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ABSTRACT

Bulls often experience various levels of nutrient availability throughout the year. Nutritional management is a critical factor on overall ejaculate
composition and the ability to get females pregnant. We hypothesized that differing nutritional levels and body condition score (BCS) affect
reproductive fertility parameters in bulls. Mature Angus bulls (n = 11) were individually housed and randomly assigned to one of two dietary
regimens: 1) overfed (n = 5) or 2) restricted (n = 6). Bulls were fed the same ration at different volumes to achieve desired effects resulting in
eight individual treatments: gain to an overfed body condition score ([BCS]; GO), gain after nutrient restriction (GR), loss after an overfed BCS
(LO), loss from nutrient restriction (LR), maintenance at ideal adiposity (BCS = 6) after overfeeding (IMO), maintenance at ideal adiposity after
nutrient restriction (IMR), maintenance at an over-fed BCS (BCS = 8; MO), and maintenance at a restricted BCS (BCS = 4; MR). Body weight
(BW) and BCS were recorded every 2 wk to monitor bull weight and BCS changes. Scrotal circumference was measured every 28 d. Body fat
and sperm motility and morphology were evaluated every 84 d. Scrotal circumference, motility, and morphology were normalized to the initial
value of each bull. Thus, allowing the individual bull to serve as a control. Statistical analyses were conducted with PROC GLIMMIX of SAS as a
complete randomized design to determine if treatment influenced BW, BCS, scrotal circumference, motility, morphology, and adipose thickness.
Scrotal circumference (P < 0.001) had the least amount of deviation from initial during the LR (0.29 + 0.44) treatment and the greatest during the
MO (3.06 = 0.44), LO (2.28 + 0.44), MR (2.43 + 0.44), GR (3.03 = 0.44), and IMR (2.91 + 0.44) treatments. Sperm motility was not affected by
nutritional treatments (P = 0.55). Both head and total defects of sperm differed (P = 0.02) due to nutritional treatments. Increased head abnor
malities occurred during the LO (37.60 + 8.61) treatment, with no differences between the other treatments. Total defects increased during the
LO (43.80 + 9.55) treatment with similar increases in bulls during the GR (29.40 + 9.55) and IMR (35.60 + 9.55) treatments. In conclusion, male
fertility was impacted when a deviation from a BCS of 6 occurred which could be detrimental to reproductive and beef production efficiency.
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INTRODUCTION Singh et al., 2018). Bulls can lose a considerable amount of
weight (45 to 135 kg) during the breeding season due to
mating and reduced feed intake (NRC, 2000; Barth, 2018).
Therefore, continued evaluation of the interaction between
veloped, diets change from a larger proportion of starches to diet ‘and semen quality 1s necessary to maximize reproductive
more protein, causing an estimated increase of 200 million efﬁc1en§y through nutrltloqal optimization. .

tons of meat to be needed by 2050 (FAO, 2009). Efforts to To aid m Fhe production of increased semen quality,
increase cattle production have largely been focused on the proper nutritional management should be adjusted de-
female due to the long-term interaction and influence on the pending on bu” age aqd time of year (Leathem, 1975; NRC,
offspring (Funston et al., 2012; Endecott et al., 2013; Diskin 2.0,00)' .Nutrlent restriction can negatlvel}f a.ffgct mal.e _fer—
and Kenny, 2014). However, the paternal contribution to pro- tility via poor tqstlcular develop@ent, d1m}n15hed libido,
duction efficiency may be greater than previously anticipated reduced progressive forward motility, and. increased mor
due to a sire having multiple offspring per breeding season. phological defects (Mwansa and Makarechlgn? 1991; Singh
Bull fertility can be negatively impacted by many factors et al., 2018). Proloqggd nutrltl'onal restriction has also
including the environment and nutrition (Parkinson, 1987; 1pﬂuencefi the ‘“te“t‘?lal’ Sertoh,' and LeY,dlg cell popula-
NRC, 2000; Thomas, 2009). Sire nutrition is a major limiting tions yvhlch alters testicular §ter01dogene31s and spermato-
factor for male reproductive performance (Short and Adams, ~~ 8€D€SIS (NRC’ 2000; Bo.llwem et al, 201,7)‘ Interestingly,
1988) which can affect overall fertility (Singh et al., 2018) over nutrition can also impact repr.oductlve performance.
and potentially lower pregnancy rates (Coulter et al., 1999; Greater intake levels can decrease ejaculate volume, sperm

There is a critical need for efficient beef production due to the
predicted exponential growth of the world’s human popula-
tion (Reynolds et al., 2015). As countries become more de-
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concentration, motility, and morphology of the sperm
(Coulter et al., 1997; Perkovic S, 2001) as well as create
a hormonal imbalance (Tremellen et al., 1998; Selvaraju
et al., 2012; Singh et al., 2018), all of which can impact
male fertility. Pre-pubertal bulls (8 to 25 wk of age) re-
ceiving elevated concentrate levels (37% concentrate) had
increased GnRH-stimulated testosterone production com-
pared to bulls on a diet without concentrate (Barth et al.,
2008). Increasing energy levels by 20% has been reported
to improve sperm velocity and motility as well as mitochon-
drial membrane potential and integrity in rams (Selvaraju
et al., 2012). Thus, nutritional management of the sire prior
to the breeding season is a critical factor for reproductive ef-
ficiency. Therefore, the hypothesis of the current study is that
prolonged alterations to nutritional plane and body condition
score (BCS) impact industry standard fertility measurements
of mature bulls.

MATERIALS AND METHODS

All experimental procedures were approved by the University
of Tennessee Institutional Animal Care and Use Committee
protocol no. 2713-0819.

Experimental Design and Sample Collection

Mature Angus bulls (7 =12; body weight [BW] =738 kg;
BCS = 6; Age = 4 yr) were purchased from Jorgensen Land &
Cattle (Ideal, SD). One bull developed bovine leucosis and
was required to be euthanized during the study; thus, it was
excluded from all analyses. All bulls were individually housed
in a 2.44- by 12.19-m paddock with ad libitum access to
water and provided a 100 g mineral supplement daily (CO-
OP Supreme Cattle Mineral; Tennessee Farmers Cooperative;
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Lavergne, TN). Bulls were provided feed to target intakes to
meet BW and BCS goals as per experimental design. The diet
consisted of 35% ground hay, 35% cracked corn, 20% dried
distillers’ grain, and 10% soybean meal. Prior to the initi-
ation of treatments, a breeding soundness exam (BSE) was
conducted to assess fertility status. All bulls were required to
pass a BSE with pre-treatment average scrotal circumference
38.52 + 1.45 cm (34 cm minimum), forward progressive mo-
tility averaged 45.8 =+ 7.3% (30 % minimum), and morpho-
logical defects were 19.9 + 5.9%, 5.9 + 3.9%, 0.64 = 1.02%,
and 26.5 + 6.1% for head, mid piece, tail, and total (70 %
minimum), respectively. Following a 21-d adaptation period,
each bull was randomly assigned to one of two dietary re-
gimens, either restricted or over-fed initial diets (Figure 1),
to achieve eight individual treatments: gain to an over-fed
BCS (GO), maintenance at an over-fed BCS (BCS = 8; MO),
loss after an over-fed BCS (LO), maintenance at ideal adi-
posity (body condition score [BCS]=6) after overfeeding
(IMO), loss from nutrient restriction (LR), maintenance at a
restricted BCS (BCS = 4; MR), gain after nutrient restriction
(GR), and maintenance at ideal adiposity after nutrient re-
striction (IMR). On day 21, restricted bulls began with the
LR treatment, targeting a decrease of 2 BCS over 84 d. On
day 103, restricted bulls began adaptation to diet intake ad-
equate for maintenance at an abnormal BCS of 4 over 10 d
and began the MR treatment. On day 189, restriction bulls
began re-alimentation (GR treatment) back to initial basal
BW and BCS with intakes targeting a BCS increase of 2. Bulls
assigned to the over-fed regimen were subjected to inverse
dietary changes of the restricted regimen. Following the 21
d adaptation, over-fed bulls started with the GO treatment
and received an intake volume to support ~1.25 kg/d to in-
crease BCS by 2 in 84 d. On day 105, over-fed bulls were

Figure 1. Project timeline with two dietary regimens: Overfed and Restricted, with four respective nutritional periods per regimen. Sample collections
followed a 21-d diet adaptation period prior to treatments. The treatments include Gain to an Overfed BCS (GO), Maintenance at an Overfed BCS
(MO), Loss after an Overfed BCS (LO), Maintenance at Ideal Adiposity after Overfeeding (IMO), Loss from Nutrient Restriction (LR), Maintenance at
Restriction BCS (MR), Gain after Nutrient Restriction (GR), and Maintenance at Ideal Adiposity after Nutrient Restriction (IMR). Each treatment includes
semen collection for morphology and motility for initial and every 84 d (large falcon tubes), and scrotal circumference measurements for days 28, 56,

and 84 per nutritional period, respectively (A, B, and C).

£20z Arenigad g0 uo 1sanb Aq 29%1.0G9/1002EXY/ L/9/9[oILE/SE)/ W00 dNo"dlWapede/:sdny Wolj papeojumoq



Downloaded from https://academic.oup.com/tas/article/6/1/txac001/6501467 by guest on 08 February 2023



Table 1. Body weight and body condition score for each nutritional
treatment per individual sampling date through the designated dietary
regimens

Nutritional Sample, Nutritional BW, kg! BCS!
periods d treatments

Initial 21 Over-fed 718.32%2 5.89

Restricted 762.61% 6.09°

Period 1 49 GO 801.96%* 6.04°

LR 742.31° 4.96°

77 GO 854.322 6.49°

LR 723.22° 4.67°

105 GO 888.14% 6.84

LR 695.34° 4.09°

Period 2 133 MO 855.232 6.29°

MR 720.94° 4.76>

161 MO 856.69° 6.04°

MR 718.67° 4.96°

189 MO 855.60° 6.04°

MR 715.94° 4.92b

Period 3 217 LO 840.32v 5.79

GR 791.55% 5512

245 LO 824.14¢ 5.492

GR 810.34* 5.76*

273 LO 812.51° 5.24°

GR 833.97¢ 6.09°

Period 4 301 IMO 807.05° 5.24

IMR 836.85° 6.05°

329 IMO 809.782 5.44

IMR 8§33.220 5.88>

357 IMO 816.32° 5.20°

IMR 854.432 5.63"

'BW SEM for Over-fed and Restricted was 19.27 and 17.59 and BCS SEM
was 0.16 and 0.135, respectively.

“*Within a column, means without a common letter differ for BW and
BCS (P < 0.10).

2 Period 1: Over-fed regimen = GO treatment; Restricted regimen = LR
treatment.

3ab\Within a column, means without a common letter differ for BW and
BCS (P < 0.05).

* Both treatments per dietary regimen—Period 2: MO and MR treatments;
Period 4: IMO and IMR treatments.

3 Period 3: Over-fed regimen = LO treatment; Restricted regimen = GR
treatment.

compared with all others. The MR treatment (0.27 = 0.09 cm)
had less rump fat than LO (0.53 £ 0.09 cm) and IMO and
LR were intermediate between the two (0.45 = 0.09 cm and
0.39 = 0.09 cm, respectively). Both back and rump fat fol-
lowed the experimental model according to the treatments of
each respective dietary regimen.

Motility and Morphology

Forward progressive motility was not impacted by nutritional
treatments (P = 0.55, Table 2). The change in morphological
head abnormalities when compared with the initial morph-
ology prior to treatments was influenced (P = 0.02; Table 2)
by nutritional treatments. The greatest increase in head ab-
normalities occurred during the LO (37.60 = 8.61). The treat-
ments including the GO (-7.67 = 8.61), MO (1.00 = 8.61),
IMO (1.80 = 8.61), LR (-2.40 = 8.61), MR (-4.50 = 8.61),
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Figure 2. The effects of nutritional treatment on the change of scrotal
circumference. Initial scrotal circumference measurements were
subtracted from each nutritional treatment period for each bull. “6Bars

(arithmetic means = SEM) that do not share a letter denote differences
at P<0.05.
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Figure 3. Back fat measurements for each nutritional treatment (Raw
Mean + SEM; P < 0.001). BPEBars (raw means + SEM) that do not share
a letter denote differences at P< 0.05.
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Figure 4. Rump fat measurements (Raw Mean + SEM; P < 0.0001) for
the nutritional treatments. #5Bars (raw means + SEM) that do not share
a letter denote differences at P< 0.05.

GR (12.00 = 8.61), and IMR (10.60 = 8.61) were all similar.
The sperm defects for midpiece (P = 0.47) and tail (P = 0.84)
were not influenced by nutritional treatments (Table 2). In
contrast, when evaluating the change in total sperm abnor-
malities, there was a nutritional treatment effect (P = 0.02;
Table 2). The greatest increase for total defects occurred
during the LO (43.80 = 9.55) treatment, whereas no change
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