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Introduction

ABSTRACT: Narasin is an antibacterial agent that may change rumen fermentation. Two
experiments were proposed to evaluate the efficiency of narasin inclusion for lambs fed a diet
containing high amounts of ground flint corn. Thirty rumen-cannulated wethers were used to
evaluate nutrient digestibility, nitrogen balance, and rumen metabolism (Exp. 1); and forty-five
lambs were used to evaluate performance (Exp. 2) of animals fed with narasin for high flint
corn diets. The experimental diets were: control or basal diet without additives (C); 25 mg of
monensin kg of dry matter (DM) (M); and inclusion of 5 (N5), 10 (N10), and 15 (N15) mg of
narasin kg of DM. The statistical analyses were performed using the MIXED procedure of
SAS. Monensin increased DM digestibility compared to C (p = 0.01) and increasing doses of
narasin linearly increased DM digestibility (p < 0.01). There was a quadratic effect (p = 0.10) for
molar proportion of acetate peaking at N15. Monensin inclusion increased (p = 0.07) propionate
compared to C; however, it did not differ from narasin. The increasing levels of narasin linearly
decreased the total volatile fatty acids concentration in the rumen (p = 0.02). Monensin and C
showed a similar performance. The increasing levels of narasin linearly increased (p < 0.04)
average daily gain and feed efficiency. Monensin and narasin changed rumen fermentation and
improved overall nutrient digestibility. However, lambs that received narasin showed improved
performance when compared with animals that received M.
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grain processing (Meyer et al., 2013). Recent studies
have shown that narasin does not affect the dry matter

Production efficiency of ruminants depends
on ruminal fermentation, which may be optimized
through improving the quality of dietary ingredients by
processing or by manipulating rumen microorganisms
to increase energy retention by the animal while
decreasing environmental impacts. Flint corn is the
primary grain source used in feedlot diets in Brazil
(Oliveira and Millen, 2014). Flint corn has a greater
proportion of vitreous endosperm than dent corn does
(Philippeau et al., 1999), which may be associated with
lower ruminal degradation of starch. The use of feed
additives is one of the most efficient ways of handling
ruminal fermentation and improving nutrient use
(Bergen and Beates, 1984; Tedeschi et al., 2003).

Monensin and narasin are highly lipophilic
molecules that act on the cell membrane of bacteria
(Pressman, 1976), reducing the population and activity
of Gram-positive bacteria and protozoa (McGuffey
et al., 2001), and possibly inhibiting fungal growth
(Bergen and Bates, 1984). However, response level to
supplementation of feed additives could be affected by
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intake (DMI), but it does increase concentration of
propionate (Pasqualino et al., 2020) and volatile fatty
acids (VFA) (Polizel et al., 2020). In addition, the use
of narasin increased the total milk production (Assis
et al., 2020) and the plasma glucose concentration in
sheep at the end of lactation (Sardinha et al., 2020). To
our knowledge, information is scarce in the scientific
literature comparing inclusion of monensin and
narasin in finishing diets of lambs fed a high proportion
of ground flint corn.

We hypothesize that narasin, similarly to
monensin, alters ruminal fermentation, resulting
in changes on nutrient digestibility, N balance and
performance of lambs fed diets containing high amounts
of ground flint corn. In order to test our hypothesis,
two experiments were conducted to evaluate the
effects of increasing narasin levels in diets with high
amounts of ground flint corn: one experiment aimed
to evaluate rumen fermentation, nutrient digestibility,
and N balance (Exp. 1), while the other trial evaluated
the diet performance (Exp. 2).


https://orcid.org/0000-0003-4160-2596
https://orcid.org/0000-0003-0755-4682
https://orcid.org/0000-0001-8588-8368
https://orcid.org/0000-0002-8317-4908
https://orcid.org/0000-0002-6041-2539
https://orcid.org/0000-0002-2592-6999
https://orcid.org/0000-0002-7857-873X
https://orcid.org/0000-0003-2493-4548
https://orcid.org/0000-0002-1057-5508
https://orcid.org/0000-0002-2210-7963

Polizel et al.

Materials and Methods

Two experiments were carried out with lambs
fed high-energy diets with large amounts of ground
flint corn to evaluate levels of narasin addition on
digestibility, ruminal fermentation and performance.
The experiments were conducted in Piracicaba, state of
Sdo Paulo, Brazil (22°43'0" S, 47°38'51" W, altitude of
528 m). Both experiments were reviewed and approved
by the Animal Care and Use Committee (protocol
number 9433031014).

Experiment 1

Thirty F1 wethers (Dorper x Santa Inés) with an
initial body weight (BW) 58.5 + 2.2 kg and approximately
nine months of age, provided with rumen fistula, were
used to evaluate the treatment effects on nutrient
digestibility and ruminal fermentation. Wethers were
dewormed with subcutaneous moxidectin at a dosage of
1 mL 50 kg! BW and received 2 mL of subcutaneous
ADE vitamin (A vitamin: 250,000 UI mL-*; D3 vitamin:
70,000 UI mL™*; E vitamin: 70 UI mL™) supplements on
the right side of the neck, five days before the beginning of
the experiment. The wethers were placed in metabolism
crates (1.30 x 0.55 m) that were fitted with a feed bunk,
a waterer, and a system for feces and urine collection.
The metabolism crates were kept indoors protected from
direct sunlight and rain. The experiment lasted 29 days,
and the experimental design was a randomized complete
block, with five experimental diets and six replications.
The wethers were blocked according to initial BW.

The experimental diets were defined by the
inclusion of feed additives, monensin (Rumensin 200,
Elanco Brazil, Sdo Paulo, SP, Brazil) or narasin (Zimprova,
Elanco Brazil, Sdo Paulo, SP, Brazil). The experimental
diets were as follows: control or basal diets without feed
additives (C); 25 mg of monensin kg™ of dry matter (DM)
(M - positive control); diet with 5 mg of narasin kg™ of
DM (N5); 10 mg of narasin kg™ of DM (N10); and 15 mg
of narasin kg! of DM (N15). The diets were formulated
according to NRC (2007) recommendations for growing
lambs (25 kg of BW and 300 g of average daily gain;
ADG). The proportion of ingredients and chemical diets
composition are presented in Table 1.

Corn and coast-cross hay were coarsely passed
through a 10-mm sieve in a grinder and mixed with
concentrate composed of soybean, urea, limestone,
mineral mix, ammonium chloride, and feed additives
(when treated) using a horizontal mixer with a capacity
of 500 kg. In both trials, the experimental diets were
weighed on an electronic scale with an accuracy of 1 g
and offered ad libitum at 08h00.

The orts were recorded daily to determine the
DMI. A sample was taken daily from offered feed and
orts of each experimental unit, composed by animal
and kept at -18 °C for analysis. To determine nutrient
digestibility in the total digestive tract and N balance on
days 25 through 28 of the experiment, the total fecal and
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Table 1 - Ingredients and chemical composition of the diets
containing high inclusion of flint corn with and without inclusion of
monensin and narasin.

Diets!
C M N5 NIO Ni15

ltem

Ingredient proportion

Coastcross hay (g kg™ of DM) 100 100 100 100 100
Corn (g kg of DM) 720 720 720 720 720
Soybean meal (g kg! of DM) 140 140 140 140 140
Urea (g kg of DM) 50 50 50 50 5.0
Mineral mix?(g kg™ of DM) 15.0 15.0 15.0 15.0 15.0
Ammonium chloride (g kg of DM) 50 50 50 50 5.0
Limestone (g kg of DM) 15.0 15.0 15.0 15.0 15.0
Monensin® (mg kg) 0.0 250 00 00 0.0
Narasin® (mg kg™) 0.0 00 50 100 15.0

Chemical composition®
Experiment 1

DM (g kg as fed) 872 870 870 872 869
OM (g kg of DM) 941 944 946 944 945
CP (g kg* of DM) 176 180 177 181 179
NDF (g kg of DM) 189 181 180 179 184
ADF (g kg of DM) 71.2 67.3 688 67.4 70.0
EE (g kg™ of DM) 342 346 349 345 343
NFC (g kg of DM) 542 548 554 549 548
Experiment 2

DM (g kg as fed) 867 868 867 871 168
OM (g kg™! of DM) 945 948 948 949 947
CP (g kg* of DM) 180 179 182 179 183
NDF (g kg of DM) 183 183 180 182 189
ADF (g kg! of DM) 68.0 71.9 716 705 725
EE (g kg™ of DM) 33.8 341 342 343 344

NFC (g kg* of DM) 548 552 552 549 541

IC = control diets, no additives; M = 25 mg of monensin kg of DM; N5 = 5
mg of narasin kg of DM; N10 = 10 mg of narasin kg-! of DM; N15 = 15 mg
of narasin kg of DM; 2Composition: 13 % Ca, 8 %P, 1 % Mg, 7% S, 22 %
Cl, 15 % Na, 1,100 mg kg Mn, 500 mg kg Fe, 4,600 mg kg Zn, 300 mg
kg Cu, 40 mg kg Co, 55 mg kg |, and 30 mg kg Se; 3Rumensin 200
(Elanco Brazil, Sdo Paulo, SP, Brazil); “Zimprova (Elanco Brazil, Sao Paulo, SP,
Brazil); °DM = dry matter; OM = organic matter; CP = crude protein; NDF =
neutral detergent fiber; ADF = acid detergent fiber; EE = ether extract; NFC
= non-fiber carbohydrates.

urine production were individually collected every day
using collection bags to avoid urine contamination. Urine
was collected in containers with 6 N HCI to prevent
ammonia volatilization, keeping the pH below 3.0. Feces
and urine were weighed at 08h00 and a representative
sample (10 % of the total weight) of daily production of
each wether was collected and stored at -18 °C.

Rumen fluid was collected on day 29 of the
experiment. Samples were collected at 0, 3, 6, 9, and
12 h after the feed was offered. Approximately 200 g
of ruminal content was collected in each interval via
rumen cannula and then filtered through nylon cloth.
The fluid filtrate was then used to measure the pH in a
digital potentiometer. The solid phases of the ruminal
content were returned to the rumen.

At the end of the experiment, samples of feed,
orts, and feces were dried in a forced-air oven at 60 °C
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for 72 h, ground through a 1-mm screen of a Willey-
type mill and analyzed for DM at 105 °C (AOAC, 1990;
method #934.01). Ash concentration was obtained by
incinerating the samples in a furnace at 550 °C for 4 h
(AOAC, 1990; method #942.05). Total N was determined
using the Leco TruMac N according to AOAC (1990;
method #968.06). Crude protein (CP) was obtained by
multiplying the total N content by 6.25. The sequential
detergent fiber analyses were used to determine neutral
detergent fiber (NDF; Van Soest et al., 1991) and acid
detergent fiber (ADF; Goering and Van Soest, 1970) in
an Ankom 2000 fiber analyzer. Heat-stable a-amylase
and sodium sulfite were included in the NDF analysis,
and the concentration was corrected for ash. The ether
extract (EE) was determined according to AOAC (1990;
method #920.39). Non-fiber carbohydrates (NFC) were
estimated according to the following equation: NFC (%)
= 100 % - (% NDF + % CP + % EE + % ash) (Mertens,
1997).

To determine VFA, 1.8 mL of ruminal fluid was
centrifuged for 60 min at 15,000 x g and 4 °C. After
centrifugation, 0.8 mL of the supernatant was transferred
to a chromatography vial and 0.2 mL of 3:1 solution of
metaphosphoric acid (250 mL L!) and formic acid (980-
1000 mL L!) were added. The internal standard was
added in each vial (0.1 mL of 100 mM 2-ethyl-butyric
acid). The VFA quantification was performed using
Agilent 7890A gas chromatograph equipped with flame
ionization detector and a fused-silica capillary column,
25 m in length and 320 pM internal diameter, containing
0.20 pM cyanopropyl polysiloxane. The chromatographic
run time was divided into three heating cycles, as
follows: 80 °C (1 min), 120 °C (20 °C min™! for 3 min),
and 205 °C (10 °C min™! for 2 min). Hydrogen was used
as the carrier gas at a flow rate of 1.0 mL min! and the
temperature of the injector and detector was 260 °C.

The ruminal ammonia concentration was
determined by the colorimetric method (Chaney and
Marbach, 1962) and adapted for a microplate reader
with a 550 nm absorbance filter.

The animals were considered the experimental
unit to perform the statistical analyses. All data were
submitted to the Levene test to verify homogeneity of
variances, while the Shapiro-Wilk test was used to check
normality of the residuals and to remove outliers.

Statistical procedures were conducted using the
PROC MIXED of SAS (Statistical Analysis System,
version 9.0). Data for VFA, rumen pH, and ruminal
ammonia concentration were analyzed as repeated
measures over time and the animal was the subject
(treatment). For the analysis, the model statement
contained the effects of diets, hour and diets x hour
interaction. Data were analyzed using block and
animal as the random effect. The covariance structure
was first-order autoregressive, which provided the
best fit for these analyses according to the lowest
corrected Akaike information criteria value (Wang
and Goonewardene, 2004). There were two contrasts
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preciously defined: 1 - C vs. M; and 2 - M vs. N. The
effects of narasin levels (C, N5, N10, and N15) in the
diets were evaluated using a linear (L) and quadratic
(Q) orthogonal contrasts.

Nutrient intake, digestibility, and N balance
were analyzed considering the fixed effect of diets
and random effect of block. The means were obtained
using the LSMEANS statement. The contrasts
previously described were used to evaluate the effect
of the experimental diets. The effects were considered
significant when p < 0.10.

Experiment 2

Forty-five lambs (Dorper x Santa Inés), with
an initial BW of 25.3 + 0.5 kg and 90.5 + 0.8 days
of age, were used to evaluate the effect of the same
experimental diets previously described (Exp. 1) on
growth performance. All lambs were dewormed with
subcutaneous moxidectin and received subcutaneous
ADE vitamin supplements (A vitamin: 250,000 UI
mL-1: D3 vitamin: 70,000 Ul mL!; E vitamin: 70 Ul
mL™'), five days before the beginning of the experiment.
The lambs were kept indoors, in an individual tie-
stall system, with slatted floor, a feed bunk, and a
waterer. The experiment lasted 56 days, divided into
four periods of 14 days. The experimental design used
was randomized complete block with five experimental
diets and nine replications. Lambs were blocked by age
and initial BW.

The orts were recorded weekly to determine the
DMI, and the feed amount was calculated according
to previous intake, adjusting when needed, to ensure
that refusals did not exceed 5 % of daily intake. The
lambs were weighed after fasting for 14 h at days 0,
14, 28, 42, and 56. In each interval (14 days), ADG
and feed efficiency (FE) were calculated (feed intake.
body weight gain!). The chemical analysis of the feed
offered and orts were performed as described for
Experiment 1.

Statistical procedures were conducted using
the PROC MIXED for SAS (Statistical Analysis
System, version 9.0). The animals were considered
the experimental unit. The DMI, ADG, and FE were
analyzed as repeated measures over time and the
animal was subject (treatment). For the analysis, the
model statement contained the effects of diets, period,
and diets x period interaction. Data were analyzed
using blocks and animal as the random effect. The
covariance structure was first-order autoregressive,
which provided the best fit for the analyses, according
to lowest corrected Akaike information criteria (Wang
and Goonewardene, 2004).

The BW of lambs (Exp. 2) were analyzed
considering the fixed effect of diets and random effect of
blocks. The means were obtained using the LSMEANS
statement. The contrasts previously described were
used to evaluate the effect of the experimental diets.
The effects were considered significant when p < 0.10.
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Results

Experiment 1. The M diet decreased DMI (p =
0.01), resulting in a lower nutrient intake when compared
to C (Table 2). Similarly, the increasing narasin levels
decreased the DMI (p = 0.02) and nutrient intake (p <
0.07), except for EE intake (p = 0.14).

Supplemental ionophores affected nutrient
digestibility, wethers fed with M had greater digestibility
of DM (p = 0.01), OM (p = 0.04) and CP (p = 0.04)

Narasin for feedlot lambs

compared to C; however, M did not affect digestibility of
NDF, ADF, EE, and NFC . The increasing narasin levels
linearly increased digestibility of DM (p < 0.01), OM
(p < 0.01), CP (p < 0.01), EE (p = 0.02) and NFC (p <
0.01). There were no differences in nutrient digestibility
between M and narasin levels (N).

Effects of diet x hour were not detected (p > 0.12)
for rumen parameters evaluated in the present study
(Table 3). The experimental diets did not affect the molar
proportion of acetate. Wethers fed with M had a greater

Table 2 — Nutrient intake and digestibility in wethers receiving the diets containing high inclusion of flint corn with and without inclusion of

monensin and narasin.

Diets! pvalue’
ftem" c M N5 N10 N15 SEW oM MxN L 0
Intake (g d)
DM 1992 1659 1,783 1872 1,647 77.9 001 024 002 092
oM 1868 1556 1,673 1,759 1537 74.2 001 026 002 086
NDF 378 299 321 333 306 139 <001 021 001 0.0
ADF 142 111 123 126 115 531 <00l 013 007 039
cP 350 297 314 339 293 13.8 001 027 005 076
EE 76.3 63.8 70.3 75.2 66.7 301 001 016 014 068
NFC 1,073 907 982 1,021 891 43.1 001 026 003 066
Digestibility (g kg)
DM 822 862 835 860 864 891 001 042 <00l 058
oM 849 876 849 875 879 864 004 042 <001 086
NDF 646 699 655 673 683 26.2 016  0.35 028 099
ADF 604 657 623 647 655 28.0 020 065 017 084
cP 829 857 820 847 859 938 004 017 <00l 029
EE 916 916 906 920 939 792 098 050 002 017
NFC 924 939 920 948 951 694 013 093 <00l 066

IC = control diets, no additives; M = 25 mg of monensin kg! of DM; N5 = 5 mg of narasin kg! of DM; N10 = 10 mg of narasin kg! of DM; N15 = 15 mg of narasin
kg of DM. 2SEM = standard error of mean. 3C x M = control diet vs. diet containing 25 mg of monensin kg DM; M x N = diet containing 25 mg of monensin kg~
vs. diets containing narasin; L = linear effect of narasin (C, N5, N10 and N15); Q = quadratic effect of narasin (C, N5, N10 and N15); “DM = dry matter; OM = organic
matter; NDF = neutral detergent fiber; ADF = acid detergent fiber; CP = crude protein; EE = ether extract; NFC = non-fiber carbohydrates; Dietary composition was
determined by analyzing subsamples collected and composited throughout the experiment (n = 8 samples/treatment/experiment).

Table 3 — Rumen volatile fatty acids, ammonia concentration and pH of wethers fed with diets containing high inclusion of flint corn with and

without inclusion of monensin and narasin.

Diets! p-value3

ftem* c M N5 NIO N5 O™ oM MxN L 0 H  DxH
VFA (mM 100 mM-)

Acetate 564 533 534 517 547 237 022 096 035 010 008 0.5
Propionate 266 334 310 337 302 318 007 055 022 014 <00l 014
Isobutyrate 075 065 075 080 079 006 026 006 045 089 <001 0.4
Butyrate 135 936 115 111 114 111 00l 008 014 022 <00l 019
Isovalerate 157 144 162 138 162 016 054 058 074 052 <001 099
Valerate 124 123 153 144 131 013 09 020 090 012 001 028
Ac:pr ratio 221 174 18 162 199 025 008 069 024 006 <00l 018
Total (mM) 134 124 136 122 116 623 030 097 002 047 <001 015
oH 587 587 58 60l 593 007 097 041 021 058 <00l 0.2
Ammonia (mg dL-) 241 174 206 218 191 151 <001 <00l <00l 066 063 014

IC = control diets, no additives; M = 25 mg of monensin kg of DM; N5 = 5 mg of narasin kg! of DM; N10 = 10 mg of narasin kg-! of DM; N15 = 15 mg of narasin
kg of DM; 2SEM = standard error of mean. 3C x A = control diet vs. diet containing 25 mg of monensin kg-! DM; MxN = diet containing 25 mg of monensin kg! vs.
diets containing narasin; L = linear effect of narasin (C, N5, N10 and N15); Q = quadratic effect of narasin (C, N5, N10 and N15); H = effect of hour after feeding (O,
3,6, 9 and 12 h); DxH = interaction between diet and hour. 4VFA = volatile fatty acids; Ac:pr ratio = acetate to propionate ratio.
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molar proportion of propionate than C (p = 0.07), but
with no difference from N. The M decreased (p = 0.01)
molar proportion of butyrate when compared with C
and decreased butyrate (p = 0.08) and isobutyrate (p =
0.06) when compared to N. The experimental diets did
not affect isovalerate, valerate, and ruminal pH.

The M decreased (p = 0.08) the acetate to
propionate ratio (Ac:pr). In addition, the N resulted in
quadratic effect for Ac:pr (p = 0.06) with N10 presenting
the lowest ratio. The N linearly decreased (p = 0.02)
the total VFA; however, N did not differ when compared
to M (p = 0.97). The wethers fed with M had a lower
ruminal ammonia concentration when compared with C
(p < 0.01) and diets containing N (p < 0.01). In addition,
the increasing N levels linearly decreased ammonia

Narasin for feedlot lambs

Experiment 2. Effects of diet x period were not
detected for DMI, ADG, and FE (p > 0.33; Table 5).
The M did not affect ADG, DMI (p = 0.14) and FE
when compared with C; however, M decreased ADG
(p = 0.05) when compared with N. The increasing
N levels linearly raised ADG (p = 0.03) and FE (p =
0.04), without affecting DMI. Additionally, lambs fed
with N had a greater BW in all periods evaluated when
compared with M. Increasing N linearly increased BW
of lambs on day 42 (p = 0.04) and day 56 (p = 0.02).
There was no difference on BW between C and M.

Effects of period were detected for ADG (p <
0.01), DMI (p < 0.01), and FE (p < 0.01). The ADG
increased during the periods 1, 2, and 3, decreasing in
period 4. However, as expected, DMI increased, while

concentration (p < 0.01). FE decreased over time.

Wethers fed with C had a greater (p = 0.02) N
intake when compared with M. Levels of N decreased
(p = 0.06) N intake (Table 4). In addition, M decreased
the fecal N (p = 0.01) and N absorbed (p = 0.04) when
compared to the C. The increasing N levels linearly
decreased (p < 0.01) fecal and urinary N (p = 0.04);

however, the M or N did not affect N retention.

Discussion

Experiment 1. Studies demonstrated that the effects
of ionophore on nutrient digestibility are variable. Beede
et al. (1986) reported increased DM digestibility in cattle
fed diets containing low CP content when monensin

Table 4 - Nitrogen balance in wethers fed with diets containing high inclusion of flint corn with and without inclusion of monensin and narasin.

Diets! p-value3

ftem c M N5 N10 N15 SEME oM MxN L 0
N intake (g d-) 56.0 47.6 50.1 54.2 46.9 2.64 0.02 0.27 0.06 0.76
Fecal N (g d) 9.55 6.80 8.98 8.29 6.67 0.65 0.01 0.13 <0.01 0.43
N absorbed (g d-) 46.5 40.8 41.2 45.9 40.3 2.28 0.04 0.42 0.19 0.93
Urinary N (g d) 26.9 23.5 22.6 22.7 21.0 2.17 0.17 0.50 0.04 0.47
N retention

gd! 19.6 17.3 18.6 23.2 19.3 2.54 0.52 0.31 0.63 0.58
g kg of N absorbed 424 430 444 496 475 47.7 0.93 0.43 0.30 0.65
g kg of N intake 351 369 364 421 407 40.4 0.75 0.54 0.19 0.74

IC = control diets, no additives; M = 25 mg of monensin kg! of DM; N5 = 5 mg of narasin kg of DM; N10 = 10 mg of narasin kg! of DM; N15 = 15 mg of narasin
kg™ of DM; 2SEM = standard error of mean. 3C x M = control diet vs. diet containing 25 mg of monensin kg! DM; M x N = diet containing 25 mg of monensin kg~
vs. diets containing narasin; L = linear effect of narasin (C, N5, N10 and N15); Q = quadratic effect of narasin (C, N5, N10 and N15).

Table 5 — Body weight, average daily gain, dry matter intake, and feed efficiency of lambs fed with diets containing high inclusion of flint corn
with and without inclusion of monensin and narasin.

Diets! pvalue3
ftem* c M N5 NO N5 O T MxN L Q P DxP
BW (kg)
Iniial 254 253 253 254 252 0.46 . : i :
Day 14 287 283 288 293 292 041 051 009 021 080
Day 28 327 316 322 332 331 049 011 003 024 067
Day 42 %68 361 361 380 378 055 038 007 004 070
Day 56 409 402 405 424 425 065 043 004 002 073 : :
ADG (g) 273 260 267 298 302 176 049 005 003 070 <00l 034
DMI (g 1) 1093 1,044 1,063 1,134 1,129 558 035 014 023 072 <001 0.33
FE 0252 0252 0253 0260 0273 0012 094 027 004 043 <001 064

IC = control diets, no additives; M = 25 mg of monensin kg of DM; N5 = 5 mg of narasin kg of DM; N10 = 10 mg of narasin kg! of DM; N15 = 15 mg of narasin
kg of DM; 2SEM = standard error of mean. 3C x M = control diet vs. diet containing 25 mg of monensin kg DM; M x N = diet containing 25 mg of monensin kg
vs. diets containing narasin; L = linear effect of narasin (C, N5, N10 and N15); Q = quadratic effect of narasin (C, N5, N10 and N15); P = effect of period or day of
weighing; D x P = effect of the interaction between the experimental diets and period. “BW = body weight; ADG = average daily gain; DMI = dry matter intake; FE =
feed efficiency (feed gain).
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was used. In a literature review containing 20 studies
evaluating the use of lasalocid and monensin, Spears
(1990) reported an increase of approximately 2 % in the
digestible energy of the diets when these ionophores were
used. Recent studies reported no differences in DM, OM,
and NDF digestibility for beef steers fed with monensin
(Bell et al., 2017) or narasin (Polizel et al., 2020).

Bacteria that reduce succinate to propionate are
resistant to the effects of ionophores; therefore, when
these additives are used, propionate production tends
to increase during ruminal fermentation (McGuffey et
al., 2001). The higher molar proportion of propionate
and, consequently, lower Ac:pr ratio, increases the
energy efficiency of the ruminal fermentation process,
since a higher propionate production leads to an
increase in hepatic gluconeogenesis flow (Baird et al.,
1980), as propionate is the main glucose precursor
for ruminant animals (Ellis et al., 2012). Moreover,
propionate production reduces the amount of substrate
for methanogenesis, decreasing the availability of
hydrogen and formate (Ellis et al., 2008). Changes in the
VFA formed during the ruminal fermentation process
are essential for the mechanistic models to predict the
enteric methane production and estimate energy losses
(Bannink et al., 2011), because propionate is an important
hydrogen sink in the rumen, while acetate and butyrate
are the main hydrogen sources (Wolin, 1960). Thus, the
lower Ac:pr ratio in the rumen environment is indicative
of greater energy efficient of fermentation, as observed
for wethers fed with M or N.

Reduction in butyrate production when monensin
is used for ruminants fed high concentrate diets is highly
discussed in the literature. In a meta-analysis performed
by Ellis et al. (2012), the authors verified that monensin
doses used for cattle fed diets containing at least 80 % of
grains reduced the molar ratio of butyrate and increased
propionate. The reduction in butyrate can be justified by
the change in the population of microorganisms with the
use of ionophore. Henderson et al. (1981) evaluated in
vitro the effects of monensin on the bacterial population
and reported differences in the amount and potential
of inhibition of two different Butyrivibrio strains when
using ionophore.

The feed additives investigated potentially affect
N metabolism of ruminant animals (Bergen and Bates,
1984). In vitro studies have shown that monensin has
the capacity to reduce protein degradation, ammonia
accumulation, and microbial N (Whetstone et al., 1981).
Chen and Russell (1991) reported that monensin had
little effect on ruminal proteolysis; however, it caused
a reduction in ammonia production. Additionally,
the reduction in ammonia concentration may be
associated with improved energy efficiency intrinsic
to ruminal fermentation, as ammonia is more used
by microorganisms, mainly in high-energy diets. The
present study shows that monensin decreased ammonia
concentration in rumen fluid, as described in the
literature (Yang and Russell, 1993).
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Few studies have evaluated the effect of narasin
on N metabolism in ruminants. Polizel et al. (2020)
reported lower ammonia concentration on rumen fluid
and blood urea in steers fed high-forage diets with
the inclusion of narasin; however, the authors did not
evaluate N balance. In the present study, N had the
capacity to decrease ammonia concentration; however,
the decrease was lower than that promoted by M.

Experiment 2. Ionophores are molecules
characterized by the transport of ions through cell
membranes, possessing certain specificity for the
molecules that are carried (Wong et al., 1977). The
ruminal microorganism selection caused by ionophores
has the objective to optimize the occurrence of
desirable reactions, such as propionate production,
and minimize inefficient or undesirable reactions, such
as methane and lactate production. Changes in the
ruminal fermentation process aim to improve energy
efficiency of the animal, with positive responses on the
weight gain and DMI (Duffield et al., 2012).

As expected, the inclusion of N increased ADG,
final BW, and FE of lambs, which is an expected response
of ionophores used in ruminant diets (Duffield et al.,
2012). These effects could be explained by the changes
caused by the ionophore in the ruminal fermentation
process, by increasing molar proportion of propionate
and reducing molar proportions of butyrate and acetate
(Prange et al., 1978; Ellis et al., 2012).

The action of narasin in the ruminal environment
is poorly understood. In an in vitro study, Nagaraja et
al. (1987) reported an increase in the molar ratio of
propionate using low doses of narasin. In addition, the
authors observed a decrease in the production of lactic
acid when compared to other additives. As previously
described, Polizel et al. (2020) reported a reduction
in the Ac:pr ratio and an increase in the total VFA
concentration in cattle fed diets containing narasin,
results that demonstrate an increase in the energy
efficiency of the fermentation process. Therefore,
further studies are needed to evaluate the effects
of narasin on the ruminal environment, especially
to identify the microorganisms affected by narasin
inclusion.

An unexpected result in the present study was
the lack of effect while using M, with results similar to
C. In general, the use of 25 mg of monensin kg-! of DM
results in an increase in FE in beef cattle and this effect
is traditionally described by a reduction in DMI in the
literature (Tedeschi et al., 2003). In a meta-analysis
performed by Duffield et al. (2012, the authors noted
that, in the last 40 years, the effect of monensin on
FE decreased from 8 to 4 % in feedlot cattle and this
change might be explained partially by increases in
dietary energy density and grain processing in feeding
systems. These results led to questions regarding the
monensin dose to be used for sheep. Studies conducted
in the 1970s evaluated the inclusion of monensin doses
on performance of lambs. Joyner et al. (1979) evaluated
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the inclusion of 0, 5, 10, 20, and 30 mg of monensin
kg of the diet, and observed that 5 mg of monensin
was enough to increase FE of lambs. The same authors
also evaluated indirect calorimetry using 12 lambs,
which were fed with 0, 10, or 20 mg of monensin. The
authors reported a decrease in methane production
and an increase in metabolizable energy for animals
fed at 10 and 20 mg kg™'. That is, the lowest doses (5 or
10 mg kg!) presented satisfactory results when added
to sheep diets. Recently, Lodi et al. (2019) reported
that the inclusion of 12.5 mg of monensin kg™ of DM
increased ruminal pH without affecting DMI or feed
behavior of lambs fed high-concentrate diets. In some
cases, the use of 25 mg of monensin aims to control
coccidiosis (Polizel et al., 2017; Parente et al., 2018);
however, few studies evaluate whether the inclusion of
lower rates can control coccidiosis in small ruminants.

In conclusion, narasin inclusion in diets for feedlot
lambs increased ADG and FE, even when compared to
monensin in diets containing high proportion of ground
flint corn. This response could be promoted by greater
total tract digestibility of OM, CP, and NFC, lower
Ac:pr ratio and rumen ammonia concentration. Better
responses to narasin supplementation was observed at
dosage of 15 mg kg™! diet DM. In addition, the inclusion
of 25 mg monensin did not increase lamb performance
despite the changes caused to the rumen fermentation
process and nutrient digestibility.
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