts, and
feces were thawed, dried in a forced-air oven at
55°C for 96 h (AOAC, 1990; method #930.15),
and ground through a I-mm Wiley Mill screen
(Marconi, Piracicaba, SP, Brazil). Dry matter con-
tent was determined by oven-drying the samples at
105°C for 24 h (AOAC, 1990); #934.01). Ash was
determined by incinerating the samples in a muffle
furnace at 550°C for 4 h (AOAC, 1990). Total ni-
trogen (N) concentration was determined using a
LECO TruMac N Analyzer (Leco Corporation,
St. Joseph, MI; AOAC, 1990; method #968.06).
Crude protein (CP) was calculated by multiplying
the total N content by 6.25. Neutral detergent fiber
(NDF) was determined according to Van Soest
et al. (1991), using an Ankom 2000 fiber analyzer
(Ankon Tech. Corp., Macedon, NY). Acid deter-
gent fiber (ADF) was determined according to
Goering and Van Soest (1970). The NDF and ADF
concentration were ash corrected, and sodium sul-
fite and heat-stable a-amylase were added in the
NDF analysis. Hemicellulose was calculated based
on the difference between the NDF and ADF
values. The ether extract content was determined
using an Ankom*™ extractor (Ankon Tech. Corp.)
according to AOAC (1990; method #920.29), using
petroleum ether. Calculation of haylage and con-
centrate total digestible nutrients, net energy for
maintenance (NE_), and gain (NE,) was performed
according to Weiss et al. (1992) and the tabular
values proposed by NASEM (2016).

Individual shrunk BW was collected on d 0 and
31 after 14 h of feed and water withdrawal to de-
termine initial and final BW and to perform the
randomization into blocks and treatments. Forage,
concentrate, and total DMI were recorded daily
from each pen by collecting and weighing non-con-
sumed feed (forage only). Samples of the offered
and non-consumed feed were collected daily from
each pen and dried for 24 h at 105 + 2°C in forced-
air ovens for dry matter calculation.

From d 25 to 30 of the experimental period at
6 h after feeding, ruminal fluid samples were manu-
ally collected (approximately 100 mL/sample time)
by squeezing the ruminal contents into four layers
of cheesecloth, and the ruminal fluid pH was im-
mediately determined (Digimed-M20; Digimed
Instrumentagdo Analitica; Sdo Paulo, SP, Brazil).
Approximately 50 mL of the ruminal fluid were
collected and stored at —18°C for subsequent ana-
lysis of rumen ammonia and molar proportions

of individual SCFA (acetate, propionate, butyrate,
isobutyrate, valerate, and isovalerate), as well as the
acetate:propionate (Ac:Prop) and acetate butyrate:-
propionate (AcBut:Prop) ratios, and total SCFA.
Frozen ruminal samples (1.6 mL) were prepared for
analysis by thawing, centrifuging (15,000 X g) for
60 min at 4°C, and analyzed for SCFA and rumen
N-NH, concentration according to procedures de-
scribed by Ferreira et al. (2016) and Broderick and
Kang (1980), respectively.

Statistical Analysis

The data were analyzed using the MIXED
Procedure (SAS Inst., Inc., Cary, NC). For all the
variables analyzed, animal was considered the ex-
perimental unit. The data were analyzed for nor-
mality of residues, homogeneity of variances, and
removal of outliers. All data were analyzed using
Kenward—-Roger approximation to determine the
denominator df for the test of fixed effects, with
animal(treatment) as a random variable. Model
statement for all analyses contained the effects of
treatment, day, and treatment X day interactions,
except for nutrient intake and digestibility vari-
ables that used the effects of treatment. In addition,
block was used as an independent covariate for all
analyses. The specified term for all repeated state-
ments was day, with animal (treatment) as a sub-
ject. The covariance structure used was first-order
autoregressive, which provided the smallest Akaike
information criterion and hence the best fit for
all variables analyzed. All results are reported as
least square means and separated using PDIFF.
Significance was set at P < 0.05 and tendencies were
determined if P > 0.05 and < 0.10. Results are re-
ported according to the main effects if no inter-
actions were significant.

RESULTS

Based on the manufacturer’s recommendation
(13 ppm per day) and previous day total forage in-
take, narasin consumption during the experimental
period were 13.7 = 0.2, 13.4 £ 0.1, and 13.5
0.1 mg/kg of DM per day for N24, N48, and N72,
respectively. Decreasing frequency of narasin sup-
plementation did not affect (P > 0.51) DMI and
specific nutrient intake (Table 2). No treatment ef-
fects were detected (P > 0.22) for total apparent nu-
trient digestibility of steers fed forage-based diet.

No treatment X day interaction was detected (P
>0.11) for ruminal fermentation parameters (Table
3). A treatment effect was detected (P < 0.04) for
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Table 2. Intake and apparent total tract digestibility of nutrients of B. indicus Nellore steers receiving a
forage-based diets supplemented or not (CON; n = 8) with narasin every 24 h (N24; n = 8), 48 h (N48; n =
8),or 72h (N72; n = 8)

Treatments*
Item CON N24 N48 N72 SEM P-value
Intake, kg/day
Dry matter 4.79 4.54 491 4.86 0.20 0.51
Organic matter 4.34 4.10 4.44 4.39 0.18 0.51
Crude protein 0.96 0.90 0.98 0.97 0.04 0.53
Neutral detergent fiber 2.88 2.70 2.93 291 0.13 0.52
Acid detergent fiber 1.38 1.29 1.40 1.40 0.06 0.52
Hemicellulose 1.50 1.41 1.53 1.51 0.07 0.52
Digestibility, % (dry matter basis)®
Dry matter 63.2 62.3 65.3 62.8 1.30 0.38
Organic matter 65.4 64.7 67.5 65.3 1.18 0.39
Crude protein 67.0 67.3 69.8 67.1 0.90 0.22
Neutral detergent fiber 67.1 65.0 67.7 67.1 1.62 0.51
Acid detergent fiber 66.1 63.8 66.6 66.2 1.89 0.51
Hemicellulose 68.1 66.1 68.7 67.9 1.42 0.54

“CON, forage-based diet without the addition of narasin; N24, CON diet plus 13 ppm of narasin (Zimprova; Elanco Animal Health, Sao Paulo,
Brazil) every 24 h; N48, CON diet plus 26 ppm of narasin every 48 h; N72, CON diet plus 39 ppm of narasin every 72 h.

"From d 19 to 24, total fecal production was collected and quantified twice a day at 0800 h and 1800 h to determine total tract apparent nutrient
digestibility analysis. Apparent digestibility was calculated according to the formula: TTAD (%) = ((DMI x NCDM] — [FDM x NCFM] x 100)/
(DMI x NCDM), where TTAD, total tract apparent digestibility; DMI, dry matter intake; NCDM, nutrient content of the DMI (%); FDM, fecal
dry matter; and NCFM, nutrient content of the fecal DM (%).

Table 3. Molar proportion of rumen SCFA, ammonia, and pH of B. indicus Nellore steers receiving a for-
age-based diets supplemented or not (CON; n = 8) with narasin every 24 h (N24; n = 8), 48 h (N48; n = 8),
or 72 h (N72; n = 8)

Treatments® P-value®
Item CON N24 N48 N72 SEM? Treatment Day TxD
Short-chain fatty acids, mM/100mM¢
Acetate 74.27° 73.51° 73.38° 74.27 0.30 0.01 <0.01 0.63
Propionate 14.44¢ 15.56° 15.20% 14.80° 0.24 <0.01 <0.01 0.36
Isobutyrate 1.28 1.22 1.20 1.27 0.04 0.19 <0.01 0.11
Butyrate 6.68 6.82 6.90 6.39 0.20 0.22 <0.01 0.79
Isovalerate 1.45 1.57 1.57 1.56 0.09 0.71 <0.01 0.65
Valerate 1.74 1.60 1.66 1.69 0.05 0.18 <0.01 0.95
Ac:Prop 5.16° 4.73¢ 4.85% 5.05% 0.10 <0.01 <0.01 0.37
AcBut:Prop? 5.63¢ 5.17¢ 5.31% 5.48® 0.10 0.01 <0.01 0.37
Total SCFA, mM 94.36° 104.472 105.08* 97.13% 3.02 0.04 <0.01 0.59
Rumen pH 6.79 6.70 6.68 6.79 0.05 0.17 <0.01 0.54
Ammonia, mg/dL 12.86° 9.33¢ 10.00° 11.00° 0.76 <0.01 <0.01 0.23

“CON, forage-based diet without the addition of narasin; N24, CON diet plus 13 ppm of narasin (Zimprova; Elanco Animal Health, Sao Paulo,
Brazil) every 24 h; N48, CON diet plus 26 ppm of narasin every 48 h; N72, CON diet plus 39 ppm of narasin every 72 h. Within rows, values with
different superscripts differ (P < 0.05). Ac:Prop, acetate:propionate ratio; AcBut:Prop, acetatebutirate:propionate ratio.

bP value for treatment, day and treatment x day interaction (T x D).

‘From d 25 to 30 of the experimental period at 6 h after feeding, ruminal fluid samples were manually collected (approximately 100 mL/sample
time) by squeezing the ruminal contents into four layers of cheesecloth, and ruminal fluid pH was immediately determined. Approximately 50 mL
of the ruminal fluid were collected for analysis of rumen ammonia and molar proportions of individual SCFA according to procedures described
by Ferreira et al. (2016) and Broderick and Kang (1980), respectively.

“Relationship between ketogenic and glucogenic volatile fatty acid in the rumen as reported by Polizel et al. (2020).

the molar proportion of acetate, propionate, and  and N48 had reduced (P < 0.05) molar proportion
total SCFA as well as Ac:Prop and AcBut:Prop  of acetate compared with CON and N72, whereas
ratios in the ruminal fluid (Table 3). Steers fed N24  ruminal acetate did not differ (P > 0.86) between
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N24 vs. N48 and CON vs. N72. Conversely, the
molar proportion of propionate was greater (P <
0.04) in the ruminal fluid of steers fed N24 and
N48 compared with CON and N72 steers, whereas
ruminal propionate did not differ (P > 0.27) be-
tween N24 vs. N48, N48 vs. N72, and N72 vs. CON
steers. Consequently, N24 and N48 steers had re-
duced (P < 0.03) Ac:Prop and AcBut:Prop ratios
compared with CON steers, whereas these ratios
did not differ (P > 0.16) between N24 vs. N48, N48
vs. N72, and N72 vs. CON steers. No treatment ef-
fect was detected (P > 0.21) for molar proportion
of isobutyrate, butyrate, isovalerate, and valerate
(Table 3). Total SCFA did not differ (P > 0.11) be-
tween steers fed narasin regardless of frequency
supplementation, whereas only steers fed N24 and
N48 had greater (P < 0.01) molar proportion of
total SCFA compared with CON steers (Table 3).
A day effect was observed (P < 0.01) for all rumen
variables herein analyzed (Table 3).

No treatment effect was detected (P = 0.17)
for ruminal pH (Table 3). However, supplementing
narasin to steers fed forage-based diets decreased
(P < 0.01) ruminal ammonia concentration com-
pared with CON steers regardless of supplementa-
tion frequency, being the least result observed for
N24 steers (Table 3).

DISCUSSION

Supplementation strategies (mineral, pro-
tein, and energy) in grazing cattle systems aim to
minimize possible nutritional deficiencies of the
forage to meet nutrient requirements of the animal
(McDowell and Arthington, 2005; NASEM, 2016).
Low-consumption supplements are the most feas-
ible and uncomplicated alternative in grazing sys-
tems and often serve as carriers for feed additives
(McDowell, 1996; Bretschneider et al., 2008).
Nevertheless, supplementation programs consider-
ably increase production costs in grazing cattle sys-
tems, including costs associated with supplement
purchase and labor required for supplement feed-
ing (Morais et al., 2014). One alternative to min-
imize labor and feeding costs in grazing systems is
reducing the frequency of supplementation without
affecting animal performance (De Paula et al.,
2010; Moriel et al., 2016). Although feed additives
have been used to enhance efficiency and growth
of beef cattle (Tedeschi et al., 2003; Bretschneider
et al., 2008; Duffield et al., 2012), their use in a
low-consumption supplement offered infrequently
is limited, given the potential reduction of supple-
ment intake, intake variability across animals and

over time, and labor required to apply this nutri-
tional tool in grazing systems (Davenport et al.,
1989; Bretschneider et al., 2008; Cappellozza et al.,
2019). Also, decreasing supplementation frequency
might affect meal size, increasing the probability
of feed additive toxicity in grazing animals (Horn,
2006). Nevertheless, detailed studies investigating
the frequency of feed additives supplementation
on ruminal fermentation parameters are scarce and
warranted investigation in grazing beef cattle.

Narasin is an antimicrobial ionophore that im-
proves performance of grazing beef cattle without
affecting mineral (Silva et al., 2015) or protein
supplement intake (Polizel et al., 2019). Daily sup-
plementation of narasin increased ruminal pro-
pionate and SCFA concentration and reduced
Ac:Prop ratio in beef cattle fed forage-based diets
(Miszura et al., 2019; Polizel et al., 2020; Limede
et al., 2021). Additionally, daily supplementation
of narasin into low-consumption mineral and pro-
tein supplements benefited performance in grazing
cattle (Polizel et al., 2017, 2018, 2019), given these
supplements are often consumed erratically by
animals (Cappellozza et al., 2019), denoting a
possible lasting effect of this molecule on rumi-
nal metabolism. In fact, even after the removal of
ionophores from the diet, there is still a residual
effect on ruminal environment and fermentation
parameters of steers consuming forage-based
diets (Bell et al., 2017). These authors observed
that the proportion of acetate remained lower and
propionate remained greater up to 7 days after
monensin withdrawal compared with non-sup-
plemented steers (Bell et al., 2017). In the current
study, decreasing frequency of narasin supple-
mentation from daily to every 48 h did not affect
propionate, acetate, and total SCFA as well as
Ac:Prop and AcBut:Prop ratios, demonstrating a
possible residual effect of this molecule in animals
receiving forage-based diets. On the other hand,
steers receiving narasin as infrequent as 72 h had
intermediate values of these ruminal fermentation
parameters and did not differ from the control
group. Accordingly, our research group demon-
strated a residual effect on ruminal environment
when narasin was removed from the diet, resulting
in a persisted greater proportion of propionate
until day 4 after narasin withdrawal compared with
unsupplemented animals (Pasqualino et al., 2020).
These authors did not observe a residual effect on
the proportion of acetate, whereas Ac:Prop ratio
remained lower until day 3 after removing narasin
from the diet (Pasqualino et al., 2020), corrobor-
ating with the results observed herein.
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In grazing beef cattle, many factors affect the
total concentration of SCFA in the ruminal fluid,
including passage rate, water and saliva dilution,
and production and absorption of acids (Leng and
Brett, 1966). Recent data from our group also dem-
onstrated that daily supplementation of narasin af-
fects total ruminal SCFA concentration in steers fed
forage-based diets (Polizel et al., 2020; Limede et al.,
2021). In the present study, decreasing frequency of
narasin supplementation from daily to every 48 h or
72 h did not affect the total concentration of SCFA,
whereas the proportion of total SCFA was similar
between steers receiving narasin infrequent as 72 h
and unsupplemented steers. Moreover, a day effect
was observed on all ruminal fermentation param-
eters, which might be attributed to the daily variation
observed in quality, composition, and intake of the
forage during the experiment period. Daily variations
in forage quality and composition affect nutrient
utilization and consequently ruminal fermenta-
tion parameters in animals fed forage-based diets
(Hills et al., 2015; de Souza et al., 2017; Limed et al.,
2021). Despite the differences in ruminal fermenta-
tion parameters observed herein, narasin supple-
mentation could not affect the intake and apparent
digestibility of nutrients regardless of frequency.
Accordingly, Bell et al. (2017) reported no differences
in nutrient digestibility of beef steers receiving a for-
age-based diet with or without monensin. Consistent
with those findings, our research group also observed
no differences in apparent digestibility of nutrients of
B. indicus Nellore steers receiving forage-based diets
with addition or not of narasin (Polizel et al., 2020;
Limede et al., 2021). Hence, the present study dem-
onstrates that decreasing the frequency of narasin
supplementation from daily to every 48 h might be
one alternative for beef cattle producers in defining
supplementation strategies to optimize rumen fer-
mentation parameters in grazing systems.

Forage-based diets typically have less con-
centration of rapidly fermentable carbohydrates,
which stimulate the rumination process, increase
the influx of saliva into the ruminal environment,
and maintain ruminal pH close to optimal condi-
tions (Galyean and Defoor, 2003). Corroborating
with this statement, Osborne et al. (2004) proposed
that for an ionophore to impact rumen pH, lactate
concentration should exceed 5 mM, which was im-
probable in the present study. Research from our
group and others also reported similar rumen pH
of beef steers supplemented with narasin (Polizel
et al., 2020; Limede et al., 2021) or monensin (Bell
et al., 2017). Crossland et al. (2017) also reported
similar rumen pH values of steers supplemented

monensin in a forage-based diet. Hence, it is likely
that ruminal pH values in the present study were
kept in a range that would not impair rumen func-
tion (Yokoyama and Johnson, 1988), given that all
animals consumed a forage-based diet and total
tract digestibility was not affected by decreasing
frequency of narasin supplementation.

The use of ionophores alleviates ruminal prote-
olysis, reduces ammonia synthesis, and increases the
influx of protein into the small intestine (Goodrich
et al., 1984; Rogers et al., 1997). In ruminants, rumen
ammonia values below 5 mg/dL might limit micro-
bial growth and ruminal fermentation parameters
(Satter and Slyter, 1974; Slyter et al., 1979). In the
present study, narasin supplementation reduced
ruminal ammonia concentration by approximately
14%, 22%, and 27% when offered every 72 h, 48 h, or
daily, respectively, compared with non-supplemented
steers, suggesting that rumen function was not af-
fected by the nutritional strategies adopted herein.
Corroborating with our results, Pasqualino et al.
(2020) reported a prolonged effect of narasin on the
concentration of ammonia up to 3 d after the removal
of the ionophore from diets. Hence, decreasing sup-
plementation frequency of narasin up to every 72 h
mitigated ruminal proteolysis and reduced ammonia
synthesis in beef cattle offered forage-based diets.

Collectively, decreasing supplementation fre-
quency of narasin from daily to every 48 h did
not alter ruminal SCFA profile by impacting the
molar concentration of acetate, propionate, bu-
tyrate, and total SCFA in steers fed forage-based
diet. Additionally, supplementing narasin to beef
steers fed a forage-based diet mitigated ruminal
proteolysis and reduced ruminal ammonia concen-
tration, regardless of supplementation frequency.
However, narasin supplementation could not af-
fect total nutrient intake and total tract apparent
digestibility of nutrients, regardless of supplemen-
tation frequency adopted herein. Thus, the lasting
effects of narasin might aid producers in defining
supplementation strategies to obtain more econom-
ically efficient use of these molecules to optimize
rumen fermentation characteristics and product-
ivity in grazing beef cattle.
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