Journal of Animal Science, 2020, Vol. 98, No. 5, 1-12

doi:10.1093/jas/skaa123

Advance Access publication April 20, 2020
Received: 13 March 2020 and Accepted: 16 April 2020
AMERICAN SOCIETY OF ANIMAL SCIENCE Fetal Programming

FETAL PROGRAMMING

Maternal supplementation of energy and protein, but
not methionine hydroxy analog, enhanced postnatal
growth and response to vaccination in Bos

indicus-influenced beef offspring

Philipe Moriel,"* Marcelo Vedovatto,’ Elizabeth A. Palmer,?
Rhaiza A. Oliveira,’ Hiran Marcelo Silva,’ Juliana Ranches,* and
Joao M. B. Vendraminif

IFAS - Range Cattle Research and Education Center, University of Florida, Ona, FL 33865, *Eastern Oregon Agricultural
Research Center, Oregon State University, Burns, OR 97720

!Corresponding author: pmoriel@ufl.edu

ORCiD number: 0000-0002-9349-7575 (P. Moriel).

Abstract

A 2-yr study evaluated the growth and postvaccination immune response of beef calves born from heifers offered no
supplementation or pre- and postpartum supplementation of sugarcane molasses + urea with or without methionine hydroxy
analog (MHA). On day 0 of each year (57 + 5 d prepartum), Brangus crossbred beef heifers (n = 36/yr; 20 to 22 mo of age) were
stratified by their initial body weight (BW; 396 + 24.1 kg) and body condition score (BCS; 5.6 + 0.43) and randomly allocated
into 1 of 12 bahiagrass (Paspalum notatum) pastures (3 heifers/pasture). Treatments were randomly assigned to pastures (4
pastures/treatment/yr) and consisted of no supplementation (NOSUP) and supplementation of sugarcane molasses + urea

(7.2 kg of DM/heifer/wk) with (MOL+) or without (MOL-) fortification with 105 g/heifer/wk of MHA. Treatments were provided
from 57 + 5 d prepartum until 17 + 5 d postpartum (day O to 74). On day 74, all heifer-calf pairs were combined and managed
as a single group until the end of the breeding season (day 237). Calves were early weaned at 89 + 5 d of age (day 147), limit-fed
at 3.5% of BW (DM basis) in drylot until day 201, and vaccinated against respiratory disease pathogens on days 160 and 188.
Prepartum BCS on day 44 did not differ (P = 0.26) between MOL+ and MOL- heifers but both groups had greater (P < 0.0001)
BCS than NOSUP heifers. Plasma concentrations of L-methionine on day 44 were the greatest (P < 0.04) for MOL+ heifers and
did not differ (P = 0.40) between NOSUP vs. MOL- heifers. Calf birth BW did not differ (P = 0.13) among treatments. Calf average
daily gain (ADG) from birth to day 201 did not differ (P > 0.17) between MOL+ vs. MOL~- calves, but both groups had greater (P

< 0.05) ADG from birth to day 201 than NOSUP calves. Calf postvaccination plasma concentrations of glucose, cortisol, and
haptoglobin did not differ among treatments (P > 0.13). However, plasma concentrations of IGF-1 on day 167 and the overall
positive vaccine seroconversion did not differ (P > 0.18) between MOL- and MOL+ calves, but both were greater (P < 0.04)
compared with NOSUP calves. Hence, maternal supplementation of sugarcane molasses + urea increased BCS at calving and
offspring BW gain and response to vaccination against respiratory pathogens compared with no maternal supplementation.
MHA inclusion into maternal supplements effectively increased maternal plasma L-methionine concentrations but did not
enhance maternal BCS at calving and offspring growth and postvaccination immune response.
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Abbreviations

ADG average daily gain

BCS body condition score

BVDV bovine viral diarrhea virus

BW body weight

CP crude protein

DM dry matter

GF gain:feed

IGF-1 insulin-like growth factor 1
IGF-2 insulin-like growth factor 2
IVDOM in vitro digestible organic matter
MAT1A methionine adenosyltransferase 1A
MHA methionine hydroxy analog
NEm Net Energy for maintenance

PI-3 parainfluenza-3 virus
SAMS adenosyl methionine

Introduction

Beef cattle in the Southeast United States rely primarily on
warm-season forages of limited nutritive value, which may
lead to energy and protein deficiency in late-gestating beef
cows (NASEM, 2016). Maternal prepartum supplementation
of protein (Kennedy et al., 2019), energy (Moriel et al., 2016),
and methionine (Alharthi et al., 2018) offers an opportunity to
modulate postnatal growth and immune response of beef and
dairy calves. For instance, energy restriction in late-gestating Bos
taurus beef cows weakened the offspring innate and humoral
immune response to vaccination (Moriel et al., 2016), whereas
maternal prepartum supplementation of methionine altered
DNA methylation (Alharthi et al., 2018) and expression genes
linked to hepatic gluconeogenesis and inflammation in B. taurus
dairy calves (Jacometo et al., 2016).

Despite growing evidence in nonruminants and B. taurus
cattle, few studies have addressed the role of maternal
supplementation of protein, energy, and methionine during
late gestation and their influence on postnatal development
of B. indicus-influenced beef offspring. Bos indicus and B. taurus
differ in reproductive physiology, nutritional requirements,
social behavior, digestive system, and body composition (Cooke
et al., 2020) and have been shown to elicit opposite outcomes
following similar nutritional strategies (Piccolo et al., 2018;
Moriel et al., 2019a). Our hypothesis was that energy and protein
supplementation for growing, pregnant B. indicus-influenced
beef heifers would enhance offspring postnatal growth
and postvaccination immune response compared with no
maternal supplementation. Also, supplement fortification with
methionine hydroxy analog (MHA) would lead to the greatest
improvements in offspring growth and immunity. Our objectives
were to evaluate body weight (BW) growth and measurements
of the innate and humoral immune response of beef calves born
from heifers offered no supplementation or sugarcane molasses
+ urea supplementation with or without MHA during pre- and
postpartum periods.

Materials and Methods

The 2-yr experiment was conducted at the University of Florida,
Institute of Food and Agricultural Sciences, Range Cattle
Research and Education Center (RCREC), Ona, Florida (27°23'N
and 81°56'W) from August to March of 2018 (year 1) and 2019
(year 2). All animals used in this experiment were cared for by

practices approved by the University of Florida—Institute of
Animal Care and Use Committee (protocol #201709982).

Animals and diets

Maternal management

On day 0 of years 1 and 2 (57 = 5 d prepartum), Brangus crossbred
beef heifers (n = 36/yr; 20 to 22 mo of age) were stratified by their
initial BW and body condition score (BCS; mean + SD here and
throughout: 396 + 24.1 kg and 5.6 + 0.43, respectively) and then
randomly allocated into 1 of 12 bahiagrass pastures (3 heifers/
pasture/yr and 1.2 ha/pasture/yr). Treatments were randomly
assigned to pastures (4 pastures/treatment/yr) and consisted
of no supplementation of sugarcane (Saccharum officinarum)
molasses + urea (NOSUP) and supplementation of sugarcane
molasses + urea (7.2 kg of dry matter (DM)/heifer/wk; Westway
Feed Products LLC, Clewiston, FL; Table 1) with (MOL+) or without
(MOL-) fortification with 105 g/heifer/wk of MHA. Treatments
were provided from day 0 (57 = 5 d prepartum) until all heifers
within each pasture calved (17 + 5 d postpartum; day 74).
Molasses + urea supplement was formulated to allow heifers to
gain 0.5 BCS during late gestation (NASEM, 2016). The respective
total weekly amount of MOL+ and MOL- supplements was
divided into two equal quantities and offered in open tanks every
Tuesday and Friday at 0800 hours. Feed bunks for MOL- and
MOL+ supplementation were placed 1 m above ground to avoid
calf consumption of maternal treatment supplements from
birth until day 74. The MHA source utilized herein was a granular
feed source of L-methionine precursor (2-hydroxy-4-methylthio
butanoic acid), provided in Ca salt form (MFP, Novus International
Inc.,, Romance, AR), and hand-mixed into supplements
immediately before every supplementation event. The MHA
dosage utilized herein was the highest dosage recommended by
the company for growing beef heifers (15 g/d of MHA) and was
50% greater than the MHA amount that effectively increased the
circulating concentrations of methionine equivalents in late-
gestating B. taurus beef cows (Clements et al., 2017).

Offspring management

On day 74, all heifers and their calves were combined into a
single bahiagrass pasture (14.4 ha) and offered free-choice access
to long-stem stargrass (Cynodon nlemfuensis) hay (Table 1) and
12.7 kg of DM/heifer/wk of the molasses + urea supplementation
without MHA fortification (Table 1). All calves were early weaned
at 89 + 5 d of age (day 147) and then transferred to a single drylot
pen. Early weaning was implemented to improve the reproductive
performance of primiparous B. indicus-influenced beef cows
(Arthington and Kalmbacker, 2003) and also to simultaneously
achieve similar calf feed DM intake among all treatments.
Following calf early weaning, heifers remained on the same
bahiagrass pasture and were placed with two Brangus bulls for
a 90-d breeding season (day 147 to 237) and offered 12.7 kg of
DM/heifer/wk of molasses + urea supplementation without MHA
fortification until day 237. Early-weaned calves remained in a
single partially covered drylot pen (20 x 40 m; 1.5 m of bunk space
per calf) from day 147 to 154 to overcome the stress of weaning.
During this 8-d period, calves were: (1) offered free-choice access
to long-stem stargrass hay (Table 1) and water and 0.50 kg/d of
a pelletized preconditioning supplement (guaranteed analysis,
as fed: 14% CP, 1.0% fat, 18% fiber, 0.75% Ca, 0.40% P, and 0.40%
NaCl; Land O’Lakes Purina Feed LLC, Gray Summit, MO) and (2)
gradually adapted to a high concentrate-based diet (Table 1) by
daily increasing the high-concentrate diet DM offered from 0% to
3.5% of BW (increments of 0.5% of BW daily; DM basis).
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Table 1. Average nutritional composition® of sugarcane molasses + urea supplement offered to heifers from day 0 to 237 and long-stem stargrass
(Cynodon nlemfuensis) hay and high-concentrate diet offered to calves from early weaning until drylot exit (day 147 to 201)

Sugarcane molasses + urea

supplement? Stargrass hay High-concentrate diet
Item Year 1 Year 2 Year 1 Year 2 Year 1 Year 2
DM, % 76.7 80.0 95.4 92.3 95.4 89.8
CP, % 21.3 22.9 5.60 9.00 26.1 28.3
Crude fat, % 2.10 1.30 — — — —
ADF, % — — 434 45.8 28.1 193
NDF, % — — 79.7 75.1 37.1 37.7
TDN?, % 74.0 76.0 52.0 55.0 75.0 75.0
NEm?*, Mcal/kg 1.80 1.85 0.90 1.01 1.81 1.81
NEg*, Mcal/kg 1.17 1.21 0.35 0.46 1.19 1.17
Ca, % 0.89 0.91 0.19 0.25 1.16 1.69
P, % 0.10 0.11 0.14 0.19 0.52 0.62
Mg, % 0.39 0.33 0.31 0.14 0.25 0.30
K, % 4.80 5.25 0.55 1.16 1.39 1.51
Na, % 0.09 0.12 0.04 0.02 0.07 0.07
S, % 1.28 1.04 0.12 0.13 0.38 0.32
Fe, mg/kg 168 130 74.0 35.0 167 195
Zn, mg/kg 12.0 13.0 17.0 30.0 49.0 65.0
Cu, mg/kg 4.00 4.00 6.00 3.00 8.00 9.00
Mn, mg/kg 11.0 13.0 20.0 35.0 21.0 28.0
Mo, mg/kg 1.20 1.50 0.30 0.30 2.00 1.80

tSamples of sugarcane molasses + urea supplement were collected every 28 d, whereas samples of hay and high-concentrate diet were
collected weekly throughout the study. All samples were pooled within each year and then sent in duplicates to a commercial laboratory

(Dairy One Forage Laboratory, Ithaca, NY) for wet chemistry analyses.
2As-fed basis: 92% liquid sugarcane molasses, 4% urea, and 4% water.

3Calculated as described by Weiss et al. (1992).
“Calculated using the equations proposed by the NRC (2000).

On day 154, 24 calves/yr were randomly selected (4 steer and 4
heifer calves/treatment/yr) and transferred to individual concrete
floor pens (3 x 6 m; 1.5 m of bunk space per calf) in a fully covered
drylot facility (maximum drylot capacity = 24 individual pens)
and individually fed the same high-concentrate diet (Table 1)
once daily at 0800 hours until day 201. The remaining calves not
assigned to drylot period were removed from the study. A high-
concentrate diet was limit-fed to calves in drylot at 3.5% of BW
(DM basis). From day 154 to 201, calves were also provided 1 kg/d of
long-stem stargrass hay (Table 1) and free-choice access to water
and a complete salt-based mineral supplement (Cattle Select
Essentials Range, Lakeland Animal Nutrition, Lakeland, FL; 6.0%,
0.10%, 0.10%, 0.30%, 63%, and 1.0% of Ca, K, Mg, S, NaCl, and P,
respectively, and 50, 1,500, 800, 210, 500, 40, and 3,000 mg/kg of Co,
Cu, Fe, I, Mn, Se, and Zn, respectively). On day 160, all calves were
administered oral drench of fenbendazole (5 mg of fenbendazole/
kg of BW; Safe-Guard, Merck Animal Health, Summit, NJ) and
vaccinated against infectious bovine rhinotracheitis, bovine viral
diarrhea viruses (BVDV), parainfluenza-3 virus (PI-3), Mannheimia
haemolytica (2 mL s.c.; Bovi Shield Gold One Shot; Zoetis Inc., New
York, NY), and Clostridium (2 mL s.c.; Ultrabac 7, Zoetis Inc., New
York, NY). Booster vaccinations with Bovi Shield Gold 5 (2 mL s.c.;
Zoetis Inc.) and Ultrabac 7 (2 mL s.c.; Zoetis Inc.) were administered
on day 188. This vaccination protocol was selected as our model
to elicit an acute-phase response (Artioli et al., 2015; Moriel et al.,
2016; Silva et al.,, 2018). Calf health was monitored daily by trained
personal from birth to the end of the study. No signs of health
problems were detected, and no calf was removed from the study.

Data and sample collection

Individual full BW and BCS of heifers were assessed on
days 0, 44, and 147. Shrunk BW of pregnant heifers was not

implemented to not disturb feeding behavior and avoid any
unnecessary prenatal physiological stress response due to feed
and water withdrawal (Marques et al., 2012), which could affect
the postnatal evaluation of growth and immune response of
the offspring (Littlejohn et al., 2016). Heifer BCS was performed
by two trained technicians as described by Wagner et al. (1988).
Blood samples (approximately 10 mL) were collected from
all heifers, via jugular venipuncture into sodium heparin (158
USP)-containing tubes (Vacutainer, Becton Dickinson, Franklin
Lakes, NJ), 4 h after morning supplementation on days 0 and
44 to determine the plasma concentrations of glucose, insulin-
like growth factors 1 and 2 (IGF-1 and IGF-2), L-methionine,
methionine adenosyltransferase 1A (MAT1A), and S-adenosyl
methionine (SAM). Blood samples were collected 4 h after
supplementation to correspond to the peak of ruminal
fermentation and end products release after supplement
intake (Artioli et al., 2015; Moriel et al., 2016; Silva et al., 2018).
The percentage of heifers pregnant with their second calf crop
was determined via rectal palpation by a trained veterinarian
approximately 45 d after the end of the breeding season (day
282). Heifers were checked twice daily for calving. Individual calf
birth BW obtained within 12 h of birth.

Shrunk BW of calves was recorded on days 147,154, and 201,
following 12 h of feed and water withdrawal. Blood samples
(approximately 10 mL) were collected from all calves assigned
to the drylot phase, via jugular venipuncture into sodium
heparin (158 USP)-containing tubes (Vacutainer, Becton
Dickinson, Franklin Lakes, NJ), 4 h after high-concentrate
diet supplementation on days 154, 160, 161, 163, 167, and 188
to determine the plasma concentrations of glucose, IGF-1,
cortisol, and haptoglobin. Additional blood samples (10 mL)
were collected from all calves, via jugular venipuncture into
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tubes containing no additives (Vacutainer, Becton Dickinson),
on days 160, 188, and 201 to determine serum titers against
PI-3 and BVDV-1a. All blood samples (heifers and calves) were
immediately placed on ice following collection and then
centrifuged at 1,200 x g for 25 min at 4 °C. Serum and plasma
samples were stored frozen at —-20 °C until later laboratory
analysis.

Herbage mass and hand-plucked samples of pastures
to assess nutritive value (crude protein, CP; and in vitro
digestible organic matter, IV'DOM) were collected on days 0
and 44 using the double sampling technique (Gonzalez et al.,
1990). Herbage allowance was calculated for each pasture as
the herbage mass on days 0 and 44 divided by the respective
total heifer BW on days 0 and 44 (Sollenberger et al., 2005).
Hand-plucked samples of supplements offered to heifers were
collected every 28 d from day O to 147, whereas samples of
high-concentrate diet and hay offered to calves were collected
every week from day 147 to 201. Immediately after collection,
all forage and feed samples were dried in a forced-air oven at
56 °C for 72 h and ground in a Wiley mill (model 4, Thomas-
Wiley Laboratory Mill, Thomas Scientific, Swedesboro, NJ) to
pass a 4-mm stainless steel screen.

Supplement DM disappearance (% of initial DM offered)
was calculated as the total number of hours to consume
100% of the initial supplement DM offered in each respective
pasture and assessed on days 14, 28, and 44. Samples of
supplements offered to heifers and hay and high-concentrate
diet offered to calves were pooled within a year and analyzed
in duplicates (Table 1) by a commercial laboratory (Dairy One
Forage Laboratory, Ithaca, NY) for concentrations of CP (method
984.13; AOAC, 2006), total digestible nutrients (TDN) (Weiss et al.,
1992), Net Energy for maintenance (NEm), and Net Energy for
gain (NRC, 2000). Nutritive value analyses of pastures samples
(Table 2) were performed in duplicates at the University of
Florida Forage Evaluation Support Laboratory using the micro-
Kjeldahl technique for N (Gallaher et al., 1975) and the two-stage
technique for IV'DOM (Moore and Mott, 1974).

Laboratory analyses

Plasma concentrations of IGF-1 were assessed using a human-
specific commercial ELISA kit (SG100; R&D Systems Inc,,
Minneapolis, MN) previously validated for bovine samples
(Moriel et al., 2012). Commercial bovine ELISA kits were utilized
to determine the plasma concentrations of IGF-2 (LS-F51244;
LifeSpan BioSciences, Inc., Seattle, WA), MAT1A (MBS075055;
MyBioSource, San Diego, CA), and SAM (EKU08443; Biomatik USA,
LLC, Wilmington, DE). Intra-assay and inter-assay coefficient
of variation (CV) for IGF-1, IGF-2, MAT1A, and SAM were 1.70%
and 5.70%, 6.33% and 5.62%, 3.80% and 4.15%, and 6.8% and

7.2%, respectively. Plasma concentrations of L-methionine
were assessed in a single assay by a commercial laboratory
(Seventh Wave Laboratories, LLC, Maryland Heights, MO)
using liquid chromatography-mass spectrometry techniques
(Clements et al., 2017). Lower and upper limit quantitation were
0.5 and 50 pg/mL, respectively. Intra-assay CV for analysis of
L-methionine was 4.50%.

Plasma concentrations of glucose were determined using
quantitative colorimetric kits (#G7521; Pointe Scientific Inc.,
Canton,MI).Plasmaconcentrationsofhaptoglobin wereevaluated
using a biochemical assay assessing haptoglobin-hemoglobin
complex by the estimation of differences in peroxidase activity
(Cooke and Arthington, 2013). Plasma concentrations of cortisol
were determined using chemiluminescent enzyme immuno-
assays (Immulite 1000; Siemens Medical Solutions Diagnostics,
Los Angeles, CA; Silva et al., 2018). Intra-assay and inter-assay
CV for glucose, haptoglobin, and cortisol were 2.26% and 2.34%,
1.56% and 2.05%, and 2.46% and 3.08%, respectively.

Serum antibody titers against BVDV-1a and PI-3 viruses were
evaluated by the Oklahoma Animal Disease and Diagnostic
Laboratory using a virus neutralization test (Rosenbaum et al.,
1970). Serum PI-3 and BVDV-1la titers were reported as the
log, of the greatest dilution of serum that provided complete
protection of the cells (lowest and greatest dilutions tested were
1:4 and 1:256, respectively). For the seroconversion analyses,
serum samples with neutralization value of less than 4 were
considered negative and assigned a value of 0, whereas samples
with serum neutralization value equal or greater than 4 were
considered positive and assigned a value of 1. Subsequently, the
assigned values (0 or 1) were used to determine the percentage
of calves with positive seroconversion (Artioli et al., 2015; Moriel
et al., 2016; Silva et al., 2018).

Statistical analyses

Except for binary data, all data were analyzed as a complete
randomized study using the MIXED procedure of SAS (SAS
Institute Inc., Cary, NC, USA, version 9.4) with Satterthwaite
approximation to determine the denominator degrees of
freedom for the test of fixed effects. Pasture was considered the
experimental unit for all statistical analyses. Random effects in
all statistical analyses were pasture (maternal supplementation
x year) and heifer (pasture) or calf (pasture), except for herbage
mass which included only pasture (maternal supplementation
x year) as a random effect. Heifer BW and BCS, herbage mass
and allowance, calf BW, and plasma data of heifers and calves
were analyzed as repeated measures and tested for fixed effects
of year, day of the study, maternal supplementation, and all
resulting interactions. Heifer (pasture) or calf (pasture) was

Table 2. Average herbage mass and allowance, IVDOM, and CP of bahiagrass pastures (4 pastures/treatment/yr; 3 heifers and 1.2 ha/pasture)*

Treatment? P-value
Item NOSUP MOL- MOL+ SEM Trt Trt x day
Herbage mass, kg DM/ha 4,545 4,588 4,570 62.6 0.90 0.91
Herbage allowance, kg DM/kg BW 3.75 3.68 3.86 0.081 0.41 0.57
IVOMD, % 36.2 33.7 35.6 1.08 0.28 0.55
CP, % of DM 7.71 7.49 7.71 0.099 0.14 0.97

'Herbage mass and hand-plucked samples of pastures were collected on days 0 and 44 using the double sampling technique (Gonzalez et al.,
1990). Herbage allowance was calculated as the herbage mass divided by the total heifer BW in each pasture (Sollenberger et al., 2005).
*Treatments were provided to heifers from 57 + 5 d prepartum until 17 + 5 d postpartum (day O to 74) and consisted of NOSUP, no
supplementation; MOL-, sugarcane molasses and urea supplemented at 7.2 kg DM/heifer/wk; MOL+, sugarcane molasses and urea (7.2 kg DM/

heifer/wk) fortified with 105 g MHA/heifer/wk.



included as subjects and the compound symmetry covariance
structure included in all repeated measures analyses, as it
generated the lowest Akaike information criterion (except for
plasma concentrations of glucose and IGF-1 of heifers which
utilized the autoregressive 1 covariance structure). Calf age
at early weaning and sex were included as covariates into all
statistical analyses of calf data but removed from the model
if P > 0.10. Heifer supplement disappearance, calf birth BW,
average daily gain (ADG), gain:feed (G:F), and DM intake were
tested for fixed effects of maternal supplementation, year, and
maternal supplementation x year. Heifer reproductive and
calf seroconversion data were analyzed using the GLIMMIX
procedure of SAS. Pregnancy and calving percentages of
heifers and percentage of male calves at birth were tested for
fixed effects of year, maternal supplementation, and maternal
supplementation x year. Positive seroconversion was analyzed
as repeated measures and tested for fixed effects of maternal
supplementation, day of the study, year, and all resulting
interactions. All results are reported as least-square means. Data
were separated using PDIFF if a significant F-test was detected.
Significance was set at P < 0.05, and tendencies were noted if
P >0.05 and <0.10.

Results

Maternal performance

Effects of maternal supplement x day of the study x year
and maternal supplementation x year were not detected for
any variable analyzed in the study (P > 0.12). Effects of day of
the study, but not maternal supplementation and maternal
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supplementation x day of the study (P > 0.14), were detected
(P <0.0001) for herbage mass, herbage allowance, CP, and IVDOM
(Table 2). Herbage mass and allowance increased from day 0 to
44 (4,041 vs. 5,104 + 66 kg of DM/ha and 3.44 vs. 4.08 + 0.054 kg
of DM/kg of BW, respectively), whereas CP and IVDOM decreased
from day O to 44 (8.18% vs. 7.09 + 0.085% CP of DM and 63.2% vs.
55.4 + 0.80 % IVDOM, respectively).

Effects of maternal supplementation were not detected (P
> 0.42) for days on treatment during the pre- and postpartum
periods (Table 3). Hence, heifers were provided their respective
treatments for 57 + 5 d prepartum and 17 + 5 d postpartum.
Effects of maternal supplementation x day of the study and
day of the study were not detected (P > 0.68) for supplement
disappearance, but overall hours for total supplement
disappearance was greater (P = 0.01) for MOL+ vs. MOL- heifers
(59 vs. 31 £ 5.7 h, respectively).

Effects of maternal supplementation x day of the study were
detected (P = 0.05) for heifer BCS but not BW (P = 0.60; Table 3).
Heifers offered MOL+ and MOL- supplementation had greater
(P <0.006) BCS gain from day 0 to 44 and BCS on day 44 compared
with NOSUP heifers. Heifer BCS gain from day 0 to 44 and BCS on
day 44 did not differ (P > 0.26) between MOL+ and MOL- heifers.
However, MOL+ and MOL- heifers had a greater (P < 0.05) BCS
loss from day 44 to 147 compared with NOSUP heifers. Heifer
BCS on day 147 did not differ (P > 0.17) among treatments. Effects
of maternal supplementation were not detected (P > 0.12) for the
percentage of pregnant heifers on day 288, percentage of heifers
calving, and calving date of their second calf (Table 3).

Effects of maternal supplementation x day of the study,
maternal supplementation, and day of the study were not
detected (P > 0.39) for plasma concentrations of SAM and glucose

Table 3. Growth and reproductive performance of beef heifers offered NOSUP, MOL+, or MOL- for 57 + 5 d prepartum and 17 + 5 d postpartum

(day O to 74; 4 pastures/treatment/yr)

Maternal supplementation* P-value

Item NOSUP MOL- MOL+ SEM Trt Trt x day
Days on treatment

Prepartum 59 57 55 5.1 0.85 —

Postpartum 18 15 18 4.6 0.42 —
Heifer BW, kg

Day 0 396 397 396 5.2 0.25 0.60

Day 44 408 419 425 5.2

Day 147 352 358 357 5.2
Heifer BW change, kg

Day 0 to 44 122 23 30° 6.0 0.09 —

Day 44 to 147 -57 -61 -69 5.1 0.23 —
Heifer BCS

Day 0 5.67 5.65 5.69 0.084 0.04 0.05

Day 44 5.772 6.10° 6.17°

Day 147 4.85 4.95 5.01
Heifer BCS change

Day 0 to 44 0.092 0.42° 0.49° 0.081 0.002 —

Day 44 to 147 -0.932 -1.16° -1.17° 0.099 0.10 —
Pregnant 2nd calf crop?, % of total 91.7 95.8 93.8 4.20 0.78 —
Calving 2nd calf crop?, % of total 79.2 81.3 93.8 5.37 0.12 —
Calving date 2nd calf crop?, day of the study 446 450 447 7.4 0.93 —

Total weekly amount of MOL+ and MOL- supplementation was divided by 2 and offered every Tuesday and Friday. The MHA was provided in
Ca salt form (MFP, Novus International Inc., Romance, AR) and hand-mixed into supplements immediately before supplementation. Heifers

received 12.7 kg of DM/heifer/wk of molasses + urea from day 75 to 237.

’On day 147, all calves were weaned, and heifers were placed with two Brangus bulls until day 237. The percentage of heifers pregnant with
their second calf crop was determined via rectal palpation by a trained veterinarian on day 282. Heifers calved their second calf crop around

day 446 to 450 of the study.

#*Within a row, means without a common superscript differ (P < 0.05).
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Table 4. Plasma concentrations of L-methionine, MAT1A, SAM, IGF-1, IGF-2, and glucose of beef heifers offered NOSUP, MOL+, or MOL- for 57 +
5 d prepartum and 17 + 5 d postpartum (day O to 74; 4 pastures/treatment/yr)

Maternal supplementation® P-value
Item NOSUP MOL- MOL+ SEM Trt Trt x day
Plasma L-methionine, pg/mL
Day 0 3.442 3.412 3.407 0.117 0.16 0.06
Day 44 3.062 3.222 3.58° 0.117
P2 0.06 0.27 0.08
Plasma MAT1A, pg/mL
Day 0 1,6202 1,5582 1,6332 111 0.09 0.08
Day 44 1,131° 1,484° 1,576 115
P2 0.002 0.62 0.72
Plasma SAM, ng/mL
Day 0 256 268 263 19.3 0.61 0.90
Day 44 236 249 260 19.8
P? 0.48 0.52 0.90
Plasma IGF-1, ng/mL
Day 0 64.42 63.92 67.12 2.76 0.52 0.05
Day 44 41.4° 46.7% 50.3° 2.76
P2 <0.0001 0.0006 0.0008
Plasma IGF-2, ng/mL
Day 0 2272 2577 2552 38.2 0.59 0.06
Day 44 1862 298° 274° 42.2
P2 0.49 0.48 0.75
Plasma glucose, ng/mL
Day 0 66.8 66.1 66.8 1.82 0.87 0.70
Day 44 71.9 72.5 71.9 1.82
P? 0.02 0.003 0.08

*Total weekly amount of MOL+ and MOL- supplementation was divided by 2 and offered every Tuesday and Friday. The MHA was provided in
Ca salt form (MFP, Novus International Inc., Romance, AR) and hand-mixed into supplements immediately before supplementation.
?P-value for the comparison of day of the study within each respective treatment.

#PWithin a row, means without a common superscript differ (P < 0.05).

(Table 4). Effects of maternal supplementation x day of the study
were detected (P = 0.05) for heifer plasma concentrations of IGF-1
and tended to be detected for heifer plasma concentrations of
L-methionine (P = 0.06), MAT1A (P = 0.08), and IGF-2 (P = 0.06;
Table 4). Plasma concentrations of IGF-1, L.-methionine, MAT1A,
and IGF-2 did not differ (P > 0.42) among treatments on day
0. Plasma concentrations of IGF-1 on day 44 were greater (P = 0.02)
for MOL+ vs. NOSUP heifers and intermediate (P > 0.16) for MOL-
heifers. Plasma concentrations of L-methionine on day 44 were
the greatest (P < 0.04) for MOL+ heifers and did not differ (P = 0.40)
between NOSUP vs. MOL- heifers. Plasma concentrations of
MAT1A and IGF-2 on day 44 were the least (P < 0.04) for NOSUP
and did not differ (P > 0.56) between MOL- vs. MOL+ heifers.

Offspring performance

Percentage of male calves at birth and calf birth BW did not
differ (P > 0.13) among treatments (Table 5). Effects of maternal
supplementation x day of the study were detected (P = 0.05) for
calf BW. Calf BW did not differ (P > 0.13) among treatments on day
147. Calves born from MOL+ and MOL- cows tended (P = 0.07) to
have greater BW on day 154 and had greater (P < 0.05) BW on day
201 compared with NOSUP calves (Table 5). Calf BW and ADG did
not differ (P > 0.17) between MOL+ vs. MOL- calves on any day of
the study, but both groups had greater (P < 0.05) ADG from day
147 to 154, day 154 to 201, and birth to day 201 compared with
NOSUP calves (Table 5). DM intake (hay, high-concentrate diet,
and total) and G:F from day 154 to 201 did not differ (P = 0.39)
among treatments (Table 5).

Effects of maternal supplementation were detected (P = 0.0006)
for plasma IGF-1 concentrations of calves (Figure 1). Plasma

concentrations of IGF-1 did not differ (P > 0.31) among treatments
from day 154 to 163 but were greater (P < 0.04) for MOL+ and MOL—
vs. NOSUP calves on day 167. Effects of maternal supplementation
x day of the study and maternal supplementation were not
detected (P > 0.13) for calf plasma concentrations of glucose,
cortisol, haptoglobin, and serum titers against BVDV-1a and PI-3
(Table 6). However, effects of maternal supplementation were
detected (P < 0.02) for positive seroconversion against BVDV-1a
and PI3 (Table 6), which did not differ (P > 0.18) between MOL-
and MOL+ calves, but both had greater (P < 0.04) seroconversion
percentages compared with NOSUP calves.

Discussion

Maternal performance

Sugarcane molasses + urea supplementation can be provided
infrequently and in large amounts due to its self-limiting and
slow-rate intake characteristics (Moriel et al., 2019b).The addition
of methionine to supplements decreased the supplement intake
of growing calves (Hersom et al., 2009; Moriel and Arthington,
2013). Likewise, the addition of MHA to sugarcane molasses
slowed the rate of sugarcane molasses + urea supplement
disappearance by 28 h compared with MOL- supplement,
without detrimental impacts to heifer growth performance.
The addition of MHA to liquid supplements may be used to
effectively limit daily supplement intake of grazing cattle.

In the current study, herbage mass and allowance did not
differ among treatments and were in average 2.7-fold greater
than the threshold of bahiagrass herbage allowance that limits
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Table 5. Growth performance of calves born from beef heifers offered NOSUP, MOL+, or MOL- for 57 + 5 d prepartum and 17 + 5 d postpartum
(day O to 74; 4 pastures/treatment/yr)

Maternal supplementation? P-value
Item NOSUP MOL- MOL+ SEM Trt Trt x day
Male calves at birth, % 439 72.2 55.8 11.20 0.24 —
Calf birth BW*? kg 25.2 28.0 26.5 1.00 0.13 —
Calf age on day 147 (early weaning), d 87 91 91 6.0 0.85 —
Calf BW??, kg
Day 147 (early weaning) 792 842 86* 3.2 0.54 0.05
Day 154 (drylot entry) 81 88y 89y 3.2
Day 201 (drylot exit) 1252 134° 134° 3.2
Calf ADG, kg/d
Birth to day 147 0.58 0.57 0.62 0.029 0.48 —
Day 147 to 154 0.30? 0.54° 0.64° 0.109 0.05 —
Day 154 to 2012 0.832 0.91° 0.98° 0.032 0.02 —
Birth to day 201 0.642 0.72° 0.75° 0.037 0.05 —
DM intake, day 154 to 2017 kg/d
Hay 0.73 0.76 0.75 0.034 0.79 0.93
High-concentrate diet 3.00 3.16 3.17 0.096 0.39 0.97
Total 3.73 3.92 3.92 0.113 0.41 0.95
G:F, day 154 to 20123# 0.236 0.243 0.246 0.0060 0.51 —

Calves were born on day 57 + 5 and early weaned on day 147. From day 147 to 154, calves offered ad libitum stargrass hay and gradually
adapted to a high concentrate diet. From day 154 to 201, 4 steer and 4 heifer calves/treatment/yr were individually offered 1 kg/d of stargrass
hay and high-concentrate diet at 3.5% of BW (DM basis).

’Covariate-adjusted for calf age (P < 0.05).

3Covariate-adjusted for calf sex (P < 0.05).

“Calculated by dividing total BW gain by total DM intake from day 154 to 201.

#*Within a row, means without a common superscript differ (P < 0.05).

*YWithin a row, means without a common superscript tended to differ (0.05 > P < 0.10).

ONOSUP oMOL- mMOL+

Plasma IGF-1, ng/mL
=] W £ h L=a)
S =) =) S S
-]
=
=]

—_
(=
L

154 160 161 163 167
Day of the study

Figure 1. Plasma concentrations of IGF-1 of calves born from beef heifers offered NOSUP, MOL+, or MOL- for 57 + 5 d prepartum and 17 + 5 d postpartum (day 0 to 74;
4 pastures/treatment/yr). On day 160, calves received oral drench of fenbendazole (Safe-Guard, Merck Animal Health, Summit, NJ) and the first round of vaccinations
(Bovi Shield Gold One Shot and Ultrabac 7; Zoetis Inc., New York, NY). Plasma IGF-1 concentrations on day 154 were included as covariate (P = 0.01). **Within day, means
without a common superscript differ (P < 0.04).

forage DM intake of beef heifers (1.40 kg DM/kg of BW; Inyang throughout the study. Nutritive value of pastures did not differ
et al., 2010). All heifers were provided free-choice access to among treatments and was slightly above the energy and
stargrass hay from the day treatment supplementation was protein requirements of pregnant beef heifers (NASEM, 2016).
ceased (day 74) until the end of the breeding season. Thus, According to the mechanistic model of NASEM (2016), late-
forage quantity did not limit heifer growth performance gestating beef heifers offered no prepartum supplementation
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Table 6. Plasma and serum measurements of calves born from beef heifers offered NOSUP, MOL+, or MOL- for 57 + 5 d prepartum and 17 + 5 d

postpartum (day O to 74; 4 pastures/treatment/yr)*

Maternal supplementation P-value

Item NOSUP MOL- MOL+ SEM Trt Trt x day
Plasma glucose, mg/dL 89.0 90.2 90.4 1.13 0.66 0.72
Plasma cortisol, ug/dL 2.05 1.99 1.87 0.15 0.71 0.99
Plasma haptoglobin, mg/mL 0.56 0.51 0.50 0.044 0.56 0.33
Serum BVDV-1?

Titers, log, 2.45 3.20 2.42 0.306 0.13 0.11

Positive seroconversion, % 56.12 84.2° 78.7° 7.16 0.02 0.14
Serum PI-3?

Titers, log, 4.72 4.67 4.74 0.266 0.99 0.22

Positive seroconversion, % 83.92 100.0° 94.3b 4.15 0.01 0.30

0On day 160, calves received oral drench of fenbendazole (5 mg/kg of BW; Safe-Guard, Merck Animal Health, Summit, NJ) and vaccination
against BVDV, PI-3, Mannheimia haemolytica (2 mL s.c.; Bovi Shield Gold One Shot; Zoetis Inc., New York, NY), and Clostridium (2 mL s.c.; Ultrabac
7, Zoetis Inc., New York, NY). Booster vaccinations with Bovi Shield Gold 5 (2 mL s.c.; Zoetis Inc.) and Ultrabac 7 (2 mL s.c.; Zoetis Inc.) were

administered on day 188.

’Serum PI-3 and BVDV-1a titers were reported as the log, of the greatest dilution of serum that provided complete protection of the cells.
Positive seroconversion was determined as the percentage of calves with serum neutralization value of >4.

**Within a row, means without a common superscript differ (P < 0.05).

of energy and protein and grazing bahiagrass pastures (7.5% CP
and 58% TDN of DM) under environmental conditions similar to
those observed in the current study (in average 29 °C and 90%
relative humidity) would achieve an ME-allowable ADG of 0.06
kd/d (2.6 kg of BW gain from day O to 44). In the current study,
NOSUP heifers gained 12 kg from day O to 44, which is greater
than estimated by NASEM (2016) but likely a result of gut fill
effects and cattle ability to selectively graze parts of the forage
with a nutritional value greater than hand-plucked samples.
Supplementation of protein and energy increased prepartum
BCS gain of MOL- and MOL+ compared with NOSUP heifers,
which is in agreement with others (Bohnert et al.,, 2013; Kennedy
et al, 2019). Supplemental MHA did not further increase
prepartum BCS gain of MOL+ vs. MOL- heifers, despite the fact
that methionine can be the first-limiting amino acid in grazing
and lactating beef cows (NASEM, 2016). However, our results
agree with previous studies (Waterman et al., 2012; Clements
et al., 2017). Rumen-protected DL-methionine supplementation
(15 g/d of DL-MET starting at 58 + 1 d prepartum) did not affect
the BW and BCS of late-gestating, primiparous, winter-grazing
beef heifers receiving wheat middling-based supplementation
(Waterman et al., 2012). Prepartum BW and BCS did not differ
between beef cows grazing cool-season grasses and offered
0.45 kg/d of wheat midd-based pellets with or without 10 g/d
of MHA from 23 + 7 d prepartum through 73 + 7 d postpartum
(Clements et al., 2017). Hence, the lack of positive effects of MHA
supplementation on cow prepartum BW and BCS change may
indicate that supplemental MHA amount was perhaps below
optimal levels for BW and BCS change; a methionine deficiency
during late gestation was nonexistent in those three studies;
or an increased supplemental methionine uptake by the fetus
as fetal growth is most rapid during late gestation leading
to increased amino acid utilization (NASEM, 2016). Plasma
concentrations of methionine decreased markedly during
the last 3 wk of gestation in dairy cows (Zhou et al., 2016). In
agreement, plasma L-methionine concentrations from day
0 to 44 tended to decrease in NOSUP heifers. The addition of
15 g/d of MHA into MOL+ supplements effectively increased
plasma concentrations of L-methionine from day O to 44 in
MOL+ and were greater compared with NOSUP and MOL-
cows. Plasma methionine concentrations increased linearly

in multiparous, late-gestating beef cows receiving increasing
amounts of post-ruminal infusions of methionine (0, 5, 10,
and 15 g/d of pL-methionine) starting at 84 + 10 d prepartum
(Waterman et al., 2007). In contrast, Clements et al. (2017) did
not report an increase in serum concentrations of L-methionine
at 73 = 7 d postpartum (2.51 vs. 2.15 + 0.207 pg/mL for MHA and
no MHA supplementation, respectively) but observed greater
serum concentrations of 2-hydroxy-4-methylthio butanoic acid
(methionine precursor) for cows offered supplemental MHA.
Multiple factors may explain the discrepancy on circulating
concentrations of L-methionine among these studies, such as
nutritional composition of forages, ruminal outflow of microbial
and dietary protein, and breed and age of cattle. Discussing all
factors is beyond the scope of this manuscript, but the most
likely explanation for detecting greater plasma L-methionine
concentrations for MOL+ heifers is that the current study
provided 50% more MHA (15 vs. 10 g/d, respectively) compared
with the study of Clements et al. (2017). Plasma Amino acid
(AA) concentrations will remain low or static when below
the requirement but will accumulate once the requirement
is reached (Bergen, 1979). Therefore, the greater circulating
concentrations of L-methionine indicate that MOL+ heifers
successfully consumed the supplements, and perhaps that their
prepartum methionine requirements were exceeded by MHA
supplementation.

Maternal dietary methyl donors (i.e., methionine) are
essential nutrients during pregnancy involved in DNA
methylation and altered gene transcription (Alharthi et al., 2018).
During its metabolism, methionine is converted into its active
form (SAM) by MAT1A enzyme (Martinov et al., 2010). Placental
concentrations of SAM are greatest when placental growth
is most rapid (Wu et al., 2005). In the present study, plasma
concentrations of MAT1A were greater for MOL+ vs. NOSUP likely
to increase the conversion of methionine into SAM. However,
plasma MAT1A concentrations did not differ between MOL+ vs.
MOL- heifers, which were also greater compared with NOSUP
heifers. The exact mechanism leading to greater plasma MAT1A
concentrations in MOL- vs. NOSUP heifers is unknown but
could be related to increased microbial synthesis and supply for
intestinal absorption and methionine sparing following MOL-
supplementation. Plasma concentrations of SAM on day 44 did



not differ among treatments and this outcome was unexpected
considering that plasma concentrations of L-methionine
and MAT1A were increased after MHA supplementation. Our
results may have been masked by the transmethylation cycle
(conversion of methionine into homocysteine and then back to
methionine; Dasarathy et al., 2010) and the fact that circulating
concentrations of SAM do not account for intracellular synthesis
of SAM (Mentch et al., 2015).

Glucose is essential for fetal growth and its supply to
the fetus is modulated by maternal glucose concentration
(Baumann et al., 2002). Circulating concentrations of glucose are
positively associated with energy and protein intake and rates of
BW gain (Cappellozza et al., 2014). In the present study, plasma
glucose concentrations did not differ among treatments, which
may indicate that NOSUP heifers were capable of maintaining
their plasma concentrations of glucose at the expense of other
nutrients (McLean et al, 2018) or that excess glucose was
mobilized by maternal tissues, placenta, and fetus. It is also
possible that sugarcane molasses + urea supplementation did
not provide the necessary substrate profile (i.e., propionate
and glucogenic AA) for greater hepatic synthesis of glucose
(Moriel et al., 2019b) due to the butyrate-induced inhibition on
hepatic gluconeogenesis (Aiello et al., 1989). In agreement with
Waterman et al. (2012) and Clements et al. (2017), supplemental
MHA did not increase plasma glucose concentrations in the
current study.

IGFs are produced by the placenta and by maternal and fetal
tissues (Gicquel and Le Bouc, 2006) and may modulate placental
growth and function, substrate delivery to the fetus, and
partitioningof nutrients between maternal tissues and conceptus
(Sferruzzi-Perri et al., 2006). Plasma concentrations of IGF-1 and
-2 are regulated by nutrient intake (Perry et al., 2002). Plasma
concentrations of IGF-1 were greater for MOL+ vs. NOSUP and
intermediate for MOL- heifers, whereas plasma concentrations
of IGF-2 were greater for MOL+ and MOL- compared with NOSUP
heifers. Likewise, daily supplementation of 1.4 kg of CP increased
plasma IGF-1 concentrations of beef heifers at 179 and 271 d
of gestation compared with 0.4 kg/d of CP supplementation
(Sullivan et al., 2009). Plasma IGF-2 concentrations in beef heifers
were reduced at lower CP concentrations during the second
trimester of gestation (7% vs. 14% CP of DM; Perry et al., 2002).
Supplemental MHA did not increase plasma concentrations
of IGF-1 and -2 compared with MOL- supplementation. We
are unaware of other studies evaluating the maternal plasma
concentrations of IGF-2 following MHA supplementation.
However, serum IGF-1 concentrations increased linearly in
multiparous late-gestation beef cows administered increasing
amounts of post-ruminal infusions of methionine (5, 10, and
15 g/d of pL-methionine; Waterman et al., 2007). In that study,
however, serum concentrations of IGF-1 did not differ between
cows supplemented with 0 and 15 g/d of methionine (Waterman
et al., 2007).

The percentage of pregnant heifers on day 282 did not differ
among treatments, which was likely masked as primiparous
cows utilized herein achieved a relatively high reproductive
success. The current study was not designed to evaluate the
reproductive performance of beef cows due to the limited
number of observations for statistical analyses of binary
reproductive data. However, the reasons for the exceptional
reproductive performance of all heifers are the BCS > 5 near
the time of calving and the use of calf early weaning for all
treatments. Early-weaning calves on the first day of the breeding
season have been shown to effectively decrease energy and
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protein requirements and increase the percentage of pregnant
primiparous beef cows by 30% (Arthington and Kalmbacher,
2003; Arthington and Minton, 2004). In addition, prepartum BCS
slightly increased for MOL+ and MOL- vs. NOSUP heifers, and
such increment in prepartum BCS was lost before the start of
the breeding season. In agreement with Clements et al. (2017),
the reproductive performance of beef heifers was not impacted
by MHA supplementation, despite effectively increasing
prepartum plasma L-methionine concentrations than NOSUP
and MOL- heifers.

Offspring performance

The effects of maternal protein and energy supplementation
during late gestation on calf birth BW have been inconsistent,
with some studies showing an increase (Bohnert et al., 2013;
Kennedy et al, 2019) and others showing no influence on
calf birth BW (Moriel et al., 2016; Hare et al., 2019). Although
statistical differences were not detected in the present study,
calf birth BW was numerically 2 kg greater for calves born from
heifers offered prepartum supplementation of MOL+ and MOL-
compared with NOSUP. Prepartum supplementation of dried
distillers grains to multiparous beef cows increased calf birth
BW by 1.5 (Bohnert et al.,, 2013) and 3.4 kg (Kennedy et al., 2019)
compared with no prepartum supplementation. The potential
reasons for the lack of consistency on calf birth BW among
these studies are the differences in supplement type, amount
and duration, and maternal BCS, age, and breed. The effects of
maternal supplementation of methionine on offspring birth BW
have also been variable. Birth BW did not differ between calves
born from dams offered no supplementation and prepartum
supplementation of MHA at 10 g/d (Clements et al., 2017) and
15 g/d (present study) or rumen-protected DL-methionine
at 23.5 g/d (Waterman et al, 2012). In contrast, maternal
supplementation of rumen-protected methionine during late
gestation increased birth BW in Holstein steers (Alharthi et al.,
2018). Reasons for the inconsistent results may be attributed
to different cattle breed and source, amount, and duration of
methionine supplementation. Also, protein deposition in growing
cattle increases in response to amino acid supplementation
until the requirement is met (Froidmont et al., 2000). Thus,
methionine requirements in the current study were likely met
by maternal supplementation of sugarcane molasses + urea and
the supplemental MHA did not further increase calf birth BW. In
support of this rationale, oversupplying metabolizable protein
by 33% did not impact calf birth BW compared with meeting
100% of metabolizable protein requirements of late-gestating
beef cows (Hare et al., 2019).

Prepartum supplementation of dried distillers grains (0.3%
of BW; DM basis) of multiparous beef cows increased milk
production on day 44 of lactation by 3.3 kg and calf weaning
BW by 18 kg compared with no prepartum supplementation
(Kennedy et al., 2019). In the present study, calf ADG from birth
to early weaning did not differ among treatments, suggesting
that maternal prepartum supplementation of MOL- and MOL+
may have not caused carryover effects on milk production (not
evaluated herein). Likewise, Clements et al. (2017) reported that
pre- and postpartum supplementation of 10 g/d of MHA did not
increase cow milk production and calf preweaning BW growth
compared with no pre- and postpartum supplementation
of MHA, which supports our rationale of potential lack of
treatments effects on maternal milk production, explaining why
differences on calf ADG from birth to early weaning were not
detected.
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Calf ADG from early weaning to drylot entry (day 147 to
154) and from drylot entry until exit (day 154 to 201) were greater
for MOL+ and MOL- compared with NOSUP calves. The lack of
differences in total DM intake among treatments from day 154
to 201 indicates that prepartum supplementation of sugarcance
molasses + urea potentially induced in utero programming
effects leading to greater calf growth performance. Prepartum
supplementation of dried distillers grains to multiparous
beef cows increased calf weaning BW by 8 kg compared with
no prepartum supplementation (Bohnert et al., 2013). Recent
evidences indicate that such improvement on offspring growth
performance was independent of cow BCS at calving and was
a consequence of prepartum maternal BCS gain during late
gestation (Marques et al., 2016). Calf weaning BW did not differ
between calves born from cows that maintained and calved at
BCS of 4 and 6 but increased by 13.5 kg for calves born from
cows that increased BCS from 4 to 6 during the last trimester of
gestation (Marques et al., 2016). The maternal BCS gain during
prepartum supplementation of sugarcane molasses + urea
observed in our study compared with non-supplemented cows
supports this rationale that BCS gain rather than BCS at calving
led to greater postnatal growth performance of MOL+ and MOL-
compared with NOSUP calves.

In agreement with Clements et al. (2017), supplemental MHA
did not impact calf growth performance in drylot. In contrast,
rumen-protected methionine supplementation (0.9% of diet
DM) during the last 28 d of gestation increased ADG of Holstein
steers from 1 to 9 wk of age compared with no methionine
supplementation (Alharthi et al., 2018). The rate of methionine
transmethylation is higher during the third trimester of gestation
compared with early pregnancy and the nonpregnant state,
likely to meet the high demands for methyl donors by the fetus
and placenta (Dasarathy et al., 2010). Thus, it is also possible that
the supply of methionine to the fetus was insufficient to induce
programming effects on calf postnatal growth. As discussed
previously, the lack of methionine deficiency and differences in
source, amount and duration of methionine supplementation,
and maternal breed may explain the discrepancy among those
studies.

Plasma glucose concentrations of calves were not impacted
during the drylot phase by previous maternal supplementation
treatment. Plasma concentrations of glucose during the first 2
mo of age also did not differ between calves born from beef cows
offered prepartum supplementation of dried distillers grains at
0% or 0.3% of diet DM (Kennedy et al., 2019), beef calves born
from cows offered 70% or 100% of NEm requirements during
late gestation (Moriel et al., 2016), and dairy calves born from
cows offered rumen-protected methionine at 0% vs. 0.9% of diet
DM (Alharthi et al., 2018) and 0 vs. 10 g/d (Jacometo et al., 2016).
Postvaccination plasma IGF-1 concentrations decreased on day
161 and 163 compared to day 160. Vaccination elicits an acute
phase response (Moriel and Arthington, 2013; Artioli et al., 2015).
Proinflammatory cytokines released during an acute phase
response induce a state of IGF-1 resistance, which inhibits the
anabolic effects of IGF-1 on muscle synthesis and facilitates
energy and protein mobilization from body stores (O’Connor
et al., 2008). Hence, the decrease in plasma concentrations of
IGF-1 following vaccination indicates that nutrients were being
partitioned to support the immune system rather than growth.
After the peak of the acute-phase response, however, plasma
IGF-1 concentrations on day 167 were greater for MOL+ and
MOL- vs. NOSUP calves, suggestive that maternal prepartum
supplementation of sugarcane molasses + urea led to altered
postvaccination physiological responses related to growth and

provide a partial explanation for the greater drylot growth
performance of calves born from supplemented vs. non-
supplemented heifers. The lack of MHA effects on calf plasma
concentrations of IGF-1 supports the lack of differences in BW
growth of MOL+ and MOL- calves throughout the study.

In the current study, plasma concentrations of cortisol and
haptoglobin did not differ among treatments. These results
contradict previous research demonstrating that beef calves
born from cows provided 70% of their daily NEm requirements
during the last 40 d of gestation had less postvaccination plasma
concentrations of haptoglobin and cortisol compared with calves
born from cows fed to meet NEm requirements (Moriel et al.,
2016). The corticotropin-releasing hormone-induced plasma
concentrations of cortisol were increased at 2 mo of age, but
not at 5.5 and 10 mo of age, in lambs born from ewes provided
50% of global nutrient intake during the first 30 d of gestation
compared with ewes provided 100% of nutrient requirement
throughout gestation (Chadio et al., 2007). Perhaps calf age at the
time of physiological stress may explain the inconsistent results
observed for plasma concentrations of haptoglobin and cortisol
among these studies. Maternal supplementation of MHA also
did not impact calf plasma concentrations of haptoglobin and
cortisol, which agrees with the findings of Jacometo et al. (2016).

Neutralizing serum antibody titers may be used as an
indicator of immune protection, disease prevention, and
vaccine efficacy in calves (Bolin, 1995). The ability of beef cattle
to respond to vaccination differs from animal to animal and
depends on multiple factors, such as timing of vaccination
(Silva et al., 2018), metabolizable protein supply (Moriel and
Arthington, 2013), frequency of supplementation (Artioli et al.,
2015), and prenatal nutrition (Moriel et al., 2016). Maternal
short-term energy restriction during late gestation reduced
offspring serum BVDV1a titers following vaccination compared
with cohorts born from cows fed to meet their energy
requirements (Moriel et al., 2016). In that study, calves born
from energy-restricted cows demonstrated downregulation of
genes involved in the immune response following vaccination,
such as killer cell lectin-like receptor 1, which is expressed on
nearly all natural killer cells and stimulates their cytotoxicity
and cytokine release, and antimicrobial peptide natural killer-
lysin-like, an antimicrobial peptide stimulating natural killer
cells cytotoxicity (Sanglard et al., 2018). Together, the findings
of Moriel et al. (2016) and Sanglard et al. (2018) indicate that
calves born from cows fed to meet their energy requirement
duringlate gestation responded better to vaccination compared
with calves born from energy-restricted cows, likely due to a
better development of the immune system during the prenatal
phase. Although NOSUP heifers in the present study did not
lose BCS before calving, the positive prepartum nutritional
status of MOL+ and MOL- heifers increased postvaccination
seroconversion against BVDV-la and PI-3 viruses of their
offspring compared with calves born from NOSUP heifers.
These responses were unexpected considering that plasma
concentrations of haptoglobin and cortisol did not differ
among treatments. However, maternal prepartum nutrition
may alter the oxidative stress status in the young calf. A lower
maternal energy density of diets provided during the last 21
d of gestation (5.25 vs. 6.48 MJ/kg of DM) altered antioxidant
capability in dairy calves and resulted in lower total antioxidant
capacity compared with a more energy-dense diet (Gao
et al,, 2012), whereas prepartum supplementation of rumen-
protected methionine decreased circulating concentrations of
reactive oxygen metabolites in dairy calves compared with no
methionine supplementation (Jacometo et al., 2016). The exact



mechanism underlying the treatment effects observed for
seroconversion cannot be determined at this point. However,
it is possible that the communication between innate and
humoral immunity and possibly other measurements of
immune response (not evaluated herein) of the offspring were
positively affected by maternal prepartum supplementation of
MOL- and MOL+ vs. NOSUP.

In conclusion, supplementation of sugarcane molasses + urea
from 57 +5d prepartumuntil 17 + 5 d postpartum increased plasma
indicators of nutritional status (IGF-1 and -2) and BCS at calving
of B. indicus-influenced beef heifers. Maternal supplementation
of sugarcane molasses + urea also enhanced offspring post-
weaning BW growth and measurements of immune response
following vaccination against respiratory pathogens compared
with no maternal supplementation. The addition of 105 g/wk
of MHA in maternal pre- and postpartum supplementation
effectively increased maternal prepartum plasma concentrations
of L-methionine but did not impact maternal performance and
offspring growth and postvaccination immune responses.
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