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ARTICLE INFO ABSTRACT

Keywords: Effects of a plasmolysed yeast product enriched with herbs, malt, honey and orange syrup on

Herbal yeast semen characteristics and oxidative status in stallions were evaluated. Twenty stallions (mean

Antioxidant capacity age * standard deviation = 9.5 + 4.5 years) were randomly divided into a treatment group

Semen parameters (n = 10) receiving 0.06 mL/kg bodyweight of plasmolysed herbal yeast, and a control group

(n = 10) receiving the same amount of placebo daily in the feed for 10 weeks. Ejaculates were
collected weekly from all stallions starting at Week 0. Volume, sperm concentration, motility, and
velocity were evaluated immediately, 24 and 48 h after cooled storage at 5 °C. At the two storage
time points, membrane lipid peroxidation was determined using the BODIPY-C;;. Additionally,
blood samples were collected at Weeks 0, 1, 5 and 9, and analysed for antioxidant status, con-
sisting of superoxide dismutase, cholesterol, thiobarbituric acid reactive substances, and non-
esterified fatty acids. Due to the nature of the data, the Mann-Whitney U test was applied as
preliminary analysis. The BODIPY-C;; in the semen was less at 24 h and greater at 48 h after
collections in Week 1 to 3 (P < 0.01) and Week 1 to 10 (P < 0.05) compared with Week 0 in the
treatment compared to control group. There were no significant differences between groups for
all values for other seminal and blood variables evaluated. In conclusion, feed supplementation
with plasmolysed herbal yeast temporarily improved the antioxidant status of stallion semen,
which might be of benefit for preservation of cooled semen.

1. Introduction

Oxidative stress because of spontaneous lipid peroxidation is one of the most important factors affecting the longevity of sperm
and is known to reduce sperm motility (reviewed by Ball, 2008). Lipid peroxidation of sperm is thought to have effects during the
fertilizing process. Mammalian spermatozoa are susceptible to peroxidative damage due to the relatively greater content of poly-
unsaturated fatty acids in the cell membranes than is present in membranes of most animal cells (Aitken, 1997). Production of
reactive oxygen species, in small amounts, is physiological in semen and the reactive oxygen species function in capacitation and the
acrosome reaction (de Lamirande and Gagnon, 1993; Aitken et al., 1995, 1998), whereas large amounts of free radicals that exceed
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the sperm antioxidant defence mechanisms, damage the sperm plasma membrane and sperm DNA, potentially initiating apoptotic-
like changes (Ball, 2008). Results of some studies in humans indicate there is an association of oxidative damage of sperm with
decreased male fertility (Tremellen, 2008).

Results of several studies in mammals (e.g., gilts: Marin-Guzman et al., 1997; boars: Audet et al., 2004; rabbits: Yousef et al., 2003)
and humans (e.g., Hunt et al., 1992) indicate the possibility of reduction of oxidative damage with a food supplement containing anti-
oxidative substances including polyunsaturated fatty acids (PUFA). In horses, anti-oxidant supplements had an effect on fresh-chilled
(Brinsko et al., 2005; Elhordoy et al., 2008; Contri et al., 2011; Schmid-Lausigk and Aurich, 2014) and frozen-thawed semen quality
(Elhordoy et al., 2008; Rodrigues et al., 2017), while there was not such an effect in a study of Deichsel et al. (2008) and Grady et al.
(2009).

In the present study, a food supplement comprised of plasmolysed herbal yeast, malt, honey and orange syrup was evaluated.
Herbal yeast plasmolysate, containing a variety of over 60 important substances, had positive effects on the innate and adaptive
immune system in mice (Leslie et al., 1988, 1989) in results of studies focused on the cellular immunological fraction indicating there
was an enhanced function of helper/inducer T-lymphocytes, natural killer cells and B-lymphocytes. In addition, daily administration
of the product had stress protectant effects in mice and humans (Leslie et al., 1988; Joller, 1988; Joller and Aeppli, 1989;
Schwarzenberg et al., 2000). Leslie et al. (1988) postulated that these protectant effects are associated with an unidentified nutri-
tional factor, and based on the report of Joller (1988) hypothesized that this could be regulated by the adaptive immune system.

In horses in a parallel study, however, van Dorland et al. (2018) reported there was no increase of antibody production after
vaccination in response to H3N8 influenza vaccination in Equi-Strath’-supplemented animals. Nonetheless, results of recent in vitro
studies indicated yeast had antioxidative properties (Vargas-Ochoa et al., 2016) when there was assessment of mitochondrial glu-
tathione in thiol-redox regulation (Gostimskaya and Grant, 2016), and measurement of the total antioxidant activity of Saccharomyces
cerevisiae by analysing 2,2 -azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) during yeast cultivation (Lavova and Urminska, 2013).
The results of these studies confirm the suitability of yeast as a nutrition supplement.

In the current study, there was testing of the hypothesis that oral application of Equi-Strath®, a product containing herbal yeast
plasmolysate, to healthy Franches-Montagnes stallions would increase the seminal and blood antioxidative status of stallions.

2. Material and methods
2.1. Animals

A total of 20 clinically healthy and sexually experienced Franches-Montagnes stallions (mean age + 9.5 + 4.5 years, range 4-21
years) from the Swiss National Stud in Avenches (Switzerland) were used for the experiments. The stallions were housed in individual
stalls bedded with straw or wood chips. Feeding consisted of hay or haylage and concentrate (oats, barley, corn and pellets) with
feeding occurring three times daily. Water and a mineral salt block were available ad libitum. All stallions were regularly exercised
and had daily access to a paddock. The experiments were approved by the local animal ethics committee (Etat de Vaud, Service
Vétérinaire; permit no. 2667.1).

2.2. Experimental design

The stallions were randomly divided into two groups using dicing. The Equi-Strath® was administered to the treatment group
(group TG: n = 10; mean age * standard deviation: 8.6 * 4.9 years), and an oral placebo was administered to the control group
(group CG: n = 10; 10.5 * 4.1 years). The experiment started in the autumn (October). Before the beginning of the study, extra-
gonadal semen reserves were standardized through 7 days of daily semen collection starting before the first experimental collection.
After that, ejaculates were collected weekly every Tuesday from all stallions in the study, starting at Week 0. The supplement and
placebo were administered daily from Week 1 until 10 (end of the experiment). In addition, blood samples were collected during
Weeks 0, 1, 5 and 9, respectively, for analysis of antioxidant status.

2.3. Food supplementation

A plasmolysed herbal yeast food supplement containing 83% plasmolysed herbal yeast (plasmolysate of Saccharomyces cerevisiae),
9% malt extract, 3% honey, 5% orange syrup (Equi-Strath® for horses, from Bio-Strath AG, Ziirich, Switzerland) was administered.
The placebo was specifically produced for the present study with the placebo requirements matching Equi-Strath” as much as could
possibly occur in taste, colour and consistency. The placebo consisted of lecithin (0.50%), xanthan gum (0.55%), caramel (0.26%),
potassium sorbate (0.12%) and sodium benzoate (0.13%) diluted in water.

Stallions in Group TG were supplemented with 0.06 mL/kg BW of Equi-Strath” daily, between 8:00 and 9:00 o’clock, using an oral
syringe. Stallions of Group CG were supplemented daily with the same amount of a placebo using an identical application procedure.
The feeding staff were unaware of the group assignments of the stallions.

2.4. Semen collection and evaluation

2.4.1. Semen collection
The semen collection occurred in a building that was separated from the housing stables. A “dummy” mare was used for the
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stallions to mount to collect the semen in an artificial vagina (type Avenches, National Stud Avenches, Switzerland). The semen
collection procedure was always performed in the same way by the same collecting person and stallion handler with the same
chronological order of the stallions. Both persons were naive in respect to the group assignments of the stallions.

2.4.2. Volume, concentration and computer assisted sperm analysis (CASA)

The volume of the ejaculate was measured after removal of the gel fraction. Concentration of the raw semen was then evaluated
with the Nucleocounter” SP-100™ system (ChemoMetec A/S, Allergd, Denmark). Total sperm count was calculated as the volume
multiplied by the concentration. Semen was then diluted with INRA 96~ (IMV technologies, L’Aigle, France) to a concentration of
30 x 10° spermatozoa/mL. Diluted semen was placed in a standardized, pre-warmed 20 um standard count analysis chamber
(Standard Count Analysis Chambers SC 20-01-C, Leja, Nieuw-Vennep, The Netherlands) and assessed for total motility and pro-
gressive motility of sperm cells in ten fields with a computer assisted sperm analyser (HTM-IVOS, version 12.1, Hamilton Thorne
Biosciences, Beverly, MA, USA). In addition, three measures of sperm velocity were determined which were the straight-line velocity
(VSL; i.e., the mean distance between the sperm heads’ first detected positions to the last), the curvilinear velocity (VCL; ie., the
curvilinear path the sperm heads took), and the average-path velocity (VAP; i.e., the smoothed paths the sperm heads took during an
observational period) were determined using procedures described by Burger et al. (2015a, 2015b). Sperm with straightness =70%
and VAP = 50 um/s were considered progressively motile. An aliquot of fresh diluted semen was then cooled and stored at 5 °C, using
an Equitainer” (Hamilton Thorne Biosciences, Beverly, MA, USA), and sent to the Clinic for Reproductive Medicine in Zurich,
Switzerland, for analysis 24 and 48 h later (after incubation for 15 min at 38 °C each) of total motility, progressive sperm motility,
VSL, VCL and VAP.

2.4.3. Flow cytometry analyses

Assessments using flow cytometry 24 and 48 h later were performed using a Call Lab Quanta SC MPL flow cytometer operated
using the Cell Lab Quanta SC Software for instrument Control Data Acquisition (Beckman Coulter Inc., Nyon, Switzerland) equipped
with a solid state LASER exciting at 488 nm and emission filters detecting green, orange and red fluorescence at 525, 590, and
670 nm, respectively. Applied flow rate was 500 cells/s and for each sample 10,000 events were evaluated after incubation of stained
sperm for 15 min at 38 °C. The plasma membrane integrity and acrosomal status of the spermatozoa were determined after double
staining with propidium iodide (PI) and peanut agglutinin conjugated with fluorescein isothiocyanate (FITC-PNA) as described in a
parallel study by Wach-Gygax et al. (2017); briefly semen was diluted in 238.5uL Tyrode’s solution to a final concentration of
0.6 x 10° spermatozoa/mL; 5 pL of such diluted semen were stained by adding 1.5 pL of 2,99-mM PI (Sigma-Aldrich, Buchs, Swit-
zerland) and 5 pL FITC-PNA (100 pg/mL) (Sigma-Aldrich Buchs, Switzerland) and then assessed using flow cytometry (percentage of
membrane and acrosome intact spermatozoa, PMAI%; Nagy et al., 2003). Amount of lipid peroxidation was analysed using a
combined staining with the lipophilic fluorescent 4,4-difluoro-5-(4-phenyl-1,3-butadienyl)-4-bora-3a,4a-diaza-s-indacene-3-un-
decanoic acid (BODIPY®®'/%°1.C11) and PI (described by Giirler et al., 2015); 5uL of semen were added to 2.5 pL of 1000-uM
BODIPY>#1/°1.C11 (Thermo Fisher Scientific, Riehen, Switzerland) and 1.5 pL of 2,99-mM PI and then all mixed with 241 pL Tyr-
ode’s medium to a final concentration of 0.6 x 10° spermatozoa/mL. For further analysis, mean BODIPY>®'/*°1.C11 fluorescence
intensity of live sperm cells (PI negative) was considered. Plasma membrane intact sperm cells with a large mitochondrial membrane
potential (HMMP) were determined using a combined staining with 1.5 pL PI and 2.5 uL JC-1 of 5 pL of sperm previously diluted in
241 uL of Tyrode’s solution (Malama et al., 2017). The value of HMMP was defined as the percentage of PI-negative sperm cells with
orange fluorescence. All examining persons were naive in respect to the group assignment of the stallions.

2.5. Blood sample collection and determination of antioxidant status

Using jugular venepuncture, blood was collected into EDTA Vacuette” tubes (Greiner Bio-One, Stonehouse, Gloucestershire, UK)
15 min before semen collection. The samples were immediately centrifuged (4000 x g, 10 min) at room temperature, and plasma was
decanted and frozen (—18°C) until analysis. Plasma concentrations of total cholesterol, thiobarbituric acid reactive substances
(TBARS), non-esterified fatty acids (NEFA), and superoxide dismutase (SOD) activity were analysed enzymatically by using com-
mercial kits on a Cobas Mira analyser (Hoffmann-La Roche, Basel, Switzerland). Kit no. 61,219 (bioMérieux SA, Geneva, Switzerland)
was used for total cholesterol analysis, Kit no. FA 115 (Randox Laboratories Ltd., Schwyz, Switzerland) for NEFA determination, and
the Superoxide Dismutase Assay Kit (Cayman Chemical Company, Ann Arbor, MI, USA) was used for measurement of SOD con-
centration. Furthermore, the TBARS were determined quantitatively through a plate-based colorimetric measurement (530-540 nm)
using the TBARS Assay Kit (Cayman Chemical Company).

2.6. Statistical analysis

Data were evaluated for normal distribution, followed by transformation of data where applicable and finally applying a linear
mixed-effects models procedure, including treatment (TG or CG), time, and the interaction as fixed effects, and stallion as a repeated
subject. Due to there being significant interactions, the overall comparison of the treatment modalities became meaningless, and a
different statistical analysis was adopted. The Mann-Whitney U test, a non-parametric test used for comparison of two sample means,
was ultimately used and the results considered as part of a preliminary investigation.

To account for pre-existing differences between individual horses, baseline values (Week 0) of each variable were subtracted from
values measured during treatment (Weeks 1 to 10), so that data represented changes from baseline. Differences between groups were
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Table 1

Data for semen variables (means = SE) of ejaculates collected from ten stallions supplemented with Equi-Strath® (treatment group TG) and ten
stallions supplemented with a placebo (control group CG) comparing the values during the first 3 weeks, and during the entire 10 week study period
of supplementation with basal concentrations before supplementation; Differences are indicated with *(P < 0.10), *(P < 0.05), and **(P <
0.01).

Before supplementation Weeks 1 - 3 Weeks 1 - 10
Semen variable TG CG TG CG P value TG CG P value
Volume of ejaculate (ml) 25.4 27.9 -1.9 1.5 0.472 -21 0.3 0.315
+ 4.2 + 4.2 +1.4 + 4.5 +1.7 +2.4
Sperm number per ml (x 10°) 578.9 536.8 —-30.4 —-101.8 0.353 —-22.1 —69.6 0.353
+ 66.7 + 81.6 +27.5 + 54.7 +24.8 + 38.7
Total sperm cells (x 10%) 13.39 14.11 —-2.19 —-2.38 0.739 —-2.21 —-2.26 0.971
+1.98 * 2.62 +0.83 +1.42 + 0.85 + 1.46
Total motility 77.0 81.1 -2.4 2.4 0.063* -1.3 3.0 0.070*
(%) +35 * 2.0 *22 +0.9 *19 +0.7
Total motility after 24 h (%) 64.7 71.7 2.6 1.9 1.000 3.7 1.8 0.595
+ 4.8 + 1.8 + 0.6 +1.3 + 1.7 +1.3
Total motility after 48 h (%) 59.5 68.6 —-2.4 2.2 0.051" 0.6 0.8 0.740
+5.0 *19 *1.2 +14 *20 +0.5
Progressive motility (%) 47.8 54.0 2.1 7.2 0.057* 5.2 9.2 0.161
+ 54 + 3.4 + 1.5 +1.1 + 1.7 +1.4
Progressive moti-lity after 24 h (%) 37.9 50.7 2.3 1.3 0.962 4.5 0.4 0.660
+ 5.6 + 1.6 + 21 + 3.3 + 24 +22
Progressive moti-lity after 48 h (%) 37.5 48.0 -0.7 4.3 0.221 3.4 1.3 0.601
+49 *23 *1.8 *27 *24 +19
VAP 126.9 122.9 1.4 2.9 1.000 4.2 3.1 0.549
(um/s) +5.0 +7.6 +1.8 +3.5 +2.6 +3.7
VAP after 24 h (um/s) 85.3 84.8 2.1 -0.8 0.595 2.4 0.3 0.661
+6.1 *55 +1.8 +3.3 +1.8 +26
VAP after 48 h (um/s) 90.5 87.6 0.4 2.8 0.315 —0.04 1.9 0.604
+6.1 + 6.0 +21 + 3.0 +25 + 2.6
VSL 99.9 96.7 -0.1 0.7 0.905 2.5 2.7 0.780
(um/s) + 4.0 +72 +1.6 + 3.1 + 21 + 3.3
VSL after 24 h (um/s) 69.5 68.4 2.1 -0.8 0.315 2.2 0.8 0.905
+5.2 + 4.7 +1.3 + 2.7 +1.2 + 2.0
VSL after 48 h (um/s) 74.4 70.9 1.1 2.7 0.497 2.7 2.7 0.968
+5.4 +49 +1.8 +25 +1.6 +2.0
VCL 218.4 211.3 9.3 7.8 1.000 15.7 7.9 0.243
(um/s) +12.0 +10.5 *52 +7.0 *6.8 + 6.6
VCL after 24 h (um/s) 167.2 167.3 2.3 -1.2 0.842 2.5 -0.6 0.661
+10.1 +9.1 + 3.3 + 4.7 + 3.3 + 3.7
VCL after 48 h (um/s) 177.3 171.7 -1.3 4.0 0.315 -11.9 0.8 0.095%
+10.3 +10.6 *3.3 +41 * 3.6 + 4.0
PMAI after 24 h (%) 73.8 80.6 -1.6 -0.4 0.408 -0.6 -0.8 1.000
+ 2.5 +1.6 + 22 + 0.8 + 2.2 +0.9
PMAI after 48 h (%) 72.4 78.7 -3.4 0.2 0.351 -1.1 -0.8 0.758
+29 + 1.4 +1.9 +1.3 + 22 +1.3
HMMP after 24 h (%) 95.3 96.3 —4.3 -2.0 0.146 —-4.3 -3.5 0.633
+0.5 +0.5 *1.3 +0.7 *0.9 +0.7
HMMP after 48 h (%) 94.6 95.3 -6.3 -3.6 0.203 -6.7 -45 0.237
+ 0.6 +0.8 + 1.7 +1.0 +1.3 +0.5
BODIPY after 24 h (channels) 117.7 105.9 -6.9 7.4 0.008 -10.4 0.8 0.022*
+ 4.7 +1.8 +4.0 +2.9 o +3.7 +25
BODIPY after 48 h (channels) 152.4 146.2 6.7 —25.5 0.002 2.9 -129 0.023*
+ 4.7 *9.4 *29 *6.7 i *3.3 +57

Abbreviations: VAP average-path velocity; VSL straight-line velocity; VCL curvilinear velocity; PMAI plasma membrane and acrosomal intact
sperma; HMMP sperm with a high mitochondrial membrane potential.

assessed based on the mean change from baseline in Weeks 1 to 3 (short-term, “adaptation”) and 1 to 10 (long-term). Given the
exploratory nature of the present study, P - values were not adjusted for multiple testing. Differences were considered significant if
P < 0.05and as a trend if P < 0.10.

3. Results

Data are reported in Table 1 for semen values and there is also reporting of corresponding P - values obtained from using
statistical tests comparing the values at the start of the experiment to those from Weeks 1 to 3 and Weeks 1 to 10 of supplementation,
respectively.
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Fig. 1. Changes in semen motility (%) of stallions fed Equi-Strath@ (TG; start = Week 0) compared to ten stallions supplemented with a placebo (CG)
immediately after sperm collection (A), and after 24 h (B) and 48 h (C) of cooling at 5 °C; Differences between groups TG and CG for the first 3 weeks
and during the entire study period of 10 weeks are indicated with *(P < 0.10), *(P < 0.05), and **(P < 0.01).

3.1. Volume, concentration and CASA semen variables

Total semen motility tended to be less in the treatment group compared to the control group at collection time (Weeks 1-3
compared with Week 0: P = 0.063; Weeks 1-10 compared with Week 0: P = 0.070) and 48 h (Weeks 1-3 compared with Week 0:
P = 0.051) after cooled storage. Variations of total semen motility (at sampling and 24 and 48 h later) for the groups TG and CG
during the study period are depicted in Fig. 1. Progressive motility tended to be greater in the treatment than control group 24 h after
collection time (Weeks 1-3 compared with Week 0: P = 0.057). Regarding volume, concentration, total sperm count, VSL, VCL, and
VAP there were no tendencies nor significant differences between the groups at all sampling time points.

3.2. Flow cytometry semen variables

Lipid peroxidation (BODIPY-C;;) in the TG was less after 24 h (Weeks 1-3 compared with Week 0: P = 0.008; Weeks 1-10
compared with Week 0: P = 0.022), and increased after 48 compared with the CG (Weeks 1-3 compared with Week 0: P = 0.002;
Weeks 1-10 compared with Week 0: P = 0.023). Variations during the study in lipid peroxidation (BODIPY-C;; after 24 and 48 h) of
the TG and CG during the study period are depicted in Fig. 2. Regarding plasma membrane and acrosomal intact sperm (Fig. 3) and
sperm with a large mitochondrial membrane potential, there were no significant differences between groups.

(A) BODIPY after 24 h (B) BODIPY after 48 h
*% *% * *
L} l ] I l 1
100 4 100

Stallion group

m CG
m TG

Fluorescence intensity
(channels)
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Weeks after start of treatment

Fig. 2. Changes in lipid peroxidation (channels) of sperm after 24h (A) and 48h (B) of cooling at 5°C in ten stallions fed Equi-StrathO (TG;
start = Week 0) compared to ten stallions supplemented with placebo (CG); Differences between the treatment and control group for the first 3
weeks and during the entire study period of 10 weeks are indicated with *(P < 0.10), *(P < 0.05), and **(P < 0.01).
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Fig. 3. Changes in plasma membrane and acrosomal intact sperma (PMAIL; %) of sperm after 24 h (A) and 48 h (B) of cooling at 5 °C in ten stallions
fed Equi-Strath” (TG; start = week 0) compared to ten stallions supplemented with placebo (CG); There are no significant differences between the
treatment and control group.

3.3. Antioxidant status variables in the blood

There were no significant differences in the mean plasma concentrations of TBARS, SOD, total cholesterol and NEFA between the
TG and CG.

4. Discussion

There were large inter- and intra-individual variabilities of antioxidant status in stallion semen with significantly lesser BODIPY-
Cq; values 24 h after collection during Equi-Strath® supplementation and greater BODIPY-Cy; values 48 h after collection. There were
no other significant differences in the semen and blood results between the TG and CG.

The analysis of BODIPY-C;; is an important marker for oxidative stress expressed as amount of lipid peroxidation (Aitken et al.,
2014). Results of the present study are consistent with those of Giirler et al. (2015) in which there was significant inter-individual
variation in values of bull ejaculate variables, but there was not intra-individual variation in these variables during the 10 weeks of
the present study. In addition, Ortega Ferrusola et al. (2009) reported that in frozen-thawed stallion semen there was an increased
lipid peroxidation as assessed using BODIPY-Cy; as the marker compared to these variations in fresh semen; while there was no
significant inter-individual variation of lipid peroxidation in fresh semen with variations after freezing and thawing being largely
stallion-dependent. The extent of lipid peroxidation in fresh compared with frozen-thawed semen was not correlated (Ortega
Ferrusola et al., 2009). Due to infrastructural reasons, there was no BODIPY-C;; analysis in the present study directly after semen
collection.

To the best of our knowledge, however, repeated semen BODIPY-C,; evaluations of cooled stored semen after 24 and 48 h, as
occurred in the present study, have not yet been published. It can be hypothesied that the feed supplementation with plasmolysed
herbal yeast results in a decrease of lipid peroxidation after 24 h; due to increased amount of metabolically active sperm cells which
was associated with a greater progressive motility of the sperm after 24 h in the treatment group, however more oxidative stress may
have led to an increase of lipid peroxidation 48 h after semen collection. Indeed, it has also been speculated, that oxidative stress is
more pronounced in ejaculates with greater sperm concentration due to metabolically active sperm producing more reactive oxygen
species, thus, the relative amounts of antioxidants compared to the sperm number are generally less in such ejaculates (Giirler et al.,
2015). The relationship of oxidative stress of spermatozoa and semen variables is not sufficiently understood. Oxidative stress is
associated with a loss of sperm motility and an increase of sperm membrane and DNA damage in various species (Tremellen, 2008;
Ferramosca et al., 2013; Aitken et al., 2014). In frozen-thawed semen of stallions, oxidative stress was associated with decreased
intact membranes and lesser mitochondrial membrane potential (Ortega Ferrusola et al., 2009). There were no similar effects in the
present study regarding sperm motility, sperm membrane integrity nor relatively greater mitochondrial membrane potential. In-
consistent with previous findings, Gibb et al. (2014) reported there was a positive association between lipid peroxidation and fertility,
sperm motility and velocity, suggesting that subclinical oxidative stress might be a positive indicator of sperm viability (e.g, for
mitochondrial metabolism). Jeannerat et al. (2018) also reported there were positive correlations between lipid peroxidation, sperm
motility and viability when bringing stallions a short time before semen collection into contact with genetically compatible mares.
Whether the increasing lipid peroxidation (BODIPY-C,,) in the semen at 48 h after sampling of the treatment stallions in the present
study represents a favourable process that should be further assessed by conducting studies involving fertility experiments.

Indeed, there are some consistent observations in the present study that support the hypothesis that there is an increased seminal
antioxidant capacity in the group of supplemented stallions: while total and progressive motility of sperm of the treated stallions
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tended to be less after semen collection, but not after 48 h (progressive motility), and with some values for variables being incon-
sistent with value for fresh semen (e.g., total motility). Interestingly, there was no measurable effect of the feed supplementation with
plasmolysed herbal yeast on the values for the variables that were assessed in this study regarding antioxidant status in the blood. It
would be worthwhile to evaluate the amounts of antioxidants directly in the seminal plasma originating from the accessory glands,
similar to what has occurred in bulls in a previous study by Giirler et al. (2015) where there were significant variations between the
ejaculates within the males.

Semen quality and especially motility variables do not exclusively predict a fertility prognosis, but remain important variables of
semen quality assessment in commercial programs involving the use of cooled and shipped semen (Aurich, 2008). Findings in the
present study, therefore, could be of interest to the equine industry. These findings also support results from other studies on dietary
antioxidant supplementation with similar observations regarding sperm motility (Brinsko et al., 2005; Contri et al., 2011; Schmid-
Lausigk and Aurich, 2014), but with other feeding supplements used as compared to yeast and with other semen variables other than
BODIPY-C;; being analysed. Whether yeast products also affect freezing capacity and thawing results of stallion semen, as reported
by Rodrigues et al. (2017) with dietary polyunsaturated fatty acid supplementation, remains to be further elucidated. Results of the
present study are consistent with those from in vitro studies where yeast was reported to have antioxidative properties (Gostimskaya
and Grant, 2016; Lavova and Urminskd, 2013) in the human food industry.

A limitation of the present study was the use of a relatively small number of stallions. Substantial efforts, however, were made to
standardize study conditions by testing healthy fertile males all of the same breed and with very similar housing and feeding con-
ditions at one location. Also the feeding of hay or haylage to the stallions was balanced between the two groups. This represents a
quite unique condition in research with horses and feeding supplementation experiments. In addition, substantial efforts were made
to utilize the most stringent statistical methods in the present study. In this study, Equi-Strath” did not have a definitive overall effect
on the variables that were assessed using a linear mixed-effects models procedure, and there was not a definitive accumulated effect
of Equi-Strath” during the study period. Application of a more simple statistical method allowed for identification of variables that
should be starting points for evaluation in subsequent studies. A repeated study design using each stallion in both groups was
unfortunately not possible due to the long-term availability of animals required for this purpose. Another limitation was the lack of
capacity in the present study to investigate more detailed potential underlying mechanisms that contribute to the findings (e.g.,
specific antioxidant variables in the seminal plasma). In this respect, results of the present study are preliminary with regard to the
topic investigated.

5. Conclusion

In conclusion, results from this preliminary investigation indicate a plasmolysed herbal yeast product treatment as an oral an-
tioxidant feed supplementation temporarily affects values for semen variables, in particular BODIPY-C11. Further studies including
more animals, as well as studies involving fertility data analysis (e.g., benefits for the preservation of cooled stored sperm) when
feeding plasmolysed-herbal-yeast supplemented in stallion diets would be of interest.
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