
1

1Financial support for this research was provided by MS 
Biotec (Wamego, KS) and Nutricorp (Araras, SP, Brazil).

2Corresponding author: fapsantos@usp.br
Received March 22, 2021.
Accepted May 25, 2021.

Effects of Megasphaera elsdenii administration on performance and carcass traits 
of finishing Bos indicus feedlot cattle1

Ana Laura Lopes,† Flávio A. P. Santos,‡,2,  Murillo Meschiatti,‡ Mario Olímpio de Oliveira‡, 
Juliano J. R. Fernandes,† James S. Drouillard,||,  and Bruno I. Cappellozza$,

†Universidade Federal do Goiás, Escola de Veterinária e Zootecnia, Goiânia, GO, Brazil 74690–900 
‡Universidade de São Paulo, Departamento de Zootecnia, Piracicaba, SP 13418–900, Brazil ||Kansas State 

University, Department of Animal Sciences & Industry, Manhattan, KS 66506, USA  $Nutricorp, Araras, SP 
13601-000, Brazil

ABSTRACT: This study evaluated the effects of 
Megasphaera elsdenii administration at the be-
ginning of the feedlot period on performance of 
Bos taurus indicus bulls. On d 0, 383 Nellore bulls 
(initial shrunk body weight 384 ± 29.2 kg; initial 
age = 24 ± 2 mo) were assigned to treatments in 
a randomized complete block design. Treatments 
consisted of 1) 14 d adaptation diet and transition 
to a finishing diet (CONT), 2) CONT plus oral ad-
ministration of 20 mL of Lactipro-NXT (M. els-
denii) on d 0 of the study (MEG-14), 3)  CONT 
diet, consisting of 6 d of adaptation diet plus oral 
administration of 20 mL of Lactipro-NXT on d 0 
of the study (MEG-6), and 4) No adaptation diet 
and oral administration of 20  mL of Lactipro-
NXT on d 0 of the study (MEG-0). Experimental 
period lasted 119 d.  No treatment effects were 

observed for any of the performance parameters 
evaluated herein (P ≥ 0.15). Nonetheless, a treat-
ment  ×  wk interaction was observed for DM, 
NEm, and NEg intakes (P < 0.0001). For all these 
parameters, MEG-0 and MEG-6 had a reduced 
intake vs. MEG-14 and CONT in the first wk of 
the study (P ≤ 0.05). For the carcass traits, no ef-
fects were observed for HCW (P ≥ 0.24), whereas 
MEG-6 had a greater REA when compared with 
MEG-0 and MEG-14 (quadratic effect; P = 0.04) 
and MEG-administered bulls tended to have a 
greater BFT vs. CONT (P = 0.08). In summary, 
M.  elsdenii administration at the beginning of 
the feedlot period did not improve performance, 
whereas reducing the length of the adaptation 
period for 6 d improved REA of finishing Bos 
taurus indicus bulls.
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INTRODUCTION

During the initial feedlot period, nutritional 
management practices should be employed to 

ensure an adequate rumen health and animal per-
formance (Brown et al., 2006). Among these prac-
tices, multiple step-up diets in which the roughage: 
concentrate ratio, amount of feed offered, and 
dietary energy content change over time are often 
used (Samuelson et  al., 2016; Pinto and Millen, 
2019). On the ruminal health standpoint, an over-
consumption and/or erratic intake behavior of a 
diet containing high levels of readily fermentable 

D
ow

nloaded from
 https://academ

ic.oup.com
/tas/article/5/3/txab091/6287602 by guest on 02 Septem

ber 2021

mailto:fapsantos@usp.br?subject=
https://orcid.org/0000-0001-5583-3286
https://orcid.org/0000-0002-3691-6905
https://orcid.org/0000-0002-1819-4013
http://creativecommons.org/licenses/by-nc/4.0/


2 Lopes et al.

Translate basic science to industry innovation

carbohydrates leads to a greater amount of acid 
production that the rumen epithelium can absorb 
and ruminal microbes utilize (Owens et al., 1998). 
In turn, these organic acids will accumulate in 
the rumen, causing a drastic reduction in rumen 
pH (Nagaraja and Lechtenberg, 2007) that may 
negatively impact feedlot performance (Owens 
et al., 1998). Therefore, it is imperative to evaluate 
technologies that improve rumen health and re-
duce the risk of acidosis in the beginning of the 
feedlot period.

Megasphaera elsdenii (MEG), a gram-negative, 
lactate-utilizing bacteria seems to be a feasible al-
ternative for maintaining rumen health (Counotte 
et  al., 1981), since under in vitro and in vivo set-
tings, its inoculation alleviated the decrease in 
pH when increasing amounts of concentrates 
were inoculated in the medium or fed to the ani-
mals (Kung and Hession, 1995; McDaniel et  al., 
2009). Nonetheless, most of the published studies 
in the literature have evaluated MEG inoculation 
in different step-up diets management (Drouillard 
et al., 2012; DeClerck et al., 2020a; DeClerck et al., 
2020b), whereas no other study evaluated its effi-
cacy on performance of Bos taurus indicus animals 
receiving a high-energy diet throughout the feedlot 
period, without offering an adaptation diet. Based 
on this rationale, we hypothesized that MEG inocu-
lation at the beginning of the feedlot period would 
increase performance and carcass traits of feedlot 
animals, even without the offer of an adaptation 
diet. Therefore, our objective was to evaluate the 
effect of MEG inoculation at the beginning of the 
feedlot period on performance and carcass charac-
teristics of Bos taurus indicus bulls receiving or not 
an adaptation diet.

MATERIALS AND METHODS

This experiment was conducted at the experi-
mental feedlot located at the University of São 
Paulo (USP), Escola Superior de Agricultura Luiz 
de Queiroz (ESALQ), located in Piracicaba, São 
Paulo, Brazil (22°43′31ʺ S, 47°38′51ʺ W, and ele-
vation of 546  m) from May to September 2020. 
Average temperature within each month from the 
experimental period (from May to September) was 
19, 17, 17, 18, and 20°C, respectively, whereas total 
rainfall was 43, 41, 25, 26, and 55  mm, respect-
ively. All animals utilized herein were cared for in 
accordance with acceptable practices and experi-
mental protocols reviewed and approved by the 
ESALQ/USP Institutional Animal Care and Use 
Committee (# 6727310720).

Animals, Housing, and Diets

From d −7 to −1 of the study, all animals were 
housed in group-pens with ad libitum access to 
water and Brachiaria brizantha cv. Marandu hay, in 
order to acclimate animals to the facilities prior to 
the beginning of the experiment.

On d 0 of the study, 383 Nellore (Bos taurus 
indicus) bulls were ranked by initial shrunk body 
weight (BW; after 16 hours of feed and water re-
striction; 384 ± 29.2 kg; initial age = 24 ± 2 mo) and 
randomly assigned to treatments in a randomized 
complete block design. Within blocks (n = 15), ani-
mals were randomly assigned into pens (n = 6 to 8 
animals/pen) and pens were randomly assigned to 
receive 1 of 4 treatments: 1) 14 d adaptation with 2 
step-up diets and transition to a high-concentrate 
finishing diet on d 15 (CONT; n = 15), 2) CONT 
plus oral administration of 20  mL of Lactipro-
NXT (M.  elsdenii NCIMB 41125, 1  ×  1010 CFU/
head; MS Biotec, Wamego, KS) on d 0 of the study 
(MEG-14; n  =  15), 3)  Six d of adaptation with 2 
step-up diets plus oral administration of 20 mL of 
Lactipro-NXT on d 0 of the study (MEG-6; n = 15), 
and 4)  Finishing diet and oral administration of 
20 mL of Lactipro-NXT on d 0 of the study (MEG-
0; n = 15). The mixing of the MEG with the saline 
solution and oral administration of Lactipro-NXT 
was performed individually following manufactur-
er´s recommendations. Regardless of treatment, all 
animals received the same step-up diets during the 
adaptation period (if  applicable) and the same fin-
ishing diet during the experimental period, which 
lasted 119 d. For CONT and MEG-14, the adap-
tation diet was offered for 14 d and consisted of 2 
step-up dies (7 d each), whereas MEG-6 also had 
2 step-up diets in a shorter period of time (6 d). 
The roughage:concentrate ratio for the adaptation 
diets was 25:75 and 20:80, respectively, whereas 
the finishing diet had an 8.5:91.5 ratio. The entire 
composition and nutritional profile of the diets are 
reported in Table 1. Corn was processed through 
a hammer mill (Indústria e Comercial Lucato, 
Limeira, SP, Brazil) to achieve a mean particle size 
of 1.93 mm (Table 2), according to procedures de-
scribed by Yu et al. (1998), using sieves with 6.0, 3.5, 
2.0, and 1.25-mm square pores (Produtest T model; 
Telastem Peneiras para Análises Ltda., São Paulo, 
SP, Brazil). Diets were formulated using NASEM 
(2016) to provide an average daily gain (ADG) of 
1.5 kg during the experimental period.

On d 0, all bulls were individually identified with 
ear tags, vaccinated against clostridial (Covexin-9; 
MSD, São Paulo, Brazil) pathogens and dewormed 
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with 1  mL/50  kg BW of an antiparasitic (Evol; 
Ouro Fino Saúde Animal, Cravinhos, SP, Brazil). 
Throughout the experimental period, diets were 
supplied once daily as a total mixed ration using 
a feed wagon (Rotormix-40; Casale Equipamentos, 
São Carlos, SP, Brazil) with an electronic scale 
(ez3400VL; Digi Star, Fort Atkinson) and offered 
to ensure ad libitum intake and result in 3% orts. 
Additionally, all animals had full access to water 
and were maintained into open-sided paved pens 
with a coverall in the feed bunk (4.0  m of linear 
feed bunk for pens housing 6 animals and 5.0 m of 
linear feed bunk for pens housing 8 animals).

Sampling and Carcass Measurements

Individual shrunk BW of bulls was collected on 
d 0 and 119 after 16 hours of feed and water with-
drawal and used to calculate the BW change (final 

minus initial BW) and ADG during the experiment. 
Total dry matter intake (DMI) and individual nu-
trient intake were evaluated daily throughout the 
experimental period by weighing the feed offered 
and refused in the following day (approximately 
24 hours). At the end of the experiment, total BW 
gain and total DMI were used for feed efficiency 
(FE) calculation, whereas mean BW was used for 
determination of DMI as a percentage of BW.

Samples of ingredients were collected at the 
beginning of the experiment and analyzed for nu-
trient concentration (ESALQ Lab; Piracicaba, SP, 
Brazil). All samples were analyzed in duplicates 
by wet chemistry procedures for concentrations of 
crude protein [CP; method 984.13; AOAC (2006)], 
neutral detergent fiber [NDF; Van Soest et al. (1991); 
modified for use in an Ankom-200 fiber analyzer; 
Ankom Technology Corp., Fairport, NY], and 
acid detergent fiber [ADF; method 973.18 modified 
for use in an Ankom-200 fiber analyzer; Ankom 
Technology Corp.; AOAC (2006)]. Moreover, total 
digestible nutrient (TDN) concentration was cal-
culated according to equations proposed by Weiss 
et al. (1992).

The observed net energy (NE) for each diet 
was calculated from the performance data using 
the equation reported by Zinn and Shen (1998) 
based on pen average values. Energy gain (EG) 
was calculated as EG = (0.0557 × BW0.75) × ADG
1.097 (NRC, 1984), in which EG is daily energy de-
posited (Mcal/d) and BW is mean shrunk BW. The 
equation used to calculate maintenance energy ex-
pended (MEx; Mcal/d) was metabolizable energy 
(ME)  =  0.077  ×  BW0.75 (Lofgreen and Garrett, 
1968). From the calculated amounts of energy re-
quired for maintenance (NEm) and gain (NEg), the 
NEm of each diet was obtained by the quadratic 
equation NEm = [–b ± (b2 – 4ac)1/2]/2a, in which 
a = –0.41 × EM, b = 0.877 × MEx + 0.41 × DMI + 
EG, and c = –0.877 × DMI and NEg of each diet was 
obtained by the equation NEg = 0.877 × NEm – 0.41 

Table 1. Composition and nutritional profile of the 
diets offered during the experimental period1,2

Item, % dry matter (DM) ADAP-1 ADAP-2 FIN

Sugarcane bagasse 25.0 20.0 8.5

Ground corn 37.8 42.8 54.3

Corn gluten feed 20.0 20.0 20.0

Whole cottonseed 15.0 15.0 15.0

Urea 0.2 0.2 0.2

Mineral-vitamin mix3 2.0 2.0 2.0

Nutritional profile    

 DM 69.1 72.5 81.8

 Crude protein, % DM 13.0 13.2 13.8

 Ether extract, % DM 5.3 5.4 5.8

 Neutral detergent fiber, % DM 36.8 33.5 25.9

 Starch 31.2 34.7 42.9

 Total digestible nutrients, % DM4 74.5 76.7 81.5

 Metabolizable energy, Mcal/kg5 2.69 2.77 2.94

 Net energy for maintenance, Mcal/kg5 1.79 1.86 2.03

 Net energy for gain, Mcal/kg5 1.15 1.21 1.36

1Experimental period lasted 119 d.
2ADAP-1: adaptation diet (step-up 1) offered for 7 d to CONT and 

MEG-14 and for 3 d to MEG-6; ADAP-2: adaptation diet (step-up 
2) offered for 7 d to CONT and MEG-14 and for 3 d to MEG-6. FIN: 
finishing diet offered for all animals following or not an adaptation 
diet.

3Mineral-vintamin mix (MCassab Comércio e Indústria; São Paulo, 
SP, Brazil) contained 21.0% Ca, 2.0% Mg, 15.0% Na, 23.1% Cl, 
750 ppm Cu, 2,000 ppm Mn, 3,000 ppm Zn, 16.7 ppm Co, 30 ppm I, 
5 ppm Se, 115 IU Vitamin A, 14 IU Vitamin D3, 180 IU Vitamin E, 
and 1,500 ppm sodium monensin (Rumensin; Elanco Animal Health, 
São Paulo, SP, Brazil).

4Calculated according to Weiss et al. (1992) and chemical compos-
ition of ingredients.

5Estimated with the equations proposed by NRC (1996; Level 
1) with the addition of ionophore (sodium monensin) and using the 
TDN values, which had been calculated with equation proposed by 
Weiss et al. (1992).

Table 2. Corn grain particle size distribution

Pores in the sieve % of total

 > 6.0 mm 0.67

 ≤ 6.0 and > 3.5 mm 5.31

 ≤ 3.5 and > 2.0 mm 26.67

 ≤ 2.0 and > 1.25 mm 48.06

 ≤ 1.25 mm 19.30

Mean particle size of corn, mm1 1.93

1Corn retained on the 6 mm screen was determined in 20 randomly 
particles using a digital caliper. The residue retained in the bottom was 
assumed to have a mean particle size of 0.625 mm. Based on Yu et al. 
(1998).
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(Zinn and Shen, 1998). Expected dietary NEm and 
NEg were predicted using the equations proposed 
by the NRC (1996; Level 1)  with the addition of 
an ionophore, based on the numeric sum of TDN 
values (Weiss et al., 1992). The observed NEm: ex-
pected NEm and observed NEg: expected NEg were 
then calculated.

On d 116 of the experimental period, all ani-
mals were submitted to ultrasound evaluations 
(Aloka SSD-500V with a 17.2 cm/3.50 MHz convex 
probe; Hitachi Healthcare Americas, Twinsburg, 
OH), performed by the same trained technician 
(DGT Brasil, Presidente Prudente, SP, Brazil). 
Evaluations were conducted according to pro-
cedures described by the Ultrasound Guidelines 
Council (UGC, 2014) and measurements of the 
ribeye area (REA), marbling, and backfat thickness 
(BFT) were collected on the Longissimus thoracis 
muscle between the 12th and 13th ribs.

All animals were slaughtered following a 
waiting period of approximately 16 hours, in a 
commercial packing plant (Frigorífico Angelelli, 
Piracicaba, SP, Brazil). Hot carcasses were separ-
ated into two symmetrical sections, weighed to ob-
tain hot carcass weight (HCW), and individually 
identified. Dressing percent (DP) was calculated by 
dividing the HCW and final BW of each animal. 
At the beginning of the study, initial DP of the ani-
mals was estimated in 50% and then it was calcu-
lated the amount of carcass gained by the animals 
during the experimental period (d 0 to 119). Lastly, 
carcass ADG was calculated by dividing the carcass 
gain and the number of d on feed.

Statistical Analysis

For all analyses performed herein, pen was con-
sidered the experimental unit. All data were ana-
lyzed using the PROC MIXED procedure of SAS 
(Version 9.4; SAS Inst. Inc.; Cary, NC) and the 
Satterthwaite approximation to determine the de-
nominator df for the test of fixed effects. The model 
statement used for all performance and carcass 
data contained the fixed effects of treatment. All 
data were analyzed using block and pen(treatment) 
as random variables, whereas animal(pen) was also 
included in the random statement for BW, ADG, 
and carcass ultrasound data. With the exception 
of DMI, orthogonal contrasts were used to parti-
tion specific treatment effects: 1) M. elsdenii effect: 
CONT vs. MEG, 2)  Linear, and 3)  Quadratic ef-
fect of d of adaptation. For daily DM, NEm, and 
NEg intakes, values were averaged within each week 
(n = 17 weeks) and analyzed as repeated measures. 

The specified term for the repeated statement was 
week, the subject was pen(treatment), and the co-
variance structure was autoregressive 1, which pro-
vided the best fit for these analyses according to the 
smallest Akaike Information Criterion (AIC).

All results are reported as least square means 
and separated using the PDIFF structure of SAS 
(SAS Inst. Inc.). For all the data, significance was 
set at P  ≤  0.05 and tendencies were denoted if  
P  >  0.05 and P  ≤  0.10. Moreover, specifically for 
DM and nutrient intake, results are reported ac-
cording to the main effects if  no interactions were 
significant or according to the highest-order inter-
action detected.

RESULTS

Regardless of treatment, no cases of rumen 
acidosis, laminitis, and/or animal removal due to re-
lated ruminal disorders were observed throughout 
the experimental period.

Intake and Performance

No treatment effects were observed (P = 0.89) 
on initial BW, demonstrating the similar man-
agement animals were reared to prior to the be-
ginning of the experiment (Table 3). Similarly, 
neither contrast effect was significant for final BW 
(P ≥ 0.29), mean DMI (P ≥ 0.15), ADG (P ≥ 0.24), 
FE (P ≥ 0.43), observed NEm and NEg (P ≥ 0.21), 
as well as observed:expected NEm and NEg ratios 
(P ≥ 0.61; Table 3).

Nonetheless, a treatment  ×  wk interaction 
was observed for DM, NEm, and NEg intakes 
(P  <  0.0001; Fig. 1A–C). For DMI, MEG-0 had 
a reduced DMI vs. CONT from wk 1 through 
5 (P  <  0.01), reduced DMI vs. MEG-14 from 
wk 1 through 4 (P  ≤  0.02), and reduced DMI vs. 
MEG-6 in wk 1 only (P < 0.01; Fig. 1A). From wk 
2 through 5, MEG-6 also had a reduced DMI vs. 
CONT (P ≤ 0.03) and vs. MEG-14 on wk 2 and 3 
of the study (P ≤ 0.0001; Fig. 1A). Lastly, MEG-14 
had a reduced DMI vs. CONT on wk 4 and 5 of 
the experimental period (P ≤ 0.05), whereas no fur-
ther treatment differences were observed from wk 6 
through 17 of the study (P ≥ 0.12; Fig. 1A).

Similarly, NEm intake was reduced for MEG-0 
and MEG-6 vs. CONT from wk 2 through 5 
(P ≤ 0.05), but also reduced for MEG-14 vs. CONT 
in the 4th and 5th wk of the study (P  ≤  0.02; Fig. 
1B), with no further treatment differences through 
the remainder of the study (P ≥ 0.11). For NEg, in-
take was reduced in MEG-0 vs. CONT from wk 2 
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Table 3. Performance of Bos taurus indicus bulls administered or not Megasphaera elsdenii (Lactipro-NXT; 
1 × 1010 CFU/head; MS Biotec, Wamego, KS) and offered an adaptation diet for 14, 6, or 0 d1

Item

Treatments SEM P =2

CONT MEG-14 MEG-6 MEG-0  CONT vs. MEG L Q

Initial BW, kg 386.6 386.7 386.6 386.6 7.66 0.89 0.81 0.80

Final BW, kg 572.1 570.7 572.9 566.4 8.26 0.59 0.36 0.29

Average daily gain, kg/d 1.59 1.58 1.60 1.54 0.26 0.59 0.24 0.26

Dry matter intake, kg 10.85 10.74 10.73 10.42 0.219 0.22 0.15 0.42

Feed efficiency, g/kg 147 147 149 148 2.7 0.43 0.68 0.52

Net energy for maintenance, Mcal/kg         

 Observed3 1.90 1.90 1.92 1.93 0.020 0.34 0.21 0.62

 Expected4 2.02 2.02 2.03 2.04 -- -- -- --

 Observed: Expected ratio5 0.94 0.94 0.95 0.95 0.001 0.61 0.61 0.62

Net energy for gain, Mcal/kg         

 Observed3 1.25 1.26 1.28 1.28 0.018 0.34 0.21 0.62

 Expected4 1.36 1.36 1.37 1.38 -- -- -- --

 Observed: Expected ratio5 0.92 0.92 0.93 0.93 0.013 0.66 0.62 0.62

1Experimental period lasted 119 d. CONT: 14 d adaptation with 2 step-up diets and transition to a high-concentrate finishing diet on d 15 
(n = 15), MEG-14: CONT plus oral administration of 20 mL of Lactipro-NXT (M. elsdenii NCIMB 41125, 1 × 1010 CFU/head; MS Biotec, 
Wamego, KS) on d 0 of the study (n = 15), MEG-6: Six d of adaptation with 2 step-up diets plus oral administration of 20 mL of Lactipro-NXT 
on d 0 of the study (n = 15), and MEG-0: Finishing diet and oral administration of 20 mL of Lactipro-NXT on d 0 of the study (n = 15).

2Contrast analysis: 1) Megasphaera elsdenii effect = CONT vs. MEG, 2) Linear effect of d of adaptation = L, and 3). Quadratic effect of d of 
adaptation = Q.

3Calculated using the equation proposed by Zinn and Shen (1998), where estimates of cattle performance were pen averages.
4Calculated using observed NE values based on equation of Zinn and Shen (1998).
5Estimated with the equations proposed by NRC (1996; Level 1) with the addition of ionophore (sodium monensin) and using the TDN values, 

which had been calculated with equation proposed by Weiss et al. (1992).

Figure 1. Dry matter (DM; A), net energy for maintenance (NEm; B), and net energy for gain (NEg; C) intake of Bos taurus indicus bulls admin-
istering or not Megasphaera elsdenii (Lactipro-NXT; 1 × 1010CFU/head; MS Biotec, Wamego, KS) and offered an adaptation diet for 14, 6, or 0 
d. A treatment × wk interaction was observed for all nutrient intakes (P < 0.0001). (A) (DM intake): a = CONT vs. MEG-0 (P > 0.01); b = MEG-
14 vs. MEG-0 (P ≤ 0.02); c = MEG-6 vs. MEG-0 (P < 0.01); d = CONT vs. MEG-6 (P ≤ 0.03); e = MEG-14 vs. MEG-6 (P ≤ 0.001); f = CONT vs. 
MEG-14 (P ≤ 0.05); SEM = 0.49. (B) (NEm intake): a = CONT vs. MEG-6 (P ≤ 0.05); b = CONT vs. MEG-0 (P ≤ 0.0001); c = CONT vs. MEG-14 
(P ≤ 0.02); SEM = 0.49. (C) (NEg intake): a = CONT vs. MEG-0 (P < 0.01); b = CONT vs. MEG-6 (P ≤ 0.05); c = CONT vs. MEG-14 (P ≤ 0.02); 
SEM = 0.32.
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to 5 (P < 0.01), reduced for MEG-6 vs. CONT from 
wk 3 to 5 (P ≤ 0.05), and also reduced for MEG-14 
vs. CONT on wk 4 and 5 of the study (P  ≤ 0.02;  
Fig. 1C).

Carcass Traits and Ultrasound Measurements

No contrast effects were observed for HCW 
(P ≥ 0.24), DP (P ≥ 0.44), carcass ADG (P ≥ 0.25; 
Table 4).

Regarding ultrasound measurements, MEG-6 
had a greater REA when compared with MEG-0 
and MEG-14 (quadratic effect; P = 0.04), whereas 
no CONT vs. MEG (P = 0.87) or linear effects of 
decreasing adaptation length (P  =  0.23) were de-
tected for this parameter (Table 4). Additionally, 
MEG administered bulls tended to have a greater 
BFT vs. CONT cohorts at the end of the experi-
mental period (P = 0.08; Table 4) and no differences 
were observed for marbling (P ≥ 0.15; Table 4).

DISCUSSION

The primary goal of the present study was to 
evaluate whether administration of M.  elsdenii at 
the beginning of the feedlot period would improve 
performance and carcass characteristics of Bos 
taurus indicus bulls offered a high-concentrate diet. 
Megasphaera elsdenii is a gram-negative bacterium 
that consumes a major fraction of lactic acid pro-
duced in the rumen (Counotte et  al., 1981) and, 
therefore, reduces the occurrence of rumen acidosis 
(Kung and Hession, 1995). The utilization of a com-
mercial patented strain (Lactipro NXT; M. elsdenii 

NCIMB 41125) has demonstrated positive results 
in controlling acidosis under in vitro (Horn et al., 
2009; McDaniel et al., 2009) and in vivo (Drouillard 
et al., 2012; DeClerck et al., 2020a; DeClerck et al., 
2020b; DeClerk et al., 2020c) experimental settings.

An interesting observation from the present 
experiment was that clinical ruminal acidosis was 
not observed in any of the animals enrolled to the 
study. This is not surprising for CONT and MEG-
14, given that animals received a 14-d adaptation 
period and this is in agreement with the current 
feedlot management practices in Brazil (16.2 d; 
Pinto and Millen, 2019). Conversely, the lack of 
ruminal disorders in MEG-0 and MEG-6 sup-
ports the efficacy of MEG in alleviating the occur-
rence of digestive disorders in beef  cattle offered a 
high-concentrate diet without a step-up adaptation 
period (Kettunen et  al., 2008; Horn et  al., 2009; 
McDaniel et  al., 2009; DeClerck et  al., 2020b). 
DeClerk et al. (2020c) also did not report any case 
of  clinical acidosis in beef  calves abruptly tran-
sitioned from a grower to a finishing diet over a 
short period of time, supporting the efficacy and 
success of  ruminal colonization after exogenous 
MEG drench. Removing the adaptation diet from 
the feedlot might benefit the entire operation, given 
the elevated cost per unit of  energy and that the 
use of  forage and consequent the space required 
to store this bulky material will consequently de-
crease (Buttrey et al., 2012; Schneider et al., 2017). 
Moreover, a rapid adaptation to a calorically dense 
diet might stimulate a higher growth of the su-
perior epithelial surface area and, consequently, 

Table 4. Carcass and ultrasound data of Bos taurus indicus bulls administered or not Megasphaera elsdenii 
(Lactipro-NXT; 1 × 1010CFU/head; MS Biotec, Wamego, KS) and offered an adaptation diet for 14, 6, or 
0 d1,2

Item

Treatments SEM P =3

CONT MEG-14 MEG-6 MEG-0  CONT vs. MEG L Q

Carcass traits         

 Hot carcass weight, kg 324.7 324.3 324.2 321.0 5.17 0.51 0.24 0.51

 Dressing percent, % 56.6 56.8 56.7 56.6 0.25 0.61 0.44 0.98

 Carcass average daily gain, kg 1.10 1.10 1.10 1.07 0.018 0.49 0.25 0.49

Ultrasound measurements         

 Ribeye area, cm2 86.3 86.4 87.8 85.0 0.97 0.87 0.23 0.04

 Backfat thickness, mm 5.41 5.62 5.71 5.66 0.131 0.08 0.83 0.63

 Marbling, % 2.98 2.90 2.89 3.06 0.085 0.74 0.15 0.35

1Experimental period lasted 119 d. CONT: 14 d adaptation with 2 step-up diets and transition to a high-concentrate finishing diet on d 15 
(n = 15), MEG-14: CONT plus oral administration of 20 mL of Lactipro-NXT (M. elsdenii NCIMB 41125, 1 × 1010 CFU/head; MS Biotec, 
Wamego, KS) on d 0 of the study (n = 15), MEG-6: Six d of adaptation with 2 step-up diets plus oral administration of 20 mL of Lactipro-NXT 
on d 0 of the study (n = 15), and MEG-0: Finishing diet and oral administration of 20 mL of Lactipro-NXT on d 0 of the study (n = 15).

2Ultrasound measurements were performed on d 116 of the study.
3Contrast analysis: 1) Megasphaera elsdenii effect = CONT vs. MEG, 2) Linear effect of d of adaptation = L, and 3). Quadratic effect of d of 

adaptation = Q.
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improve the production and absorption of volatile 
fatty acids, such as propionate and butyrate (Muya 
et al., 2015; DeClerck et al., 2020a), resulting in a 
better rumen energetic efficiency. Therefore, it can 
be speculated that a greater energy intake in the be-
ginning of the feedlot period might increase per-
formance (Richeson et al., 2019), but health issues 
(i.e., bovine respiratory disease complex) might 
also be more recurrent in this period (Lofgreen 
et al., 1975). Nonetheless, no cases of  respiratory 
diseases were observed in the present study.

It was hypothesized that MEG administra-
tion would improve performance of the animals 
throughout the feedlot phase, but no benefits 
were observed herein. In agreement with our data, 
DeClerck et  al. (2020b) also did not observe im-
provements in performance of cull beef cows re-
ceiving MEG and transitioned to a high-energy 
finishing diet for a 35-d period. Similar results were 
observed when MEG administration was evaluated 
in beef cows receiving a low- and high-roughage 
diet (10% and 25% diet DM, respectively) for 42 
d (DeClerck et  al., 2020a). Conversely, the same 
group of researchers reported improvements in 
performance over a 72-d period of newly-weaned 
beef calves receiving MEG and offered a high-con-
centrate diet containing 22.7% and 38.7% starch 
from steam-flaked corn during the growing and fin-
ishing diets, respectively (DeClerck et  al., 2020c). 
In the present study, animals were offered high-
starch diets containing 31.2% to 42.9% starch from 
ground flint corn for 119 (MEG-0), 112 (MEG-6), 
and 105 (MEG-14 and CONT) d, which is a sig-
nificantly longer feeding period than the aforemen-
tioned studies and others reported in the literature. 
Therefore, it is likely to speculate that the amount 
of starch available in the rumen might impact the 
efficacy of MEG on performance of beef ani-
mals and its benefits might be greater in processed 
grains, such as steam-flaking, high-moisture, and/
or rehydrated corn.

The lack of statistical significance on mean 
DMI for animals dosed with MEG corroborate 
with other studies in beef (Drouillard et al., 2012; 
DeClerck et  al., 2020a; DeClerck et  al., 2020b; 
DeClerck et  al., 2020c) and dairy cattle (Aikman 
et al., 2011; Henning et al., 2011). Evaluating a sub-
acute ruminal acidosis (SARA) model, Mazon et al. 
(2020) demonstrated that MEG administration 4 d 
prior to the challenge reduced the time-period and 
area at which rumen pH remained below 5.8 and 
5.6, as well as improved DMI and milk production 
of mid-lactation dairy animals. Conversely, no ef-
fects were observed when MEG was inoculated 1 

d prior to the SARA challenge, indicating that in 
high-risk SARA animals, MEG should be admin-
istered at least 4 d prior to the challenge in order 
to improve DMI and production. These authors 
also reported that DMI was greater for MEG-
administered animals 1 d following the SARA chal-
lenge, but only when MEG was inoculated 4 d prior 
to the challenge (Mazon et al., 2020).

The observed treatment × wk interactions ob-
served for DMI, NEm, and NEg (Fig. 1A–C) might 
preclude the occurrence of digestive disorders, such 
as rumen acidosis, laminitis, and hepatic abscesses 
(Owens et al., 1998). However, as aforementioned, 
no cases of digestive disorders were observed dur-
ing the present experiment. Nonetheless, SARA 
might have occurred in the first wk of the study, 
which could explain the reduced nutrient intakes 
observed herein (Nagaraja et  al., 2007). As rumi-
nal pH was not measured herein, this warrants 
additional research efforts regarding the effects of 
MEG inoculation without an adaptation diet on 
rumen pH changes, rumen metabolism and micro-
organism profile, as well as occurrence of SARA 
in beef animals offered a high-concentrate diet 
(Ogunade et al., 2019).

In an extensive review, Brown and colleagues 
(2006) reported that cattle performance, as well 
as rumen health and function, might be impaired 
when animals are adapted to a high-concentrate 
diet in less than 14 d. Therefore, several strategies 
that could be used during the adaptation period 
were reported by these authors, including progres-
sive changes in the roughage:concentrate ratio, 
a better control of the energy content on step-up 
diets, and gradual increases in feed offer and intake 
on a BW basis during this period (Brown et  al., 
2006). In U.S.  feedlots, multiple step-up diets are 
often offered to beef animals during the adaptation 
period (Samuelson et al., 2016), with the initial diet 
containing approximately 40.7% forage and tran-
sitioning to the finishing diets over a 24-d period. 
In a similar fashion, Brazilian nutritionists also 
prefer the multiple step-up programs over 16.2 d 
with the initial diet containing 45.1% forage (Pinto 
and Millen, 2019). Therefore, current withdrawal 
of the adaptation diet is not encouraged by feedlot 
consultants/nutritionists, whereas technologies that 
address this matter are warranted in order to dem-
onstrate potential benefits in performance and/
or health.

Inoculation of MEG in animals assigned to 
reduced number of step-up diets during the adap-
tation period (3 vs. 5 diets) resulted in a mainten-
ance of live feedlot performance (final BW, ADG, 
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and feed conversion rate) and DMI over a 95-d 
period, whereas carcass ADG and HCW were posi-
tively impacted by MEG orally drenched to cattle 
(Drouillard et  al., 2012). Subsequently, DeClerck 
et al. (2020c) demonstrated that MEG inoculation 
in beef  calves abruptly transitioned to a finishing 
diet improved ADG and FE when compared to co-
horts fed a growing diet during the initial feedlot 
period. To the best of  our knowledge, no other re-
search trial evaluated the effects of  MEG in feedlot 
animals without any type of adaptation/transition 
diet management protocol. In the present experi-
ment, a treatment × wk interaction was observed 
for DM, NEm, and NEg intake (Fig. 1A–C). In fact, 
removing (MEG-0) and/or reducing (MEG-6) the 
adaptation period reduced nutrient intake for the 
first 5 wk of the study, which, in turn did not com-
promise overall feedlot performance and health. 
This reduction could be attributed to the add-
itional organic acid production potential that the 
finishing diet provided compared with the adapta-
tion diet (NASEM, 2016). As aforementioned, to 
the best of  our knowledge, Mazon et al. (2020) is 
the only study that reported daily DMI following 
MEG oral drench, but for a short period of time 
(7 to 10 d).

The lack of treatment effects on carcass traits 
agrees with previous studies where MEG was in-
oculated at the beginning of the feedlot period 
(DeClerck et  al., 2020c). In fact, DeClerck et  al. 
(2020c) suggested that offering a higher energy 
dense diet since the beginning of the feedlot period 
could result in heavier carcasses at slaughter, which 
was not observed herein and concurs with the afore-
mentioned feedlot performance data.

In ultrasound measurements, we observed a 
greater REA in MEG-6 vs. MEG-0 and MEG-14 
bulls, a tendency for a greater BFT in MEG vs. 
CONT cohorts, but no treatment effects were ob-
served for marbling scores (Table 3). In a recent 
published experiment, DeClerck et  al. (2020c) re-
ported greater marbling scores, but numerically 
lower REA in MEG orally drenched early-weaned 
beef animals. A possible explanation for this ten-
dency in BFT might be related to an increased 
acetate production in MEG-administered animals, 
safeguarding the fibrolytic microflora against acid-
otic pH levels, even though the bacteria itself  might 
be proliferating propionate (DeClerck et al., 2020c). 
Muya et al. (2015) also observed a greater butyrate 
production in MEG-administered animals that 
positively impacted rumen morphometrics param-
eters and, in turn, might result in a greater acetate 
concentration as well, as this is a common volatile 

fatty acid conversion path in the rumen (Bergman 
et al., 1965; Bergman and Wolff, 1971; Sutton et al., 
2003). Therefore, the intrinsic diet and the resulting 
pH specific to a study may impact acetate produc-
tion that, in turn, would favor BFT deposition in 
feedlot animals receiving MEG.

Based on previous experiments, it was specu-
lated that marbling scores would be greater in ani-
mals offered MEG and receiving a high-energy diet 
(DeClerk et al., 2020c), likely by the greater starch 
utilization in the rumen and an elevated flux of 
glucose arising from this fermentation and thus, 
entering the adipocytes for differentiation and util-
ization (Gilbert et  al., 2003; Johnson and Chung, 
2007; Smith and Johnson, 2016). Conversely, MEG 
inoculation at the beginning of the feedlot period 
did not improve marbling scores at the end of the 
study (Table 4). Nonetheless, it is important to men-
tion that marbling is not solely dependent on starch 
content of the diet and its intake, given that breed, 
BW at slaughter, plasma triglyceride, and plasma 
circulating fatty acids (FA) also control adipocyte 
differentiation and lipid synthesis in intramuscular 
tissue (Hocquette et  al., 2010; Choi et  al., 2015; 
Smith and Johnson, 2016).

In fact, in a traditional feedlot production set-
ting, subcutaneous depots are stored and formed 
prior to intramuscular fat depots (i.e., marbling; 
Vernon, 1981; Sainz and Hasting, 2000; Oliveira 
et al., 2011) and, therefore, it can be speculated that 
intramuscular fat depot differentiation would still 
occur in non-castrated Bos taurus indicus animals 
as they would achieve mature BW (Valadares Filho 
et al., 2016). Likewise, Costa et al. (2020) reported 
similar marbling scores in non-castrated Bos taurus 
indicus animals slaughtered at similar BW and 
offered high-concentrate diets with similar ether ex-
tract contents as used herein. This lack of marbling 
might change when starch is offered to beef cattle 
early in life, resulting in epigenetic effects (Reis 
et al., 2015) that will improve marbling scores later 
in life (Scheffler et  al., 2014). Therefore, more re-
search efforts are warranted to understand how age 
of the animals might impact MEG efficacy in pro-
moting marbling at the end of the finishing period.

In summary, removing or shortening the 
adaptation diet in MEG-treated Bos taurus indi-
cus bulls resulted in similar performance and car-
cass traits as untreated cohorts, while a reduction 
in DMI was observed in the first 5 weeks of  the 
study. Nonetheless, REA was greater for MEG-6 
and BFT tended to be positively impacted when 
animals were dosed with MEG. Therefore, MEG 
administration at the beginning of  the feedlot 
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might be used as a feasible alternative to remove 
the adaptation diet of  the feedlot production set-
ting, while maintaining the desirable performance 
and carcass characteristics in Bos taurus indicus 
finishing animals.

Conflict of interest statement. The authors de-
clare no conflicts of interest.

LITERATURE CITED

Aikman,  P.  C., P.  H.  Henning, D.  J.  Humphries, and 
C. H. Horn. 2011. Rumen pH and fermentation charac-
teristics in dairy cows supplemented with Megasphaera 
elsdenii NCIMB 41125 in early lactation. J. Dairy Sci. 
94:2840–2849. doi:10.3168/jds.2010-3783.

AOAC. 2006. Official methods of analysis. 18th ed. Arlington, 
VA: Assoc. Off. Anal. Chem.

Bergman, E. N., R. S. Reid, M. G. Murray, J. M. Brockway, 
and F. G. Whitelaw. 1965. Interconversions and produc-
tion of volatile fatty acids in the sheep rumen. Biochem. J. 
97:53–58. doi:10.1042/bj0970053

Bergman,  E.  N., and J.  E.  Wolff. 1971. Metabolism of vola-
tile fatty acids by liver and portal-drained viscera 
in sheep. Am. J.  Physiol. 221:586–592. doi:10.1152/
ajplegacy.1971.221.2.586

Brown, M. S., C. H. Ponce, and R. Pulikanti. 2006. Adaptation 
of beef cattle to high-concentrate diets: performance and 
ruminal metabolism. J. Anim. Sci. 84(E. Suppl.):E25–E33. 
doi:10.2527/2006.8413_supple25x

Buttrey,  E.  K., M.  K.  Luebbe, R.  G.  Bondurant, and 
J.  C.  MacDonald. 2012. Grain adaptation of yearling 
steers to steam-flaked corn-based diets using a complete 
starter feed. Prof. Anim. Sci. 28:482–488. doi: 10.15232/
S1080-7446(15)30389-2

Choi,  M.  S., Y.  J.  Kim, E.  Y.  Kwon, J.  Y.  Ryoo, S.  R.  Kim, 
and U. J. Jung. 2015. High-fat diets decreases energy ex-
penditure and expression of genes controlling lipid me-
tabolism, mitochondrial function and skeletal system 
development in the adipose tissue, along with increased 
expression of extracellular matrix remodelling- and 
inflammation-related genes. Br. J. Nutr. 113:867–877. doi: 
10.1017/S0007114515000100

Costa,  C., R.  Rizzieri, G.  Melo, L.  Müller, D.  Estevan, 
R.  Pacheco, D.  Millen, A.  Pereira, M.  Zanatta, 
B. Cappellozza, et al. 2020. Effects of fatty acid profile of 
supplements on intake, performance, carcass traits, meat 
characteristics, and meat sensorial analysis of feedlot 
Bos indicus bulls offered a high-concentrate diet. Transl. 
Anim. Sci. 4:1–20. doi: 10.1093/tas/txaa142

Counotte, G. H., R. A. Prins, R. H. Janssen, and M. J. de Bie. 
1981. Role of Megasphaera elsdenii in the fermen-
tation of DL-[2-13C]lactate in the rumen of dairy 
cattle. Appl. Environ. Microbiol. 42:649–655. doi: 
0099-2240/81/100649-07$02.00/0

DeClerck,  J.  C., N.  R.  Reeves, M.  F.  Miller, B.  J.  Johnson, 
G. A. Ducharme, and R. J. Rathmann. 2020a. Influence 
of dietary roughage level and Megasphaera elsdenii on 
feedlot performance and carcass composition of thin cull 
beef cows fed for a lean market. Transl. Anim. Sci. 4:159–
169. doi:10.1093/tas/txz180

DeClerck,  J.  C., N.  R.  Reeves, M.  F.  Miller, B.  J.  Johnson, 
G.  A.  Ducharme, and R.  J.  Rathmann. 2020b. The 

influence of Megasphaera elsdenii on rumen morphomet-
rics of cull cows immediately stepped up to a high-energy 
finishing diet. Transl. Anim. Sci. 4:194–205. doi:10.1093/
tas/txz185

DeClerck,  J.  C., Z.  E.  Wade, N.  R.  Reeves, M.  F.  Miller, 
B.  J.  Johnson, G.  A.  Ducharme, and R.  J.  Rathmann. 
2020c. Influence of Megasphaera elsdenii and feeding 
strategies on feedlot performance, compositional growth, 
and carcass parameters of early weaned, beef calves. 
Transl. Anim. Sci. 4:txaa031. doi:10.1093/tas/txaa031

Drouillard,  J.  S., P.  H.  Henning, H.  H.  Meissner, and K.-
J. Leeuw. 2012. Megasphaera elsdenii on the performance 
of steers adapting to a high-concentrate diet, using three 
or five transition diets. S. Afr. J. Anim. Sci. 42:195–199. 
doi:10.4314/sajas.v42i2.13

Gilbert,  C. D., D. K.  Lunt, R.  K.  Miller, S.  B.  Smith. 
2003.  Carcass, sensory, and adipose tissue traits of 
Brangus steers fed casein-formaldehyde-protected 
starch and/or canola lipid. J. Anim. Sci. 81:2457–2468. 
doi:10.2527/2003.81102457x

Henning, P. H., L. J. Erasmus, H. H. Meissner, and C. H. Horn. 
2011. The effect of dosing Megasphaera elsdenii NCIMB 
41125 (Me) on lactation performance of multiparous 
Holstein cows. S. Afr. J. Anim. Sci. 41:156–160.

Hocquette,  J.  F., F.  Gondret, E.  Baeza, F.  Medale, C.  Jurie, 
and D.  W.  Pethick. 2010. Intramuscular fat content in 
meat-producing animals: development, genetic and nu-
tritional control, and identification of putative markers. 
Animal. 4:303–319. doi:10.1017/S1751731109991091

Horn,  C.  H., A.  Kistner, and G.  Fouche. 2009. Selective en-
richment, isolation and characterization of fast growing 
acid-tolerant and ionophores-resistant lactate utilizers 
from rumen contents of animals on high-energy diets. 
In: Y.  Chilliard, F.  Glasser, Y.  Faulconnier, F.  Bocquier, 
I.  Veissier, and M.  Doreau, editors. Ruminant physi-
ology: Digestion, metabolism and effects of nutrition on 
reproduction and welfare. Wageningen (Netherlands): 
Wageningen Academic Publishers; p.  216–217. 
doi:10.3920/978-90-8686-683-0

Johnson,  B.  J., and K.  Y.  Chung. 2007. Alterations in the 
physiology of growth of cattle with growth-enhancing 
compounds. Vet. Clin. North Am. Food Anim. Pract. 
23:321–32, viii. doi:10.1016/j.cvfa.2007.05.003

Kettunen,  A., P.  H.  Henning, C.  H.  Horn, S.  Alaja, and 
J.  Apajalahti. 2008. Capability of Megasphaera elsdenii 
strain NCIMB 41125 and other probiotics to prevent ac-
cumulation of lactic acid in a rumen model. 6th INRA-
RRI Symposium on Gut Microbiome-Functionality; June 
18 to 20, 2008; Clermont-Ferrand, France; Abstract.

Kung, L., Jr, and A. O. Hession. 1995. Preventing in vitro lac-
tate accumulation in ruminal fermentations by inocula-
tion with Megasphaera elsdenii. J. Anim. Sci. 73:250–256. 
doi:10.2527/1995.731250x

Lofgreen,  G. P., and W. N. A.  Garrett. 1968. System for ex-
pressing net energy requirements and feed values for 
growing and finishing beef cattle. J. Anim. Sci. 27:793–
806. doi:10.2527/jas1968.273793x

Lofgreen, G. P., J. R. Dunbar, D. G. Addis, and J. G. Clark. 
1975. Energy level in starting rations for calves subjected 
to marketing and shipping stress. J. Anim. Sci. 41:1256–
1265. doi: 10.2527/jas1975.4151256x

Mazon,  G., M.  R.  Campler, C.  Holcomb, J.  M.  Bewley, 
J.  H.  C.  Costa. 2020. Effects of a Megasphaera elsdenii 

D
ow

nloaded from
 https://academ

ic.oup.com
/tas/article/5/3/txab091/6287602 by guest on 02 Septem

ber 2021

https://doi.org/10.3168/jds.2010-3783
https://doi.org/10.1042/bj0970053
https://doi.org/10.1152/ajplegacy.1971.221.2.586
https://doi.org/10.1152/ajplegacy.1971.221.2.586
https://doi.org/10.2527/2006.8413_supple25x
https://doi.org/10.15232/S1080-7446(15)30389-2
https://doi.org/10.15232/S1080-7446(15)30389-2
https://doi.org/10.1017/S0007114515000100
https://doi.org/10.1093/tas/txaa142
https://doi.org/0099-2240/81/100649-07$02.00/0
https://doi.org/10.1093/tas/txz180
https://doi.org/10.1093/tas/txz185
https://doi.org/10.1093/tas/txz185
https://doi.org/10.1093/tas/txaa031
https://doi.org/10.4314/sajas.v42i2.13
https://doi.org/10.2527/2003.81102457x
https://doi.org/10.1017/S1751731109991091
https://doi.org/10.3920/978-90-8686-683-0
https://doi.org/10.1016/j.cvfa.2007.05.003
https://doi.org/10.2527/1995.731250x
https://doi.org/10.2527/1995.731250x
https://doi.org/10.2527/jas1975.4151256x


10 Lopes et al.

Translate basic science to industry innovation

oral drench on reticulorumen pH dynamics in lactating 
dairy cows under subacute ruminal acidosis challenge. 
Anim. Feed Sci. Technol. 261:114404. doi: 10.1016/j.
anifeedsci.2020.114404

McDaniel,  M.  R., J.  M.  Heidenreich, J.  J.  Higgens, 
J.  S.  Drouillard, P.  H.  Henning, and C.  H.  Horn. 
2009. Investigation of the effects of a viable strain of 
Megasphaera elsdenii NCIMB 41125 on ruminal pH 
and ruminal concentrations of organic acids following a 
carbohydrate challenge [M.S. thesis] of M.R. McDaniel. 
Manhattan (KS): Kansas State University.

Muya,  M.  C., F.  V.  Nherera, K.  A.  Miller, C.  C.  Aperce, 
P.  M.  Moshidi, and L.  J.  Erasmus. 2015. Effect of 
Megasphaera elsdenii NCIMB 41125 dosing on rumen de-
velopment, volatile fatty acid production and blood β-hy-
droxybutyrate in neonatal dairy calves. J. Anim. Physiol. 
Anim. Nutr. (Berl). 99:913–918. doi:10.1111/jpn.12306.

Nagaraja,  T.  G., and K.  F.  Lechtenberg. 2007. Acidosis in 
feedlot cattle. Vet. Clin. North Am. Food Anim. Pract. 
23:333–50, viii. doi:10.1016/j.cvfa.2007.04.002.

NASEM. 2016. National Academies of Sciences, Engineering, 
and Medicine. Nutrient requirements of beef cattle model. 
8th rev. ed., Washington, DC: National Academic Press.

National Research Council (NRC). 1984. Nutrient require-
ments of beef cattle. 6th ed. Washington (DC): Natl. 
Acad. Press; p. 90. 

NRC. 1996. Nutrient requirements of beef cattle. 7th rev. ed. 
Washington, DC: Natl. Acad. Press.

Ogunade,  I., A.  Pech-Cervantes, and H.  Schweickart. 2019. 
Metatranscriptomic analysis of sub-acute ruminal acid-
osis in beef cattle. Animals 9:232. doi: 10.3390/ani9050232

Oliveira,  I.  M., P.  V.  R.  Paulino, M.  I.  Marcondes, 
S. C. Valadares Filho, E. Detmann, J. Cavali, M. S. Dutra, 
and R.  Mezzomo. 2011. Pattern of tissue deposition, 
gain and body composition of Nellore, F

1 Simmental 
× Nellore and F1 Angus × Nellore steers fed at main-
tenance or ad libitum with two levels of concentrate in 
the diet. R. Bras. Zootec. 40:2886–2893. doi: 10.1590/
S1516-35982011001200036

Owens, F. N., D. S. Secrist, W.  J. Hill, and D. R. Gill. 1998. 
Acidosis in cattle: a review. J. Anim. Sci. 76:275–286. 
doi:10.2527/1998.761275x

Pinto,  A.  C.  J., and D.  D.  Millen. 2019. Nutritional recom-
mendations and management practices adopted by feedlot 
cattle nutritionists: The 2016 Brazilian survey. Can. 
J. Anim. Sci. 99:392–407. doi: 10.1139/cjas-2018-0031

Reis, M. M., R. F. Cooke, B. I. Cappellozza, R. S. Marques, 
T.  A.  Guarnieri  Filho, M.  C.  Rodrigues, J.  S.  Bradley, 
C.  J.  Mueller, D.  H.  Keisler, S.  E.  Johnson, et  al. 2015. 
Creep-feeding to stimulate metabolic imprinting in nursing 
beef heifers: impacts on heifer growth, reproductive and 
physiological variables. Animal 9:1500–1508. doi:10.1017/
S1751731115000828

Richeson,  J.  T., K.  L.  Samuelson, and D.  J.  Tomczak. 2019. 
Energy and roughage levels in cattle receiving diets and 
impacts on health, performance, and immune responses. J. 
Anim. Sci. 97:3596–3604. doi: 10.1093/jas/skz159

Sainz, R. D., and E. Hasting. 2000. Simulation of the develop-
ment of adipose tissue in beef cattle. In: J. P. McNamara, 

J. France, D. E. Beever, editors. Modelling nutrient util-
ization in farm animals. New York: CAB International; 
p.175–182.

Samuelson,  K.  L., M.  E.  Hubbert, M.  L.  Galyean, and 
C.  A.  Löest. 2016. Nutritional recommendations of 
feedlot consulting nutritionists: The 2015 New Mexico 
State and Texas Tech University survey. J. Anim. Sci. 
94:2648–2663. doi:10.2527/jas.2016-0282.

Scheffler,  J.  M., M.  A.  McCann, S.  P.  Greiner, H.  Jiang, 
M.  D.  Hanigan, G.  A.  Bridges, S.  L.  Lake, and 
D. E. Gerrard. 2014. Early metabolic imprinting events in-
crease marbling scores in fed cattle. J. Anim. Sci. 92:320–
324. doi:10.2527/jas.2012-6209.

Schneider,  C.  J., B.  L.  Nuttelman, A.  L.  Shreck, 
D. B. Burken, W. A. Griffin, J. L. Gramkow, R. A. Stock, 
T.  J.  Klopfenstein, and G.  E.  Erickson. 2017. Use of a 
complete starter feed in grain adaptation programs for 
feedlot cattle. J. Anim. Sci. 95:3639–3653. doi:10.2527/
jas.2016.1115.

Smith, S. B., and B. J. Johnson. 2016. Marbling: management 
of cattle to maximize the deposition of intramuscular adi-
pose tissue. J. Anim. Sci. 94(Suppl. 5):382. doi: 10.2527/
jam2016-0794

Sutton,  J.  D., M.  S.  Dhanoa, S.  V.  Morant, J.  France, 
D.  J.  Napper, and E.  Schuller. 2003. Rates of produc-
tion of acetate, propionate, and butyrate in the rumen 
of lactating dairy cows given normal and low-rough-
age diets. J. Dairy Sci. 86:3620–3633. doi:10.3168/jds.
S0022-0302(03)73968-X.

UGC. Ultrasound Guidelines Council. 2014. Field technician 
study guide. [accessed December 20, 2020]. Available at 
http://www.ultrasoundbeef.com/uploads/Study_Guide_
Chapters_-_2012.zip.

Valadares  Filho,  S.  C., L.  F.  Costa  e  Silva, S.  A.  Lopes, 
L.  F.  Prados, M.  L.  Chizzotti, P.  A.  S.  Machado, 
L.  Z.  Bissaro, and T.  Furtado. 2016. BR-Corte 3.0. 
Cálculo de exigências nutricionais, formulação de dietas 
e predição de desempenho de zebuínos puros e cruzados. 
Viçosa, MG: UFV, Suprema Gráfica Ltda., 142 pp.

Van  Soest,  P.  J., J.  B.  Robertson, and B.  A.  Lewis. 1991. 
Methods for dietary fiber, neutral detergent fiber, and 
nonstarch polysaccharides in relation to animal nu-
trition. J. Dairy Sci. 74:3583–3597. doi:10.3168/jds.
S0022-0302(91)78551-2.

Vernon, R. G. 1981. Lipid metabolism in the adipose tissue of 
ruminants. In: W.W. Christie editor. Lipid metabolism in 
ruminant animals. Oxford: Permagon Press; p. 279–362.

Weiss, W. P., H. R. Conrad, and N. R. St. Pierre. 1992. A the-
oretically-based model for predicting total digestible nu-
trient values of forages and concentrates. Anim. Feed Sci. 
Technol. 39:95–110. doi:10.1016/0377-8401(92)90034-4

Yu, P., J. T. Huber, F. A. Santos, J. M. Simas, and C. B. Theurer. 
1998. Effects of ground, steam-flaked, and steam-rolled 
corn grains on performance of lactating cows. J. Dairy Sci. 
81:777–783. doi:10.3168/jds.S0022-0302(98)75634-6

Zinn, R. A., and Y. Shen. 1998. An evaluation of ruminally de-
gradable intake protein and metabolizable amino acid re-
quirements of feedlot calves. J. Anim. Sci. 76:1280–1289. 
doi:10.2527/1998.7651280x

D
ow

nloaded from
 https://academ

ic.oup.com
/tas/article/5/3/txab091/6287602 by guest on 02 Septem

ber 2021

https://doi.org/10.1016/j.anifeedsci.2020.114404
https://doi.org/10.1016/j.anifeedsci.2020.114404
https://doi.org/10.1111/jpn.12306
https://doi.org/10.1016/j.cvfa.2007.04.002
https://doi.org/10.3390/ani9050232
https://doi.org/10.1590/S1516-35982011001200036
https://doi.org/10.1590/S1516-35982011001200036
https://doi.org/10.2527/1998.761275x
https://doi.org/10.1139/cjas-2018-0031
https://doi.org/10.1017/S1751731115000828
https://doi.org/10.1017/S1751731115000828
https://doi.org/10.1093/jas/skz159
https://doi.org/10.2527/jas.2016-0282
https://doi.org/10.2527/jas.2012-6209
https://doi.org/10.2527/jas.2016.1115
https://doi.org/10.2527/jas.2016.1115
https://doi.org/10.2527/jam2016-0794
https://doi.org/10.2527/jam2016-0794
https://doi.org/10.3168/jds.S0022-0302(03)73968-X
https://doi.org/10.3168/jds.S0022-0302(03)73968-X
http://www.ultrasoundbeef.com/uploads/Study_Guide_Chapters_-_2012.zip
http://www.ultrasoundbeef.com/uploads/Study_Guide_Chapters_-_2012.zip
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.1016/0377-8401(92)90034-4
https://doi.org/10.3168/jds.S0022-0302(98)75634-6
https://doi.org/10.2527/1998.7651280x

