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Summary

The objective of the present research was to determine the effect of different quantities of vitamin C supplied
and of its subsequent withdrawal on selected physical and chemical characteristics of ejaculate collected from
boars of the Duroc and Hampshire breeds, as well as Duroc x Hampshire (D x H) and Hampshire x Duroc
(H % D) crossbreds. The control group (C) consisted of 4 Durocs, 4 Hampshires, 4 Duroc x Hampshire crossbreds
and 4 Hampshire X Duroc crossbreds. The same animals made up the experimental groups: E1, E2, and E3.
The boars in groups E1 and E2 were consecutively supplied with vitamin C in the spring season, as follows:
2.4 g/100 kg b.w./day was administered to E1 for 30 days, and then 1.3 g/100 kg b.w./day was given to E2 for
another 30 days. In group E3, vitamin C supplementation was ceased. Ejaculates were evaluated to measure
the following traits: ejaculate volume, sperm concentration, sperm count in total ejaculate and in a dose of
ejaculate, progressive motility, and the number of doses.

A significant positive effect of vitamin C administered in amounts of 2.4 g and 1.3 g on ejaculate volume was
observed in Durocs and D x H hybrids. With respect to Hampshires and D % H hybrids, statistically significant
differences (at P < 0.01) were observed between groups C and E3. The concentration of sperm cells in 1 ml
of ejaculate was higher in samples from the experimental groups compared with samples from the control
group, and this relationship depended on the amount of vitamin C administered and on the discontinuation of
administration. A significant (P < 0.01) increase in sperm count in total ejaculate was noted in Durocs, D x H
crossbreds and H x D crossbreds in groups E1 and E3 and in Hampshires in E1, E2 and E3. A significant
improvement in the progressive motility of sperm was noted in Hampshires in groups E1, E2, and E3. Fourteen
days after vitamin C withdrawal in group E3, the highest pH value and alkaline phosphatase (ALP) activity

were observed.
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The main criterion for keeping a boar at an insemi-
nation station is the production of boar ejaculates
containing a high quantity of spermatozoa with a high
fertilization potential. The production of boar semen
is affected by the biological value of the boar (22, 44)
and by environmental factors (4, 46). As far as the
biological value is concerned, the breed of the boar
1s considered to be of paramount importance (17, 36,
39, 45) as it has critical influence on most semen traits.
The age of the animal also plays a role (20, 32, 38, 44).
Among the environmental factors, the most important
are the rearing conditions coupled with an appropriate
nutrition strategy. Currently, boars of sire breeds (lines)
selected for commercial use as Al sires are subjected
to reproductive, fattening and slaughter evaluation.

Recently, there have been reports of problems related
to the deterioration of boar reproductive traits, such
as reduced sexual activity and poor semen quality
(2, 18, 19, 35). There could be many reasons for that,
e.g. excessive physiological burden associated with
the fast growth rate resulting from intensive selection
based on fattening and slaughter traits. The process of
spermatogenesis can be affected deleteriously by other
environmental factors, such as pesticides, exogenous
female hormones and heavy metals, while positive
effects may come from feed supplementation with,
among others, carnitine, arginine, selenium and vita-
min E. Administration of vitamins B12, B6 and PP con-
tributes to increased sperm cell counts and improves
their motility (23). Importantly, the effectiveness of
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antioxidants, such as vitamins C and E, glutathione
and coenzyme Q10, in infertility treatment has been
proven (37).

Boar sperm are highly sensitive to peroxidative
damage due to the high content of unsaturated fatty
acids in the phospholipids of the sperm plasma mem-
brane (29). The sperm cells’ susceptibility to oxidant
damage depends on the balance between the extent of
pro-oxidant stress and the antioxidant levels present.
Most antioxidants have a large number of alternation
double bonds which can act as electron traps. Vitamin
C (ascorbic acid) is one of the most common antioxi-
dants. The common property it shares with the other
antioxidants is its ability to inactivate toxic oxygen free
radicals. As a free-radical scavenger, vitamin C can
react directly with superoxide and hydroxyl anions, as
well as various lipid hydroxyperoxides with and with-
out enzyme catalysts. It is a chain-breaking antioxidant,
indirectly scavenging oxygen free radicals by recycling
tocopherol to the reduced form (1). It is believed that
vitamin C, as an antioxidant, might prevent the pro-
duction of mutagenic electrophilic metabolites, and
stimulate 7-a-hydroxylation of lipids and cholesterol
nuclei, thus enhancing their degradation to bile acids,
which could be excreted from the body (28).

The appropriate amount of vitamin C supplied to
the organism ensures the proper functioning of the
nervous system, as this vitamin is used by the adrenals
in the production of all adrenal hormones (most notably
cortisol) that counteract stress. Intense stressful situa-
tions cause the precipitation of vitamin C, promote its
excretion in body fluids and thus increase demand for
this vitamin. In light of the above, a dietary supple-
mentation of vitamin C with well-known antioxidant
activity plays a key role in the inhibition of oxidative
stress (11), which disturbs proper functions of sperm
cells and constitutes one of the causes of male infertility
(16). Wieckowski (43) recommends 2.0-2.5 g vitamin
C daily per adult pig.

Of all species of farm animals, pigs synthesize the
smallest amount of vitamin C (25). In view of intensive
production, stress and the widespread lack of vitamin
C in the feed industry, it is advisable to add vitamin C
to pig feed (43). According Chinoy at al. (7), ascorbic
acid deficiency caused deterioration in the reproductive
performance of guinea pigs. Sonmez et al. (40) suggest
that ascorbic acid supplementation improves reproduc-
tive traits of male rats, which is associated with high
fertility. In the available literature, there is little data
on the effect of vitamin C on these processes in boars.

The objective of the present study was to determine
the effect of the administration of vitamin C, followed
by its withdrawal, on selected physical and chemical
characteristics of ejaculate collected from boars of the
Duroc and Hampshire breeds as well as from Duroc
x Hampshire crossbreds and Hampshire x Duroc
crossbreds.
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Material and methods

The study was conducted on a group of 2-year-old
boars kept at an artificial insemination station. They were
kept under the same housing (temperature and humidity),
feeding and breeding conditions. The animals were fed
a commercial full-ration diet in compliance with the norms,
according to the Polish Swine Nutrition Requirements
(33). It was a diet completely free of vitamin C, as assayed
according to the Roe and Kuether laboratory method modi-
fied by Dabrowski and Hinterleitner (9). The animals were
individually fed a commercial complete feed mixture for
breeding boars. According to a laboratory analysis, the basic
nutritional values of the complete feed mixture were as fol-
lows: 12 metabolisable energy (MJ), 177 g crude protein,
65.2 g crude fibre, 8.8 g calcium, and 7.7 g phosphorus
per kg of the mixture. The composition of the premix per
kg of the diet was the following: vitamin A — 150 000 IU,
vitamin D3 — 20 000 IU, vitamin E — 120 mg, vitamin
K —2.25 mg, vitamin B1 — 2.25 mg, vitamin B2 — 6 mg,
vitamin B6 — 4.5 mg, vitamin B12 — 37.50 mcg, biotin —
480 mcg, niacin — 30 mg, pantothenic acid — 15 mg, folic
acid — 4.5 mg, choline chloride — 420 mg, Fe — 144 mg,
Mn - 76.8 mg, Zn — 144 mg, Cu —25.73 mg, [ - 1.92 mg,
Se — 0.48 mg. The control group (C) consisted of Durocs
(n=4), Hampshires (n =4), Duroc X Hampshire crossbreds
(n = 4), and Hampshire x Duroc crossbreds (n = 4), from
which ejaculates were collected every fourth day. The same
group of animals made up the experimental groups: El,
E2, and E3. During the spring months, the boars in groups
E1 and E2 were consecutively given vitamin C in tapering
doses: 2.4 g/100 kg b.w./day was administered to E1 for 30
days, and then 1.3 g/100 kg b.w./day was supplied to E2
for another 30 days. Vitamin C supplementation in group
E3 was ceased. Group E3 was formed of the same animals
in order to determine why further increase in the ascorbic
acid level in boar blood plasma after the cessation of exo-
genous vitamin C supply had an effect on semen quantity
and quality. To ensure the administration of a vitamin C dose
required in the study, the animals were housed in individual
pens and received vitamin C in a small feedstuff portion
placed in the empty trough before the full-feed ration was
given. During the period of boars’ saturation with vitamin
C, in group E1, ejaculates were collected every fourth day,
starting on the 14 day of vitamin administration, which,
according to Wigeckowski (43), is the time of full saturation
with vitamin C. In group E2, ejaculates were also collected
every fourth day after 14 days of vitamin administration.
Fourteen days after the cessation of vitamin C supply,
ejaculates were recollected from E2 boars and group E3
was formed of these boars. A total of 256 ejaculates were
collected from all boars (from 4 animals of each breed group
under study) during the spring months. The experimental
design is presented in Tab. 1.

The semen was collected by the gloved-hand technique
into a plastic collector (bag) with the possibility to separate
the gelatinous fraction from the liquid part of the ejacu-
late. Immediately after collection, the volume of semen
was measured with a scalar cylinder. The concentration of
sperm was evaluated with a Sperma Cue device (Model
12300/0500, Minitube International, Verona, USA). On the



50

Tab. 1. Experiment scheme and the number of ejaculates
collected

Groups/Samples
Parameters studied Total
C E1 E2 E3
Duroc (D) 16 16 16 16 64
Hampshire (H) 16 16 16 16 64
Duroc x Hampshire (D x H) 16 16 16 16 64
Hampshire x Duroc (H x D) 16 16 16 16 64
Total number of ejaculates 64 64 64 64 256

basis of semen volume and sperm concentration, the total
number of sperm in the ejaculate was calculated. The vitality
of the sperm was measured by a simple method developed
for commercial piggery laboratories, based on the observa-
tion of motile spermatozoa under the microscope without
the addition of chemical reagents. In native semen, the
percentage of motile spermatozoa was determined micro-
scopically. The proportion of correctly motile spermatozoa
in the total number of visible spermatozoa was determined
(5). Then, the percentage of motile spermatozoa and the
total number of spermatozoa were multiplied to obtain
the total number of motile spermatozoa. Immediately after
the assessment, semen was diluted with a short-term BTS
boar semen extender (Ver. 13525/0100 Antibiotic free,
Minitube International, Verona, USA).

The ejaculates were evaluated to determine the following
physical traits: ejaculate volume, concentration of sperma-
tozoa counted microscopically by means of cell-counting
chambers, percentage of progressively motile spermatozoa,
total ejaculate sperm count, and the number of insemination
doses per ejaculate. The ejaculate volume was determined
on the basis of ejaculate weight measured with electronic
scales. The sperm concentration in the ejaculates was deter-
mined by a photometric method with a SmartSpec™ 3000
(Bio-Rad) spectrophotometer. The percentage of adequately
motile spermatozoa was determined microscopically. The
percentage share of correctly motile spermatozoa in the
total number of spermatozoa visible within the scope was
determined at approximately 200 x fold magnification. The
total number of spermatozoa with correct motility and the
number of insemination doses obtained from one ejaculate
were calculated using the SYSTEM SUL v. 6.35 computer
program. Shortly afterwards, the ejaculates were also exam-
ined for pH and alkaline phospahatase (ALP) activity using
a Cormay Plus device with ready-to-use Cormay test Kkits.

The results were analyzed statistically by analysis of
variance (Statystyka 5.0) according to the following model:

Y=pt+a+ b €
where: Yij — value of the charactefistic examined, L — popu-
lation mean, a, — the effect of vitamin C, b, — boar breed
effect, e. —error. The significance of'i 1nter—group differences

ijk
was verfﬁed by Duncan’s test at P < 0.05 and P < 0.01.

Results and discussion

The research studies indicate that the vitamin C dose
significantly differentiated the volume of boar ejaculate
(Tab. 2, 3). The volume of ejaculate from Durocs and
Duroc x Hampshire crosses in groups E1, E2 and E3
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was significantly (at P<0.01) higher than that from the
control animals (group C). In the case of Hampshires
and Hampshire x Duroc crosses, statistically significant
differences (at P <0.01) were noted between groups C
and E3. The highest increase (by 69.15 ml) in ejaculate
volume was determined in Hampshire x Duroc cross-
breds in group E3 (Tab. 3). The highest level of sperm
cell concentration in 1 ml of ejaculate (154.35 million/
ml) was noted for Duroc X Hampshire crossbreds in
group E3 (Tab. 3). A significant (P <0.01) increase in
sperm count was noted for Durocs, Duroc x Hampshire
crosses and Hampshire X Duroc crosses in groups E1
and E3 and for Hampshires in groups E1, E2, and E3
(Tab. 2, 3). The greatest increase (by 24.78 billion)
in the number of spermatozoa in total ejaculate was
found in Hampshires in E3. Changes in sperm count
in a single insemination dose were the largest (max.
increase of 1.49 billion) for Durocs in group E1, and
they were statistically significant (P<0.01). Vitamin C
supplementation improved the percentage of sperma-
tozoa with progressive motility in most experimental
groups. Only in the case of Durocs, the percentage of
sperm cells with progressive motility was smaller in
group E2 than it was in C, but the difference was not
statistically significant. The highest increase in this
parameter (by 17.50%), compared with its value in
group C, was determined in Hampshire boars in E3.
A significant (P < 0.01) differentiation in the number
of semen doses was noted in Hampshires in groups E1,
E2, and E3, in Durocs in E1 and E3, and in both Duroc
x Hampshire and Hampshire x Duroc crossbreds in
E3. The greatest statistically significant improvement
in this respect was noted in Durocs in El (increase
by 8 doses), followed by Duroc x Hampshire cross-
breds in E3 (increase by 5.52 doses). Additionally, an
increase in the ejaculate pH value was observed in
boars supplied with vitamin C at a dose of 2.4 g/100
kg b.w./day (E1) as well as in group E3 (Tab. 4). The
most pronounced pH value increase (by 0.39 unit) was
found in the ejaculate of Hampshire x Duroc cross-
breds in E1. Regarding alkaline phosphatase activity
in all experimental groups, as compared with control,
this parameter showed an upward trend. Its increase
ranged from 3070 U/l in Hampshire boars in E2 up to
18 010 U/l in Durocs in E1.

Al plays an important role in animal breeding by
increasing the use of genetically superior sires (27,
39). Basic semen traits that affect the profitability of
an Al center are volume, sperm concentration, and
gross sperm morphology (30). Sperm cell concentra-
tion in 1 ml of ejaculate varied subject to the vitamin
C amount supplied to the animals and the intensity
of the process of vitamin C autosynthesis in the body
(Tab. 2, 3). Increasing the number of viable sperm
cells has important practical consequences for artificial
insemination (3). The number of insemination doses
is of primary economic importance, since the higher
number of usable insemination doses means lower
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costs of boar manage-
ment. The number of
semen doses obtained
from a single ejacu-
late depends, accord-
ing to Banaszewska
and Kondracki (3),
on ejaculate volume,
sperm cell concen-
tration, and motility.
With enzyme contri-
bution, sperm cells
break down fructose,
glucose and man-
nose to lactic acid.
Studies by Krasinska-
Czerlunczakiewicz
(24), Heugten (13)
and Pion et al. (31)
proved that vitamin
C plays a key role
in enhancing lactic
acid metabolism, and
thus it is conducive
to the reduction of its
level in blood. The
analysis of the results

51

Tab. 2. Effects of vitamin C administered to purebred boars on selected ejaculate traits

Parameters studied

Grou
E1

p
E2

E3

Volume of ejaculate (cm?)

Concentration of sperm cells (x 10°/cm?)

153.70 + 5.30°
346.85 + 8.30°

Duro
178.63 + 22.35°%
407.60 = 15.608

C
164.00 + 7.30%
350.00 = 8.45°

202.50 + 19.68*
460.50 + 35.00%

Volume of ejaculate (cm?)

Concentration of sperm cells (x 10%/cm?)
Sperm count in total ejaculate (x 10°)
Sperm count in a dose of ejaculate (x 10°)
Progressive motility (%)

Number of doses (unit)

177.50 + 7.56°
360.30 + 12.35°
54.40 + 9.32°
3.08 +0.108
70.00 + 6.90°
18.00 = 1.48°

179.00 = 7.80°
441.20 + 16.24*
68.00 + 9.45°
3.12 £ 0.09
86.70 + 5.20
21.70 + 1.36*

178.70 £ 25.17°
438.80 + 30.46°
68.05 + 7.34°
3.10+£1.12°
85.00 + 8.30
19.66 + 1.90°

Sperm count in total ejaculate (x 10°) 43.20 = 11.20° 61.57 £ 5.34* 44.82 = 10.50° 59.75 = 5.50*

Sperm count in a dose of ejaculate (x 10°) 3.03 £ 0.108 4.52 +1.11% 3.10+0.128 3.23+1.120

Progressive motility (%) 83.00 £5.90 85.24 + 4.93° 81.42 £5.20° 84.40 £ 6.14

Number of doses (unit) 14.00 +1.62° 22.00 + 2.68% 14.86 + 1.45° 18.66 + 5.83%
Hampshire

206.30 = 20.08*
485.70 + 33.13"
79.18 + 4.30
3.86 +1.13"%
87.50 + 8.60*
22.00 + 2.45

Explanations: A, B — means denoted with capital letters in line differ significantly at P < 0.01; a, b —
means denoted with small letters in line differ significantly at P < 0.05; C — control; E1, E2, E3 — ex-

perimental groups

Tab. 3. Effects of vitamin C administered to crossbred boars on selected ejaculate traits

. Group
presented in this study Parameters studied 5 o @ =
indicates that a simi- Duroc x Hamoshir
lar vitamin C-induced urgc x nampsnire
process may have | Volume of ejaculate (cm’) 165.28 + 8.35° | 191.50 +20.30* | 180.70 +15.20° | 220.00 = 25.50*
been responsible for | Concentration of sperm cells (x 10%cm?) | 414.50 £16.00% | 517.75+29.90° | 436.66 +12.50% | 568.85 + 28.20°
thel increase in thil PH | sperm count in total ejaculate (x 10%) 73.44:6.90° | 80.72:5.20° | 73.96+7.56° | 86.40+5.35
perm count in a dose of ejaculate (x .09+0. 50+1. 45+0. .55 +1.08%
ggaﬁzeﬁgﬁltore m i in a dose of ejaculate (x 109 |  3.090.12° | 35021142 | 3.45:0.00° | 4.55:1.08%
The resul.ts on ALP | Progressive motility (%) 86.06 + 6.70° 91.10 + 4.94° 88.35 +5.47 90.00 +6.30
activity obtained in the | Number of doses (unit) 20.75 +1.55° 21.14£2.15° 21.00 +1.60° 26.00 + 3.95"
present study in the Hampshire x Duroc
experimental groups | ume of ejaculate (em?) 215.85+23.30° | 262.80+15.45" | 227.24+24.80° | 285.00 +30.14%
were consistent with )
data pres ented by Concentration of sperm cells (x 10%/cm?) 290.83 +17.15° | 306.04 + 9.69° 302.76 + 33.24° | 341.40 = 33.24*
Turner and McDonnell | Sperm count in total ejaculate (x 10°) 52.97 + 6.34° 64.28 +7.20° 55.16 + 6.20° 71.12 £6.32*
(42) and Glogowski et | sperm count in a dose of ejaculate (x 10°) 3.10 £ 0.10° 3.16 + 0.08" 3.12£1.11° 3.68 +1.00°
alf- /§ }g)) A,h}ghdleVel Progressive motility (%) 78.00+6.70° | 81.43+7.00 | 80.00:7.25 | 83.85:8.40°
ivi I-

?nine d heef; },a;[/}(l)reeci[ean Number of doses (unit) 17.14 £ 1,510 18.40£1.72% | 17.23+1.90° 20.66 + 2.62
elevated percentage Explanations: as in Tab. 2
Tab. 4. Effects of vitamin C administered to boars on pH and alkaline phosphatase activity in ejaculate

P - pH Activity of alkaline phosphatase U/l

reeds and crossbreds
c E1 E2 E3 c E1 E2 E3

Duroc 7.25+0.11% | 7.53+0.24* | 7.37+0.22 | 7.47+0.23" | 35120 +2685° | 53130 +3263* | 42200 +2892° | 52140 + 3240"

Hampshire 7.28+0.12% | 7.53+0.22% | 7.34+0.19° | 7.44+0.22° | 40440 + 2854° | 51470 +3365" | 43510 +3042° | 53670 + 3300"

Duroc x Hampshire 7.25+0.15% | 7.55+0.25% | 7.28+0.24° | 7.44+0.24° | 36810 +2965° | 49330 +3523* | 44890 +3386° | 50330 + 3520*

Hampshire x Duroc 7.18+0.13% | 7.57+0.26* | 7.41+0.26° | 7.54+0.25" | 35780 +3487° | 48260 +3475" | 45850 + 3501* | 49000 + 3450

Explanations: as in Tab. 2
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of spermatozoa with progressive motility, providing
sperm cells with greater amount of energy generated,
according to Stryer et al. (41), in the process of glucose
conversion into fructose in male semen under the influ-
ence of ALP. Stryer et al. point out that the activation
of enzyme reactions in the accessory gland tissues
triggers the conversion of glucose into fructose. A key
role in this process is attributed to alkaline phospha-
tase found in seminal vesicle secretion which, as was
demonstrated (41), breaks down phosphohexoses to
phosphoric acid and free fructose. The breakdown of
fructose, that is, fructolysis, is considered the most vital
process providing the energy indispensable for sperm
cell motility. It should be noted that only mammals are
able to use fructose as the major source of energy in
this process (41). Therefore, alkaline phosphatase pres-
ent in ejaculate proves to be one of the main enzymes
providing energy to spermatozoa. The activity of ALP
changes subject to, among others, the duration of
daylight, which was highlighted by Kozdrowski and
Dubiel (22). The present study shows that vitamin C
may be another agent that elevates ALP activity, and,
as the research findings demonstrate, a dose of this
vitamin elicits different levels of ALP activity (Tab. 4).
Likewise, the withdrawal of vitamin C from the boars’
diet in group E3 contributed to the growing activity of
ALP, most probably by stimulating the autosynthesis
of this vitamin, as observed by Wieckowski (43) and
Lechowski (26). Studies conducted by Lechowski
(26) showed that on day 14 after cessation of vitamin
C supplementation, there was an elevated activity of
L-gulono-gamma-lactone oxidase enzyme involved in
the final stage of L-gulono-gamma-lactone conversion
into ascorbic acid in its biosynthesis. Importantly, the
increase in the activity of this enzyme is concurrent
with the decrease in vitamin C content in tissues and
organs, which, as Lechowski (26) reports, results from
the absence of vitamin C supply from an exogenous
source. In addition, this author highlights a feedback
mechanism between enzyme activity and product
concentration, i.e. an excessive accumulation of the
synthesis product inhibits enzyme activity in this
process. Hence, high dietary doses of vitamin C have
a stimulating effect: in the first stage, enzyme activ-
ity is inhibited, whereas in the following stage, after
vitamin C has been withdrawn and its level in the
body has decreased, the activity of L-gulono-gamma-
lactone oxidase enzyme is increased. As Lechowski
(26) suggests, the mechanism outlined above is likely
to become activated in order to compensate for the
difference between the higher level of vitamin C solidi-
fied in the body after long-term administration and its
decrease after supplementation has stopped.

Lin et al. (27) and Close and Cole (8) found that
a vitamin C dietary additive improved to some extent
the quality of boar semen in periods of repeated high
ambient temperatures. Similarly, Ivos et al. (14) associ-
ate an increased gilt conception rate in summer with
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increased vitamin C supplementation. According to
Yousef et al. (47), a combination of ascorbic acid and
vitamin E effectively reduces the production of free
radicals and thus improves semen quality. Greer et al.
(12), in studies conducted at 5 different farms where
vitamin C (4 g, unit/day) was supplied to a half of
gilts and boars in the summer season, did not note any
marked improvement in gilt performance. Jacyno et
al. (15) pointed out that vitamin C affects L-carnitine
synthesis, which in turn has positive effect on all semen
traits analyzed. The analysis of the present research
results indicates that vitamin C has direct and indirect
influence on these parameters.

Vitamin C supplied to boars in the experimen-
tal groups, significantly differentiated most semen
parameters, increasing their values, compared with
those in the control group, with the highest increase
recorded in group E1. The reduction of the vitamin C
dose decreased the value of each ejaculate parameter
in group E2 compared with group E1. The cessation
of vitamin C administration to group E3 caused an
increase in all semen quality parameters for boars in
this group. The higher activity of alkaline phosphatase
in seminal vesicle secretion, which was observed in
the experimental groups, provided more energy for
spermatozoa and contributed to the rising percentage
of progressively motile sperm cells. The inclusion of
vitamin C in the feed rations of boars in all experimen-
tal groups affected the increase in semen pH values.
The results of the present study show the importance
of the dietary supply of vitamin C for a significant
boost in boar fertility.
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