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ABSTRACGCT

The objective of this investigation was to exam-
ine the effect of flushing for about eleven days prior to
service and plane of nutrition during the first month of
pregnancy on the reproductive performance of gilts.
Additional observations were also made on plasma proges-
terone levels during early and late pregnancy and body
temperature changes during the oestrous cycle and late
pregnancy in gilts.

A flushing ration of 3.6 kg per day representing
10.80 Mcal of digestible energy, given to gilts at about
5th oestrus (270 days old and 115 kg body weight) did not
make any significant difference in ovulation rate or litter
size at birth from the control gilts under similar physio--
logical conditions, receiving 1.8 kg of the same feed per
day. It was thought that the gilts were mated late in
their reproductive life and their body conditions might
partly explain the discrepancy between the present study
and others.

In contrast, high plane of nutrition during the
first month of pregnancy significantly increased litter
size and weight at birth. Average birth weight of pigs,
however, was unaffected. No interaction between pre- and
post-mating feeding levels could be found on any of these

three characteristics.
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Plasma progesterone levels increased significantly
from Day 3 to Day 15 and declined gradually from Day 100
through Day 110 to 112 of pregnancy. The effect of
feeding treatments (pre- and post-mating) was not signifi-
cant except at stage 5 (Day 110 of pregnancy). Mummified
foetuses were significantly correlated with progesterone
levels at the last two stages (Day 110 and 112 of
pregnancy) .

Rectal temperatures of gilts increased signifi-
cantly from Day 2 to Day 6 then tailed off until Day 10 of
the oestrous cycle. (Day O: day of oestrus). During late
pregnancy, rectal temperatures dropped significantly from
Day 6 to Day 3 prior to farrowing day. However, due to
big daily variations and the unreliability of the measure-
ment, temperature changes were not suggested as a diagnosis

method of ovulation and parturition.
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INTRODUE TI OW
S S

Pigs multiply more rapidly, mature more quickly
and produce more digestible flesh than other domestic
animals (Bostock, 1957). Furthermore, pigs can be suc-
cessfully bred and reared on smaller areas than other
domestic animals. However the pig, unlike the herbivora,
cannot be produced and maintained on cheap roughages but
subsists for the major part on expensive concentrates;
production costs are high and the margin of profit is
markedly variable. The profitability of pig production
is largely governed by litter size at birth and the numbex
of piglets successfully reared to marketable weight
(Burger, 1952; Scofield and Penny, 1969).

Hammond (1921) indicated that fertility in
mammals (in particular the pig) is largely controlled by:
(1) The number of ova shed; (2) The number of ova
fertilized; and (3) The number of embryos which develop
normally until birth. Krallinger (1937) proposed a fourth
factor, namely the regulariiy of the oestrous cycle.
However, as fertilization percentage (the proportion of
cleaved ova to the total number of ova shed) in gilts is
very high (Hancock and Hovell, 1962) it may be concluded
that for any particular reproductive cycle, fertility in
the pig will be determined by ovulation rate and embryonic

mortality (Cooper and Scofield, 1969). The heritability



of reproductive traits in the pig is low, and as a con-
sequence, the influence of environment, and in particular
nutrition, assumes considerable importance.

The purpose of this investigation was to examine
the effect of "flushing" (a sudden increase in feed in-
take) prior to service and plane of nutrition during early
pregnancy on ovulation rate and embryo survival of gilts.
One experiment was conducted, but for convenience the
thesis 1is presented in separate chapters under the
following main headings:

. Effect of flushing prior to service on

ovulation rate and litter size at birth.

2. Effect of plane of nutrition over the

first month of pregnancy on farrowing
results.

Additional observations were also made on:

£ Plasma progesterone level during early

and late pregnancy in gilts.
L. Body temperature of gilts during the

oestrous cycle and late pregnancy.



CHAPTER I

EFFECT OF FLUSHING PRIOR TO SERVICE ON OVULATION RATE AND

LITTER SIZE AT BIRTH

Literature Review:

=1

Lt Premating flushing and ovulation rate:

Work on ewes (White and Robertson, 1922; Clark,
193L; McKenzie and Terrill, 1937; Howland et al., 1966;
Memon et al., 1969) and on rats (Lodge and Cooper, 1967)
showed significant increases in ovulation rate in high-
fed animals as compared with low-fed ones. Similarly,
much work on pigs revealed that an increase in plane of
nutrition (Robertson gt al., 1951 a,b; Christian and
Nofziger, 1952; Self et al., 1955; Lazauskas, 1965;
O'Bannon et_al., 1966; Schultz et al., 1966; Holmes,
1969; Cooper et al., 1971; Brooks et al., 1972) or in
energy intake (Gossett and Sorensen, 1959; Haines et al..
1959; Goode et al., 1960 a,b; Sorensen et al., 1961;
Du Mesnil du Buisson gt al., 1968 ...) for about three
weeks or more resulted in an increase in ovulation rate.
However, it is noted that prolonged high level of feeding
may also accelerate the growth rate of gilts (Zimmerman
et al., 1960 b; Lodge and MacPherson, 1961); and
ovulation rate has been shown to be positively correlated
with 1liveweight gain of gilts at oestrus (Squiers et _al.,

1952; Rathnasabapathy et al., 1956; Zimmerman et al.,



by

1960a). So, the increase in ovulation rate reported in
the above studies may be a response to both increases in
feed intake and live weight and/or liveweizht gain of
gilts at oestrus.

In fact, it has been shown that energy intake
by itself can also influence ovulation rate without the
secondary effect of live weight and liveweight gain of
gilts; since flushing or fasting gilts in a short period
of time (from a few days to about two weeks), over which,
body weight changes are negligible, can also affect
ovulation rate (Zimmerman, 1958, 1959; Zimmerman et - al.s
1958, 1960 a,b; McGillivray et al., 1962, 1963; Rigor
et al., 1963; Kirkpatrick et al., 1967 a; Bazer et al.,
1968), A similar trend was noted on ewes (Girou et al.,
1971). Accordingly flushed ewes had a significantly
higher ovulation rate than the unfluched ones of the same
live weight.

In addition Zimmerman (1959) found that although
continuously full-fed gilts shed a greater number of ova
than continuously limited-fed ones, flushing for two or
three weeks prior to breeding produced approximately the
same ovulation rates as continuous full-feeding. More
recently, Moore et al. (1971) were not able to detect any
significant difference in ovulation rate between gilts
flushed for fourteen days and those flushed for énly one.

Evidence also shows that a few hours of flushinc

or fasting before ovulation (even after the onset of heat)



suffice to influence ovulation rate in gilts (Ray and
McCarty, 1965; Lodge and Hardy, 1968; Bazer et al.,
1971) as well as in sows (Heap et al., 1967; Hardy and
Lodge, 1969 b). It should be noted that in these experi-
ments flushing was imposed during the first twenty-four
hours of heat, ie., before the onset of ovulation (Burger,
1952). In other words the possible time for such an
effect of nutrition to be exerted may be limited to the
interval between the onset of oestrus and ovulation
(Heap and Lodge, 1966; Heap et al., 1967). The effect of
short term flushing or fasting after the onset of heat on
ovulation rate has also been reported on mice (McClure,
1958, 1959) and rats (Lodge and Cooper, 1967; Cooper
et _al., 1970).

These results were questioned by Kirkpatrick
et al., 1967 b; Frobish, 1970; Brooks and Cole, 1971,
The latter could not find significant differences between
control gilts and those flushed once on the first day of
oestrus. The discrepancy was thought to be due to the
difference in time of ovulation between gilts in relation
to the time when flushing was imposed. Investigation of
the critical time for flushing to be effective (Brooks
et al., 1972) showed that flushing for one day of mating,
but not on the Tollowing day, significantly increased
ovulation rate.

It has also been shown that plane of nutrition

(or energy intake) does not have any significant effect on
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ovulation rate of gilts (Marshall and Potts, 1921; Hart

and Miller, 1937; Briggs et al., 1942; Gossett and
Sorensen, 1956; Haines et al., 1959; Frobish and Gerrits,
1969; Cumming, 1972). Furthermore Tribble et al. (1956),
Goode et_al. (1960 a,b); Paquignon et al. (1972) found
more corpora lutea in gilts or sows which had been subjected
to some degree of feed or energy restriction than those
which had not.

The discrepancies between studies remain unex-—
rlained since the mechanism through which nutrition affects
ovulation rate (if it does) is not known. It has been
suggested as involving the regulation of the rate of the
release of gonadotrophin. (Samuel, 1948; Ershoff, 1952;
Meites, 1953; PFollis, 1958; Leathem, 1958, 1959; Allen
and Lamming, 1961; Piacsek and Meites, 1967; Howland,
1971, 1972 a).

2 4 Premating flushing and litter size at birth.

Restricted feeding for four weeks before mating
significantly reduces litter size at birth in rats (Lodge
and Cooper, 1967). Moore et al. (1971) reported that
flushing gilts for one or fourteen days increased live
embryos per litter over controls. The increase resulting
from the fourteen-day but not the one-day treatment was
significant. A similar increase of feed, on the day of
mating (Lodge and Hardy, 1968), or on the following day

(Moody and Speer, 1971) was found to increase significantly
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litter size at birth or the number of embryos at 25 days
of gestation. Conversely starving gilts from ten days
prior to service resulted in a reduced number of embryos
(McGillivray et_al., 1962).

In contrast to the above evidence, increasing
feed intake of gilts for many days prior to service
(Mayrose et al., 1966; Frobish and Gerrits, 1969) or for
only one day, on either day one of oestrus (Brooks, 1970;
Brooks and Cole, 1971; Brooks et al., 1972; Cooper gt al.,
1971; te Brake, 1971) or on day two of oestrus (Libal and
Wahlstrom, 19/7/0; Brooks et al., 1972) had no significant
or consistent effect on either litter size at birth or on
the number of embryos present at 20 - 28 days of gestation.
This was confirmed by Naber and Zimmerman (1971) stating
that gilts flushed for one day or two - three weeks had
similar litter size as the control, unflushed.

One reason for the ineffectiveness of flushing on
litter size may be that the material limitation of the
gilt appears to be approximately eleven pigs, and that
under most circumstances it is other material factors and
not ovulation rate which limit litter size (Brooks and
Cooper, 1972). In a situation where litter size is limited
by ovulation rate, increasing feed intake may raise the
ovulation rate and consequently the litter size. This
theory may explain the significant differences in litter
size found by Lodge and Cooper (1967); Lodge and Hardy

(1968); Moody and Speer (1971)... . However it cannot
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explain the ineffectiveness of flushing on litter size at
birth in sows (Nielsen, 1968; Walker, 1972; Brooks and

Cole, 1972).



Ll Methods and Materials:
il. Animals:

Twelve pairs of littermate gilts born from 6.2.71
to 18.3.71 at the Pig Research Centre, Massey University
were selected at random from eight families of three
breeding groups/(Large White (LW) x Landrace (LR)) x LR;

LW x LR and LW x Berkshire (BL7 IF'our littermate boars
born on 19.2.71 of LW x LR breed were also selected. All
animals were weaned at about three to four weeks of age

when they were about 4.5 kg live weight.

2. Housing:

From about 46 kg body weight (at about 118 days
of age) all gilts and boars were kept individually in pens
in a totally enclosed building. The layout of this
experimental building is illustrated in Figure 1. Attemp®s
were made to maintain the temperature within the building
at 180C, however after the temperature regulator failed to
work, it fluctuated considerably from 17OC - 2300 in
November, 1300 - ZMOC in December 1971 and January 1972,
1300 - 2600 in February 1972. No provision was made for

the control of relative humidity.

£k Allocation of pigs to pens:

When the pigs were transferred to the experimen-
tal house (11.5.71) they were arranged so that littermates

occupied opposite pens. The four boars initially occupied



Plate 1 - Experimental house.

Plate 2 - Inside the experimental house.



FIG.1-Layout of the Housing Area Used inthe
Experiment
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Plate 3 - Individual pen.
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pens 4, 8, 21 and 25 (see Figure 1) and were rotated
around these pens on a weekly basis. From 21.7.1971 they
were moved to pens 1, 2, 27, 28. Later, from 10.8.1971
one boar was removed from the house each week on a
rotational basis. Due to an increasing incidence of lame--
ness,; which was considered a function of individual
penning, the gilts were grouped in batches of six from
early November until farrowing and provided with straw

bedding. Individual feeding was, however, continued.

L. Experimental Management:

From 22 kg body weight gilts were fed individ-
ually, once daily at about 08.00 hr. The gross composi-
tions of the meal f'ed are shown in Appendix 1. Daily
meal allowances were related to body weight (Appendix 3).

Water was available to appetite.

5¢ Experimental Design and Treatment:

The experiment was arranged as a completely
randomized block involving twe treatments and twelve
replicates. Animals were allocated to treatment on a
within pair basis. The treatments were:

(a) Control (unflushed - NF) : Maximum dai 1y

meal allowance of 1.8 kg until mating.

(b) Flushed (F) - As for controls but daily

meal allowance increased to 3.6 kg on Day

11 following the oestrus prior to mating.
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6. Records:

Animals were weighed at fortnightly intervals,
oestrus was checked once daily by observation of the signs
of heat and with the aid of boars. A double mating system
was used so that two litter sisters were mated by the same
pair of boars.

Soon after mating backfat thickness (BFT) of
gilts was measured ultrasonically. The measurements were
taken at three paired locations (left and right) at about
L - 5 cm from midline at the shoulder and loin (Rahnefelt9
196L), and at the midpoint of these two locations, ie.,
midback. .

Laparotomies were conducted four tc nine days
after mating to observe the ovaries and record the number
of recently formed corpora lutea assumed to represent
recent ovulations. Litter size was determined as the

number of fully formed foetuses born.

73 Statistical Analysis:

The number of ovulations and litter size at birth
were compared by the analysis of variance in a two-way
classification (Snedecor and Cochran, 1969).

Since so little information of litter size at
birth was obtained, the results ot all gilts were used in
the analysis without consideration of the pairing of gilts.
The aim of this section is to examine any effect of flushinc

prior to service on litter size at birth. On the other



Plate 4 - Recently formed corpora lutea of gilts

at laparotomy.
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hand the post breeding treatment was imposed equally on
two groups (see Chapter 2), so it may be ignored in the
analysis for the purpose of this section. Litter size at
birth was further adjusted for the difference in age of
gilts at mating by an analysis of covariance (Snedecor

and Cochran, 1969).



=

IIT Results:
1. General:

Of the twenty-four gilts, one control, although
displaying signs of oestrus had apparently not ovulated
at subsequent laparotomy. The animal had peritoneal
abscesses (post-operative infection) and a second laparo-
tomy was not attempted. Her sistermate had a prolonged
oestrus thus she was flushed for twenty-two days. The
ovulation rate was surprisingly high (26 ova). Data from
both animals was eliminated from the study of ovulation
railtes

Of the twenty-four gilts used for the study of
litter size at birth, two did not show heat strongly and
did not stand for service. Another one failed to conceive
and a fourth one died at laparotomy. Of the twenty preg-
nant gilts, three aborted during the second and third
month of pregnancy. The number of gilts providing data
for the study of litter size at birth was, therefore,
seventeen (six pairs and five individuals). Eight preg-
nant gilts had peritoneal abscesses for many weeks.
During mid pregnancy most gilts were constipated for a few
days to two - three weeks. They were off feed, some had a
temperature, two had rectal prolapse. Chloramphenicol
injection, epsom salts, then bran supplement to feed were
given.... The cause of abortion was not determined, al-
though it was once suspected to be leptospirosis (from the

results of the blood test).
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2 Ovulation rate:

Lge, weight and oestrus number of each gilt at
mating, length of flushing period, total energy consumedﬁ
(by flushed gilts during flushing period and by their
sistermate controls during the corresponding period),
growth of gilts during the fortnight prior to mating,
their ovulation rate; litter size at birth and numbers of
mummi fied foetuses are shown in Appendix 4. The results
are summarised in Table 1.

The results of the analysis (Appendix 5) showed
that the average ovulation rate of gilts in the flished
group was slightly higher than that of gilts in the
control group. However, the difference was not signifi-
cant,

During the flushing pcriod, most of the control
gilts had been mated, consequently the average age,
welght of the controls at mating were significantly
(P { .05) lower than those of the flushed gilts. However
neither age nor weight of gilts were significantly
correlated with their ovulation rate (Appendix 6). No
variables examined (Appendix 6) appeared to be correlated

to ovulation rate.

o s - - . =i

‘Total energy consumed by the gilts of each group was not
the same due to the refusal of feed which became more

apparent towards the onset of heat.



Table 1 - EBEffect of flushing prior to service on

ovulation ratc and litter size at birth.

. rm e w e e

| TREATMENTS | SE or | Signi-
b e differ- | ficance!:}
| T ence test
! NF g F between
: ; means
i : 3 g
) | |
lican age (days) at matln% 261.5 278.6 2.52 HH
liean weight (kg) at mating 107.8} 123.6} 2.49 %
; :
Ave., oestrus number at ! !
mating 5.22i 5.67 } 0.376 NS
Ave. length (days) of 5 i
flushing period I @ | am.3 R s 1
v 1
Total cnergy consumed ;
lical DE) during i )
lushing period 60.,9§ 115.2 11.25 | #=#=x
Liveweight gain (kg) 5 |
during previous fort- ' ‘
night ho99E 7.03 1.279 NS
]
Weighted mean of srr(2) : 3.78E 3,971 0.155} N8 ;
Mean ovulation rate i 13.9{ 1L.4 E 0.767 | NS E
Litter size at birth } 5.&&5 6.87 g 1.641 IS i
*p¢.05, p.o1, oo (2) see text

The ultrasonic measurcments at three locations
(shoulder, midback and loin), averagec backfat thickness
/% (shoulder + midback + loin)/ and weighted mean of back-
fat thickness /% (shoulder + 2 midback + loin)/ of twenty-
two gilts are prescnted in Appendix 7. Since neither
backflat measurements, nor ovulation rate were significantly
different between the two groups (Table 1), the data were
pooled for subsequent analysis. The results are summarized

in Appendix 8.
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3. Litter Size at Birth:

The rcsults of litter size at birth are presented
in Appendix 4 and summarized in Table 1. The results of
the analysis (Appendix 5) showed that the average litter
size of flushed gilts 6.87, was not significantly differ-
ent from that of the control, 5.44. Since litter size at
birth was slightly corrclated to age of gilts at mating
(the regression coefficient of litter size on age was
-0.112, .05<¢ P ¢ .10), it was adjusted for the difference
of age. The adjusted means of littecr size at hirth were
7.47 and 5.59 for flushed and control gilts respectively
( .10 P .25). Weight of gilts at mating and their
ovulation rate were not significantly correlated to

litter size at birth (r = 0.146 and 0.010 respectively).
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IV Discussion:

1, Ovulation Rate:

The ineffectiveness of flushing in the present
experiment does not agree with many results reported in
the literature, the exact reasonsfor this discrepancy
are not known, however many factors may partly be

responsible.

(a) Length of flushing period -

In work by Robertson et al. (1951 a,b), Self
et al. (1955), Schultz et _al. (1966), Du Mesnil du
Buisson et al. (1968) ... gilts were flushed for a
period of about three weeks or more, whereas, those in
the present study were flushed for only about eleven
days. Wise and Robertson (1953) suggested that the
decrcase in ovulation rate was correlated with the length
of restriction in diet. Conversely there was a tendency
for ovulation to increase with greater period of flush-
ing (Zimmerman et _al., 1957, 1960a; Zimmerman, 1959;
Naber and Zimmerman, 1971; More et al., 1971). The
same trend was noted in ewes (Lamond and Bindon, 1959).
Kirkpatrick et al. (1967b), in work on gilts, suggested
that although the pituitary responded to flushing rapidly
follicle growth lagged slightly behind FSH release. In
other words, it might take a while for the ovary to
respond to the change in the level of FSH... Brooks

et al. (1972), Brooks and Cooper (1972) noted that the
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number of follicles reaching ovulatory size did not
increase in response to short-term flushing. However in
these experiments the number of corpora lutea did increasc.
Furthermore, in the present experiment no significant
correlation existed between length of flushing and
ovulation rate (r = 0.04) thus, the ineffectiveness of
flushing on ovulation rate may not be explained on the

basis of length of flushing period.

(b) Differences in energy intake between two

groups -

Zimmerman et _al. (1960a), Kirkpatrick et al.
(1967a) reported that within the range of flushing allow-
ance used, ovulation rate increased with the level of
energy intake. Schultz et al. (1966) wrote that '"to
significantly improve ovulation rate, an energy intake of
approximately 12.3 Mcal of metabolisable energy (ME) daily
was required as compared to a daily energy intake of 6.1
Mcal ME in a three-week-flushing system ...". This con-
firmed the suggestion by Mayrose et al. (1966) stating
that "to show a response in ovulation rate ... it appears
that the flushing level must be increased more than
1.82 kg above the control levels of 1.82 or 2.27 kg per
day used in these trials" (14-day-flushing system). In
the current work flushed gilts previously fed on 1.8 kg
feed/day, were given 3.6 kg/day (representing 6.2 Mcal
digestible energy (DE) and 12.3 DE respectively, however

most of them could not consume all their meals. For the



assessment of the effect of energy intake on ovulation
rate, it was decided to examine the variation in
ovulation rate of gilts in response to that in total
energy intake during flushing period. The results show:
that energy intake was not significantly correlated wii.

the number of ova shed by gilts.

(c) A possible effect of short-term nutrition

It is well established that the regulation of
food intake is controlled by the central hypothalamuc
mechanism (see Bell, 1970). Two of the biochemical
influences which can trigger the hypothalmus are:

(i) The availability of glucose in body
fluid (Liebelt and Perry, 1967)
(ii) The concentration of fat metabolites i:
body fluid.

In the present experiment gilts were thought tc
be too fat by the time flushing was started (will be
considered). This might partly explain the increasing
rcfusal of feed from two - three days after being on
flushing diet until mating.

On the other hand, cyclical food intake depress-
ions coincident with oestrus have been observed in rats
(Slomaker, 1925; Brobeck et al., 1947), heifers (Raun
et al,, 1967; Carltelin, 1968). The same trend was
found in the present experiment.

As previously discussed, feeding from a few

hovrs to one, two days prior to ovulation, suffices to
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influence ovulation rate (Lodge and Hardy, 1968; Moore
et al., 1971; Cooper et al., 1971; Baker et al., 1968
.+«s). The reduced feed intake during a few days in
flushed gilts before oestrus may be partly responsible
for the non-significance of the effect of flushing foua:l

in the present study.

(d) Body Condition:

o.-Indices of body fatness used in the

analzse ”

There appears to be no relevant data bearing
directly on the relationship between ovulation rate and
BFT of pigs. In the pig, BFT has been shown to be highl;s
correlated with total fat (Manfredini and Palenzona,
1969; Werhahn, 1970; Azzarini et al., 1968 ....). Souc
studies showed that the measurement at midback location
gave the best estimate of the percent fat of the body
(Anderson and Wahlstrom, 1969; Aulstad, 1969) whereas
some others favoured the measurements taken at the loin
(Isler and Swinger, 1968; Manfredini and Polenzona,
1969). Price et al. (1969), Filatov and Sukhorukov
(1972) preferred to evaluate fatness and leanness of pigs
on the basis of the average BFT. Since different values
of correlation coefficients were obtained in different
studies, many e¢juations to estimate body fatness of pigs
have been suggested. Of course, the indices of fatness

obtained from these equations were at least subjected tc
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certain degrees of error. Therefore in the present work
the analysis is based directly on the measurements of BIFI
instead of those indices. However these indices may be
useful in the comparison of the fatness between pigs in

this study.

/2. _Ovulation and BFT measurements.
/

The results showed that even though the correl-

ation coefficients between backfat traits and ovulation
rate did not reach significance, their negative values
(cxcept that of the correlation coefficient between
shoulder fat thickness and ovulation) showed the trend
that the fatter pig had a smaller number of ova shed,
Hetzer and Miller (1970) found that there was a tendency
for litter size to decrease with fatness of pigs.
Accurate measurements of the BIFT of pigs were difficult
because:

(i) BFT varies with the locations where the
measurements were taken, and it is difficulwv
to determine with accuracy these locationg.
These problems were faced in the present
study when the measurements were taken at
the shoulder and loin. Zobrisky et al.
(1959) reported similar difficulties with the
shoulder measurement when using a ruler probc
in live animals. Later on, Joblin (1962,
1966) reported that the shoulder measurement

repeatability was low, and the poor corre-
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lation of this measurement with carcass fat-

ness was not unexpected.

(ii) Claus (1957) reported that the velocity of
ultrasonic waves through fatty tissues was
dependent upon the composition and physical
characteristics of the tissues. Therefore.
variations in fat characteristics other than
thickness may be a factor contributing to
variations in readings. Thus Price et al.
(1960) as well as most workers had to assumc
that the velocity of ultrasonic waves through
fatty tissue was relatively uniform from onc

pig to another ....

¥.-Fatness and reproductive disorder,

ineffectiveness of flushing.

Much work has been done to estimate ultrasonically
otal or carcass fatness of pigs, so far no standard wvalu:
of BFT of pigs have been suggested. It is difficult to
judge the fatness of pigs. Moreover the values of BFT var;
with age, weight and breeds of pigs (Hetzer and Peters,
1965) ., The gilts in the present study were thought to be
too fat by their appearance. Although their daily allow-
ance was lower than that of British recommendation (ARC,
1967, the gilts were kept individually with minimum move-
ment during the pre-experimental period (from about 20 -

25 kg to about 100 kg body weight). They were put in
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batches from about a few days to two - three weeks before
mating. It is well established that exercise reduces
overfat condition in pigs (Andreae, 1968; Zjunkina, 1968:
Chernyshev and Karman, 1972), in human beings (Bloom and
Widex, 1967). In the present work, apart from the time
of eating, gilts lay down most of the time. Space
rcstriction might be an additional cause to their inher--
ent laziness.

In the human, reproductive disorders have been
reported to occur in obese patients of both sexes
(Debiase and Cagnazzo, 1970; Cotrazzi, 1970). A
dietetic regime improved the condition in respect of
rcstoration of the normal rhythm of mentrual flow, normal
cycle of ovulacion. The impairment of the oestrous cycle
in overfat females might be due to some of the oestrogens
secreted by the ovary being dissolved in the fat depots
of excessively fat animals and so rendered ineffective in
producing oestrus behaviour (Pomeroy, 1960c; Lodge and
MacPnerson, 1961). This may partly explain the acyclici’
in twc gilts in the present work following their third
and fourth oestrus.

Marshall and Potts (1921), Hart and Miller (1937).
Briggs et_al. (1942) could not obtain consistent
advantage from flushing ewes. Clark (1934) demonstrated
that this variability was due to the effect of body
condition on the ovarian response to flushing. He showed

that if ewes were in good condition, ovulation rates were
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high, then there was little response to flushing.
However if ewes were in store condition at the commer:e-
ment of flushing, they showed a marked increase in
ovulation rate over unflushed controls. This was con-
firmed by work on ewes (Hammond 1941 ; Underwood and
Shier, 1941; Wallace, 1953; Allen and Lamming, 1961),
mice (Visscher et al., 1952; Lamond and Bindon, 1969),
human beings (Suryanaraysna et al., 1969), pigs (Pike
and Boaz, 1967; Lodge and Hardy, 1968). The latter
found that the effect of nutrition on ovulation rate was
masked by a "carry over" from previous reproductive
cycles. The high plane of nutrition considerably
increased ovulation in thin sows but not in fat ones
(Pike and Boaz, 1967). This can explain the effective-
ness of short-term flushing on ovulation rate in some
studies. Brooks (Pig Farming, 1971) wrote "frials which
have appeared to show an increased ovulation rate due to
feeding sows more on the day of mating may have been mis
leading, for the sows in these trials were on a lower
feed level throughout previous cycles, so their ovulatica
may have already been depressed and then simply revived
by flushing". This was also supported by work of Cooper
et _al. (1971) on hormonal changes during flushing.

Gilts in the current work were maintained in
high condition during the pre-experimental period, as
indicated by their fatness. Therefore, it seems that

body condition of gilts prior to flushing may partly
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explain the non-significance of the effect of flushing

on ovulation rate,

(e) ERPossible influence of some uncontrolled

factors.

Unlike the work by Gossett and Sorensen (1959),
Zimmerman et al. (1960a), Rigor et al. (1963), Kirk-
patrick et al. (1967a), Schultz et al. (1966) ... the
difference in level of feed intake (energy intake) also
brought about that in protein intake between treatment
groups. Although evidence 1s not conclusive, 1t has
been suggested that protein intake has some influences
on reproductive performance of rats (Guilbert and Goss,
1932; Lyons, 1943; Nelson and Evans, 1953, 1954;
Srebnik et _al., 1958, 1961; Srebnik and Nelson, 196L4),
sows (Angelova, 1966).

The number of ova shed by gilts is correlated
with age and weight at oestrus (Squiers et _&al.; 1949;
1952; Warnick et al., 1951; Perry, 1954; Rathnasaba-
pathy et al., 1956; Newman, 1963; O'Bannon et_al.,
1966: Coop, 1966; Fletcher, 1971). Flushed gilts in
this experiment were significantly older and heavier than
the controls, however the results showed that age and
weight of gilts at mating were not significantly corre-
lated with ovulation rate. Squiers et al. (1952), Perry
et al. (1954) ... reported that ovulation rate of gilts

and sows increased with the order of oestrus. Gilts of
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two groups of the current work had experienced a similar
number of oestrous cycles. Furthermore oestrus number
was shown not significantly correlated with ovulation
rate., So these factors might not have any significant
effect on the variation in ovulation rate of gilts in
response to flushing.

An advantage of the short-term flushing system
used in this experiment is that the possible "'secondary
effect’” of growth rate could be eliminated. It has
been reported that ovulation rate was associated with
growth rate of gilts (Squiers et al., 1952; Rathnasaba-
pathy et al., 1956; O'Bannon et al., 1966). In the
present work flushed gilts gained 7.03 kg comparable to
L4.99 kg made by the controls over a fortnight prior to
breeding. Actually ovulation was not significantly
corielated with liveweight gain in this eXxperiment
(r = ~0.023). This agreed with work by Wise and
Robertson (1953).

A few other factors reported in the literature
which have some relations with ovulation rate of gilts
and sows are: genotype (Kappeli, 1908; Robertson et al.,
1951a; Boye, 1956; Baker et al., 1968; Warnick et al.,
1951; Duncan and Lodge, 1960; Newman, 1963; Kirk-
patrick et al., 1967a,b; ... 1light (Klockova et al.,
1961; Gossett and Sorensen, 1959). The latter factor is
particularly important in egg production in chickens
(Sykes, 1956; McCluskey and Parker, 1963; Martinet,

1963). The present experiment was designed so that two
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littermates were on two different treatments, therefore
the effects of genotype could be excluded. On the other
hand, all gilts were housed in the same building and sub-
jected to the same conditions of light, temperature,
humidity... So, it can be assumed that tihese environ-
mental factors take a very small part, if any at all, in

the difference in ovulation rate between the two groups.

(£) The reliability of the method of

determination of ovulation rate.

Corner (1923) wrote "... in the examination of
many hundreds of pregnant uteri during ten years, only
three or four times have specimens been seen in which the
number of embryos exceeded the number of corpora lutea
ees Within a limit of accuracy which is amply close to our
purposes, each recent corpus luteum represents one ovum
discharged at the latest ovulation'. However Brambell
(1948) found that in a number of animals the corpora lutea
(CL) count was not closely correlated with the number of
ova shed. Actually the accuracy of the counting depends
upon the stage at which it is done in relation to
ovulation time. When fertilization does not occur, the
CL regresses and decreases in size, ie., the corpus albicans.
In the sow, an abrupt and rapid decrease in size of the
CL occurs after the thirteenth day of the cycle, and this
regression continues throughout the follicular phase

(Hafez, 1968). After a certain stage the corpus albicans



28.

becomes a barely visible scar of connective tissue. In
the experiment of Robertson gt _al. (1951c) and Warnick
et al. (1951), ovulations at first oestrus were deter-
mined by counting the number of corpora albicantia,
while ovulations at second oestrus were determined by
counting the number of CL. This was guestioned by Dyck
(1971b), that some of the corpora albicantia might not
be recognizable at the time of counting and this would
account for the lower count at first oestrus. On the
other hand, within 48 hours of ovulation the ovary
underwent a massive structural change, ie., a large
increase in size of the CL resulting from a number of
factors such as bleeding into the CL, growth of the
luteal tissues and perfusion of fluid into the centre...
(Cooper and Scofield, 1969). As a result of these
changes each CL varied so much in shape and size. Some
areas where ovulation had occurred often tended to be
hidden or disrupted by other ovulations in close
proximity. Consequently it was difficult to obtain an
accurate assessment of the number. Perry (1960) found
that by counting the CL superficially, he almost
invariably was short by one as revealed by dissection of
the ovary.

The difficulty in counting CL early in pregnancy
was also noted by Reitmeyer and Sorensen (1965), Hardy
and Scofield (1968), the former found some extra CL at

the counting on Day 40 of gestation compared to that on
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Day 3. The authors proposed that these accessory CL
might be derived from unruptured follicles, which formed
luteal tissue later in the cycle and were not observed as
early as three days following oestrus. It has been
reported that CL atretica or accessory CL are formed
from unruptured follicles during pregnancy in several
other mammals such as the baboon (Zuckerman and Parkes,
1932), Dbank voles (Brambell and Rowlands, 1936), moun-
tain viscacha (Pearson, 1949), Canadian porcupines
(Mossman and Judas, 1949), rats (Swezy and Evans, 1930),
mares (Cole ¢t al., 1931), elephants (Perry, 1953),
sheep (Moore et _al., 1960). Allen et al. (1947) reported
that in rabbits experimental error accounted for 6.8% of
the variation in prenatal mortality based on a count of
the number of CL.

In a number of experiments on pigs (Gossett and
Sorensen, 1959; McGillivray et al., 1963; O'Bannon
et al., 1966; Heap et al., 1967 ...), assessment of
ovulation rate was based on CL count during 20th - 4Oth
day of pregnancy. On the basis of the above evidence,
the value of ovulation rate obtained in these studies
might not reflect the true number of ova shed (Hardy and
Lodge 1969b). On the other hand, the use of the CL
count as an estimate of ovulation rate can theoretically
be complicated by the occurrence of polyovulation.

Therefare, the significance of many studies

quoted so far is still clouded by the question of the
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accuracy of the method of determining ovulation rate. 1In
the present experiment, gilts were laparotomized on about
Day 7 after the onset of oestrus. Although difficulties
in counting were faced in only a few cases, the accuracy
of the results was not known unless a dissection of the
ovary was performed. Consequently the non-significance of
the difference in ovulation rate between two treatment

groups cannot be claimed with certainty.

5. Litter Size at Birth:

The ineffectiveness of flushing prior to service
in the present experiment agrees with the results obtained
by Brooks (1970), Libal and Wahlstrom (1970), te Brake
(1971), Cooper et al. (1971), Brooks et al. (1972), but
disagrees with McGillivray et al. (1962), Nielsen (1968),
Moore et al. (1971), Brooks and Cole (1972)... In fact
in the pig litter size at birth has been shown to be
influenced by many factors other than nutrition, and these
may at the same time interact with nutritional factors.
Age of gilts at mating, for example, has been shown to be
positively correlated with litter size at birth (Pomeroy,
1960a; Sherritt, 1962; Omtvedt et al., 1965; Strang,
1970...). In the present study, within the number of
animals (seventeen) providing data for litter size at
birth, treated gilts were mated at a similar age to the
controls. Litter size was found to be slightly correlated

with age of gilts at mating. The adjustment for age showed



that litter size of pigs from the flushed group was
slightly larger than that from the non-flushed one,
(7.47 vs 5.59).

Another factor which has also been reported to
have some relations with litter size at birth is weight
of gilts at mating (Bowman et _al., 1961; Heap et al.,
1967...). However there was no correlation between
litter size at birth and weight of gilts at mating...

Ovulation rates may be an important factor in
determining litter size at birth. High ovulation rates
have somctimes been associated with large embryonic
losses (Perry, 1954; Rathnasabapathy et al., 1956;

King and Young, 1957). However this did not agree with
work by Perry (1960), Pomeroy (1960c), Boyd (1965)
unless the ovulation rate was exceptionally high. In
the latter, e.g., superovulation, the increased embry-
onic death may be due to uterine capacity (Casida, 1966;
Hunter, 1966; Longenecker et=gl.; 1968; Pope eb &lay
1968) .

In the current work, since no real difference in
ovulation rate between groups was detected, it was
unlikely that this factor biassed the result of litter
size at birth through its effect on embryonic losses.
Moreover the results of the analysis showed that ovula-
tion rate had very little, if any at all, correlation with
litter size at birth (r = 0.01).

It is noted that litter size at birth in the
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present study was determined by both live and dead pig-
lets at birthe The cause. of still birth was not
determined, but it was thought to be related to the
health of gilts during pregnancy rather than to nutrit--

ional factors.
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) __GConclusion:

Most workers agree that flushing prior to service
results in an increased ovulation rate in pigs. The
precsent study failed to show this effect of flushing.
The reason for this discrepancy is not knowvn with cer-
tainty, but a few factors are suggested to be partly
responsible for this, viz., body condition of gilts
before flushing and/or the accuracy of the method of
determining the number of ova shed. Breed difference
between the present and other studies may be suspccted
to take some part in the discrepancy. Some breeds
appcar to respond to flushing more strongly than others
as reported by Self et al., (1955), Kirkpatrick et al.
(1972a)... McKenzie (1928) noted an adverse effect of
long delay of first breeding. It may be also speculated
that the responsec of the ovary to flushing may decrecase
with age.

From the present study, it may be concluded that
flushing gilts under the condition described is not
beneficial. However, since the experiment was designed
to examine the effect of flushing, for about eleven days
prior to service, on the reproductive performance of
gilts, it is difficult to come to any suggestion of an
optimum scale of feeding for them. Moreover this scale
depends upon the body condition of gilts which in turn is

a function of feeding levels and husbandry management
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(age, weight of gilts at first mating, housing....)
during the growing period. Within the scope of this
experiment, it is not known when (at what stage of
reproductive life) gilts should be first mated.

Litter size at birth was not affected by fiush-
ing. This agreed with many previous experiments. In
those studies where litter size at birth did increasc
with flushing, the increase seemed to reflect that in
ovulation rate. Recently Brooks et al. (i972) suggested
that there appeared to be a threshold above which it was
difficult to incrcase ovulation rate and litter size.

In fact it is very difficult to Jjudge the
effect of feed prior to breeding on litter size at birth
without any consideration of the condition of gilts
during a long period of pregnancy. Outbreaks of
constipation and abortion which occurred in the present
work should be taken into account in the final assessmenv

of reproductive performarnce of the gilts.
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CHAPTER 2

EFFECT OF PLANE OF NUTRITION DURING THE FIRST MONTH OF

PREGNANCY ON FARROWING RESULTS

I. _Literature Review:

The topic has been studied extensively during
the last decade. MWMany excellent reviews have also been
published (Duncan and Lodge, 1960; Casida, 1964;
Cassell, 1967; Lucas, 1968; Elsley, 1970, 1971...).

The results obtained from studies have bcen much debated.

1. Planeé of nutrition amd lither sigen

Clawson gt _a®. (1963) found that gilts receiving
3 1b of feed daily during prcgnancy farrowed significan -
tly more live pigs than those receiving 6 1lb. This is
in agrecment with work by Self et al. (1955), Gossett
and Sorensen (1959), Haines et al. (1959), Goode (1961).
Salmon-Legagneur and Jacquot (1961), Pickett and Beeson
(1962), Lodge (1969). Recently Frobish and Steel (1970)
fed four groups of gilts at four levels of feed intake,
representing 3.0, 4.5, 6.0, 7.0, Mcal of metabolisable
encrgy (ME) per day during pregnancy. The average number
of pigs farrowed decreased with increasing energy intake,
viz., 10.3, 10.1, 9.6 and 8 for the four groups
respectively. These authors estimated that each 1.5 Mcal

ME increase in daily encrgy intake accounted for 0.55



less pigs farrowed.

The above findings, however, directly conflict
with that of Henson et_al. (1964). In the latter study
eltiler 3 1 ¢r 5 1b of meal per day were given during
three successive pregnancies, the number of piglets born
was nc’ affected by levels of feeding. This is in agrece -
ment with Eyles (1959). Self et _al. (1960), Dean and
“tpibble (1960, 1951), Salmon~Legagneur (1963), Bowland
(196l1) , Frolish e _al. (1966), Elsley (1967, 1968),
mlsley et _al. (1967, 1963), Hawton and Meade (1969),
Anderson and Wahlstrom (1970), Grummer et al. (1971),
Jancic (1972). Baker et al., (1969) imposed five plancs
of feeding, vig. 0.9, 1.4, 1.9, 2.4, and 3.0 kg of
feed perday (1.9 kg/day was considered sufficient), on
five groups of 55 gilts during pregnancy. They could ncs:
detect any significant difference in numbers of pigs horn
Tesween groups. 0O'Grady (1962, 1963) and Heap (1966)
also failed To find any significant effect of feecding
treatments on numbers of pigs born, but high fed sows
towde. (o have slightly larger litters than did low -fed
cnes.

Furthermore many other studies have shown the
bheneficial. effeci of high plane of nutrition on numbers
of pigs born by gilts or sows. Vermedahl et _al. (7969)
found that gilts that were fed 2.27 kg feed per head
daily during gestation produced significantly more pigs

than those gilts fed 1.3 kg per head daily. This agreed
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with the finding of Hanson et al. (1955), Libal and
Wahlstrom (1970), Buitrago et al. (1970), Adam and
Shearer (1971), Kurbatov (1971) ...

Therefore, so far there are three schools of
thought about the effect of planc of nutrition on litter
size at birth. They are:

(a) High feeding decreased litter size at birth.

(b) High feeding improves litter size at birth.

(c) Plane of nutrition does not have any influernce

on litter size at birth.

2. Effect of feed intake during pregnancy on

' embryo survival:

Studies on the effect of nutrition on embryo sur-
vival are also inconclusive. Gilts receiving 2.72 kg
fecd per day from the time of mating until slaughter at
days 25 to 27 had significantly lower embryo survival com-
pared with gilts receiving 1.81 kg feed per day (Schultz
et al., 1966). In agrecment, many other studies show the
trend of a high plane of feeding immediately after mating
to adversely affect embryo survival (Robertson et _al.,
1951; Christian and Nofziger, 1952; Self et al., 1955;
Casida, 1956; Gossett and Sorensen, 1959; O'Bannon et al..
1966; Dutt and Chaney, 1968; Holness, 1969 ...). Prenatal
mortality for the first 25 days of gestation as well as
during the entire gestation period was higher for full-fed

gilts compared with limited-fed ones (Haines et al., 1959).
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On the other hand Ray and McCarty (1965) removed their
gilts from feed 24 to 72 hours after mating and then
return them back to feed. Embryo survival was significan-
tly improved in animals exposed to a fasting period.

In contrast, evidence also reveals that the
dif'ference in cmbryo survival between high- and low-Ied
sows during either the first four weeks (King and Young,
1957; Sorensen et al.,, 1961; Heap, 1966), the first
forty days (Haines et al., 1957) or the first seventy days
of pregnancy (Pikec and Boaz, 1967) is not significant.
Some workers suggested that feed distribution rather than
the total amount of feed given during pregnancy affected
the reproductive performance of sows. Many recommcndations
allow extra feed in the first thrce to four weeks of
pregnancy (Pig Feeding and Management, 1963; Vadla et al.,
1957), probably as a result of the finding of Ballinger
(1940) who reported improved conception rate and number of
piglets born from increased feeding after service. In
addition, American studies (summarised by Casida, 1964),
suggest that high feed intakes in mid-pregnancy increase
embryonic mortality. However the results obtained by
Lodge (1969) and Pike and Boaz (1969) failed to support
this hypothesis. The latter employed three patterns of
feeding for their sows during pregnancy, as follows: 3.6
kg then 1.8 kg of fced per day; 2.7 kg/day throughout
pregnancy or 1.8 kg then 3.6 kg/day with the changes made

from the 49th to 63rd day after service. Sows on the
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three patterns had the same total amount of feed during
pregnancy. The number of piglets at birth was least for
sows given 3.6 kg then 1.8 kg. Furthermore Salmon-
Legagneur (1962), Salmon-Legagneur et al. (1960), O'Grady
(1971) and Elsleyet al, (196%, 1971) reported that feed
distribution during pregnancy does not have any cffect

upon the number of pigs born ...

Bie Effect of feed intake on birth weight of

pigs and litter weight at birth:

The birth weight of pigs is generally influenced
by the level of nutrition. Many workers agree that the
level of fecding in pregnancy has a consistently and
highly significant effcct on birth weight of piglets.

An increase in feed intake in pregnancy results in an
increase in the weight of pigs at birth (Hanson et_al.,
19555 Henson et #ls, 1955y Henson ef al., 196l;

Clawson et al., 1963; Tassell, 1967; Elsley et al.,
1967, 1969a; Elsley, 1967, 1968; 0'Grady, 1967;

Vermedahl et al., 1969; Holness, 1970; Buitrago et al.,
1970; Jancic, 1972). Elsley (1967) and Frobish and Stecl
(1970) reported that meanbirthweight was increased in a
linear manner when the total cnergy intake of the pregnant
sow was increased, with each 1.5 Mcal ME increase in daily
energy intake accounting for 121.3 g heavier live pigs
farrowed whereas Baker et _al. (1969) noted that the

increase was gquadratic.
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The increase in total litter weight at birth in
response to increased feed intake during pregnancy has
also been observed (Clawson et al., 1963; Lodge et al.,
1966; 0'Grady, 1967; Adam and Shearer, 1971).

Once again, conflicting evidence to the above
finding, available in the literature, is not rare.
Accordingly average birth weight of pigs is very little
if at all, affected by the variation in feed intake of
sows during pregnancy (Eyles, 1359; Self et al., 1960;
Dean and Tribble, 1960, 1961; Salmon-Legagneur and
Jacquot, 1961:; Salmon Legagneur, 1963; Bowland, 196L;
Hawton and Meade, 1969; Libal and Wahlstrom, 1970;
Panov, 1971). The total litter weight at birth has bcen
also reported to be affected by the level of fecd during
pregnancy. (Lodge et al., 1966; Elsley et al., 1967;
Lodge, 1969).

Purthermore, there is growing evidence that &
high plane of feeding during late pregnancy improves the
birth weight of piglets (Moustgaard, 1961; Lodge et @l ,
1966; Elsley, 1970). Thus, the recommendations published
by A.R.C. (1967) indicate that feed intake should be
increased in the latter part of pregnancy. However Lodge
(1969), Elsley et al. (1969b, 1971) failed to demonstrate
this beneficial eff'ect of high feeding. The patterns of
feed intake (High-Low, Low-High and High-Low-High, all
having the same total amount of feed) had nc appreciable

or significant eff'ect on the birth weight of pigs.



L,

g Mlethods and Materials:

i Experimental design and treatments:

After mating (Chapter 1), gilts were allotted to
two post-mating treatments, which with the two pre-mating
ones formed the basis of a 2 x 2 factorial experiment.
Thus one half (five pregnant gilts, which were grouped in
one batch) of each pre-mating treatment group was
allocated to one of the following post-mating treatments
throughout the first month of pregnancy;

(a) High feeding : 2.71 kg meal 2 per day

(b) Low feeding : 1.36 kg meal 2 per day.

From the second month of pregnancy until farrowing all
gilts were fed similarly, viz., 1.8 kg meal 2 per day
until the last month of pregnancy, when feed allowance
was increased to 2 kg meal 2 per day.

The same experimental management described in
Cheapter 1 was continued. A few days before farrowing

2ilts were transferred to the farrowing house.

2. Records:
(refer Chapter 1 for the records of litter
size at birth)
Litter weight was determined as the total weight
of all fully formed piglets at birth in a litter, where-
as average birth weight of pigs was the ratio of litter

weight to litter size at birth. Deys of farrowing were

recorded.
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3. Statistical analysis:

The data of the thrce results recorded (littcr
size, weight at birth and average birth weight of pigs)
were analysed according to the method of analysis of

variance of a 2 x 2 factorial expcriment (Snedecor end

Cochran, 1969).
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ITT ____Results:

1. General

Health (refer Chapter 1).

A summary of results 1s presented in Table 2
{Interactions between pre-mating and post-mating treat-
ment failed to reach significance for each characteristic
and results are shown with reference to post-mating
treatment only).

Observation on individual animals for the three
characteristics and details of the relevant statistical

analysis are given in Appendices 10 and 11.

2. ILitter size:

The results show that gilts fcd on a high plane
of nutrition during thc first month of pregnency had
significantly (P<¢ .025) larger litters at birth than

those on low plane (7.89 vs L.13).

3. Litter weight:

The high-fed group had significantly (P < .05)
heavier litters than the low-fed ones (10.65 kg vs
5.88 kg).

L., Average birth weight:

By contrast, the analysis of variance of aver-
age birth weight of pigs does not reveal any significant
effect of either pre-mating éﬁlush (F) and Non Flush

(NF)7 or post-mating /High (H) and Low (L)/ treatments.
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The average birth weight of the whole experimental herd

was 1.34 kg.

Table 2. Litter size, weight (kg) at birth, and average

birth weight (kg) of pigs from gilts fed on

Hdigh and Low plane of nutrition during the

first month of pregnancy.

s

. wme e = .

Characteristis Post-mating

{ Signifi-
treatments F~-test cance test |
High Low

N (-

s

Litter size at

birth 7.89 L.13 | 7.407
Litter weight 2

at bigth 10.65 5.88 5.142
Average birth

weight of pigs 1.36 1.32 0.0002

——1

*p¢.05 FFp ¢ .025 NS. P> .05
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v Discussion:

1. Litter size and some possible factors

affecting it:

The increase in litter size in response to high
plane of feeding during the first month of pregnancy is
in agreement with Salmon-Legagneur and Jacquot (1961),
Sorensen et al. (1961), Lodge (1969), Frobish and
Steel (1970) ... The results also indirectly support
the view of increased embryo survival by high feeding
sows as reported elsewhere. However, these do not agree
with work by Robertson et al. (1951), Eyles (1959),
Self et al. (1960), Dean and Tribble (1960, 1961), |
Mayrose et al. (1966), Lodge (1969) ... The reason for
the discrepancy is not known, but some factors other than
nutrition might have biassed the results.

(2) Physiological factors -

It is known that litter size at birth is
influenced by any factor affecting ovulation rate,
fertilization rate and embryonic mortality at any stage
of pregnancy. In work by Holness (1969), where high
plane increased the number of live embryos, ovulation
rates were greater in the high-f'ed group than in the low-
fed one (since feeding treatments were imposed long before
oestrus). However, this does not explain the situation
where plane of nutrition causes significant differences

in litter size from gilts of equal ovulation rates as
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observed in present work and by Self et al. (1955). The
large number of pigs farrowed may be accounted for by
either a higher fertilization rate or a lower prenatal
death in the high-fed gilts. Alanko (1968) drew
attention to the variation of fertilization rate in sows
in an extreme case where sperm concentration was too
low. It seems probable that a too-low sperm concen-
tration in the oviduct will result, at least for some
ova, in a delay of fertilization: these ova being
conseguently too old at the time of fertilization might
result in abnormal development. On the other hand ,the
ova at: a stage of development, not correctly timed to
the changes of the uterine mucosa during the pre-
implantation time, might be prone to early embryonic
death at the onset of nidation. This may be a factor
limiting the litter size. However 1in the present exper-
iment each gilt was double-mated by two different boars
for the maximum fertilization. These two boars were
chosen randomly among four experimental ones. So it

may be assumed that all gilts were similarly treated
with respect to semen quality. Moreover semen quality
was independent from treatments imposed. In general,
fertilization rates in sows are very high and unaffected
by plane of nutrition (Robertson et al., 1951; Christian
and Nofziger, 1951; Self et al., 1955; Hill et al.,
1971). Therefore the increased litter size at birth in

the high~fed group as compared with the low-fed one,



L7.

obtained in this experiment, may be due to an improvement

in embryo survival. However the mechanism is not known.

(b) Differences in feeding levels between

treatments:

Hanson (1958), Elsley and MacPherson (1970)
reported that extremely low feed intakes during pregnancy
reduced both number and the birth weight of pigs, this
efffect becoming more pronounced with succeeding parity.
This is the so-called "Thin Sow Syndrome"' resulting from
prolonged underfeeding. However this is not the case as
reported above ...

In the cases where feeding levels did not have
any significant effect on litter size (e.g. Eyles, 1959:
Dean and Tribble, 1960, 1961; Lodge, 1969 ... ), it is
noted that the amount of feed given to the high-fed grocup
was not much bigger than that given to the low-fed one.
For example, feed allowance for high- and low-fed sows
was respectively 4.6 and 3.1 1b in work by Dean and
Tribble (1960, 1961). It might be that these feeding
levels were not sufficiently different to cause a

significant difference in embryo survival (Bazer et al.,

1968) .

(c) Stage of pregnancy when nutritional treat-

ments are imposed:

Tassel (1967) reported 256 of sows transferred to

the low diet after mating losing their litters. The loss
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probably occurred after fertilization. Phillippo (1967)
found no significant difference between the percentage
mortality at the 13th day compared with that in gilts
killed between the 15th and 25th days. This suggests
that the loss before the 13th day of pregnancy could
account for all the mortality occurring by the 25th day
of pregnancy. Furthermore, in sows, the period of
elongation of the blastocysts occurs from the 10th to
13th day of pregnancy. This period has been suggested
to be very crtical for embryonic development, and it 1is
at this time that many of the abnormalities arise
(Phillippo, 1967). This was later confirmed by Scofield
(1969), Scofield et al. (1971). This stage is also the
stage of implantation in the pig (Crombie, 1970). A
second, smaller peak of prenatal loss has been also
found to occur around the time of organogenesis, ie.,
about three weeks of pregnancy (Hafez, 1959).

In sheep either a low plane of nutrition during
the first two months of pregnancy (Bennett et al., 1964),

or food restriction for seven days during the first
twenty days (Edey, 1966), or starvation for four days

between the 9th and 15th day (van Niekerk, 1966) resulted
in a high percentage of embryo loss; while neither a low
plane of nutrition from the 25th day (Foote et al., 1959)
nor a submaintenance ration from the 25th day to the 90th
day (Wallace, 1948), had a marked effect on foetal

mortality. Therefore, a similar conclusion as in the pig
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may be drawn, namely, that the most critical period is
the time of implantation (van Niekerk et al., 1968).

This has also been confirmed by work on rats (McClure,
1959, 1961) and mares (van Niekerk, 1965). The mechanism
involved is not known. Some authors hypothesized that a
large part of embryonic death during early pregnancy
results from mechanism which affects uterine capacity
(ie., the ability of the uterus to support only a limited
number of embryos) (Bazer et al., 1969a,b; Fenton et al.,
1972).

The embryonic death during mid- and late-pregnancy
has not been studied extensively, and it is not known
whether plane of nutrition during these periods has any
effect. Casida (1964) reported that high feed intake
during mid-~pregnancy might be harmful to the foetuses.
Placental insufficiency (the inability of the placenta to
support the foetus) was suggested to be responsible
(Scofield, 1972) since at this stage (60 - 70 days of
pregnancy) placental growth stops and foetal growth pro-
gresses rapidly (Pomeroy, 1960c). That might be why in
a number of experiments (Haines et al., 1957; Lodge
et al., 1966; Frobish ¢t al., 1966 ...) where feeding
treatments were maintained throughout pregnancy, no
signifiéant differences in embryo survival could be

detected between the groups of gilts.

(d) Body condition of gilts:

With respect to the difference in feeding levels
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between high- and low-fed groups and the stage of preg-
nancy over which feeding treatments are imposed, the
studies by King and Young (1957) are similar to the
current work. However these authors could not find
significant effects of fecding treatments upon embryo
survival at 28 days of pregnancy. The only important
difference between their work and the present one is
that the animals involved in the latter were nulli-
parous gilts whereas those involved in the former were
multiparous sows which had had already 2 - 4 litters.
The history of these sows was not mentioned by the
authors, it is difficult to comec to any explanation as
to why the discrepancy existed. Pike and Boaz (1967)
noted that the effect of the nutritional regime during
pregnancy could be masked by a "carry-over" from
previous reproductive cycles. The sow's body reserves
would appear to be capable of buffering the effect of
nutritional treatments during a particular pregnancy.
These authors (Pike and Boaz, 1967) reported that an
incrcase from 4 1lb to 8 1b meal daily following service
and through pregnancy did not affect foetus numbers in
sows in good condition, but it raised to the same numbers
of foetuses of thin sows. This may also partly explain
the beneficial effect of fasting after breeding reported
by Ray and McCarty (1965). In the latter experiment all
groups of gilts were self fed during the entire pre-

experimental period.
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24, Litter weight at birth:

The results obtained herein are in agreement with
work by Clawson et al. (1963), Lodge et_al. (1966),
O'Grady (1967) ... The mechanism involved is not fully
understood. It was found that nitrogen retention was
significantly higher on the high plane of nutrition
during pregnancy (Pike and Boaz, 1967). However Moust-
gaard (1960) (unpublished data, cited by Elsley, 1967)
reported that the increase in the concepta accounted for
only a small part of the total liveweight gain for the
sow. The main part is the gain of maternal tissue.
This was supported by work of Elsley (1968) that the
amount of nutrients deposited in the uteri as a result
of prcgnancy was surprisingly small when compared with

the total intake of nutrients by the pregnant sow.

2 Average birth weight of pig:

This characteristic was not significantly
affected by feeding treatments. This may be due to the
fact that the increase in litter weight at birth was
accompanied by that in litter size in response to high
feeding. This agrees with work by Eyles (1959), Self
et al. (1960), Salmon-Legagneur (1963), Panov (1971) ...
but disagrees with Elsley (1967, 1968, 1969), Vermedahl
et _al. (1969), Holness (1970), Jancic (1972) ...

However these latter imposed feeding treatments throughaat

pregnancy. It has been shown (previously mentioned)
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that high levels of feed intake during late pregnancy
may enhance the birth weight of pigs. This may partly
explain the discrepancies between the results obtained

herein and elsewhere.

fus. Some factors which might bias the results

of three characteristics recorded:

(a) Animal health -

(refer Chapter 1).

Even though the cause of the abortion was not
determined, most gilts had a raised temperature (LO°C -
41°C) for several days during pregnancy. It was initially
thought by pathologists that this abortion was of a non-
specific type as a result of the febril episode of these
gilts, since any general infection which raised the
temperature of the gilts atove MO.6OC for several days
will result in prenatal death and abortion (Done, 1968).
This was supported by the considerably high incidence
of mummification (35.5% of the herd gilts had mummified
foetuses. In those gilts the total number of full-term
piglets were 28 whereas the number of mummified foetuses
were 13). Therefore the parturition results could be

biassed.

(b) Stresses:

During the critical stage of embryonic develop-
ment, gilts in the present experiment suffered many
stresses, such as blood collections, laparotomy ...

Euker et al. (1972) reported that embryonic mortality
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was associated with all groups of' rats subjccted to

stresses from Day 1 - 5, 5 - 12 and 12 - 20 of pregnancy.
High ambient temperature (refer Chapter 1) or

fighting (as they were put in batches) may also cause

embryonic death (Edwards et al., 1968) ...



\" Conclusion:

Since the reproductive performance of sows has
been shown to be influenced by many factors other than
plane of nutrition, caution should be taken in assessing
the results obtained from experiments. Under the
conditions of the prcsent study, it appears that gilts
receiving 2.71 kg of feed per day during the first month
of pregnancy had significantly better reproductive pecr-
formance than those receiving only 1.36 kg per day.

The results support somc recommendations on sow
nutrition. Although, in agrecment with most recent work
about the advantage of feeding 2.71 kg per day over

1.36 kg per day, the optimum lecvel of feed allowance is
not known. However, in determining feeding levels for
pregnant sows or gilts, their body condition at mating
should be taken into account, since high feeding will

not be beneficial in fat sows.
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CHAPTER 3

PLASKA PROGESTERONE LEVELS DURING EARLY AND LATE PREGINANCY

-

I . Introduction:

Progress in the investigation of the part played
by progesterone (P) in reprcduction has been hampered for
a long time by the lack of a sufficilently scnsitive and a
specific method of asisay. The Tact that large doses are
usuelly required to produce a biological response has to
some extent invalidated the numerous tioassay techniques
that are available. Many techniques for the assay of P
have been suggested in the literature. They arc either
biological (Hooker and Forbes, 1947; Duyvene de Wit,
1938, 1941) or chemical methods (Butt ¢t al., 1951;
Edgar, 1953a,b; Zander and Simmer, 1954; Zander, 1955;
Raeside and Turner, 1955).

More recently, Murphy (1964) suggested the
application of the property of protein binding to the
assay of minute quantities of hormones and other sub-
stances. Such binding has been shown to exist between
certain hormones and globulin. This type of binding had
actually been utilized by Berson and Yalow (1957), Unger
et al. (1961), Murphy et al. (1963). The modification
of the technique by Murphy et al. (1964), Johansson
et al. (1968), Johansson (1969a,b) made it possible to

study more closely the change in P levels of bovine
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jugular venous plasma (Shemesh et al., 1971), in peri-
pheral plasma during the luteal phase of the normal
human menstrual cycle (Johansson, 1969a,b), during the
ocstrous cycle, pregnancy in pigs (Stabenfeldt et al.,
1969a,d; Tillson, 1969; Edqvist and Lamn, 1971;

Shearer, 1971; Henricks et al., 1972 ... ).
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LI Literature Review:

1. Source and formation of progesterone:

i

The meiin souree of B msg the Tuteal cells of thre
corpus lutecum. The most typical features of steroid-
secreting cells are:

(a) The abundant, smooth endoplasmic reticulum

(s.c.r.) and
(b) The tubular rather than lamellar cristae of
the mitochondria (Abraham and Tait, 1971).

The luteal cells synthesize cholesterol from
acetate and store it as fatty acid of the 3-hydroxyl
group of cholesterol. This is then converted to 5-
pregnenolone ... The biosynthetic pathway of P, based
on in vivo and in vitro incubation of ovarian tissue
with acetate 1”0 or some other radioactive intermediate
was demonstrated to be : acetate --——-> cholesterol -—-»
pregnenolone ——— progesterone --——=» 17s-hydroxy proge-
sterone ----» androstenedione -——=> testosterone ——>
estrone or estradiol (Sweat et al., 1960; Aakvaag and
Bik-Nes, 1965a, b; Rice and Savard, 1966; Savard and
Telegdy, 1965; Short, 1964 ... ). All these rceactions
take place under the influence of an active series of
enszymes (McKerns, 1969). Other pathways may be found
because specie differences in the biosynthesis of P are

known.
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. Peripheral plasma progcsterone changes:

e s

plasma level of ¥ furnishes & valuable indication of the
concentration of' the reaching the target organs and the
control centres governing the secretion of gonadotro-—
phins at various phasces of' the reproductive cycle.
Alterations in circulating P level also supply inform-—
ation on the functional state of the corpus luteum”,

(a) During early pregnancy -

Evidence reveals that P levels in peripheral
plasma during luteal phasc of non-pregnant sows was
similar to those during the corresponding period in
pregnant sows (Tillson and Erb, 1967; Tillson et al.,
1970; Shearer et al., 1972). Similar results have
been reported with cows (Donaldson et al., 1970) and
ewes (Bindon, 1971). Although the actual values of P
levels were reportedly different between studies
(Short, 1957; Tillson and Erb, 1967; Stabenfeldt
et al., 1969d ... ), in general there was agreement
that these levels rose from oestrus to a peak at about
Day 10 - 15 after that. The only difference noted
between studies is the time when the P levels reach the

pealz (Table 3).
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Table 3 - Progesterone levels in peripheral blood plasna
of sows at their minimum and maximum values
during early prcecgnancy or during the oestrous
cycle.

e - et SR . o me )

B Progesterone !
N Stagg of the cycle or level ng/ml
Source pbregnancy (days) (Da :
[} : enset of oestrus¥ .
! Pregnant Non-
! ! pregtant i
.’. : E
Tillson and | 0 I -6 8.3
| Erb (1967) | 12 = 14 27.2 |  24.5 |
i i i \
Tillson : 0 L | L ‘
(1969) 1 10 = 12 ! g2 b26
. ‘ H i
Tillson 0 E 3L N 5
aariih - 1 59 (1970)‘ 10 - 12 ; 26 i 25+ , "
Edgvist and 3 - L : - i 2 eld
i Lamn (1971) 13 - 14 - | 26-37
Shearer 3 - 5-6
{ (1971) 10 & L5
|Heﬂrlcl 2 - | 5.1
et al. (1972) 12 - 33,2
-~ i P

After reaching the peak, P levels remain high in
pregnant sows whereas those in non-pregant ones decrease
toward the onset of the next oestrus (Tillson and Erb,

1967; Tillson, 1969; Tillson et al., 1970 ...). This is
in agreement with work on cows (Donaldson.gﬁﬂgl., 1970;
Henricks et al.; Shemesh et al., 1971; Christensen gt al.,
1971; Swanson and Hafs, 1971; Stabenfeldt et al., 1969b)
and on ewes (Plotka and Erb, 1967; Stabenfeldt et al.,

1969a,c; Gomes et al., 1965; Bindon, 1971; Neher and
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Zarrow, 1954).

(b) During latc pregnancy -

Results are almost in agrcement about the decline
in blood plasma P concentration toward parturition
(Short, 1960; Masuda et al., 19G7; Shearer, 1971).
However differences in the timing when P levels start

to decline still exist between studics.

. Supported evidence from work on other source

of progesterone:

Formerly, with technigues of poor sensitivity,
most workers tended to study the P content in corpora
lutea or ovarian venous plasma because of its compara-
tively high values (Allen, 1930; Elden, 1934; Kimura
and Corwell, 1937; Gawienosli, 1956; Loy et al.; 1958;
Gomes ¢t al., 1965 ...). The results show that during
oestrous cyclc or carly pregnancy the concentration of
P in ovarian venous effluent (Gomcs et al., 1965;

Masuda et _al., 1967; Brinkley and Young, 1968) follow
the same patter as that observed on peripheral plasma

P (Tillson and Erb, 1967; Tillson, 1969; Tillson

et al., 1970 ...). This is supported by the positive
relationship bectween P concentration in peripheral and
ovarian venous plasma (Moor, 1968: Erb et al., 1971;
Sprague et _al., 1971). Both of these have been shown to
correlate with P content of corpora lutea (Gomes et al.,

1963; Stormshak et al., 1963; Masuda et al., 1967;
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Rombauts et al., 1965, 1971; Stabenfeldt et al., 1969c;
Henrick ¢t al., 1969a; Cavazos et al., 1969c).

In agreement with studics on peripheral plasnpa,
those on ovarian venous plasma (Masuda et al., 1967) and
in luteal tissue (Erb et al., 1962; Masuda et _al., 1967;
Rombauts et al., 1971 ...) show a deccline in P concen-

tration during late pregnancy toward parturition.



G,

UL Mcthods and materials:

1a Progcsterone assay technigue:

.

(a) The method for P estimation was the compe-
titive protein binding (CFB) assay of Murphy (1967) as
dcscribed by Johansson (1969a) with the following
modifiications:

-~ During the extraction procedure, petroleum
ether was mixed with plasma and shaken for
five minutes, instead of one minute,

— The mixture was then frozen in a dry-ice
bath instead of letting it settle down.

- The temperature of the water bath used in
the protein binding assay was 45°C instead
of 40°C.

A standard curve was prepared from solutions of

known lcvels of P, viz., 0, 1, 2, 4, 8 mg (Figurec 2).

(b) Specificity -

Of the present CFB methods in the literature,
there are two basically different methods of attaining
specificity. One approach used chromatographic
fractionnation (Neill ct _al., 1967; Yoshimi and Lipsett,
1969 ...) and the other employs sclcctive extraction with
a solvent (Hagerman and Williams, 1969; Martin et al.,
1970) to exclude interfering compounds. While the former
method was used to eliminate the interference of a large

number of steroids, these have not yet been exhausted.
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Figure 2- Standard Curve Prepared from CBG-H
Human Plasma (12-9-723'

®
A Standard Curve was Processed Simultaneously for

Each Set of Samples Analysed.

5
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Furthermore, as indicated by Rosenthal et al. (1969) and
Reeves et al. (1970), the association constants of var-
ious steroids seem to vary with diffcrent concentrations
of P in plasma ... Beccause of these reasons and the
cumbersome thin layer chromatography technique, it was
not used in the present experiment. By excluding the
thin layer step, the specificity of the method depends
on the selectivity of the petroleum ether used for
extraction as well as on the degrec of displacement of
corticosterone-1,2-T (HBB) from the protein binding
system.

Evidence shows that among scveral interfering
steroids present in blood plasma, only two arc of
importance, viz., 17#-hydroxy progesterone (high ability

BB) and 20%x-hydroxy progesterone (high

to replace H
recovery rate). The influence of the former is limited
by its low cextraction and that of the latter is also
limited by 1ts affinity for CBG as compared to P.
Furthermore, according to Rombauts et al., (1965, 1971),
the principle steroid of luteal tissues of sows was P.
Very few derivatives of P such as 17— hydroxy progec-
sterone, 20x- or 208-hydroxy progesterone could be
detected. This was confirmed by Cook et _al. (1967) and
Henricks et al. (1972). So it may be reasonable to

assume that the results of the CPB assay presented herein

reflect truly the P levels in blood plasma in gilts.



(c)

Reasons for using CPB technique -~

The technique has many advantages:

(1)

(iid)

20

(a)

Among the three techniques for P assay des--
scribed in the literature, viz., CPB;
Double isotope derivative (Riondel et al.,

1965; Tillson and Erb, 1967; Shearer (1971,
and gas liquid chromatography (Wyman and
Sommerville, 1968; Stabdenfeldt et al.,
1969d). The CPB appeared to be the dest one
from the standpoint of sensitivity, ease of
performance and expense. (Demetriou and
Austin, 1970; Edgvist and Lamn, 1971),

Very small amounts of plasma are required
for the.assay (only 0.25 ml in the study

of Johansson (1969a) and only 0.2 ml was
needed in the present work.

The method is very rapid and easy to handle.
At least twenty samples can de assayed in

one day .by one technician with good

precision and accuracy.

Materials:
Equipment -
Scintillation counter : Liquid scintillation

system (Beckman.Instrument Inc., California).

- Vortex mixer : "Super Mixer" Cat. No. 1291 -

Lab--1line Instruments, Inc., Melrose Park,
Il11., U.S.A.
Microlitre pipets. 200, 500 ml and pipet tips

were available from Eppendorf Gerarebau
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Netheler, Hinz GmbH 2000 Hamburg 53

(Hummelsbtuttel).

(b) Reagents used were similar to those des-
scribed by Shearer (1971) with some differences:

- To prepare liquid scintillation solution,
additional Triton x-100 (Rombauts and Haas)
was mixed in the solution at the ratio of
one in three;

~ Plasma containing the binding protein was
obtained from pregnant women, during the
third trimester (since corticosterone
binding globulin concentration increases

with stages of pregnancy).

(é) All glassware was prcepared following the

procedure described by Shearer (1971).

(d) Collection of blood samples:

Samples of blood were collected from the ear
veins of pregnant gilts at 3, 15, 100, 110, 112 days
after mating (Day O : oestrus) were named stages 1, 3, L,
5, 6 respectively. Samples at stage 2 were collected at
laparotomy from the vena cava of gilts. The blood was
drawn into test tubes containing heparin (except the
samples taken at laparotomy, these being drawn into
heparinized containers). The blood was then centrifuged

as soon as possible after collection at 5000 r.p.me.
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for about 30 minutes. The plasma obtained was then
stored at ~-20°C until reguired for analysis.

The number of gilts contributing samples
analysed were: stages 1,2,3 - 20 gilts; stage L4 -
17 gilts; and stages 5 gnd 6 - 15 gilts; as three
sows aborted at mid-pregnancy while two farrowed on day

109.

3, Statistical analysis:

Plasma progesterone levels of subgroup gilts
were compared by split-plot technique (stages 1 - 3)
(Snedecor and Cochran, 1969). In the case of missing
plots (stages L - 6) the formulae for inserting
estimates of missing values developed by Anderson (19L6)
were used. The missing plot technique (Cochran and Cox,
1950) of analysis of variance was adopted to compare P
levels at these stages.

Analysis of variance - samples within samples
(Snedecor and Cochran, 1969) were used to test for

differences in P levels between gilts of breeding groups.
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TV Results:

{.} Plasma P changes during pregnancy:

The values of P concentration in blood plasma
of individual pigs at each stage are given in Appendix
12. The results are summarized in Table 4. The overall
mean of P levels increased significantly (P < .001) from
10.74 * 3.78 ng/ml on Day 3 to 20.84 % 5.35 ng/ml on Day
15 of pregnancy. The level at laparotomy (28.55 % 6.03
ng/ml) was surprisingly higher than that at any stage
recorded. (Laparotomy was performed on average at about
Day 7 of pregnancy). The levels of P decreased gradually
from 10.71 £ 2,72 ng/ml on Day 100 to 9.27 L 3.79 ng/ml
on Day 110 and continued to 7.54 £ 3.53 ng/ml on Day 112

of pregnancy.

2. Effect of feeding on plasma P levels:

In general, feed treatments, either pre- or post-
breeding did not have any significant effect on P levels
of gilts during pregnancy with an exception at stage 5.
At stage 5, low-group gilts had significantly (P ¢ .05)
higher levels of P than the high-group ones (Appendix
13). Since interaction between main factors were not
significant, the results are presented in relation to

main effects only (Table 5).
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Table 4: Plasma progesterone levels (ng/ml) at six stages

of blood collection.

J :
| Stage Mean S.E. of mean Comparison of P §
difference levels between :

stages (a) (b) %

1 10.74 0.798 i

2 28.55 1.729 ; E

3 20.8Y 1.174 q A |

L 10.71 0.814 e i

5 9.27 0.98L e §

6 7.54 0.733 (A A N

— s 3

(a) Attempt was not given to compare plasma P levels at

stage 2 with those at other stages.

(b) Code numbers indicate the stages that are signifi-

cantly different from the stage in the respective

rows shown in the first column from the left side of

the table.

Non-significant: P . .05, (X): P

P .01, (FFY: p¢ooi.

.‘> 0059

(iﬁi) 2

o Correlations between plasma progesterone

levels and other reproductive traits:

The correlations between P levels at first three

stages and ovulation rate were not significant (r

0.137 and 0.278 for stage 1,2,3 respectively).

= 0.234,

For the

last three stages, the only two significant correlations

noted were those between P levels and:

(a) Numbers of mummified foetuses at stage 5
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(= = BL.576, P'd4.85).
(b) Numbers of mummified foetuses at stage 6

(r = 0.644, P £.01).

The test for differences in P levels between
gilts of different breeding groups showed that at no
stage of blood collection did breeding have a significant
effect on P levels in peripheral blood plasma.

Since, in general, there are no significant
differences between breeding groups, feeding groups
(except stage 5), the data were pooled for the preparation
of figure 3. At stage 2, blood samples were not
peripheral. In addition they were collected when gilts
were not under normal physiological conditions (anaes-
thetized), so the values of P levels are not included in

figure 3.
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Table 5: Mean values of progesterone levels (ng/ml) from gilts of each main

groups of six stages of blood collections.

‘ Pre-breeding treatment | Post-breeding treatment
| Stage Flush (F) Non-Flush SE of mean | High (H) ©Low (L) SE of mean
(NF) difference | difference
e
1 9.82 11.67 2.107 - 8.39 13.10 5.019
2 29.49 27.62 L.174  {  29.06 28.05 2.893
3 20r5)% 21.15 2.3509 i 21 .12 20.56 IR
L 11.0 10.42 0.970 10.64 1079 0.949
5 8.08 10.46 1.2°8 | 7.29 11.74 1.168
6 7.59 7.50 1154 9, 6.30 9.100 1.054
T S, S \Q .
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)} Discussion:
1c Pattern of plasma progesterone levels
during pregnancy:

In the current work, although it 1s not known
what the values of P levels between Day 3 and Day 15
are, there appear tco be an increase in P levels from
about 10 ng/ml on Day 3 up to about 20 ng/ml on Day
15. This is in agreement with most previous studies
on sows during cecarly stage of pregnancy (Tillson and
Erb, 1967; Tillson, 1969; Shearer, 1971) and onron-
pregnant sows during the luteal phase (Tillson and
Erb, 1957; Stabenfeldt et al., 1969a,d; Edgvist
and Lamn, 1971; Henricks et al.,1972). This con-
firmed the trend noted by Stabenfeldt et al. (1968)
(unpublished data, cited by Akins and Morrissette,
1968) that peripheral blood plasma level of P changed
with the morphological change of corpora lutea in
sows, since it is well established that during oestrus
the mitochondria of the theca lutein cells do not
contain many tubulae cristae. From Day 8 to Day 12
after oestrus these cells are packed with s.e.r. and
there are large numbers of mitochondria with abundant
tubulae cristae creating a membranous internum (Corner,
1956; Cavazos gt _al., 1969). Moreover the results
obtained by Jacoby (1962) showed that states of luteal

activity are associated witli the changes in the levels



and distribution of ovarian cholesterol.

The increase in P concentration in peripheral
blood reported therein also agreed well with that
noted by Jones et_al. (1965), Masuda et al. (1967),
Brinkley and Young (1970) ... in P concentration in
ovarian venous plasma and with that noted by Du Mesnil
du Buisson et _al. (1964); Rombauts et al. (1965);
Cavazos et _al. (1969); Stabenfeldt et al. (1969c) ...
in P concentration in luteal tissue.

The decline in P concentration in peripheral
blood plasma toward parturition reported herein agreed
well with that by Masuda et al. (1967), Shearer (1971)
ees This also supported the trend of decreasing P
concentration in ovarian venous blood (Masuda et al.,
1971) and in luteal tissue (Kimura and Cornwell, 1938;
Duncan ¢t al., 1960; Erb et al., 1962; Rombauts et
al., 1971). This phenomenon has also been reported to
occur in many other species such as cows (Short, 1960;
Stabenfeldt et al., 1970), dogs (Smith and McDonald,
1972), rabbits (Mikhail et al., 1961; Hilliard et al.,
1968; Polidoro and Black, 1970), goats (Blom and
Lyngset, 1971) and ewes (Bassett et _al., 1969; Challis
et al., 1971 ...). The decline in plasma P toward
parturition as observed in the present experiment
indirectly supports the theory of P block to myometrial
activity (Courrier, 1941; Courrier and Colonge, 1950;

Csapo, 1961, 1969; Schams et al., 1972). In other
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words the reduced circulating P in late pregnancy would
be a trigger of parturition (Bedford et al., 1972).
Conversely the high P level during early pregnancy may
be beneficial for implantation because of the inhibitory
effect of P on uterine contraction (Hammond, 119573
Bindon, 1971).

It is noteworthy that measurements of peripheral
concentrations cf hormones are static values thet give
little indication of the dynamics of metabolism and
utilization. For example, a 100-fold increase in plasma
P concentrations is caused by a decrease in metabolic
clearance rate of approximately 90% and an increase in
production rate of only about 3-fold (Illingworth et al.,
1970; Challis et al., 1971b). However in the case of
the declined P concentration in peripheral blood plasma
prior to parturition, it has been shown to be due to
both the failure of corpora lutea (Stabenfeldt et al.,
1970) and an increase in metabolic clearance rate

(Bedford et al., 1972).

2. Magnitude of plasma progesterone

concentration:

The concentrationsof plasma P recorded in the
present work were quite different from those reported in
the literature. Tillson and Erb (1967) found that P
concentration increased from 8.4 ng/ml on Day 2 to 27.2

ng/ml on Day 12 - 14 after breeding, whereas the values
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by Tillson (1969) were 14.2 and 29.6 on Day 2 - 4 and

14 - 16 after breeding respectively. It should be made
clear first that the time when the P levels start rising
and the time when the maximum P level occurs vary betwee:
studies. It may be that the values obtained at stages

1 and 3 in the present experiment are not the minimum

and the maximum ones during early pregnancy. Therefore
the author does not try to compare these values with thec
minimum and the maximum ones reported in the literature.
Attempt will be given at the comparison of P levels on
the day-of-pregnancy basis. During late pregnancy, the
values of 10.71, 9.27 and 7.54 ng/ml for P concentration
taken on day 100, 110 and 112 respectively, obtained here
were markedly smaller than those reported by Shearer
(1971), viz., 15, 35-40 and 35-40 ng/ml recorded at

these stages respectively. Although the difference in
the technidue used to determine P levels 1n blood plasma
has shown to have very 1ittle effect on the results
obtained, it might also be a possible factor contributing
“0 the discrepancy between studies (Neill et @, o6
Stahewrerac et al., 1970; Edqvist and Lamn, 1971).

Other factors 1likely %0  contribute to the discrepancy

between studies include:

(a) Factors involving CPB technigue:

(i) Florisil - The absorbent used in the present

3

work to separate the protein-bound from the unbound H'B

was florisil. As pointed out by Demetriou and Austin
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(1970) one problem area in P assays is the quality of
the florisil. Strott and Lipsett (1968) have indicated

3B to different batches of

a variable response of H
florisil. Mill (1968) has reported that the sodium
sulphate content is the principal cause of variation of

adsorpbancy between batches of florisil.

(ii) Mixer - The mixing procedure for separation

of the free H3 5

B and CBG-H"B may also be a source of
error. The introduction of a rotary mixer by Demetriou
and Austin (1970) has eliminated certain problems and
provided other advantages over the individual mixer.
With the vortex mixer used in the present work,
variability was encountered due to the individual
technician, a fatigue factor when large numbers of
samples were processed. Another problem was the gener-

ation of florisil fines by this vigorous agitation

device.

(iii) Standard protein solution (CBG—HBB) - The

quality of CBG—H3

B may also affect the result of the
assay. Many of the reports related difficulties with
the stability of the CBG-HBB (De Souza et_al., 1970;
Johansson, 1970). A possible explanation for this

instability may be the adsorption of P to glass surfaces

(Demetriou and Austin, 1970).

(iv) Temperature - During the procedure of protein
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binding assay, at the stage when 0.1 ml of CBG—HBB was
added to the tubes containing extracted unknown plasma,
the tubes were placed in a u5OC water bath to bring the
P into solution (Murphy et al., 1963)... However
Robertson and Sarde (1971) noted that satisfactory
rcsults can be obtained at 25OC rather than by using

a water bath at LLOOC° On the other hand it should be
noted that the adsorption of corticoids decreases at

higher temperature from 10°C to 45°C (Murphy, 1967) .

(v) Recovery rate - The effectiveness of the
technique for P assays can bte Jjudged by the recovery
rates of P added to plasma. The spectrophotometry
technique described by Short (1958) and used by Short
(1960) gave a rather poor recovery rate, 40 - L3%.

The method of Zander (1962) used by Brinkley and Young
(1968) had a recovery rate of 73%. The value reported
by Abraham et al. (1971) in using radioimmunoassay was
84.2% . The difference in the recovery rate may be a
source of contradiction between studies. With the value
of recovery rate (92%) obtained, the present CPB assay
appeared superior to most of those reported in the
literature, e.g. Donaldson et al. (1970): 80.8%;

Demetriou and Austin (1970): 81% ...

(vi) Reading method ~ Many investigators have
been content to fit the standard curve "by eye", and to

read the sample concentrations without any attempt to
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provide confiidence limits for the results obtained.
Burger et al. (1971) supgested a statistical technique
for obtaining the best fit of the standard points, with
subsegquent calculation of unknown hormone concentrations
and their errors. These authors also suggested the
model for the standard curve. However they did not
mention the use of the model is the case of the CPB
assay. In the present work, the standard curves were
fitted "by eye" and the values of P concentrations in
unknown plasma were also read very approximately. This
procedure was likely to involve some degree of error and
this in turn contributes to the discrepancies between
the values of P concentration reported in previous

studies.,

(b)  Qther factors affecting P levels in

peripheral plasma in sows:

(i) Number of corpora lutea -
In most species, including the pig, during early

pregnancy, corpora lutea are the most important source

of P. It may be expected that the production of P is
proportional to the number of corpora lutea. Stormshak

et al. (1963), Short (1964), Rombauts et al. (1965, 1971),
have proved this proposition. Brinkley and Young (1970)
also found that numbers of corpora lutea were linearly
and positively correlated to ovarian P secretion rate (mg

P secreted per minute). It may be then speculated that
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the P content in peripheral plasma varies with numbers
of corpora lutea or ovulation rate. However, this was
not proved by work of Niswender et al. (1970) on gilts
and Polidoro and Black (1970) on rabbits. The results
reported herein too, did not show any significant
correlation between ovulstion rate and P level in peri-
pheral blood plasma taken at the first three stages.
Polidoroand Black (1970) suggested that ovarian P
secretion might be greater in females with higher
ovulation rates, but these females might also have
higher metabolic clearance rates. This hypothesis
remains to be proven. In summary, even though evidence
is not conclusive on the relationship between numbers
of cormora lutea and P levels during early pregnancy
in sows, it is not unreasonable to exclude this
possibility, ie.s; higher ovulation rates may result in
higher rates of P production and higher levels of P

in peripheral plasma. Consequently, the difference

in ovulations rates between sows of different studies
may result in the difference in P levels of peripheral

blood plasma ...

(ii)  Numbers of foetuses or embryos -

During the later stage of pregnancy, it was
reported that the peripheral levels were significantly
higher in ewes (Bassett et al., 1969), women (Johan-
sson, 1969b) with twins than those with single foetuses.

However, in these species the placenta has been shown
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to be an important source of P (Zander and von Munster-
mann, 1956; Maire et al., 1968; Gadsby et al., 1972).
In the pig, on the other hand the placenta does not
produce P (Rombauts et al., 1971), so the situation may
nct be the same, Erb et _al. (1962) reported that
correlationsbetweer nunbers of implants and P contents
and concenvraition in juteal tissue were not significant.
Tillson and Brb (1970) alsc reported that levels of LH
in blood plasma showed nc veriation associated with
numbers of embryos. So it appears that the production
rate of P by corpora lutea is not influenced by the
number of foetuses {or cubryos). In agreement with
this trend, the present results did not show a
relationship beuvween litter size &t birth and P levels
in peripheral piasma at sivher of the last three stages.

The correlations hetween numbers of corpora lutea and

()

the P l=zvelz &t these stages were not significant.

It is novseworthy that in the present experiment
the numbers of mummiflied foetuses were significantly
correlated to the P levels at stege 5 (r = 0.576,

4 .,05) and stasge 6 {r = 0.644, P<.01). Pomeroy (1955)
has theorized that excess P may account for relatively
greater embryo death in some sows. Administration of P
at levels of 150-200 mg/day ccmmencing 4 - 8 days after
breeding merlzedly increased embryo death as observed at

Day 25 of pregnancy (Sammelwitz et al., 1956; Spies

et _al., 1957). There does not appear to be any clear
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cut hypothesis concerning why this phenomenon occurs.

It is not known 2lso with any certainty whether the
embryo deatlh in ithe present study is the result or cause
of high levels of circulating P. It has been shown

that embryos additively influence ovarian steroid
metabolism (increase) (Edgerton et al., 1971). REdgerton
and Brb (1971a) found thet gilts having more foetuses
excreted more total nregnanes (metabolites of P in sow
urine) throughout the exnerimental period from Day 28

to 75 of pregnaicy.

In summary, ar increasc in the numbers of
foetuses was not follo:d by an incrsase in production
rate of P in corpora utea, put in the rate of metabolic
clearance. It may e speculated that P levels in peri-
pheral piasme decrease in sows with larger litter size.
Moreover in tihe present work the results did not show
any significanc correlation between numbers of viable
piglets and P levels.

(1idi) Nutrition -

Nutrition has been shown to be an important
factor contributing to embryonic ioss in the sow ...

As P 1s egsential Tor the maintenance of pregnancy in
this species nutrition is expected to have some effects
on circulatirg P. Cumrning et al. (1971) reported that
during eariy pregnancy.P levels were greatly elevated in
low-fed ewes compared to high-fed ones. The same trend

was found by Lamond et al. (1972) on ewes, Donaldson



81,

et al. (1970) on cows, but no work on sows has been
reported. The results obtained in the current experi-
ment also revealed this adverse effect of nutrition on
P levels. The high-fed group had significantly lower
levels of P than the low-fed one (P < .025). The
mechanism involved is not understood, particularly as
this effect of nutrition was found only at stage 5. The
increased P levels in the low-fed group may not be due
to an increased rate of P secretion (Cumming et al.,

WG )

(iv) Stress -

Stress has been shown to aiffect P production.
Blood samples collected at slaughter had higher levels
of P in peripheral plasma than those collected under
normal physiological conditions (unpublished observations,
cited by Stabenfeldt et al., 1969d). The stress of
killing may have caused a release of P by the adrenal
cortex. Harrisson and Heap (1968) showed than trans-
planted adrenals secreted P throughout gestation in the
ewe. Thus the adrenals may not only release large
amounts of P during stress, but also may serve as a
source of P in normal physiological conditions (Staben-
feldt et al., 1969d). The adrenal gland has been also
shown to be a source of P in sows, especially under
stressed conditions (Balfour et al., 1957; Erb gt _al.,

1962; Heap et al., 1966), in cows (Shemesh et al., 1968;
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Donaldson et al., 1970), rats (Feder at el., 1971),
sheep (Harrisson and Heap, 1968). The stress caused

by blood collection may bias the rcesults of P outlined
in some situdies. Gilds in this experiment were res-—
strained during ccliection and the process was rather
long; wnercas in scme other experiments (Shearer, 1977%1)
blood samples were lLaken through & catheter which was
inserted into tne juguiar vein permanently. So blood
would ne collected easily without causing much stress
on SOWS.

This is alsn supported by the fact that blood
samples coliected at laparotomy in the present work had
considerably higher levels of P as compared with those
at stages 1 and 3. Thevefore it is legitimate to
conclude that the difference in stressed condition of
pigs at plood czcilsction may contribute to the difference
in P lavels hetween studies. I3 shouid be pointed out
that, at laparc.ouay {(stage 2) blocd samples were
collected from the vena cava, instead of ear veins as
were collections at the other five stages. A comparison
of 142 pairs of plasama samples (one was taken from
jugular veir.,, the othe> was from vena cava) showed a
significantly higher P conentration in the vena cava
(Davis et_al., 1970).

The time in the day, when biood samples are
collected, may be of importance. In women, Lurie and

Willee (1966) suggested that plasma P concentration
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during pregnancy might show a diurnal rhythm. Johansson
(1969b) also found that morning samples of blood had
higher levels of P than those taken during the remainder
of the day. There is no evidence whether this situation
exists in the pig (and other animals). Blood samples in
the current work were not collected at any particular
time in the day, but most of them were collected in the
morning.

In addition to the above factors, P levels have
also been shown to vary with breeds (Stabenfeldt et al.,
1969c), age (Das and Magilton, 1971) of animals. They
are also different between individuals (Bindon, 1971)
and seasons (Lamond et _al., 1972).

It is noted that all gilts in the present experi-
ment were sick during pregnancy. As previously presented,
threc gilts aborted during the second and last month.
Leptospirosis was suspected to be the cause, but this was
not confirmed. Small numbers of K.coli and Streptococci
were cultured from a swab from the allantoic fluid.
Johansson (1969b) reported a lowered P concentration in
peripheral plasma of two women aborted by severe toxemia.
Osburn et _al. (1969) innoculated viable cultures of vibrio
fetus into the uteri of cows in the second and third month
of pregnancy. This resulted in abortion, and peripheral
plasma P levels declining at the time of foetal death,.
Similar results were obtained by Wiest et _al. (1970);

Shemesh et al. (1968); Wood et al. (1971). So far, no



explanations for this phenomenon have been suggested.

8L .
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VI Conclusion:

It is difficult to determine with any certainty
a detailed pattern of P levels in peripheral plasma
during pregnancy, unless blood samples are collected on
a daily basis. From the results obtained herein, it may
be concluded that during early pregnancy P levels in
peripheral plasma rise considerably from Day 3 to Day 15.
This coincides with the stage of development of corpora
lutea reported elsewhere. The P levels after Day 15
are not xnown from this work. No comment could be given
on the method of pregnancy diagnosis based on the main-
tenance of P levels toward the onset of the .oestrus
following breeding {(Robertson and Sarda, 1971; Walker,
1972 ~ in sows; Shemesh et al., 1968; Pope et al.,
1969; Robertson et _al., 1971 - in cows.)

Within a 1limited number of peripherally blood
collections, it is not known when (stages of pregnancy)
plasma P levels start rising and when they reach maximum
values during early pregnancy. The minimum and maximum
values of P are not known.

The gradual drop in plasma P levels during late
pregnancy might also be used as an indication of farrowing.
However it is not known from this experiment at what stage
(in relation to farrowing day) P level starts declining,
and what the standard levels of P during large pregnancy
are ... Actually the values of plasma P levels obtained

from each experiment may vary with the technique of assay
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used, ovulation rate, number of embryos or foetuses,
breeds, ages ... of pigs and plane of nutrition employed.
Low—fed gilts had higher levels of plasma P
than the high-fed ones. The results obtained did not
reveal any explanation or mechanism for this., The
situation became more difficult because this effect of
nutrition was found only at stage 5, eighty days after
feeding treatments terminated.
The mummified foetuses were significantly
correlated with P levels at the last two stages of blood
collection. No reasonable cxplanation for this has been

suggested.
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CHAPTER 4

RECTAL TEMPZRATURE DURING OESTROUS CYCLES AND LATE

- P

PREGRANCY IN GILTS

P .

I Literature review:

1. During oestrous cycle:

The effect of cstrual activity on body temper-
ature has not been studied extcnsively in the pig. In
women, during the follicular phase, the basal temperature
remains low until at approximately mid-cycle the temper-
ature riscs shortly over a period of normally two days
often by as much as 1°F (Marshall, 1965; Brown, 1965).
This higher level 1s generally maintained until the
onsct of menstrustion. The temperature rise, when it is
greater than O.MOF, is considered to be indicative of the
occurrence of c¢cvulation. A biphasic temperaturec curve
during oestrous cycle has also becen reported in cows
(Vollman and Vollman, 1942; Wrenn et al., 1958; Fallon,
1959; XKing, 1964; Valdivia and Vallenas, 1966; Kumaran
and Iya, 1966), in ewes (Coclirem and kcDonald, 1969),
in mares (Chieffi et al., 196L), in goats (Parer, 1963)
and in rabbits (Behren gt al., 1970). Accordingly, the
daily variation in body temperature was random in nature
throughout the estrual cycle except a signilTicant rise

during oestrus. The only report on pigs, which could be
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found in the literature (Sanders et al., 1964) also
showed a cyclic trend in body temperature with temper-
ature elevations occurring near the time of ovulation.
llowever this biphasic pattern of body temper-
ature is not in agrezment with those reported by Du
Bois (1948) on humen beings, by Christie and Bell (1970)
on beagle bitch with respect to the timing of the rise
of temperature in relation to oestrous cycle. The authors
noted a drop in body temperature occurring at ovulation,
followed by a rise to a level higher than the previous
one. Furthermore, data obtained by Brown et _al. (1962),
Christian (19€6) and Xumaran and Iya (1966) indicate
that irrespective of ovulation occurring, there is pre-
estrual drop followed by a rise in temperature during
oestrus. Many other authors also agree that there is
generalliy a poor correlation betwecen fluctuations in
temperature and the oestrous cycle (Brown et al., 1958;
Greenstein ei_ai., 1958; Tsutsuni et al., 1969).

In summary, evidence so far is not conclusive
about the changes in body temperature during oestrous
(or menstrual) cycles. Some authors reported the random
fluctuation of temperature during oestrous cycles, whereas
others noted that body temperature changes followed a
biphasic pattern. The timing of the rising portion of
temperature curve in relation to oestrous cycle was also

not in agreement between studies.
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2. During late pregnancy:

Several domestic animals show a slight rise in
body temperaturc in late pregnancy and a decline in the
period just before parturition (see Weisz, 1943). 1In
cattle (Ewbank, 1963) this drop measures some 0.6°C and
commences, on average, 54 hours before calving. The
healthy cow, even when exhibiting external signs of
imminent parturition, such as mammary distension,
relaxation of the sacrosciatic ligaments and vulva
enlargement, is unlikely to calve within the succeeding
12 hours if its rectsl temperature is above 38.800,
the normal temperature being 58.5OC° A similar drop in
rectal tempecrature has also been reported in pregnant
ewes (BEwbank, 1969) and rabbits (Tsutsumi et al., 1969).
However, Hafez et _al. (1956) found that pregnancy has no
effect upon the body temperatures of Egyptian fat-tailed
sheep; and Roberts (1964) briefly reported that the deep
vaginal temperature has little practical value in

predicting the time of the onset of parturition.
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IT Methods and Materials:

1. Animals:

Based on regularity of heat, sixteen gilts were
choscn for the study of body temperature during oestrous
cycles. Due to many reasons mentioned in Chapers 1, 2
(failure to come intc heat, abortion ...) six of these

sixtecen gilts werc replaced by another six pregnant ones

for the study during late pregnancy.

2.  Housing the experimental management:

Refer Chapter 1, 2 -
A few days prior to parturition, the gilts were

transferred to farroving house, & '"semi~opened’ building.

5.  leasurement:

For fifty consecutive days (from 23.9.1971 to
12.11.1971), rectal temperaturcs of gilts were recorded
oncc daily between 09:00 and 10:00 nr, with an clectronic
thermometer, accurate to iO.1OG9 by inserting an all-
purpcse prone 10 to 12 cm into the rectum. The thermo-
meter used was fregquentiy checked for accuracy. The
first weelz of this ncriod was used to condition the gilts
to the experimental procedures; hence, the test period
consisted of about two cycles.

Rectal temperatures were also recorded daily
during the last fifteen days of pregnancy (this period

extended from 19.2.1972 to 8.4.1972). All readings were



S

recorded to the nearest 0.1°C. Difficulties in measure-
ment faced were a great variation in the readings of
rectal temperatures with the condition of the rectum of
gilts, ie., constricted or relaxed. The error of

. + C
measurement might be as great as -1.07.

s Statistical analysis:

The results were subjcected to analyses of
variance of a two-way classification (Snedecor and
Cochran, 1969). The rcctal temperatures were tested
against days of oestrous cycles or pregnancy. The com--
parison of rectal temperatures between days were done by

the "least significant difference" method (Clarke, 1969).
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ii T Results:

Daily rectal temperaturcs of each gilt during
oestrous cycle and latc pregnancy are presented in
Appendices 1l and 15. The results are summarized in
Table 6. The results of the analysis (Table 7) shows
that rectal temperatures of gilts vary significantly
between days recorded (during oestrous cycles and late

pregnancy) .

Table 6: Mean of rectal temperature(oc) during oestrous

cycle and last 15 days of pregnancy.

(n =1 6)
— S T—
Oestrous Cycle i Pregnancy
: Daysﬁg Mean Dayscgy : Mean
fs e RIS [ECSEe e
-10 38.384 _ =3 : 39.53
-9 38.77 -14 : 39.55
-8 38.88 -13 ' 39.56
-7 38.74 -12 39.51
- 6 38.83 -11 39.49
- 5 38.75 -10 39.52
-4 38.82 -9 39.49
- 3 386.75 H -8 39.55
i - 2 38.84 i -7 39.51
-1 35.83 i - 6 39.58
i 0 38 .31 -5 39.4L45
1 38.75 -4 39.28
2 38.73 - 3 39.14
3 38.88 - 2 39.23
i 38.91 -1 35.36
5 38.94
6 38.96
V] 38.90
8 38.90 ;
9 38.93 i
10 38.87 :
SE of mean difference SE of mean difference
| L 0mO7 ‘ £ 0.09
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1 During oestrous cycle:

from Day ~10 until Day 2 of the oestrous cycle,
wectal temperatures fluctuated slightly around 38.79OC.
when they rose significantly (P < .01) from 38.7300 on
Day 2+4%5 58.95 0 on Dag 6 and teiled off:until Day 10.

The results are illustrated in Figure L4,

showea velatively constant temperatures. Rectal temper-
» p— : : o)
atures dropped sigiificantly (P 4.001) from 39.58 C on

Day 6 to 39,1490 c¢n Day 3 and then rose slightly to

. O “ -
39.36C on Dav 1 he

N
o

)
K

ore farrowing (Figurc 5). Records

0

on farrouwing days were not available, since most of the

(

vilts had Tarvaowved early in the morning beforce temper-

atures were talken.

Table 73 ~neliysis of variance of rectal temperatures
during oestrous cycle and last 15 days of
LY GENANCY,
! Source of | Oestrous Cycle Last 15 days of i
Variation | pregnancy !
_ ks carmamemsionms . i . alab “é
! | Gf  MS ! F.test df = MS : F.test |
___‘__.___-_,,.,...‘.,_._...i- R e - r»—--;- - = : . -
Days {20 [ 0.080 1,9017" ily 10,281 ; L. 257
Gilts | 1510.531 12,360 15 - 0.490 = 7.405%0 |
Error i 300 ; 0.042 210 : 0.066 :
Total 5L335 i _ 239 '

®¥Ep ¢.01, o001



Figure 4 - Average Daily Rectal Temperatures of 16 gilts During Oestrous Cycle.
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Figure 6- Average Daily Temperatures of 16 Gilts During the Last 15 Days
of Pregnancy
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Iv Discussion:

In the present study, no attempt was made to
regulate the humidity of the experimental house. Behren
et al. (197C) noted that humidity significantly affected
recval tempcratures of rabbits. Therefore this should be
bornc in mind in comparing the results obtained herein

and those reported clsewhere.

1s During oestrous cycle:

The values of rectal temperature during Day =10 to
Day 2 of the oestrous cycle obtained in this expecriment
were similar to those reported by Sanders et al. (1964).
The rise in temperature from Day 3 to Day 6 was in agree-—
ment with work by Du Bois (1948), Christie and Bell (1970).
The latter found that most of thelr experimental beagle
bitch showed a thermal nadir during oestrus followed by a
period of higher temperature values. However many authors
found the rise in temperature onec, two days prior to
oestrus or during oestrous period (Marshall, 1965; Brown,
1965; Cockrem and McDonald, 1969). It is difficult to
find an adequate explanacsion for this difference when
the mechanismsinvolved in this temperature rise (if any)
are not understocd. Sanders et _al. (1964) suggested that
the increased muscular activity associated with oestrus
contributed to increased temperature, since it is well
known that the body temperature rises during exercise

(Nielson, 1938; Benzinger, 1959; Bradbury et al., 1964).
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Furthermore, small animal studies (Lee and Van Buskirk,
1928) suggest that basal metabolism increases at oestrus
independent of activity trends. However this explanation
does not fit thc situstion where temperaturc rises a few
days after heat as observed in the wresent expcecriment
and clsewhere. Brown (1965) notal that in some women the
temperature rise may cxtend over a number of days and
occasionally show a step-rise upward progression. It is
possible that this extended risc is associated with the
retarded growth of the corpus luteum due to the unduly
prolonged period of escape of follicular fluid after
rupture {(Decker, 1951). In thc present work, it was not
Imown cxactly when ovulation occurred in relation to the
time of temperature rise. Burger (1952) found sows with
all follicles intact up to 54 hours af'ter the onset of
oestrus. It nmight be that the risc in rectal temper-
aturc reported herein was about the time ovulation ...
On this basis the increased muscular activity and basal
metabolism may be the causes of the temperature rise
during oestrus. However this cannot explain the temper-—
ature rise in ewes whose oestrus was suppressed and
ovulation did not occur (Christian, 1966; Brown et al.

1962). So far no explanations have been suggested.

2, During late pregnancy:

Decreased rectal temperature on Day 3 prior to

farrowing is in accordance with the results obtained by
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Ewbank (1963, 1969), Tsutsumi et al. (1969), but not
with those by Hafez (1956), Roberts (1964) ... The
mecchanisms involved have not been investigated. One
factor affccting body tempwerature is the rate of heat
loss and it is of interest that Brockway et al. (1963)
reported an increasc in heat loss to the environment for
sheep during the last 24 hours of pregnancy. However
this does not explain the drop of temperature at as
early as 3 days in the prcsent work or 54 hours (Ewbank,
1963) before parturition. It should be noted that gilts
in the prcsent worlk were transferred to farrowing house
which was not a totzlly c¢nclosed btuilding as the cxper-
mental one., Ingrem (196L), Rawson et al. (1965),

Spies et _al. (1965), Hoimes (1970) and Ingram and Legge
(1970) noted that tody temperaturc was significantly
inf'lucnced by cnvironmental temperature. The variastion
in environmental temperaturc explained 35% of the daily
variation in body tecamperatures (Christian, 1966). So
the results of the rectal temperature during the time in

farrowing house might bec biassed.

S Some possible factors which might have some

influence on the results:

Iin general, discrepancies still exist between the

present rcsults and those reported elsewhere. No

explanation can be suggested since the mechanism involved

is not known. However, in judging the results obtained,
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in zddition to some factors mentioned above (eg., time
of ovulation, ambient tempcrature, humidity ...), the
following factors should bpec talken into account:

- Body tecmperature may vary with age of animals
(Cockrem ané McDonald, 1969).

- Meat-type pigs havc bcen shown to have signi-
ficantly higher temperature than fat-type oncs
(Ilancic et al., 1965).

- There are differences in body temperature
recorded at different time of the day (Fal-
lon, 1959; Parer, 1963: Mendel and Raghaven,

196L.; Chicffi et agl., 1964; Taneja, 1966;

Behren et al., 1970).

L. Validity of body temperature measurement:

From the above results 1t appears that the incresse
in rcctal tempcerature during oestrous cycle as well as
their drop during iatc pregnancy cannot be used as a
reliable prediction of the time of ovulation and
parturition. his was formerly suggested by Fallon (1959),
Schilling and Rostecll (1965), Bwbank (1963, 1969),
Christian and Bell (1970). Moreover, it is well establ-
ished that body temperature is maiantained by a theremo-
regulatory system. A comprehensive text on the environ-
mental physiology in relation to pig production has been
published by Mount (1972). Accordingly the rate of heat

retention was calculated as in the following equation:
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MZ = HL + ER

wherc ME : intake of mctabolisable energy
HL : zave of heat loss
ER ¢ rate cf rctention of energy.

The ER, on a given Teed intake, varics with the
rate of hecat loss. Panting (Ingram, 1964; Ingram and
Legge, 1972) or increcascd pulse rate (Ingram, 1964) are
some usu2l ways to dissipate heat (vaporisation) ...
Therefore, if body tcmperatures do changec during ocstrus
or latc pregnancy, thc amplitude will not be very big.
For exemples, the increasc in body temperatures during
ocstrus period was rccorded as 0.11°C in marcs (Chieffi
et al,, 1964), about 0.3°C in onc gilt (Sanders et al.,
196lt) ... So, with only onc observation, it is very

difficult to detect this variation in body temperaturec.
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V. Conclusion:

Under the conditions of the present experiment,
gilts showed a rise in rectal temperature at about a few
days after the onset of heat and a drop at about a few
days prior to parturition. However a big variation in
the rcadings duc to measurement technique, environmental
factors including feeding ancd activity, makes it unre-
liable for use to predict the time of ovulation and

parturition.
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GENERAL CONCLUSION

As body condition at mating has been suggested to
be partly responsiblc for the ineffectiveness of flushing
on ovulation rate; and as continuously full-fed gilts
produced the samec ovulation rate as gilts full-fed for
only two - threc weeks (Zimmerman, 1959), it is suggested
that gilts can be kept on a low plane of feeding until
two or threcce weceks prior to service, when they are
flushed. However, within the scopc of the present
experiment an accurate scale of fceding for gilts 1is
nct known. In othcr words, the gucstion of at what
stage of growth gilts should be kept on a low plane of
feeding; and what are thce daily allowances for flushed
gilts or for those on low planc, still remain to be
answered.

It has been suggested that high feeding of a thin
sow or gilt may improve her litter performance but high
feeding a fat sow or gilt may not be advantageous.
However although gilts in this study were thought to bec
fat, a high level of feed intake during the first month
of pregnancy was shown to increase litter size at birth,
the results were still questionable beccause of the out-
brealt of abortion, unknown~cause constipation ...

Though the rcsults do not give any information
about progesterone (P) level during oestrous cycle, the

high level of plasma P partly supports the suggestion
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of using P measurement as a tool to dliagnose pregnancy

in gilts or sows. The drop in P prior to parturition
might also be useful as a sign of parturition. However
since P levels declined gradually toward parturition,

it i1s difficult to predict with accuracy when parturition
occurs.

Body tempcraturc does not appear to be a reliable
measurement in predicting ovulation and parturition time
in this experiment because of its great daily variation,

It is well established that corpora lutea (CL)
are thc main source of P. Flushing did not have any
effect on either ovulation rate or P level.

Both endogenous and exogenous P have been shown
to improve embryo survival (Glassgow et al., 1951;

Davis and Sorensen, 1959). High plane of nutrition during
the first month of pregnancy vias shown in thc current work
to enhancc embryo survival. Therefor: high planc of
nutrition was cexpected to be positively corrclated with

P levels. However this was not the case. On the other
hand, high-fed gilts tcnded to heve lower P levels than
low-fed ones at four stages (1, 4, 5 and 6, the differ-
ence was significant at stage 5). Actually results about
the effect of P on embryo survival are not conclusive.
Furthermore information about litter 3ize at birth and P
measurecments might bec biassed by tne incidence of disease
during pregnancy.

Both P level and body temperature of gilts
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decreased prior to farrowing. Whethcr or not there is
any relation bctween these two measurements is not known.
However it was noted that body temperature of gilts
tended to increase around ovulation time whereas P levels

rcmained low during this period.
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APPENDICES

APPENDIX 1 - Composition (%) and calculated nutrient

contents (% dry matter) of meal mixturcs.

. : SR e e o e t
Meal 1 ! 5 :
- e s i i RIS U Pt " s . SrS———

Body weight range (kg) 22~-53 % 54- farrowing
Barley Meal ! 85.40 ! 87.1¢8

y Meat Meal ' 6.83 ' 10.03
L] -

! Pish Meal | £.83 N2
| Bone Flour % C.u3 : 0.4L

'

bsalt : 0.21 0.22 E
| Trace element/vitamin ; . = E
| supplement 0.21 (a)” 0.22 (b) !
4

i

EDigestible cnergy b
'

(Mcal/kg DM) g 3.47 3.44

'Crude Protecin ; 19,2 18.2 |
E ] '
i Lysinc E 0.95 | 0.72 |
|Methionine + cystine | 0.63 0.55
Ca i 0.93 1.02
IP. * 0.86 0.90

i

(a)i'£ (b)x See Appendix 2 for the composition of trace
clement/vitamin supplement
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APPEINDIX 2 - Reported composition of onc kg Mineral

and vitamins nmixture.

———— - e = PRy g v

' 3- nitro 4 hydroxy phcnyl
arsonic acid

2505 mg e

Hixture CO NG i
P Y e TS e g s L i }
, E
Vit A 4hoo IU | 7997 IU E
Vit Dy 660 IU | 799.7 IU E
Vit E 19.8 1IU 28.6 IU .t
Vit B, t 1.375 mg ! 15.4 mg E
Vit B2 3.509 mg L.4 mg ;
Vit Bg L.ook mg | 2.64 mg |
Vit B12 0.011 ng i 0.011 mg
; Pecntothenatec acid 1.9 mg § 13%3.2 ng
;Nicotinic acid E13.9OM ng ¢+ 17.6 mg
TCholinc f 220 mg [ 220 mg
+ Iron E €9.96 mg 124,96 mg ;
I Zinc 1150.04 mg | 130.02 mg
EMangancse E L .29 mgz 44 .99 mg
' Copper 1179.94 mg 10.0 mng
 Potassium E 2.101 mg I 2.701 mg
 Cobalt E 0.33 mg | 0.33 mg |
;Selenium F 0.154 mg 0.154 ng
:
|

- - - - B T " A A PR S S S




APPENDIX 3 - Scale of feeding.

P s e A e A L e Mo

Iive weight of pigs

(xg)

PP NP e, - s —

105,

Daily mcal alloiance

R

(kg)

-

20
25
30
55
Lo
L5
50

S e

3

I—————

55 and over

S ™ R T Y T T S

e s i s b s e e s

1.04

1.22

1.40

1.55

1l

1.87

1 .58

3% of body weight
to a meximum of
2.3 kg™

- = " N

"Duc to general refusals the maximum daily allowance was

rcduced to 1.8 kg when animals weighcd about 120 kg.
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APPENDIZX L - Age, weight, ocstrus number of gilts at mating, lecngth of flushing period,
total encrgy consumed during flushing period, growth during previous fort-
night, ovulation ratc, litter size at birth and nunbcr of mummified foetuses.

FLEUTSEEBED
Pig No.f Age . Weight | Oestrus Length of  Total  Growth : Ovul—i Litter | No. of
' (pDays) ¢ (kg) | No. Flushing Energy - during ation | Size at , Mummi-
| Period Consumed previous Rate | Birth ! fied
(Days) (Mcal DE) ! fort- ; | . Foetuses
night(kg) - | i
21/68 280 1305 f 6 il 118.8 9.31 16 | 10 0
20/78 264 122.7) 3 9 9y 2 6.69 W 10
17/ &7 284 117.3 [ 10 88.5 K 201 15 é NA NA
16/9 281 124.5 é 6 11 5n0 10.00 1% j NA NA
10/5 277 128.2 1 - 15 152.9 L.48 15 | 9 3
104/65 275 loafe ! - 12 129.6 6.10 L 8 0
12/8 279 2.3 | 6 10 oL4.5 4.09 16 | NA NA
17/9 285 122.3 ¢ 7 11 117.5 6.11 15 1 0
16/6 25 13l .1 5 11 108.6 10.45 11 | NA NA
11/6 283 131.8 1 5 12 126.1 10.00 15 | 3 0
25/68 282 112.7 | 6 2 118 .1 3,09 14 g 12 0
10/68% 314 140.0 8 20 217.7 §.18 =+ Na | 2 3
lMean  278.6 . 123.6  5.67 @ 11.3 . 115.2 7.05 - 1hb | 6.87 075

NA: data not availablec.

XData of these gilts were not included in all analyses of ovulation rate.
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Age

APPEIDIX L - continued

L N S

NON

FLUSHED

T o § M T TR b Wl L

e

L L L L e B e £ LT+ S T L L T L M M AT M A

-

——— e

| Pig Mo. Weight  Oestrus ; Total  Growth | Ovul- Litter  No. of
+ (Days) : (kg) No. . Energy during ~otion Size at Mummi-
: . Consumed - previous | Rate = Birth fied
- (Mcal DE) . fort- % . Foetuses
_ : ; ; night(kg) |
21/56 262 126.8 -+ 5 59.4 8.18 13 NA NA
20/7 259 116.8 . 4 118.6 7.86 15 7 0
17/6 276 108.6 5 54.0 5.91 13 5 0
| 16/68 262 114 .1 6 59.4 5.15 18 5 0
14/567 274 129.1 +© = 81.0 6.40 16 9 0
10L/7 274 M17.7 . - 6L4.8 6.45 11 3 1
112/5 266 112.3 = 6 54.0 0.91 13 5 1
17/57 237 124 .1 6 59.4 5.0 15 2 2
16/56 261 120.5 £ 6 59.4 1.82 3 NA NA
11/7 271 108.6 : 3 6L. 4.85 S NA NA
25/7 28L 119.1 6 64.8 2.36 13 2 3
10/678% 1 327 118.0 . 6 89.1 2,00 . NA 6 0
Mean = 270.5 , 107.8 | 5.22 -  60. L.99  (13.9  5.44 0.78
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APPENDIX 5 - Analyses of variance of ovulation rate
and litter size at birth.

Source of variation Ovulation rate i Litter size at

. Birth

| - -

: ar ' Ms ar | MF
Treatments 7 1.136 1 | 8.668
Pairs 10 + 2.509 - Z

: Error 10 . 3,236 15 11.984

Nc treatment effects were significant (P>,.O5)

APPENDIX 6 - Correclation coefficients between ovulation

rate and some uncontrolled variables.

Corrclation | R.S.D. Sign.
Coefficient Test
Age of gilts at mating 0.058 1.709 NS
Weight of gilts at
mating _ 0.116 1.563 | NS
Livewcight gain during
14 days prior to
mating -0.008 1.763 NS
Oestrus number at
mating 0.279 1.604 NS
Total energy consumed 0.138 1.692 NS
Length of flushing
period 0.041 1.510 NS

NS® B .05
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APPENDIX 7 - Measurements of Backfat thickness (BFT) (in cm) of gilts.

N O N FLUSHED ) FLUSHED
Gilts (Shou. Mid | Loin Ave. ; Weighted | Gilts' Shou.. Mid Loin | Ave. | Weighted

: - BFT | Mean ; _LBFT Mean
21/56 © 5.1 3.0 3.9 L.0 | 3.7 21/681 5.6 .13.7] 3.9l | u.2
20/7 | 4.7 12,81 3.3°3.6 | 3.k 20/78: 5.0 | 3.31 3.81u.0 | 3.8
17/6 | 4.8 1347 ub'ua | 3.8 17/67 | 4.8 : 3.0! 3.8] 5.8 3.6
16/68 | 5.7 3.2 L. Ly LA 16/9 © 5.4 | h.2i L.9 1.8 k.6
14/567° 5.5 | 3.9 L.5 L.6 | L.y 1WA5 1 4.6 | 3.3] 4.0 3.9 3.8
W7 & W7 ) B 307 3.8 4 3.6 /68y Le§ | 311 3.31 3.7 3.6
1975 4 B.F {3.4] 3.8%L.0 3.7 12/8 i L.5 | 2.9 L.0 3.7 3.6
17/57 ; 4.3 | 3.4 L3 4.0 3.8 17/9 | 5.0 | 3.2] L.314.2 3.9
16/56 | 5.3 | 2.9 L.7'0L.3 3.9 UG/6 § 6w5 [ uwb] 620 5a7 5.4
11/7 : 4.9 !2.2° 3.0 3.4 3.0 11/6 = L.2 | 2.9: 3.5 3.5 3.4
o/7 - 56 3.5 UsL, N5 4 .2 25/68 © L.3 3.4, h.0! 3.9 3.8
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APPENDIX 8 - Correlations between live-—-animal ultrasonic

measurcenents and ovulation rate.

g ileasurements | Correlation R.S.D.. Significance |
¢ ' COufflClent Test |
s S s s —
1 Shoulder 0.170 1 W687 NS
Midback -0.141 1.694 NS
' Loin -0.218 ' 1.671 NS L
Midback + Loin -0.193 1.679 NS :
 Ave. BFT ~0.105 1.702 NS
Jelghted means -0.189 1.681 NS
NS, ES .05

APPENDIX 9 - Analysis of covaricnce and test of signifi-
cance of azdjusted trcatment means - Litter
size at birth adjusted.

[Source Gt i 5 ' E = Deviation from| F.
Veriation| 4f Sx~ Sxy Sy regression Test
| :
! !df SS | MS
R e B e “.4.‘_4_;““*“'.‘ :
; Ireatment 1 1167.0f 634.7] 8 5&;
{ Error 15 1 29961-3%6.041171.23 E1u'133.u6§ 9.53 E
L} [ i ' 1
Total 16 | 3163} 298.31179.77 } 15 151.63 i
Between adjusted means 1. 18.17 18.17 1.907(?)

(3)ys. P> .05

Adjusted treatment group means:
NF 5.444 + 0.05 (276.2 - 279.17) = 5.592
F 6.875 + 0.18 (282.5 - 279.17) = 7.474
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APPENDIX 10 - Litter size, weight at birth and
average birth weight of pigs

Qver- ,, Pre-~ | Post- | Pig | Li tterE Litter| Average _i
all | mating| Mating{ No. Size ! Weight; Birth |
+ Groups ; Groups| kg) Weight |

, ; (kg)

i .: i n;..-_.. e S s S e

' ! . f ' ;

, é T/ 5% 2 2.14 1.07

! | Low 25/7 2 3,24 1.62 |

L g 12/5 | 5 1 743} 13 |
i f 10/678 6 | 9.07 181 |
H L R L 3 S . | SNy S "
C ; :
¢ Non § P . ;
‘' shed &= i RO - S PR st
| E | 14/564 9 | 1.0 1,56

E i : r 14/7 8 g3 | 498 |

; : , High | 20/7 I 7 1083 | 155
4 ¥ p ] i

E : [ t 16/63 | 5 1 6.uh } 1.29 |

E : : t 17/6 5 | 7.18 | 1.

¢ ! e e = ! . : i a)

i [ | | . ¥ | .

1 i Eoxy 6.80 { 9.58 | 1.40 |

' | A . . - ey P— 1

i . b ] I

; { Z, 5.k} 7.72 1.4

; R e T R T - 1‘,_‘_-44. - -.-._-_- -_.‘_J...n‘-.‘--\-ul

i ; E b 17/9 1 : 0.68 | 0.68

i E P Low | 25/68, 12 | 17.48 | 1.h6

| : 11/6 3 1 5.03 1 1.68
1 1 10/68 2 | 2.25 1.13
i b SRR | R W i b ==
; ey : 5 j i
I Flu- | X b L.5 1 6.36 1.9 |
: 3 it N .
} shed P t ]
; E 14/5 9 | 11.57 | 1.29 |
2 | High 14/68 8 11.82 | 1.8 |
E i 20/781 10 | 12.34 1.23 |
g ; ! 21/68 10 12,19 129
| E : - R - -

b ¥ R H
H b X 9:25 11098 1.51 '
— 2 N — e i
P 6.88 | 9.17 | 1.27

-y - — W N G

d 612 8.40 [ 1.34

. ppp—
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AFPERDIX 11 - Summary of analyscs of variance for
litter size, weight at birth and

averase birth weight of pigs

P ]

Source E dar ; Litter E Litter |} Ave. Birth
' ! Size weight g Weizht(MS)
L (Ms) b (us) !
SRS T.H_..“,454-..,._“‘__.,,.%“ .
Pre-mating treat- L ; !
ment 11 8.67 E 8.87 : 0.076
' ' i
Post~mating uleac—g t - ! € |
ment [ 1 { 60,07 t%.uz‘ g 0.006
! Interaction P | 5.79 I 5.76 l 0.003
§ Error 113 P8, 10 i18 75 i o 069
- F83
_P < 9059 P < 0025

B
RS STOL  T T
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APPENDIX 12 - Progesterone levels in blood plasma (ng/ml) of gilts during early and late pregnancy.

Pig No. Stage 1 Stage 2 Stage 3 Stage 4L Stage 5 Stage 6
by R x F hig x F IP be by 30 X F uF x F NF
12/8 - 12/5 18.7  13.1 30.6  17.1 19.1  20.3 12.5% 11.8
17/9 - 17/57 8.4 5.1 29.7  29.1 221 13,3 7.9 6.4 SdEl  MTLEE > s
11/6 - 11/7 10.8 13.6 23.7 L0.6 1556 895 191, 1 o 3% 8.3 10.5" 7.9 6.6"
10/66 - 10/678 13 5.8 S5m0 8 18.2 20.7 17 .1 $.7 12.8 111 13.6 3198
25/68 - 25/7 7.3 12.5 gons  Ean 25 B 3.2 14.8 15,8 M2.6 12:5 A2N
x 9.82 11.67 10.74 29.49 27.62 23.55 20.53 21.15 20.84 11.0 10.42 10.71  8.08 10.46 ¢.27 7.59 7.50
20/73 - 20/7 B, L2 15. 8| BiEs vy 28.5 jils mess 5.6 5.2 ) n55
17/67 - 17/6 6 6.7 22.8  34.4 13.9  1€.9 13.5% 13.5 c.7% 3.2 8.3 9.2
14/5 - 1L/67 9 7.6 29.3 39.9 27.9  25.7 8.6 8.7 10.3 8.6 6.4 8.8
14/68 - 14/7 9.3  10.5 35.4 22.7 30.3  20.1 12.1 3.1 7.1 9.6™ 5.7 6.6"
21/68 - 16/68 6.4 7.9 32.8 25149 15574 15.8 8.5 9.4 685 @M 5.6 5.1
X ¢.39 13.10 29.06 28.05 21.12 20.56 10.64 10.78 7.29 11.74 6.30 9.10

®estimates of missing plots



A APPENDIX 13 - Summary of analyses of variance of plasma progestcrone levels at six stages
= of blood collection (a)
Source " Staze 1 : Stage 2 ! Stage 3 | Stage 4 f Stage 5| Stage 6
ar ©  MS MS S af | MS idf 1 MS | MS
Level (Hvs L) | 1 110.921 5.101 ; 1.568 { 1 0.098 { 1|87.912% | 34.844
Litter within g ; - f f
level & 69.171 :+ 41.343 374365 | 8 40.355 7 14.757 | 8.653
Treatment (F vs | f | | v |
NF) 1: A7.4143F A7.285 | 1.922 il 1.682 1§ 25.442 j 0.036
Interaction 1: 5.725; 81.205. 7.938 | 1| o0.162 | 1| 0.084 } 5.280 |
| Error i 8 22.206. 87.115. 26.668 | 5! 11.695 | 4 :19.811 | 15.968 |
(a)

All diffecrences are not significant (P » .05) cxcept where astcrisks are shown.
D

®p.os5
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APPENDIX 14 - Rectal temperature (OC) during oestrous cycle

ilts 16/6  16/9 16/68 16/56 21/56 21/68 17/57 17/6 17/67 17/9 12/8 12/5 25/7 25/68 10/68 10/678 X
Days of
the Oestrus
cycle (a)
- 10 39.9 35.8 33.7 33.6 39.0 38.9 38.8 39.2 8.6 38.8 38.7 39.1 39.0 38.6 38.9 38.8 38.84L4
- 9 38.9 38.6 38.5 38.9 33.7 382 38.7 38.3 38.9 38.9 38.7 38.8 28.8 38.7 38.9 38.3 38.769
- 8 39.1 38.6 5948 BHR0 B> 39.0 39.0 35,6 Bonl) 55M8 38.7 29.0 5912 3.3 39.0 38.8 38.882
= 7 39m0 28.9 33.6 HB1aH 5o C B0 3.7 Y 5 38.48 38.5 33.9 39.0 33.7 38.8 38.8 38.9 38.738
- 6 39.3 39.3 BERY GIEAD) 5o M 39.1 33.6 Al oY 338.7 38.8 39.0 39.90 3819 39N 38.6 38 45 38.832
- B 38.8 R 328.6 3806 3%i.1 39.3 33.5 38.1 33.9 33.6 33.7 38.7 39.1 392 33.7 33.6 33.750
- b F9 50158 28NS 33.6 Bi9l.(3 BILS 2816 8.6 389 58.6 35.7 38.8 S5 5 39.0 39,9 38.5 38.819
= K 3d.5 38.5 35.9 38.4 39.2 291 39.7 38.6 33.9 338.6 8.7 38.7 39.3 SHOIGR) 38.5 38.6 38.750
- 2 ey 389 [y Emg 34.9 59.4 0 38.7  38.7  3$.9 38.6 36.9 38.9 33.9 33.7 39.0 38.6 38.838
- 1 39.2  39.1  35.6 33.3 39.0 3Y.2 38.8 39.0 33.9 33.5 3.8 33.3 38.7 38.9 33.9 38.8 38.825
0 39.0 29I 3.8 38.6 29 50 B9 2 35.8 B oA 35.7 33.0 33.6 %15 33.8 387 39.0 28.18 38.807
1 )81 B9 J2 %143 B 34.9 39.0 5 8) oL 38.7 35.6 35.9 38.5 38 4 B398 381.8 28 5. 38.9 38.750
2 38.9 33.8 58,5 33.4 39.0 39.2 38.6 33.8 38.9 38.2 36.6 38.5 387 3.5 33.7 38.9 38.738
3 39.3 39.1 B39 33.5 39.2 39.3 33.5 38.6 38.9 33.8 3.6 33.9 38.9 38.7 38.9 39.0 38.882
L 3% 18 39.1 38.[6 38.3 29 8 39.5 33.8 38.8 591 38.7 38.7 33.7 B9).f2 38.6 39 M 38.7 38.913
5 39.3 39.3 33.7 38.9 39.6 39.0 38.3 38.8 39.2 38.8 38.6 38.7 5910 38.8 39.0 38.6 38.9u4L
6 39.4 39.0 38.9 38119 ] 39.0 38.9 551, 39,2 39.0 38.7 58 7! 39.0 58115 39.1 38.8 38.957
7 39.4  38.9 38.5 39.1  39.2 39.3 38.7 33.8 38.6 33.8 38.8 38.8 39.1 33.9 38.9 38.6 38.900
8 39.1 39.0 38.7 33.9 39.0 39 5 38.8 33.9 369 392 39.0 38 X6 38.7 33.7 39.0 33.7 38.900
9 39.3 38.8 39.1 39.1 39.2 39.3 33.8 38.9 38 .8 38.6 338.8 39.1 38.7 33.7 33.9 38.7 38.925
10 33.9 596 38..9 38.6 B39 33.9 33.8 Gyl BYmOo 38.6 33.7 39.1 39.0 39.0 5 SRV, 591 38.869

(2) Day O : onset of oestrus
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ATPINDIX 15 -

Gilts

Day nrior

to

farroving

Rectal temperature (°C) 15 days nrior to farrowing

17/57
(a)

15 39.6
T4 39.6
13 39.4
12 YIM0
11 39.4
10 B0k
9 39.4
8 3 5eih
7 B9Jaly
6 393
5 39.2
L 29.1
3 39.2
2 BICk2
1 391¥2
(a)Day O E

17/6

39.6
39.0
39.0
39.7
39.3

17/9

39.0

29.6

39 .0

X
\\s}
.

o\

38.7
33.7
BWYry?
39.0
39.4

farroving day

20/7

39.5
39.6
39.6
38.0
35.8

11/6

N () (2]

o

wn

21/68

40.0
39.G
39.7

16/68

39.0
55.9
3.2
391

39.5

12/5

5915
23.4
39.5
Bt
39.6

i
G
.

L%}

W
o
.

m

33.9
B
39.2
39.2

39.8

25/7

39.6

39.6

39.6

59.7
39.5

25/68

2156

N U

O O

. .
(o)

(o}
D
~ ul

10.0

39.9
39.3
39.3
39195

401

14/5

39.

Ui
N
O O W

39.5
9.4
38.6
39.3
B0

14/68

33.7
39.6
39.8
39.7
39.8

39159
39.4
39.7
39.9
39.6

39.6
39l 5
Bi9r2
B98P
39k

14/567 1L4/7

39.7
e E
39.6
39.6
39.8

39.9
39.8
39.¢8
39.7
55799

39.6
BIL 7
39.6
3919
39.8

39.2
39.1
39.3
39.3

N
O
\“’\

39.4
39.5
39.2
998

39.2

356
BIR2
39.3
39.5
39.7

10/68

39.6
39.6
39.5
39
BI9RY2

39.2
39.3
39.3
39193
S9N

39.5
39.4
3D
38.9
35.0

10/678

BORS
9
39.5
39.2
39.8

59 5
39.3
39.2
39.0
592

39.1

38.5

39.0
39.0

39.525
39.550
39.563
59L 507
39.488

39.519
39.488
391525
39.513
59, 582

39.450
39.282
39.144
39.225
39.363
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