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Effect of dietary energy source
on pregnhancy rates and
reproductive physiology
of pastured beef heifers

Ty C. Davis®, Katherine E. Amirault®, Jacob W. Stewart?,
Claire B. Gleason*, Nicholas W. Dias’, Claire L. Timlin*,
Zachary K. Seekford®, Alan D. Ealy*, Vitor R. G. Mercadante™?
and Robin R. White™

tSchool of Animal Sciences, Virginia Polytechnic Institute and State University, Blacksburg, VA, United
States, 2Department of Large Animal Clinical Sciences, Virginia Polytechnic Institute and State
University, Blacksburg, VA, United States

Proper production of steroid hormones, such as progesterone (P4), is essential
for maintenance of pregnancy. Provision of gluconeogenic substrates from the
diet may alter postabsorptive energy supplies and associated hormone signaling
in a manner supportive of elevating P4 concentrations. Crossbred Angus heifers
(n=27) were balanced for pre-trial bodyweight (BW) and body condition score
(BCS), then assigned to isoenergetic diets leveraging starch (ES) or fat (EF) as the
primary source of energy (45.7% starch vs 11.5% fat). The heifers were placed on
the assigned diets 8 days prior to the initiation of estrous synchronization and
continued the diets through the second pregnancy diagnosis, 52 days after the
initial insemination. On day 28 post-breeding, pregnancy status was diagnosed
via ultrasonography. Measurements of follicle size and hnumber were collected via
rectal palpation and ultrasonography on days —10, -8, —4, and day O relative to
breeding. Blood samples were collected on days —10, 1 through 7, 10, 14, 18, 21,
24, and 28 to analyze plasma for P4 concentrations and placental-associated
glycoprotein (PAG) concentrations. Data were analyzed using a linear mixed
effects model with a fixed effect for treatment and a random effect for pen.
Observations collected over time were analyzed using a repeated measures
approach with fixed effects for treatment, time, initial condition, and a random
effect for pen. Interactions between treatment and pregnancy status were also
tested for PAG and P4 concentrations. No treatment differences were observed
in final BCS (P=0.12) and total dry matter intake (DMI; P=0.51), though heifers on
the ES treatment tended to reach an increased BW (P=0.10). Although heifers fed
ES diets had numerically higher conception rates compared to heifers fed EF
diets (71.4% vs. 66.7%), there was no statistically significant difference.
Furthermore, there were no significant differences observed among diets in
terms of pregnancy outcomes, follicle size, or number. A treatment by pregnancy
status interaction was detected for both PAG and P4 concentrations. These
results suggest that short-term dietary starch supplementation provided around
the time of breeding can result in shifts to reproductive hormone abundance that
may be conducive for pregnancy establishment.
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Introduction

Research focused on improving the reproductive efficiency in
beef females has been ongoing for many years (Diskin and Kenny,
2014). Certain tools such as artificial insemination, embryo transfer,
and in vitro fertilization, can be used by producers in the beef
industry to improve reproductive efficiency and genetic selection
intensity (Rosales-Torres et al., 2017). Despite the advantages these
reproductive management tools have to offer, their adoption,
particularly in the US, has been slow due to producers concerns
related to increased expenses, labor, and risk (USDA, 2017).
The addition of nutritional management recommendations to
help reduce the risk of investment in assisted reproductive
technologies could be beneficial in increasing widespread
adoption of these technologies.

Reproductive efficiency is correlated with the nutritional status
of the animal, and factors such as a proper body condition score and
a positive energy balance are critical (D’Occhio et al., 2019). As a
result, the efficiency of reproductive technologies are partially
reliant on nutritional status as well (De Medeiros Bastos et al.,
2004). Certain feed additives have held promise to improve
reproductive success (Juchem et al., 2010). For example, omega-3
fatty acids can improve prostaglandin concentrations (Grant et al.,
2005) and plasma P4 concentrations when included in ruminant
diets (Burke et al., 1996). Due to hesitation around the adoption of
assisted reproduction technologies in the U.S. beef industry, the
association between an animal’s nutritional status and reproductive
success may be an area of interest because dietary refinement
presents a low-cost, low-input strategy to possibly mitigate risk
associated with technology adoption.

Propionate, a volatile fatty acid produced in the rumen, alters
reproductive hormone profiles (Dicostanzo et al., 1999), and serves
as the major gluconeogenetic substrate in ruminants (Huntington,
1990). These functions are likely linked because glucose production
is associated with elevated IGF-1 concentrations, which can
enhance embryo development (Thatcher et al, 2003) and P4
production (Spicer and Chamberlain, 1998). Indeed, when jugular
propionate was infused daily during the first 5 days after ovulation,
plasma P4 concentrations were increased by d 14 post-ovulation
compared to control animals receiving infusion of saline solution
(Bedford et al., 2018). Increased P4 concentrations are associated
with improved pregnancy rates (Johnson et al, 1958); therefore,
these findings indicate that propionate is a strong candidate
metabolite for nutritional modulation of reproduction. However,
the energy availability of animals in the study from Bedford et al.
(2018) differed, and isoenergetic assessment is necessary to better
pinpoint the importance of energy substrate versus energy supply.

Abbreviations: ADG, Average daily gain; AI, Artificial insemination; BCS, Body
condition score; BW, Bodyweight; CIDR, Controlled internal progesterone drug
release; CL, Corpus luteum; DM, Dry matter; FTAI, Fixed-time artificial
insemination; GnRH, Gonadotropin-releasing hormone; IGF-1, Insulin-like
growth factor 1; ME, Metabolizable energy; MP, Metabolizable protein; N,
Nitrogen; P4, Progesterone; PAG, Placental associated glycoprotein; PGF2a,
Prostaglandin F2alpha; TAI, Timed artificial insemination; U.S., United States.
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High starch diets, especially those containing rapidly rumen
fermentable starches (Hatew et al., 2015), are widely acknowledged
to increase propionate production and plasma propionate
concentrations (Bauman et al,, 1971). High starch diets have led
to elevated P4 half-life in beef cows, compared to those fed high
fiber diets (Lemley et al.,, 2009). However, the comparison of high
starch and high fiber feeds in the previous literature is also
confounded with energy supply. Similarly, incorporating long
chain fatty acids into diets at a moderate amount has led to
enhanced follicle parameters and increased P4 concentrations
(Santos et al., 2008). As such, more targeted investigation of how
feed supplements with similar energy contents influence
reproductive outcomes is warranted.

Our objective was to evaluate how dietary supplementation of
isoenergetic feeds leveraging greater starch or greater fat as the
primary energy source influenced growth performance, pregnancy
rates, follicle parameters, and plasma P4 and PAG concentration in
grazed heifers. The hypothesis was that heifers supplemented with
the diet leveraging starch would have a similar BW and BCS
compared with heifers supplemented with a diet leveraging fat,
but would have increased reproductive hormone concentrations
and pregnancy outcomes.

Materials and methods

All animals sourced in this study belonged to Virginia
Polytechnic and State University. All procedures with animals
were performed in accordance with the protocols approved by the
Institutional Animal and Care and Use Committee in Virginia
Polytechnic and State University (IACUC #18-108).

Animals, diet, and experimental design

Twenty-seven crossbred Angus heifers (9 to 11 months old, 310
+ 79.8 kg of BW) were balanced into two groups based on BW and
BCS and randomly assigned to one of two isoenergetic supplements
formulated to leverage either starch (ES) (n=15) or fat (EF) (n=14)
as the primary energy source. Both dietary treatments had ad
libitum access to hay (10.3% CP, 71% NDEF; Table 1), and the EF
group was allowed to consume a supplement containing 10.5% fat
and 11.6% starch, while the ES group was provided a supplement
containing 0.27% fat and 64.7% starch (Table 1). These
supplements were delivered to the animal via using a SmartFeed
Pro Trailer (C-Lock, Rapid City, SD) at a maximum rate of
4.54 kg/d. To maintain appropriate stocking densities for the
automated feeders, heifers were split into two groups balanced by
supplement type and body weight and placed in two different pens.
Supplement treatment was nested within pen such that equal
numbers of animals in each pen were exposed to each
supplement type. These two pens were adjacent dry lots
approximately 3 acres in size, and therefore were not expected to
differ in factors affecting production conditions. The diets were
formulated to meet or exceed the nutrient requirements for heifers
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TABLE 1 Formulated diet composition and measured or calculated ingredient composition.

Treatment Diet’

Formulated Composition, % DM
Grass Hay 54.8 54.8
Cracked Corn - 36.5
Soybean Oil 15.4 -
Soybean Meal - 83
Corn Gluten Meal 286 -
Salt 22 12
Formulated Energy and Protein Balances?
MP allowable gain, kg/d 0.97 0.97
ME allowable gain, kg/d 1.12 1.13
Hay Composition
Measured CP, % DM 10.3
Measured Starch, % DM 2.90
Measured Fat, % DM 1.95
Measured NDF, % DM 71.0
Measured ADF, % DM 37.2
Measured Ash, % DM 84
Calculated ME, Mcal/kg* 2.11
Calculated MP, % DM? 7.82
Grain Mixture Composition, % DM
Measured CP, % DM 10.5 13.6
Measured Starch, % DM 11.6 64.7
Measured Fat, % DM 19.8 0.27
Measured NDF, % DM 46.0 183
Measured ADF, % DM 26.4 4.31
Measured Ash, % DM 6.13 2.99
Calculated ME, Mcal/kg 3.00 3.00
Calculated MP, % DM? 9.36 121

! Crossbred Angus-based heifers were randomly assigned to receive a high starch (ES; n=15) or high fat (EF; n=14) supplemental diet.
? Metabolizable energy and protein composition and balance calculations made using NASEM, 2016.

(National Academies of Sciences and Medicine, 2016), as well as to
maintain similar formulated allowable gains based on metabolizable
energy (ME) and protein (MP) (Table 1). Hay, water, and trace
mineral salt were offered ad libitum, separately from treatment
supplemental feed, while the intake of the provided supplements
was limited by utilization of the SmartFeed Pro trailer. Heifers were
trained to use the feeders over a 4-day period prior to the start of
treatment diets, using cracked corn as a training feed. Heifers were
then transitioned to their treatment supplementation strategy 18 d
prior to the first artificial insemination (AI).

Frontiers in Animal Science

Estrus synchronization and breeding

On d -10 relative to first Al, ovulation synchronization began
using the 7 d CO-Synch + CIDR protocol (Patterson et al., 2010).
On d -10, each heifer had a controlled internal P4 drug release
(CIDR) (Pfizer Animal Health, New York, NY) inserted, and was
administered 100 ug of gonadotropin releasing hormone (GnRH)
(Factrel; Pfizer Animal Health, New York, NY) via intramuscular
injection. CIDRs were removed and an intramuscular injection of
prostaglandin F2alpha (PGF20) (PG; Lutalyse; dinoprost
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tromethamine; Pfizer Animal Health, New York, NY) was given on
d 3. Heifers were then time-Al bred (TAI) with frozen semen, 72
hours post CIDR removal and PGF2o. administration. At the time
of breeding, an additional GnRH injection was administered (d 0,
Figure 1). After the initial TAIL heifers were closely inspected every
12 hours for the display of heat behaviors, utilizing heat detection
patches (Estrotect, Wisconsin, USA) to aid in estrus detection and
insemination timing. All heifers displaying standing estrus at any
point following the initial TAI breeding were re-bred 12 hours after
behavioral estrus signs were observed.

Blood collection and hormonal assays

Blood samples were collected and analyzed on all heifers on
days -10, 1, 2, 3, 4, 5, 6, 7, 10, 14, 18, 21, 24, and 28 relative to the
animal’s most recent breeding date. Blood samples were collected
via coccygeal venipuncture, and immediately placed on ice prior to
being centrifuged at 2,500 x g for 15 minutes. All blood plasma was
frozen at —20°C until further analysis. Progesterone concentration
analysis was performed on all days collected, and pregnancy
associated glycoprotein (PAG) concentration analysis was
performed on d 24 and d 28. Analysis of serum P4 was
conducted using Immulite P4 chemiluminescence assay Kkits
(DPC, Los Angeles, CA, USA). Blood samples collected on d 24
and d 28 were assayed for PAG concentrations following a similar
protocol to (Reese et al.,, 2018). In short, PAG was assessed using an
in-house ELISA established by (Green et al,, 2005) and modified
using a polyclonal antibody (Ab 63), with duplicates run for each
PAG sample. The inter-assay coefficient of variation for the PAG
ELISA was 4.89%, while the intra-assay coefficient of variation
was 8.84%.

Ultrasonography and
ovarian measurements

Both ovaries were examined using ultrasonography by an
experienced technician on days —10, -8, —4, and 0 relative to the
first breeding. Ultrasonography was accomplished using an Ibex Evo
(E.I. Medical Imaging, Loveland, CO) with a 7.5 Mhz probe. Both
vertical and lateral measurements were taken of all follicles present.
Additionally, ultrasonography was used on day 31 post-breeding for

GnRH + PGF +CIDR  GnRH+
CIDR removal AL
Training
Day -22 -18 -10 -8 -4 -3 0 1
Y
t ¢t
Ultrasound observation

FIGURE 1

P4 blood collection
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pregnancy diagnosis in heifers that did not exhibit heat after first
breeding. Heifers displaying heat following the initial TAI were
re-bred and diagnosed for pregnancy via ultrasonography on d 28,
31, 34, 36, relative to their most recent breeding date (Figure 1).

Feed sampling and titanium analysis

Titanium dioxide, an inert marker, was added to each
concentrate batch by the feed mill for the purpose of estimating
hay intake. Concentrate and hay samples were collected weekly and
composited for chemical analysis. Concentrate samples included
those obtained from multiple bags used each week, and hay samples
were obtained from both pens. All feed samples were stored in a
-20°C freezer until chemical analysis. Both concentrate
supplements contained 60 g of titanium dioxide per 100 kg dry
matter (DM) concentrate. Fecal samples were taken by rectal grab
sampling every 6 hours over a 4-day sampling period to retrieve and
measure titanium dioxide in the feces. The sampling time was
rotated forward 1 hour every new day for 4 days to fully represent a
24 h sampling period. Fecal samples were then dried and ground
through a 1 mm screen on a Model 4 Wiley mill (A. H. Thomas
Scientific, Swedesboro, NJ). After grinding, samples were pooled by
taking 1 g of each sample to create a single composite sample for the
individual animal. Pooled samples were analyzed by first ashing the
sample in a 500°C muffle furnace for 24 hr. Once ashed, sulfuric
acid was added to the samples and boiled for 60 minutes (Gleason
et al, 2022). Samples were then suspended in DI water and allowed
to pass through a Whatman 541 grade filter (pore size 22 um), and
then DI water was added to bring the samples to 50 ml. Samples
were analyzed for titanium using inductively coupled plasma
atomic emission spectroscopy by Air, Water & Soil Laboratories,
Inc. (Richmond, VA).

Feed analysis

All feedstuffs were dried for 24 hours in a 55°C oven, and then
ground through a Imm screen with a Model 4 Wiley mill (A.H.
Thomas Scientific, Swedesboro, NJ). An Ankom 200 fiber analyzer
(Ankom Technology, Macedon, NY) was used to determine NDF
with addition of a neutral detergent, heat stable amylase, and
sodium sulfite. Once NDF analysis was performed, the same
sample bags underwent ADF analysis utilizing an acid detergent
solution using the same Ankom 200 fiber analyzer (Ankom

Pregnancy check

Heat detection monitoring v
7 10 14 18 21 24 28 31
4 1 1 r'N 4 3
P4 blood collection P4+PAG

Timeline of timed artificial insemination (TAI) with estrus synchronization. As well as timeline of days that ovarian ultrasonography was performed
and progesterone (P4) and placental associated glycoprotein (PAG) blood samples were performed.
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Technology, Macedon, NY) with the addition of an acidic detergent.
Nitrogen content was analyzed utilizing combustion analysis (Vario
El Cube CN Analyzer, Elementar Americas Inc., Mount Laurel, NJ).
Crude protein was calculated by taking the determined N and
multiplying by 6.25. Starch determination utilized the acetate buffer
method of Hall (2009), by adding o-amylase from Bacillus
licheniformis (FAA, Ankom Technology, Macedon NY) and
amyloglucosidase from Aspergillusniger (E-AMGDF,
Megaenzyme International, Wicklow, Ireland). Ether extract was
determined using and Ankom XT10 extractor (Ankom
Technology) with petroleum ether as a solvent (method 920.39;
AOAC, 1990). Lastly, ash was determined by combusting ground
samples for 8 hours in a muffle furnace at 500°C. Energy values for
the supplements and their diets were estimated from the beef
NASEM model (National Academies of Sciences and
Medicine, 2016).

Statistical analysis

Statistical analyses were performed using the R Software version
4.1.2 (R Core Team, 2021). Data on animal BW, BCS, ADG, feed
intake, and PAG concentration, were analyzed using a linear mixed-
effect model with a fixed effect for treatment and random effect for

10.3389/fanim.2023.1170377

pen. Observations collected over time were analyzed using a
repeated measures approach with fixed effects for treatment, time,
initial condition, the interaction between treatment and time, and a
random effect for pen. Interactions between treatment and
pregnancy status were also tested for PAG and P4 concentrations
given that these outcomes were expected to differ with pregnancy
status. First order autoregressive covariance structure was used due
to optimal Akaike and Bayesian Information Criteria. Significance
levels were set at P< 0.05 and a tendency considered when 0.05 < P
< 0.10.

Results and discussion
Animal performance

It was anticipated that animal performance would remain
similar over the course of this trial due to the goal of formulating
isoenergetic diets to evaluate the effect of energy sources. At the
conclusion of the study, both groups of animals had gained weight,
but there was no difference observed in final BCS (P=0.12) or
average daily gain (ADG) (P=0.12) between treatments (Table 2).

TABLE 2 Growth performance and intake parameters for beef heifers assigned to two different treatment diets®.

Growth Performance

I-BW, kg’ 310 212 310 21.0 0.9861
1-BCS’ 5.33 0.337 5.37 0.333 0.8588
F-BW? 355 7.89 364 7.80 0.0969
F-BCS’ 6.27 0.167 6.45 0.165 0.1217
ADG, kg/d® 0.961 0.177 1151 0.175 0.1217
Feed Intake
Grain Intake, kg 434 0.538 3.97 0.538 0.6282
Hay Intake, kg 3.53 0.287 3.20 0.271 0.1958
Nutrient Intakes from Feed Analysis and Measured Intakes
CP Intake, kg 0.837 0.0833 0.833 0.0814 0.6916
Starch Intake, kg 0.761 0.364 3.489 0.364 <0.0001
Fat Intake, kg 0.883 0.081 0.0754 0.081 <0.0001
NDF Intake, kg 4.19 0.489 2.79 0.466 0.009
ADF Intake, kg 2.24 0.292 1.19 0.283 <0.0001
Ash Intake, kg 0.528 0.0601 0.366 0.0568 0.0034
Calculated ME Intake, Mcal/d* 21.0 1.82 19.2 1.82 0.513
Calculate MP Intake, g/d4 483 50.8 567 50.5 0.244

! Crossbred Angus-based heifers were randomly assigned to receive a high starch (ES; n=15) or high fat (EF; n=14) supplemental diet.
? Statistical significance was declared at < 0.05, and statistical tendency was declared at 0.05 < P < 0.10.

31, initial; F, final; BW, body weight; BCS, body condition score; ADG, average daily gain.

* Metabolizable energy and protein intakes calculated using NASEM, 2016 program adjusted with measured feed ingredient composition and measured hay and grain mixture intakes of each

animal.
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However, heifers on the ES treatment tended to approach an
increased final BW (P=0.10). The tendency for elevated BW could
be due to the higher CP (Table 1) in the ES supplement, despite
similar calculate MP intake among diets (Table 2), or due to the
potential for high fat intake on the EF diet to depress fiber digestion
in the rumen (Oldick and Firkins, 2000). While only a slight
difference, this caveat is important to consider within the present
study, as an increase in availability of energy use efficiency (driven
by improved digestibility) or enhanced protein availability (through
higher CP feedstuff provision) could be partially responsible for the
reproductive results observed. That said, the prevailing lack of
performance difference among animals and the similarities in
nutrient and energy intakes (Table 2) suggests the dietary
treatments provided similar planes of nutrition, despite marked
differences in supplemental feed composition. This similarity was
purposeful within the experiment because it was our intention to
evaluate how feed supplement energy profile, rather than quantity,
influence reproductive outcomes.

Calculated nutrient and predicted
energy intakes

Nutrient intakes were calculated based on the DMI intake of
hay and grain mixes, as well as the chemical composition of each
diet (Table 2). It was expected that diets would differ in terms of
starch, fiber, and fat intakes due to the diet composition necessary to
target different energy substrates. Due to differences in diet
composition, animals on the ES treatment had an increased
intake of starch (P<0.0001). It is well established that diets
containing high starch tend to lead to an increase in propionate
production and concentrations within the rumen (Bauman et al,
1971). Presumably, an increased production of propionate could
shift post-absorptive metabolism toward gluconeogenesis, for
which propionate is a major substrate (Hanson and Owen, 2013).
In contrast, animals on the EF treatment had an increased intake of
fat (P<0.0001), fiber (P<0.001), and organic matter (P=0.003)
(Table 2). Diets high in fiber contribute to biohydrogenation and
acetogenesis within the rumen (Ungerfeld, 2020), and are presumed
to alter post-absorptive metabolism towards acetate metabolism

10.3389/fanim.2023.1170377

and beta-oxidation processes (Sabine and Johnson, 1964). While the
difference in organic matter stems from difference in composition of
the treatment diets, this attribute should be further explored as a
potential confounding factor in the study. Despite these differences
in chemical composition and energy substrates, diets did not differ
in calculated metabolizable energy (ME) and protein (MP). The
values for ME and MP consumption were estimated using the
NASEM model (National Academies of Sciences and Medicine,
2016), with allowable ME being 0.97 for both diets, and MP being
1.12 for the EF diet and 1.13 for the ES diet (Table 1). These
calculations further support the diets’ equivalence in energy and
protein, suggesting that downstream physiological differences
observed herein should be largely due to energy composition
shifts rather than energy availability.

Follicle abundance and size

Follicular dynamics were observed pre-breeding to represent
the follicular stage prior to and during the breeding process. Table 3
shows the assessment of average follicle size and number beginning
8 days after the transition to the dietary treatments was completed.
It was not expected that the follicular dynamics would differ by 8-
day post-diet adaption (Ginther et al, 1989) because the
development of those follicles would have been expected to occur
before introducing a new metabolic state (as induced by the diet).
Neither the abundance of follicles (sizes; small (P=0.40), medium
(P=0.13), large (P=0.91)) nor the dimensions of follicles differed
between treatment diets (Table 3). The limited influence of diet on
follicle dynamics was somewhat unexpected. A diet higher in
glucogenic precursors is associated with a higher plasma
concentration of IGF-1 (Formigoni et al., 1996). Beneficially, IGF-
1 acts on the granulosa cells of the ovary to enhance the ovarian
response to gonadotropins and therefore potentiating follicular
development (Adashi, 1998). The lack of influence of dietary
treatments on follicle dynamics within the present study is likely
attributed to the little time available between the start of treatments
administration and sample collections for metabolic shifts to be
established and influence follicular wave dynamics.

TABLE 3 Total follicles® for pre-bred heifers assigned to two different dietary treatments®.

Follicle Response Variable

P-Value Time P-Value Diet P-Value Diet x Time

# Small 3.48 0.989 291 0.978 0.0072 0.3970 0.8810
# Medium 1.271 0.270 0.995 0.267 0.0002 0.1337 0.1485
# Large 0.371 0.163 0.384 0.161 0.0994 0.9081 0.2111
Maximum Volume 7.79 1.14 8.34 1.12 0.2312 0.4816 0.7741
Maximum Height 7.57 1.04 8.08 1.02 0.0623 0.4701 0.8098
Maximum Diameter 7.66 1.07 8.20 1.06 0.1246 0.4576 0.7786

!Crossbred Angus-based heifers were randomly assigned to receive a high starch (n=15) or high fat (n=14) supplemental diet.
? Statistical significance was declared at < 0.05, and statistical tendency was declared at 0.05 < P < 0.10.
3 Follicle measurements were obtained on days —10, -8, —4, and 0 prior to breeding.
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The number of small (P=0.01) and medium (P=0.002) follicles
present differed by time relative to breeding, and large (P=0.10)
follicles tended to differ over time (Figure 2). On day 0 relative to
breeding, there was a greater number of large follicles than at times
-8 or —4, and a lower number of small and medium sized follicles
(Figure 2). The shift observed in small or medium and large follicles
reflects the expected dynamics within a regular follicular wave. The
literature on follicle maturation rate suggests that the rate of
maturation is dependent on the complicated relationships of the
hypothalamic-pituitary and ovarian feedback loop, follicular
steroids, and extra ovarian growth factors (BK et al., 1995).
Animals with larger pre-ovulatory follicle size at the time of
breeding have increased chances of becoming pregnant (Lopes
et al, 2007), and the implication of this previous work is that
animals with an increased number of large follicles closer to
breeding may have improved change of conception.

Reproductive performance

Although heifers in the ES treatment group (n=14) had a greater
conception rate (57.14%) after the first service compared to heifers
in the EF diet group (n=13) with a conception rate of 50.0%, there
was no statistically significant difference between the treatments.
After the first service, 11 heifers displayed signs of estrus indicating
that they were not pregnant by TAL After a second service was
performed, only 36.4% of these heifers were bred, with the ES
treatment group retaining a higher second-service success rate (ES
66.7% vs EF 28.6%). The final pregnancy rate for both treatment
groups after two services was 66.7% (Table 4). The differences in
reproductive outcomes associated with the diets are biologically
sensible and map to the hypothesis of the work. It should also be
noted that there was no reproductive tract assessment, or evaluation
of the number of cycles individual heifers displayed prior to
breeding. This could hold significance in pregnancy outcomes, as
it is known that number of cycles prior to breeding can impact
pregnancy rates in heifers (Roberts et al., 2019), which also could
have influenced pregnancy rates among treatment groups.
However, the inability to determine whether these groups differed
significantly in reproductive success suggests these results should be
advanced with further work in this area with multiple, replicated
herds of animals receiving supplementation.
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FIGURE 2
Mean number of follicles present prior to breeding.
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Hormone profiles

Results of plasma P4 analysis suggested diet and pregnancy
status interacted significantly to influence P4 concentrations. P4
concentrations were also strongly influenced by initial P4
concentrations (P=<0.0001) and time (P=<0.0001; Table 5). In
pregnant animals only, P4 concentrations of animals on the EF
treatment were greater than those of animals on the ES treatment.
Indeed, animals on the EF and ES treatments differed in the profile
of P4 post-breeding, with the ES animals peaking near d 14, while
the EF animals had a more sustained elevation to P4 concentration
from d 18 to d 24 (Figure 3). Increased P4 circulation immediately
after conception corresponds with increased pregnancy retention
(Carter et al., 2008), which suggests the EF animals may have had
greater hormonal support in pregnancy retention; however, based
on the pregnancy data this did not confer to elevated breeding
success. On day 24 post-breeding, plasma progesterone (P4)
concentrations were greater in the EF treatment group, but there
was no statistically significant difference compared to the ES
treatment group (Figure 3). Although in opposition to the work
previously conducted in our research group (Bedford et al., 2018)
the elevated P4 concentrations on the EF diet are sensible, given
other studies previously conducted. For example, Burke et al. (1996)
found that ewes supplemented with increased Omega-6 fatty acids
exhibited higher P4 blood plasma concentrations. The fat source
used within the EF treatment was soybean oil, which is high in both
Omega-3 and Omega-6 fatty acids (Covington, 2004). The
differences in P4 concentrations observed among these treatments
may be associated with dietary fatty acid composition rather than
gluconeogenic precursors’ availability.

The ES supplemented heifers exhibited a tendency to have
different PAG concentrations compared to the EF supplemented
heifers on day 28 (P=0.07; Table 6). The higher concentration of PAG
could have been driven by the greater availability of glucogenic
precursors on the higher starch diet. Theoretically, the
improvement of glucogenic function in the placenta would result in
an increased concentration of blood plasma PAG in the animal.
Research on PAG concentration has shown that this marker may be
an excellent predictor of pregnancy in cattle (Thompson et al.,, 2010).
A decrease in PAG concentration has also been associated with
increased incidence of embryonic mortality (Pohler et al., 2016).
However, the method of action of PAG is still not well understood.
Previous literature suggests that an earlier rise in pregnancy specific
protein-B concentrations is indicative of earlier implantation
(Middleton et al., 2022), potentially reflecting increased activity
among binucleate cells. Given the trends identified in this study,
further work is warranted to better explore the relationships among
PAG, nutrition, and pregnancy outcomes.

Conclusion

In conclusion, the comparison of ES and EF diets supports the
hypothesis that reproductive system function can be modulated by
dietary nutrient supply in the short-term. This rapid physiological
response is of particular interest because it may present a low-cost,
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TABLE 4 Effects of experimental diet treatments on pregnancy rates in beef heifers’.

Variable

First AI Pregnancy Rate, % (n=27) 51.85%
Second AI Pregnancy Rate, %> (n=11) 36.36%
Total Pregnancy rate, %? (n=27) 66.67%

EF Diet ES Diet
50% 57.14%
28.57% 66.67%
66.67% 71.43%

!Crossbred Angus-based heifers were randomly assigned to either receive a high starch supplemental diet (n=15) treatment or a high fat supplemental diet (n=14).

*Total pregnancy rate calculated when all heifers were included in the percentage.

*Total pregnancy rate calculated when heifers that did not exhibit second heat before the second breeding were removed from the percentage.

low-input method to enhance success of assisted reproductive
technologies. Providing a 21-d pre-breeding dietary supplement
strategy, coupled with a synchronization protocol, may be a more
feasible and affordable approach for producers to improve the
efficiency of assisted reproductive technologies such as timed-Al,
estrus detection, or embryo transfer. That said, it is essential to note

that this study’s results are preliminary and should be extended and
replicated to refine mechanisms, define responses, and assess
consistency. Overall, the comparison of diets suggests that starch-
heavy supplements contribute to lower P4 concentrations 24 d post-
breeding, and tend to lead to higher PAG concentrations by d 28
post-breeding. These observations suggest that an increase in

TABLE 5 Blood plasma concentrations of progesterone (P4) in beef heifers after breeding®.

Diet Pregnant SE Non-Pregnant SE
EF 6.02 0.50 4.76 0.52
ES 4.89 0.47 5.05 0.55
‘ P4 Response Variable ‘ P-Values® ‘
Diet 0.7085
Time <0.0001
Pregnancy Status 0.0480
Initial P4 <0.0001
Diet x Time 0.27
Diet x Pregnancy Status 0.03

'Blood samples were obtained on days 24 and 28 post-breeding.

2Crossbred Angus-based heifers were randomly assigned to either receive a high starch supplemental diet (n=15) treatment or a high fat supplemental diet (n=14).
? Statistical significance was declared at < 0.05, and statistical tendency was declared at 0.05 < P < 0.10.

s
i BN
10.01 /
759
E Diet
k=)
< . c
g D
5.0
251
0.01
3 4 5 7 10 14 18 21 24 28
Days from first breeding
FIGURE 3
Blood plasma concentrations of progesterone (P4) in beef heifers after breeding. Heifers in the EF* treatment group received a supplemental diet
high in fat while the ES* treatment group received diets? high in starch. * c=EF treatment, p=ES treatment. 2 Crossbred Angus-based heifers were
randomly assigned to receive a high starch (ES; n=15) or high fat (EF; n=14) supplemental diet.
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TABLE 6 Concentration of placental associated glycoprotein (PAG) in successfully pregnant heifers® assigned to two different experimental diets.

Variable

PAG d24, ng/ml (n=14) 1.067 1.49

2.513 1.63 0.7745

0.947 1.55

PAG d28, ng/ml (n=18)

4.089 1.40 0.0705

'Blood samples were obtained on days 1-7, 10, 14, 18, and 21.

2Crossbred Angus-based heifers were randomly assigned to either receive a high starch supplemental diet (n=15) treatment or a high fat supplemental diet (n=14).
? Statistical significance was declared at < 0.05, and statistical tendency was declared at 0.05 < P < 0.10.

propionate production may improve reproductive outcomes, but
the exact mechanism in which this is accomplished is not known.
Further comparison of energy supply and energy substrate within
the same experimental context is needed to contextualize the
importance of energy supply and energy source in modulating
these various aspects of ruminant reproduction.
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