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Abstract
Farrowing results of six fertility tests are presented. Semen was processed by removal of seminal
plasma and addition of glycerol at 30°C before (method A) or after (method B) stepwise cooling
to 5°C, and by the Beltsville method (C). Sperm concentrations at freezing were 0·9 x 109/ml
(A and B) and 0·6x 109/ml (C).
Farrowing rates for semen processed by methods A and B and pellet-frozen in tris-fructose-EDTA
(TFE) diluent were 11/16 and 9/16 (farrowed/inseminated, mean 62·5%), and 10/16 for both single
and double inseminations (lOx 109 amd 20x 109 total motile sperm respectively). When equal
numbers of motile spermatozoa from semen processed by method A were deposited by single and
double inseminations, farrowing rates for sperm doses of 1· 25 x 109, 2· 50x 109 and 5 ·OOx 109 were
7/16,7/16 and 12/17 respectively (mean 53·1%), and 11/20 and 12/20 (mean 57·5%) for doses of
5 x 10 9 and lOx 109 respectively. Number of inseminations within sperm dose had no effect on
fertility. Pregnancies for semen processed by method A and frozen as pellets (0·25 ml) or in plastic
bottles (30 ml) were 6/16 and 2/16, and after single insemination of lOx 109 motile spermatozoa by
non-fractionated and fractionated methods 6/16 and 2/16 respectively.
Farrowing for semen pellet-frozen by method C in Beltsville Fs (BFs) extender was 5/10 after
double insemination with 6 x 109 total (motile and non-motile) spermatozoa per dose. Fertility
rates for semen processed by method A, pellet-frozen in TFE or Beltsville F3 (BF3) diluents and stored
for one year were 4/10 and 3/10 respectively (mean 35 %) after single insemination of 10 x 109 motile
spermatozoa.
The mean litter size for the total of 89 sows farrowing was 9·4±2·9.

Introduction

Boar semen has been processed for deep freezing by various methods (reviewed
by Einarsson 1973; Paquignon and du Mesnil du Buisson 1973; Schmidt et al.
1974; Cheng and Wung 1975). Recently, a modification in the processing method,
the stepwise cooling of semen from 30 to 5°C before freezing, proved advantageous
in comparison with continuous cooling within this temperature range (Paquignon
and Courot 1975a). Further, there are also reports on the possibility of freezing
boar semen in a concentrated state (Pursel and Johnson 1975; Osinowo and Salamon
1976a, 1976b).

The present study was conducted to examine the effects on fertility of treatment
of semen with glycerol before or after the stepwise cooling, of type of diluent for
freezing and method of freezing semen in a concentrated state, and of number of
frozen-thawed motile spermatozoa.
Materials and Methods
Semen was collected by the manual method from two Large White and two Saddleback boars
of proven fertility. Only the sperm-rich fraction of ejaculates showing good initial motility was used
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for processing. After removal of the gelatinous material by filtering through gauze, the semen of
individual boars was pooled and the concentration of spermatozoa determined by using a colorimeter
calibrated against haemocytometer counts.
For freezing, the pooled semen was processed by three methods (A, B and C). Processing
method A involved removal of seminal plasma and addition of glycerol before cooling. After
centrifugation (1000 g, 10 min), the spermatozoa were resuspended (at 30°C) to a concentration of
0·9x 109 /ml with tris-fructose-EDTA (TFE) diluent containing 3% (v/v) glycerol (tests 1, 2, 3
and 4), or with Beltsville F3 extender (BF 3, Pursel and Johnson 1971) containing 3 % (v/v) glycerol
(test 6). The resuspended semen was cooled according to the method of Paquignon and Courot
(1975a) with the modification that after 1 h cooling from 30 to 15°C the holding time at that
temperature was decreased to 3 h. Further cooling from 15 to 5°C occurred in 1 h.
Processing method B involved removal of seminal plasma and addition of glycerol after cooling
to 5°C (test 1). The semen was diluted (1 : 1, semen: diluent) at 30°C with TFE diluent which did
not contain glycerol. Cooling of the diluted semen was carried out as described above. Before
freezing, the diluted and cooled semen was centrifuged (1000 g, 10 min), the supernatant removed
and the spermatozoa resuspended to a concentration of 0·9 X 109 /ml with TFE medium containing
3 % (v/v) glycerol.
Processing method C (test 5) was carried out according to Pursel and Johnson (1975) and using
the Beltsville Fs (BFs) extender.
The experiments which compared processing methods (test 1), freezing methods (test 4) and
freezing diluents (test 6) were of split mixed ejaculate design.
The TFE diluent consisted of 250 lTIM tris-lIl mM fructose-75 lTIM citric acid-15 mM EDTA
(disodium salt), and 15 % (v/v) egg yolk. When the freezing diluent was also used for extension of
the thawed semen for insemination, it contained no glycerol and no egg yolk (TFE, tests 1, 2, 3, 4
and 6), or no glycerol (BF 3, test 6). The semen was frozen on dry ice in pellet form (0·25 ml) or in
plastic bottles (30 ml, test 4). In the latter case 30-rnl aliquots of diluted and cooled semen (5°C)
were placed in plastic bottles and frozen to - 80°C by suspending the bottles at an appropriate
height above the liquid nitrogen (measured by thermocouple). The frozen semen was stored in
liquid nitrogen for 2-4 weeks, or for one year (test 6) until used for insemination. For insemination,
the frozen pellets were transferred to large test tubes (3·5 cm diameter, 15-20 pellets per tube) and
shaken in a water bath (37°C) until the semen melted. The semen frozen in plastic bottles was thawed
by shaking the bottles in a water bath at 48°C. The inseminate volumes of 80 rnl (tests 1, 2, 3 and 4),
70 ml (test 6), and 50 rnl (test 5) were obtained by adding to appropriate amounts of thawed semen
(containing the required number of spermatozoa) the respective post-thawing medium. In test 5,
the frozen pellets (10 ml) were thawed in Beltsville thawing solution (BTS, Pursel and Johnson
1975). The thawed semen was examined for motility of spermatozoa before and after addition of
the post-thawing extender. The sperm doses used in each fertility test are described under
Experimental Details and Results.
The animals used were Large White and Large White x Landrace sows of proven fertility.
Oestrus was detected by teaser boars twice daily at 0830 and 1630 h. Single insemination was
performed 24 h after detection, while double inseminations within one oestrus were carried out 12
and 24 h (test 1) or 24 and 32 h after detection (tests 2, 3 and 5), as the latter periods proved more
effective in our studies on time of insemination (Maxwell and Salamon, unpublished data). When
double insemination was involved, half of the sperm dose was deposited at the first insemination
and the other half at the second insemination (tests 2 and 3), or the whole sperm dose was introduced
at each insemination (tests 1 and 5). All inseminations were performed through the cervix using a
spiral-tipped catheter. In the case of fractionated insemination (Kvasnitsky 1959; test 4), first the
thawed semen (25-30 m!) was introduced through the catheter followed by 50-55 ml of extender

Experimental Details and Results

Test 1

In this test (2 x 2 factorial) semen. processed by method A and method B was
used for single and double inseminations (10 x 109 and 20 x 10 9 motile spermatozoa
respectively).
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In total 32 sows (S per treatment) were inseminated of which 20 (62· 5%) farrowed.
There was no significant difference between the farrowing rates for semen processed
by methods A and B which were 11/16 and 9/16 (litter sizes 7·7±0·S and
7·70 ± 1 ·44) respectively. Farrowing rates after single and double inseminations
were 10/16 and 10/16; the litter size was higher for the former than for the latter
method of insemination: 10·0±0·S v. 5·4±0·S (P < 0·01). Number of
inseminations within processing method had no detectable effect on farrowing or
on litter size. One animal inseminated twice with semen processed by method B
returned to service 65 days after insemination.
Test 2

In this test (2 x 2 factorial) 5 x 109 and 10 x 109 motile spermatozoa were deposited
either by single or double insemination.
In total 40 sows (10 per treatment) were inseminated of which 23 (57·5 %)
farrowed. The farrowing rates for 5 x 109 and 10 x 109 motile spermatozoa were
11/20 and 12/20 (litter sizes 1O·3±0·9 and 10·6±0·9) respectively, and for single
and double inseminations the rates were 9/20 and 14/20 (X 2 (1) = 2·56,0·1 < P < 0·2;
litter sizes 11·7 ± 1·2 v. 9·6±0·S respectively, 0·2 < P < 0·3). There was no
interaction between sperm dose and number of inseminations on farrowing rate or
on litter size.
Table 1. Farrowing after insemination with different doses of spermatozoa
Values in parentheses are mean percentages
10- 9 X No. of
motile sperm
. inseminated
1·25
0·625+0·625
2·50
1·25+1·25

5·00
2·50+2·50
Totals and means
A

No. of
inseminationsA
1

2
1
2
1
2

Frozen-thawed semen
No. farrowing/
Mean litter
No. inseminated
size±s.e.

Fresh diluted semen (control)
No. farrowing/
Mean litter
No. inseminated
size ± s.e.

4/8 (43.8)
3/8
4/8 (43.8)
3/8
5/9 (70.6)
7/8

10·8±0·5
1O·0±0·6
9·3±0·5
9·7±0·9
1O·4±0·7
1O·3±0·8

5/7 (78.6)
7/9 (82.4)
7/8

9·2±1·4
12·0±1·2
9·6±0·8
12·4±0·6

26/49 (53·1)

1O·1±0·3

25/31 (80·6)

1O·9±0·5

6/7

Volume of each inseminate was 80 mI.

Test 3

The factors included in this test (3 x 2 factorial) were:
(1) dose of inseminate: 1·25 v. 2·50 v. 5·00 X 109 total motile spermatozoa.
(2) Number of inseminations: single v. double.
The semen was processed by method A. The animals in the control group were
inseminated with fresh semen extended with TFE which did not contain egg yolk
or glycerol. Results are presented in Table 1. There was no difference in fertility
for the three sperm doses, farrowing rates for 1·25, 2· 50 and 5·00 x 109 total motile
spermatozoa deposited being 7/16, 7/16 and 12/17 respectively (X 2 (2) = 3·21,
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0·05 < P < O· 10). The farrowing rates for the two sperm doses used in the
control group were also indistinguishable. Number of inseminations within the
frozen-thawed and fresh sperm doses had no significant effect on farrowing result
or on litter size.
Test 4

For this test (2 x 2 factorial) the semen processed by method A was frozen in
pellet form (0·25 ml) and in plastic bottles (30 ml), and used for non-fractionated
and fractionated inseminations. The sows received one insemination with 10 x 109
motile spermatozoa.
Results are presented in Table 2. There was no difference between the fertility
rates for semen frozen as pellets and in plastic bottles, or for non-fractionated and
fractionated insemination methods (comparison in both cases 6/16 v. 2/16;
X2 (1) = 2·61, O· 1 < P < 0·2). Two pigs returned to service 31 and 52 days after
non-fractionated insemination with pellet-frozen semen.
Table 2. Farrowing after two types of insemination and with semen frozen by two methods
Freezing
method

Type of
inseminationA

No. of pigs
inseminated

No.
farrowing (%)

Mean litter
size±s.e.

Pellet freezing
(0·25 m!)
In plastic
bottles (30 ml)

Non-fractionated
Fractionated
Non-fractionated
Fractionated

8
8
8
8

~ (37·5)

8·5±1·0
14·0±3·0
9·0±3·0

A

~ (12·5)

Single insemination with 80 ml volume containing 10 x 109 motile spermatozoa.

Test 5

Semen was processed by method C. The sows were inseminated twice within
one oestrus and each time received a 50-ml dose containing 6 x 109 total (motile
and non-motile) spermatozoa (Pursel and Johnson 1975). Ten animals were
inseminated of which five farrowed. The mean litter size was 8·4 ± 1 ·8.
Test 6

Semen processed by method A and frozen in TFE or BF 3 diluents was used after
one year of storage. The sows received one insemination with 10 x 10 9 motile
spermatozoa. The mean percentages of motile spermatozoa in the inseminates for
semen frozen in TFE and BF 3 diluents were 34·00 ± 2·90 and 34·30 ± 3 . 59 %
respectively (n = 10). In total 20 animals were inseminated of which seven (35·0 %)
farrowed. The farrowing rates for semen frozen in TFE and BF3 media were 4/10
and 3/10 (litter sizes 1O·0±1·8 and 7·7±2·4) respectively.
Discussion

The farrowing results for the semen processed by the methods A and B were
indistinguishable (test 1) which is in agreement with the findings of Osinowo and
Salamon (1976b), but no explanation can be offered for the lower litter size after
double than after single insemination. Wilmut and Polge (1974) suggested that the
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effect of glycerol on boar spermatozoa is temperature dependent and their fertilizing
capacity is reduced after 6 h of exposure to glycerol at 20°C. When in the present
study (tests 1, 2, 3, 4 and 6) the glycerol was added at 30°C, the spermatozoa were
in contact with glycerol for 5 h and for a relatively short time (40-45 min) above
20°C. The amount of glycerol in the semen resuspended to a concentration of
O' 9 X 10 9 /ml was low (1' 5-2' 0 %) and at a level tolerable to the spermatozoa
(Paquignon and Courot 1975b). In addition, before insemination the small volume
of thawed semen was extended and thereby the glycerol concentration in the
inseminate was further reduced.
The farrowing results were indistinguishable when the number of frozen-thawed
spermatozoa deposited by two inseminations was twice that deposited by single
insemination (test 1), or when the animals received equal numbers of spermatozoa
by both methods of insemination (tests 2 and 3). Although the fertility rates for 1'25,
2· 50, 5·00 and 10· 00 X 109 total motile spermatozoa deposited were statistically
indistinguishable, there was a tendency for improvement in fertility with increasing
sperm numbers. The dose of frozen-thawed spermatozoa used by other investigators
differs over a wide range (0' 4 X 109 to 15 x 10 9), but the conception or farrowing
results obtained do not always reflect the low or high sperm doses inseminated.
Thus, the conception rates after double insemination of motile sperm doses of
O' 4-3' 3 x 109 (Romeny et al. 1974), 1· 0 x 10 9 (Einarsson et al. 1973) and 9·2 X 10 9
(Richter et al. 1975) were 25· 0, 62· 5 and 64· 8 % respectively. The conception rate
after single insemination of 4--7 x 109 motile spermatozoa was 57· 5 % (Paquignon
and du Mesnil du Buisson 1973), and three inseminations within one oestrus with
8-15 x 10 9 motile spermatozoa per dose yielded 43· 5 % farrowing (Salamon and
Visser 1973). However, processing of semen and the freezing diluents used by the
abovementioned workers were different to those in the present study.
The semen frozen in 30-ml volumes yielded a poor farrowing result (12, 5 %),
although the motility of spermatozoa upon thawing was similar to that of pelletfrozen semen (35-40 %). It may be that the rate of freezing and/or thawing of such
a relatively large volume was not uniform and/or not sufficiently fast, leading to
more damage to the sperm cells than in the course of freezing and thawing of pellets.
Low fertility has also been reported for semen frozen in volumes of 20-30 ml (1/36,
Plishko et al. 1973), 60 ml (6/20, Kononov et al. 1975), 20-25 ml (3/45, Iljinskaja
1976), and 10 ml (7/24, Larsson et al. 1976). On the other hand, pregnancy rates
of up to 70 % have been claimed for semen frozen in 5-ml capacity pailletes
(Westendorf et al. 1975).
In this study the fractionated method of insemination (Kvasnitsky 1959) resulted
in poor farrowing (12,5%). Paquignon and du Mesnil du Buisson (1973, 30-day
pregnancy 57'5%) and Westendorf et al. (1975, 22-44-day pregnancy 61·2%),
however, were more successful in inseminating frozen-thawed semen by this method.
Fertility of semen frozen at a sperm concentration of 0·6 X 10 9 /ml in BF 5 extender
was much the same as for semen frozen at 0·9 x 109 /ml concentration in TFE
diluent, but lower than the egg fertilization rates reported by Pursel and Johnson
(1975).
In the final test (test 6) the farrowing rate after non-fractionated cervical insemination with semen frozen-stored for one year was low (35 %). However, in the light
of the fertility results obtained after surgical insemination into the oviducts with
semen stored for periods of 2t years (91 %, Salamon and Pearse 1976), 3 years (60%,

248

W. M. C. Maxwell and S. Salamon

Salamon 1976) and 4 years (60%, Maxwell and Salamon 1977), the low farrowing
rate cannot be attributed to a decrease in fertilizing capacity of spermatozoa during
the one year storage period.
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