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ABSTRACT: The present study was undertaken to
assess the relevance of increasing the daily provision
of dietary vitamins on vitamin metabolic status and
semen characteristics of boars under controlled and
commercial conditions as well as to evaluate the ef-
ficiency of this vitamin supplement to allow boars to
cope with intensive semen collection frequency. In the
first experiment, 39 boars were allocated to 2 dietary
treatments, a basal diet (control) and the basal diet
supplemented with extra fat- and water-soluble vita-
mins (Vit). Within each treatment, boars were sub-
mitted to 2 regimens of semen collection frequency: 3
times per 2 wk (3/2) and 3 times per week (3/1) over
a 12-wk period. Afterwards, all boars were intensively
collected (daily) for 2 wk. A resting period of 4 wk fol-
lowed, and all boars were collected 2 times per week.
Thereafter, collection frequencies were reversed, and
the same procedure was followed until the end of the
intensive collection period. A second experiment was
conducted in commercial conditions at a commercial
stud, and 252 boars were randomly allocated to the
control and Vit dietary treatments. All boars were col-
lected 2 times per week over a 6-mo period. Classical
measurements of ejaculate and sperm quality were as-
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sessed, and blood samples were collected throughout
both experiments to quantify vitamin concentrations.
In the first experiment, vitamin concentrations in blood
and seminal plasma increased in Vit boars (P < 0.05);
however, vitamin concentrations were not affected by
collection frequency (P > 0.14). The Vit supplement
did not affect sperm production or sperm quality (P
> 0.28), although semen volume increased during the
12-wk periods for Vit boars (P < 0.05). The 3/1 boars
produced fewer doses per ejaculate than 3/2 boars (P
< 0.01); however, the cumulative sperm production for
the 12-wk periods increased by 19% in 3/1 boars com-
pared with 3/2 boars. In the second experiment, blood
plasma concentrations of vitamin By were greater (P <
0.01) in Vit than control boars. The vitamin supple-
ment did not increase sperm production of boars (P >
0.61). In conclusion, dietary supplements of fat- and
water-soluble vitamins increase the amount of vitamins
available for the animal, and the collection frequencies
had no effect on vitamin status. Moreover, in spite of
an effect on the ejaculate volume, the dietary supple-
ment of extra vitamins had no effect on sperm produc-
tion or quality.

boar, collection frequency, semen, vitamin
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INTRODUCTION

A major goal of commercial Al centers is to produce
large quantities of semen of the greatest possible qual-
ity in an efficient period of time. Many factors influ-
ence the production and quality of semen such as breed
(Kennedy and Wilkins, 1984; Ciereszko et al., 2000;
Park and Yi, 2002), age (Kennedy and Wilkins, 1984;
Levis, 1997), collection frequency (Swierstra and Dyck,
1976), season (McNitt and First, 1970; Swierstra, 1970;
Trudeau and Sanford, 1986; Ciereszko et al., 2000; Park
and Yi, 2002), and nutrition (Louis et al., 1994; Marin-
Guzman et al., 1997; Audet et al., 2004). A better un-
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derstanding of the effects of these factors may improve
the efficiency of Al centers.

In many species, dietary supplementation of extra
vitamins leads to increased semen quality, quantity, or
both (El-Darawany, 1999; Franchini et al., 2001; Yousef
et al., 2003). In boars, a diet supplemented with sele-
nium and vitamin E improved sperm quality (Marin-
Guzman et al., 1997). Moreover, Brezinska-Slebodzins-
ka et al. (1995) observed that extra vitamin E increased
the concentration of spermatozoa in boar semen, and
Audet et al. (2004) reported that extra water- and fat-
soluble vitamins increased semen production during in-
tensive semen collection.

A collection frequency of 2 to 3 times per week ap-
pears to be the most suitable frequency for boars, tak-
ing all factors into account (Frangez et al., 2005). The
effect of collection frequency on semen quantity and
quality, however, differs considerably among studies. It
has been shown that greater collection frequencies are
generally detrimental for boar semen quality (Frangez
et al., 2005).

The present study was undertaken to assess the rel-
evance of increasing the daily provision of dietary vi-
tamins on vitamin metabolic status and semen char-
acteristics of boars under controlled and commercial
conditions as well as to evaluate the efficiency of this
vitamin supplement to allow boars to cope with inten-
sive semen collection frequency.

MATERIALS AND METHODS

All animals were used and cared for in accordance
with Canadian Council on Animal Care Guidelines
(1993).

Two experiments were carried out to test the hypoth-
esis. Experiment 1 was intensive, focusing mainly on
metabolic aspects related to treatments, and was con-
ducted at the Research Centre of Lennoxville. Experi-
ment 2 took place in commercial conditions at the Cen-
tre d’Insémination du Québec (CIPQ Inc., St-Lambert,
Québec, Canada), with a large number of animals.

Ezxp. 1

Animals and Treatments. Fifty Duroc boars
were selected at (mean + SEM) 209.2 4+ 2.79 d of age.
The boars were housed individually in pens on semi-
slatted floors. The average BW was 136.4 + 1.70 kg
at the initiation of treatments and 270.3 £+ 2.51 kg at
the end of the experiment. The boars were distributed
randomly, according to their BW and age, to 1 of 2 di-
etary treatments: 1) basal diet (Table 1) with a vitamin
premix providing concentrations corresponding to the
industry average according to a survey carried out by
BASF (1993), which exceeded concentrations recom-
mended by the NRC (1998; Table 2; control, n = 25)
and 2) basal diet supplemented with the control premix
and extra fat-soluble and water-soluble vitamins (Vit;
Table 2, n = 25). Premixes were kept at 4°C until the

1961
Table 1. Composition of the basal diet (as-fed basis)'

Ttem® Exp. 1, % Exp. 2, %
Corn 314 36.5
Wheat bran 30 10
Barley 15 20
Soybean meal (48% CP) 12.2 12.5
Whole soybean — 10
Gluten 7.5 —
Beet pulp — 4
Alfalfa (17%) — 2.5
Limestone 1.5 1.5
Dicalcium phosphate 0.8 1.5
Fat 0.5 —
Salt 0.5 0.5
Lysine 0.3 0.1
Methionine 0.2 0.1
Vitamins premix — 0.7
Anti-mold® 0.1 —
Delquin® (antioxidant) 0.015 —

"The analytical value for riboflavin was 4.98 pg/g; for pyridoxine,
2.47 pg/g; for folates, 1.27 pg/g; and vitamin E and vitamin B, were
undetectable.

*The calculated composition for ME, CP, lysine, Ca, and P of the
basal diet were (as-fed basis) 2,810 kcal/kg, 15.9, 0.96, 0.81, and
0.79%, respectively.

3Aliments Breton, St-Bernard, Québec, Canada.

moment they were served to the animals. The daily
food allowance for the whole experimental period was
3.0 kg, and the premixes were given as a top-dressing
of 50 g.

Figure 1 provides an overview of the experimental
regimen. The boars were assigned to their dietary treat-
ment after an acclimation period of 2 wk, during which
the control diet was fed. Thereafter, they received their
dietary treatments until the end of the experiment.
During a 3-mo period, boars were trained to mount an
artificial sow for semen collection, and those that would
not mount by the end of this period were culled. There-
fore, 39 boars were finally kept for the experiment and
distributed equally between the 2 collection frequencies
within each dietary treatment. Boars were collected at
an assigned frequency of 3 times per week (3/1, high
frequency) or 3 times per 2 wk (3/2, regular frequency)
for 12 wk. Afterwards, the animals were submitted to an
intensive collection regimen (daily collection for 2 wk)
to estimate the basal level of spermatogenesis, followed
by a resting period of 4 wk during which the collection
frequency was 2 times per week. Subsequently, there
was a 12-wk period during which the collection frequen-
cies high (3/1) and regular (3/2) were reversed with
relation to the first 12 wk period and then, again, an in-
tensive collection regimen followed (daily collection for
2 wk). Semen was collected using the gloved hand tech-
nique. The collected semen was strained through sterile
gauze in a prewarmed insulated container kept at 37°C
to remove gelatinous material. Semen was weighed (£1
mg), and the sperm concentration was estimated using
a spectrophotometer (Novaspec II, Pharmacia Biotech,
Cambridge, UK) precalibrated with a hemocytometer
(Young et al., 1960). Each semen sample was diluted
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Table 2. Daily vitamins provided by the premix in each treatment (control = basal
diet for mineral and vitamins, and Vit = control supplemented with fat-soluble vita-

. . . 1,2
mins and water-soluble vitamins)"

Vitamin Exp. 1 control’ Exp. 2 control® Exp. 1 and 2 Vit!
Vitamin A, KIU 20 37.5 100
Vitamin D, KIU 3 4.5 10
Vitamin E, TU 120 168.75 600
Menadione, mg 2 8.4 10
Choline, mg 400 2,812.5 4,000
Pantothenic acid, mg 40 45 400
Riboflavin, mg 10 15 100
Folic acid, mg 4 15 40
Niacin, mg 50 93.75 500
Thiamine, mg 2 3.75 20
Pyridoxine, mg 6 7.5 60
Vitamin By, mg 0.04 0.075 0.4
Biotin, mg 0.5 2.5 5

'Fifty g of premix were given as top-dressing. Analytical values (means = SEM) for vitamin E were 687.7 +
8.5 IU for Vit vs. 116.6 & 3.6 IU for control; for riboflavin, 96.6 + 3.5 mg for Vit vs. 10.4 + 0.25 mg for control;
for pyridoxine, 66.2 £+ 1.8 mg for Vit vs. 6.4 4+ 0.22 mg for control; for folic acid, 35.9 4+ 0.94 mg for Vit vs. 4.9
=+ 0.29 mg for control; and for vitamin By,, 0.39 & 0.01 mg for Vit vs. 0.04 = 0.004 mg for control. Each premix
provided the following daily: Mn as manganous oxide, 60 mg; Zn as zinc oxide, 200 mg, Fe as ferrous sulfate,
200 mg; Cu as copper sulfate, 30 mg; I as calcium iodate, 0.54 mg; and Se as selenite, 0.54 mg.

*Premix for control for Exp. 2 provided the following daily: Mn as manganous oxide, 150 mg; Zn as zinc
oxide, 375 mg, Fe as ferrous sulfate, 375 mg; Cu as copper sulfate, 93.75 mg; I as calcium iodate, 2.25 mg; Se

as selenite, 0.375 mg; and Co, 0.375 mg.

to a final concentration of 3 x 10” spermatozoa per
dose of 85 mL in a commercial extender (BTS extender;
Bio’dil, Genes Diffusion, Douai, France).

Sperm morphology was determined on slides stained
with eosin-nigrosin containing glucose and TES-Tris
(Bamba, 1988) during the 12-wk periods (3 times) and
during the intensive collection periods (3 times). Mor-
phology was assessed using a light microscope (400x)
by counting 100 sperm in 2 areas of 1 slide per ejacu-
late. They were classified as normal sperm, abnormal
tails, abnormal heads, loose heads, proximal cytoplas-
mic droplets, and distal cytoplasmic droplets. Sperm
motility and progressive motility were performed with a
Hamilton Thorn Motility Analyzer, HTM 2000 (Ham-
ilton Thorn Research, Danvers, MA) and was deter-
mined on each ejaculate during the 12-wk periods and
at 1, 4, 5, 10, and 14 d of intensive collection periods.
The following settings were used: frames acquired, 10;
frame rate, 30/s min; contrast, 1 min; size, 2 min; lo/
hi size gates, 0.6 to 2.6; lo/hi intensity gates, 0.5 to
2.5; nonmotile head size, 9; nonmotile intensity, 125;
medium path velocity value, 20 pm/s; low path velocity
value, 5 pm/s; slow cells motile, yes; threshold straight-
ness, 45; temperature, 37.5°C; chamber, microcell 20
pm; phase contrast.

Sampling. Blood samples were taken from a jugular
vein by venipuncture throughout the experiment (Fig-
ure 1) to measure concentrations of the fat- (vitamin E)
and water-soluble (B,, Bg, By, and By,) vitamins includ-
ed in the dietary supplements. Samples were collected
in EDTA-containing tubes (10 mL; Becton Dickinson
and Co., Rutherford, NJ), centrifuged for 12 min at 4°C
at 1,800 x ¢, and the plasma was aliquoted and fro-
zen at —20°C for subsequent vitamin analyses. Samples

were taken at the beginning of the experiment (before
allocation to treatments), before each regular collection
period, and before and after each intensive collection
period. Seminal plasma and sperm samples were taken
at the same time as blood samples except for the first
sample because the boars were not yet trained for se-
men collection. A portion of the undiluted ejaculate
was centrifuged for 20 min at 4°C and 1,800 x g¢. The
seminal plasma was aliquoted and frozen at —20°C for
vitamin analyses, and the sperm pellet obtained from
the centrifugation of 2 mL of semen was resuspended
in 500 pL of H,O and frozen at —20°C for vitamin E
analyses.

Vitamin Measurements. Concentrations of vi-
tamins By, Bg, By, and By, were determined in blood
plasma and seminal plasma, whereas vitamin E con-
centrations were measured in blood plasma and sperm
pellets. All vitamins were measured according to Audet
et al. (2004). Vitamin E (a-tocopherol) measurements
were validated for the sperm pellets. Instead of 250
pL of blood plasma, 15 pL of 5% BHT were added to
the frozen sperm pellet of 2 mL of semen. The valida-
tion tests for the measurement of vitamin E in sperm
showed intra- and interassay CV of 5.4 and 7.6%, re-
spectively.

Exp. 2

This experiment was done in commercial conditions
at CIPQ Inc. (St-Lambert, Québec, Canada). A total of
252 Duroc boars (young and mature) were selected for
the experiment; 39 of them were culled mainly because
of poor semen quality not attributed to treatments.
Boars were distributed randomly, according to their
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age and sperm production (mature boars), to 1 of the 2
dietary treatments: 1) basal diet (Table 1) with a vita-
min premix used by CIPQ Inc. (control, n = 110), and
2) basal diet supplemented with the control premix and

Boars

Vit corresponding to Exp. 1 (Table 2, n = 103). Of the
213 boars in Exp. 2, 117 were pubertal (8 mo) and 96
were mature (15 to 20 mo). Boars were balanced within
dietary treatments along the time of the year. The daily

Blood

Control Supplemented (Vit)

/N

Puberty attainment

Blood and semen

/\

31 3/2 3n 32 Collection frequencies
for 12 wk
Blood and semen
\ 4 v \ 4 \ 4

Intensive collection (daily for 14 d)

Y Y Y

Blood and semen

Rest period (2 times per wk for 4 wk)

Blood and semen

ONIVANIVAN

31 32 31 32 Collection frequencies
for 12 wk
n= n= n=10 n=11
Blood and semen
A 4 v v

Intensive collection (daily for 14 d)

Blood and semen

VANIAN

Figure 1. Outline of experimental design used for Exp. 1. Control = basal diet for mineral and vitamins, and Vit = control supplemented

with water- and fat-soluble vitamins.
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Table 3. Concentrations of vitamins in blood plasma of boars during the different periods of Exp. 1 according to

dietary treatments”

Dietary
Period treatment® B,, pg/mL Bg, ng/mL By, ng/mL By, pg/mL E, pg/mL
12-wk period Control 135 + 3.8 237 £ 6 40.7 £ 1.74 350 £ 14 1.70 £+ 0.06
Vit 157 £+ 3.8 2713 £ 7 52.5 + 1.52 512 + 15 2.57 + 0.08
Intensive collection period Control 134 + 3.8 239 £5 40.7 £ 1.72 326 £ 13 1.72 £+ 0.06
Vit 156 £ 7.5 270 £ 5 53.0 = 1.39 477 £ 14 2.60 £+ 0.08
4-wk rest period Control 136 4+ 7.5 NS* 255 + 8 39.5 + 2.39 343 £ 19 1.71 £ 0.07
Vit 157 £ 7.5 NS 287 £ 8 56.8 + 2.26 497 £ 22 2.53 + 0.08

Values are means = SEM of the values taken at the beginning and the end of the period.

"Diet effect (P < 0.05) except for B, during the rest period.

3Control = basal diet for mineral and vitamins, and Vit = control supplemented with fat-soluble vitamins and water-soluble vitamins.

NS = nonsignificant.

food allowance for the whole experimental period was
3.0 kg, and the premixes were given as a top-dressing
of 50 g. Boars were collected 2 times per week during 6
mo. Sperm concentration, volume, and total number of
sperm per ejaculate were recorded as well as the sub-
jective motility classed as 1 to 5, where 5 represented
no sperm motility. Three blood samples were collected
from 60 boars (15 young-control, 15 mature-control, 15
young-Vit, and 15 mature-Vit) during the experiment
(before treatment, at 3 mo, and at the end of the ex-
periment). Blood sampling and preparation of plasma
were the same as Exp. 1. Vitamins B, and folates were
measured according to Audet et al. (2004).

Statistical Analyses

For Exp. 1, the data were analyzed using the MIXED
procedure (SAS Inst., Cary, NC; Littell et al., 1996) ac-
cording to a 2 x 2 factorial arrangement of treatments
with dietary supplements (control and Vit) and semen
collection frequencies (3/1 and 3/2) as main effects.
The analysis was conducted separately for each period
of the experiment: the 12-wk periods, the intensive col-
lection periods, and the rest period.

Vitamins assayed in blood and seminal plasma were
analyzed as repeated measurements (means at the ini-
tiation and final of each period), and polynomial con-
trasts were used to evaluate the time effect. Seminal
plasma vitamins were expressed as concentration of vi-
tamins per milliliter of seminal plasma. Differences were
considered significant at P < 0.05. The boar was con-
sidered as the experimental unit. The following model
was used: Y; = p + B; + F; + (B; x F)) + ¢, where
Y;; = dependent variable, B; = vitamin supplements, F;
= collection frequency, B; x F; = interaction between
vitamins supplements and collection frequency, and e
= residual error.

Sperm production and quality were also analyzed
as repeated measurements. For sperm production dur-
ing the 12-wk periods, measurements were pooled in
3 means, each representing an average value for total
sperm, concentration, and volume for 1 mo; during the

intensive collection periods and the 4-wk rest period,
each ejaculate was taken into account in the repeated
analysis (respectively, 14 and 7 ejaculates). Sperm mor-
phology was evaluated at the beginning, the middle,
and the end of the 12-wk and intensive collection pe-
riods. The repeated analysis for sperm motility during
the 12-wk periods was done as for sperm production
(3 means, 1 per month), whereas during the intensive
collection periods, motility was evaluated on d 1, 4, 7,
10, and 14; no sperm morphology or motility measure-
ments were done during the 4-wk rest period.

The data from Exp. 2 were analyzed in the same
manner as for Exp. 1 except that it was according to a
2 x 2 factorial arrangement of treatments with dietary
supplements (control and Vit) and age of boar (young
and mature) as main effects, and only 1 period was
taken into account (the 6-mo period). The following
model was used: Y;; = F; + (B; x F)) + ¢, where Yj;
= dependent variable, F; = age of boars, B; = vitamin
supplements, B; x F; = interaction between vitamin
supplements and age of boars, and e; = residual error.

RESULTS
Exp. 1

Blood Vitamin Status. Blood plasma concentra-
tions of vitamins Bsy, Bg, By, Bs, and E were greater (P
< 0.05) in Vit than in control boars for all periods of
the experiment except for the vitamin B, in the rest pe-
riod (P = 0.17; Table 3). Blood plasma concentrations
of vitamins were not affected (P > 0.26) by collection
frequencies (data not shown). During the intensive col-
lection periods, whatever the treatments, blood plasma
concentrations of vitamins By, By, and E decreased (P
< 0.03), whereas those of vitamin Bg increased (P <
0.03). During the rest period, concentrations of vita-
mins Bg and By, increased (P < 0.05), whereas concen-
trations of vitamin E further decreased (P < 0.01).

Seminal Plasma and Sperm Vitamin Sta-
tus. Seminal concentrations of vitamins B,, By, and
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Table 4. Concentrations of vitamins B,, Bg, By, and B, in seminal plasma and vitamin E in sperm of boars during

the different periods of Exp. 1'*

Dietary
Period treatment® B,, pg/mL Bg, ng/mL By, ng/mL By, pg/mL E, pg/mL
12-wk periods Control 39.5 £ 2.6 273 + 9 NS* 1.86 = 0.09 4,440 £+ 203 0.126 £+ 0.010
Vit 46.7 £ 2.3 282 + 11 NS 2.53 £ 0.13 5,671 £ 250 0.183 £ 0.015
Intensive collection periods Control 30.9 £ 1.9 234 + 10 NS 1.49 + 0.07 3,750 + 214 0.097 £+ 0.010
Vit 38+ 1.9 243 +£ 11 NS 2.04 £0.1 5,061 £ 203 0.140 £+ 0.016
4-wk rest period Control 28.6 + 2.3 NS 229 + 12 NS 1.35 £ 0.09 4,024 £+ 306 0.084 £ 0.012
Vit 324+ 1.9 NS 240 + 14 NS 1.92 + 0.15 5,090 £ 261 0.127 £ 0.019

WValues are means = SEM of the values taken at the beginning and the end of the period.
"Diet effect (P < 0.05) except for B, during the rest period and By throughout the experiment.
Control = basal diet for mineral and vitamins, and Vit = control supplemented with fat-soluble vitamins and water-soluble vitamins.

NS = nonsignificant.

B, were greater in Vit boars than in control boars for
all periods of the experiment (P < 0.04), except for the
seminal concentrations of vitamin B, in the rest period
(P = 0.12; Table 4). The seminal concentration of vi-
tamin Bg was not affected by dietary treatment (P >
0.29). Seminal concentrations of vitamins By and By de-
creased during the 12-wk periods for the boars collected
3/1 from 289.2 £+ 15.1 to 255.1 + 15.8 ng/mL and from
2.43 + 0.22 to 1.81 + 0.13 ng/mL for By and By, respec-
tively, whereas they were stable for 3/2 boars (283.0 +
9.6 and 2.30 + 0.11 ng/mL, respectively, for Bs and By;
interaction frequency of collection x time, P < 0.01).
During the intensive collection periods, concentrations
of all vitamins decreased (P < 0.01). Moreover, during
the intensive collection periods, there was a residual ef-
fect of the previous collection frequency, the concentra-
tion of seminal By was greater for boars collected 3/2
than boars collected 3/1 (1.94 £ 0.1 vs. 1.62 £ 0.08
ng/mL, respectively; interaction frequency of collection
X time, P < 0.03). During the rest period, no effect of
time (P > 0.08) was observed on the concentrations of
any vitamin except for vitamin By, which increased (P
< 0.01) from 1.39 £+ 0.09 to 1.92 4+ 0.15 ng/mL.

In sperm, vitamin E concentration was greater for
Vit than control boars for all periods of the experiment
(P < 0.06; Table 4). The concentration of vitamin E
in the sperm increased from 0.139 + 0.011 to 0.170 +
0.015 pg/mL during the 12-wk periods and from 0.055
+ 0.007 to 0.156 £ 0.016 pg/mL during the rest period,
but decreased during the intensive collection periods
from 0.170 + 0.015 to 0.0644 + 0.0075 pg/mL (P <
0.01). During the 12-wk periods, boars collected 3/2
showed an increase of vitamin E in semen from 0.148
+ 0.017 to 0.197 + 0.023 pg/mL, whereas the semen
concentration of vitamin E in sperm was maintained for
boars collected 3/1 (0.136 + 0.011 pg/mL; P < 0.05).
During the intensive collection periods, boars that were
collected 3/1 had decreased concentrations of vitamin
E in semen compared with boars collected 3/2 (0.098
+ 0.012 and 0.138 £ 0.016 pg/mL, respectively; P <
0.04).

Sperm Quality. During the 12-wk periods, no diet
or collection frequency effects were observed on the

percentages of sperm motility, progressive motility, or
morphology (P > 0.51; Table 5). The overall means +
SEM were 89.5 & 0.54% of motile sperm, 84.8 & 0.27%
of sperm with progressive motility, and 83.9 £+ 0.85%
of sperm with normal morphology. During the intensive
collection periods, no diet or residual effects of the col-
lection frequency were observed on quality criteria (P
> 0.18; Table 5). However, both motility and progres-
sive motility decreased during the intensive collection
periods (P < 0.01; Figure 2). Nevertheless, no effect of
time was observed for sperm morphology (P > 0.26).

Sperm Production. There was no diet effect in
any period (P > 0.30) for the total number of sperm
per ejaculate and sperm concentration (Table 5). Over-
all means + SEM were 4.38 x 10" 4+ 0.09 x 10" sperm
per ejaculate and 3.11 x 10° + 0.07 x 10® sperm per
mL. The increase of semen volume for Vit boars during
the 12-wk periods (145.1 £ 7.1 mL to 162.9 £ 7 mL)
was greater than for the control boars (142.8 + 7.2 mL
to 151.2 + 6.8 mL; interaction diet x time, P < 0.05).

There was a greater sperm production for 3/2 than
3/1 boars during the 12-wk periods (5.14 x 10" + 0.13
and 3.59 x 10" + 0.08 sperm per ejaculate, respectively:
P < 0.05). However, the cumulative sperm production
per boar during the 12-wk periods was greater for 3/1
than 3/2 boars (1.291 x 10" 4 0.05 x 10" and 1.108 x
10" + 0.04 total sperm, respectively; P < 0.01).

During the intensive collection periods, sperm pro-
duction decreased from d 1 to 7 and remained stable
thereafter. A residual effect of collection frequency was
observed during the first 7 d (interaction collection fre-
quency X time, P < 0.05; Figure 3); i.e., the initial de-
crease in sperm production during the first 4 d for 3/2
boars was greater than for 3/1 boars.

All criteria (sperm production, semen concentra-
tion, and volume) increased during the rest period (P
< 0.01). In controls, sperm concentration was greater
for boars collected 3/2 than 3/1 (3.479 x 10° + 0.16
and 3.009 x 10° &+ 0.11 sperm per mL, respectively),
whereas it was the opposite for Vit boars (2.598 x 10°
+ 0.09 and 3.343 x 10 + 0.13 sperm per mL, respec-
tively, for 3/2 and 3/1 boars; interaction diet x collec-
tion frequency, P < 0.01).
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In commercial conditions, blood plasma concentra-
tions of vitamin By were greater (P < 0.01) in Vit than
in control boars and particularly for mature boars (in-
teraction diet x age x time, P < 0.03; Table 6). The
blood plasma concentration of vitamin B, was not af-
fected (P > 0.48) by dietary treatment (Table 6). There
was an age effect (P < 0.05) but no dietary treatment
effect for total sperm production, sperm concentration,
volume, and quality of motility score (P > 0.61; Table
7). No interaction between dietary treatment and season
was observed for any criteria measured (P > 0.31).

DISCUSSION
Vitamin Status

Vitamins increased in blood plasma (B,, Bg, By, By,
and E) of boars supplemented with extra vitamins, re-
gardless of the collection frequency. Moreover, most of
the water-soluble vitamins measured in blood plasma
were apparently transferred to seminal plasma, except
for vitamin Bg. In previous experiments, it was also ob-
served that blood plasma concentrations of vitamin By
(Wallock et al., 2001; Audet et al., 2004) and vitamin
By, (Boxmeer et al., 2007) were highly correlated with
the concentrations of seminal By and By,, respectively.
However, in contrast to the present results, blood con-
centrations of vitamins B, in the study of Audet et al.
(2004) were not correlated to the seminal concentra-
tions. This discrepancy might be related to an interac-
tion with the genotype because 3 breeds of boars (York-
shire, Landrace, and Duroc) were used by Audet et al.
(2004). In the present experiment, a direct transfer of
vitamin E to spermatozoa was observed in accordance
with the report of Marin-Guzman et al. (1997); vitamin
E was measured in spermatozoa because of its absence
in seminal plasma (Marin-Guzman et al., 1997; Audet
et al., 2004).

Seminal concentrations of vitamin B; and By and
sperm concentrations of vitamin E were less for boars
collected 3/1 than 3/2 in the 12-wk periods. Moreover,
during the intensive semen collection, all vitamins mea-
sured in seminal plasma and sperm decreased. It seems
that boars would transfer more vitamins toward sperm
as the frequency of ejaculation increases. Nevertheless,
the difference between 3/1 and 3/2 boars is likely to be
insufficient to affect the overall vitamin requirement of
the animal, as indicated by the lack of systemic effect
on concentration of those vitamins in the blood.

On a daily basis, taking into account the daily ex-
cretion of the vitamins in seminal plasma between the
boars collected 3/1 and 3/2, it can be estimated that
the daily excretion of the vitamins was 2 times great-
er for boars collected 3/1 than for boars collected 3/2
(117.9 vs. 63.2 ng/d for folates; 273.8 vs. 162.6 ng/d
for Biy; 2,066.5 vs. 1,288.0 pg/d for By; and 15.4 vs. 8.8
pg/d for Bg). However, blood plasma concentrations
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Figure 2. Changes in the sperm quality during the intensive col-
lection periods. Overall mean + SEM for percentage of motile sperm
and percentage of sperm with progressive motility were 88.2 + 0.3 and
83.4 £ 0.3%, respectively (time effect, P < 0.0006).

of vitamins were not affected by collection frequencies.
This can be attributable to the fact that the amount of
vitamins B, Bg, and folates excreted daily in seminal
plasma represents less than 0.3% of the total amount in
blood plasma; for vitamin B;, the corresponding value
was 3%. The quantities of vitamins in seminal plasma
are, therefore, negligible compared with the quantity of
vitamins in blood plasma and are unlikely to affect ho-
meostasis and the daily requirement of these vitamins.

Nevertheless, the case of vitamin B;, appears pecu-
liar in seminal plasma because the ratio to blood plas-
ma, as shown above, is approximately 10 times greater
than for the other vitamins. In humans, it was shown
that transcobalamin and haptocorrin (cobalamin bind-
ing proteins) are present in normal seminal plasma in
concentrations that are 10- to 20-fold greater than in
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Figure 3. Changes in the total sperm number produced during the
intensive collection periods, according to collection frequency treat-
ments and days of collection. Semen collection frequencies of 3/1 and
3/2 refer to boars collected 3 times per 1 wk and 3 times per 2 wk,
respectively, during the 12-wk periods. Overall mean + SEM was 2.24
x 10" + 0.04 x 10" total sperm number. Interaction collection fre-
quency x time P < 0.05 for the first 7 d of the intensive collection
periods.

Downloaded from www.journal ofanimal science.org at RM Cooper Library/Acgs 001AAU9974 on May 29, 2014


http://www.journalofanimalscience.org/

1968

Audet et al.

Table 6. Concentrations of vitamins in blood plasma according to dietary treatments
and age of boars in commercial conditions in Exp. 2

Age of boars Dietary treatment’ Samples By,,? pg/mL B,,’ ng/mL
Young Control 1 414.5 4+ 49.0 54.2 + 5.2
2 465.8 £ 47.5 50.4 + 5.1

3 506.8 £ 48.1 54.1 £ 5.1

Vit 1 415.4 £+ 49.0 56.5 + 5.2

2 468.1 £+ 47.5 55.2 + 5.1

3 485.1 £+ 48.2 61.9 £ 5.1

Mature Control 1 433.4 + 524 57.1 £ 5.7
2 395.6 + 52.4 46.9 + 5.8

3 404.1 £+ 53.6 51.7 £ 5.9

Vit 1 406.3 + 54.5 48.6 + 6.0

2 459.2 £+ 54.5 65.6 + 6.0

3 446.5 £+ 55.7 70.5 £ 6.1

'Control = basal diet for mineral and vitamins, and Vit = control supplemented with fat-soluble vitamins

and water-soluble vitamins.

*Vitamin By, was not affected (P > 0.48) by the dictary treatment.
Interaction diet x age x time (P < 0.03) for vitamin B,.

blood (Fukuda and Yamada, 1992; Hansen and Nexo,
1992). Although the presence of these cobalamin bind-
ing proteins has not been evaluated in boars, the pres-
ent accumulation of vitamin B,y in seminal plasma indi-
cates a functional binding mechanism in this metabolic
pool. Vitamin B, acts as a coenzyme in several bio-
chemical reactions (McDowell, 2000); although its role
is not well defined, there is some evidence that it affects
sperm variables (Watson, 1962). In fact, vitamin B,
deficiency during gestation and lactation affects future
male reproductive systems and inhibits the maturation
of spermatogenic cells in rats (Watanabe et al., 2003,
2007). Vitamin By, is therefore an essential constituent
for spermatogenesis, and the present dietary provision
in control boars was likely sufficient to meet the meta-
bolic needs for reproducing boars.

Sperm Quality

It is generally recognized that boars subjected to a
high semen-collection frequency have poor semen qual-
ity (Meding, 1975; Swierstra and Dyck, 1976; Camer-
on, 1985; Schilling and Vengust, 1987; Strzezek et al.,
1995). In the present study, no effects on motility or
morphology of sperm were observed between the 3/1

and 3/2 boars during the 12-wk periods. However, dur-
ing the intensive semen collection periods, when boars
were collected daily during 14 d, the motility decreased,
but the morphology was not affected. It appears that
a chronic increase of collection frequency (3/1 vs. 3/2)
was not stressful enough to affect semen quality as it
was the case with an acute increase of collection fre-
quency (daily during 14 d).

Although an increase of vitamins was observed in
seminal plasma of boars supplemented with high level
of vitamins, sperm quality was not influenced by di-
etary treatments, regardless of the collection frequency.
Others (Brezinska-Slebodzinska et al., 1995, in boars;
Geva et al., 1996, in humans; Hsu et al., 1998, in rats;
and Surai et al., 1998, in cockerels) reported that a
supplementation with vitamins E, C, or both reduced
the production of reactive oxygen species and improved
semen quality. In the present experimental conditions,
it seems that concentrations of vitamin E in the control
diet were sufficient to maximize sperm quality.

Sperm Production

Collection frequency affected total sperm collected.
High semen collection frequency decreased sperm pro-

Table 7. Sperm quality and sperm production according to dietary treatments and age of boars in commercial

conditions in Exp. 2

Age of boars Dietary treatment' Motility score

Volume,? mL

Sperm concentration,
x 10° spz’/mL

Total sperm production,
x 10" spz/ejaculate’

Young Control 2.78 + 0.01 1549 + 1.3 3.827 £+ 0.028 5.587 £ 0.042
Vit 2.75 + 0.01 156.8 + 1.3 3.891 + 0.033 5.733 £ 0.044
Mature Control 2.72 £ 0.01 188.1 £ 1.7 3.487 + 0.029 6.228 + 0.055
Vit 2.80 + 0.01 184.6 + 1.6 3.614 + 0.033 6.270 + 0.055

'Control = basal diet for mineral and vitamins, and Vit = control supplemented with fat-soluble vitamins and water-soluble vitamins.

*Effect of age, P < 0.05.
*spz = spermatazoa.
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duction per ejaculate, but increased cumulative sperm
collected over a period of time. This response was con-
sistent with the results of Strzezek et al. (1995).

Supplements of extra vitamins did not influence
sperm production no matter the collection frequency.
We previously reported (Audet et al., 2004) that di-
etary supplements of water-soluble vitamins increased
semen production during intensive semen collection.
Again, as for vitamin status, it cannot be ruled out
that the difference with the present experiment can be
related to an interaction with genotypes, because 3 dif-
ferent breeds of boars were used by Audet et al. (2004).
Nevertheless, taking into account the number of ani-
mals involved (controlled and commercial conditions)
and the factorial arrangement of treatments with col-
lection frequencies, the present study can be regarded
as more reliable in terms of vitamin homeostasis and its
impact on the reproductive performance of boars.

In conclusion, results of the present study indicate
that dietary vitamin supplements affect blood and sem-
inal pools of vitamins. Most of the vitamins seem to
be transferred from the blood to the seminal plasma.
However, in spite of this metabolic transfer, there were
no marked treatment effects on sperm production or
semen quality. Dietary supplements of water- and fat-
soluble vitamins do not appear to be efficient to allow
the boar to cope with semen frequencies.
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