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( ii ) 

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 

1 0.80 Meal of digestible energy, given to gilts at about 

5th oestrus (270 days old and 1 1 5  kg body weight ) did not 

make any significant difference in ovulation rate or litter 

size at birth from the control gil ts under similar physio-­

logical conditions, receiving 1 . 8 kg of the same feed per 

dayo 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. 



( iii ) 

Plasma progesterone levels increased signi�icantly 

�rom Day 3 to Day 1 5 and declined gradually �rom Day 1 00 

through Day 110 to 112 o� pregnancy. The e��ect of 

feeding treatments (pre- and post-mating ) was not signi�:i.-· 

cant except at stage 5 (Day 110 o� pregnancy ) . Mummi�ied 

�oetuses were signi�icantly correlated with progestero ne 

levels at the last two stages (Day 110 and 112 o� 

pregnancy ) . 

Rectal temperatures o� gilts increased s ignifi­

cantly from Day 2 to Day 6 then tailed o�� until Day 10 o� 

the oestrous cycle. (Day 0: day o� oestrus) . During late 

pregnancy, rectal temperatures dropped signi�icantly �rom 

Day 6 to Day 3 prior to �arrowing day. However, due to 

big daily variations and the unreliability o� the measure­

ment, temperature changes were not suggested as a diagnosis 

method of ovulation and parturition. 
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I N T R 0 D U C T I 0 N 

� 

1 • 

P1gs multiply more rapidly, mature more quickly 

and produce more digestible flesh than other domestic 

animals (Bostock, 1957). Furthermore, pigs can be sue� 

cessfully bred and reared on smaller areas than other 

domestic animals. Hovvever the pig, nnlike 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 number 

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: 

(J) 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 

f'actor9 namely the regularity 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 



2.  

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 giltso 

One experiment was conducted, but for convenience the 

thesis is presented in separate chapters under the 

following main headings: 

1. 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: 

3. Plasma progesterone level during early 

and late pregnancy in gilts. 

4. Body temperature of gilts during the 

oestrous cycle and late pregnancy. 



3. 

CHAPTER I 

EFFECT OF FLUSHING PRIOR TO SERVICE ON OVULATION RATE AND 

LITTER SIZE AT BIRTH 

� __ Literature Review: 

1. Premating flushinJ[ and ovulation rate: 

Work on ewes (White and Robertson, 1922; Clark, 

1934; 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 hign­

fed animals as compared with low-fed ones. Similarly, 

much work on pigs revealed that an increase in plane of 

nutrition (Robertson et al., 1951 a, b; Christian and 

Nofziger, 1952; Self et al., 1955; Lazauslms, 1965; 

O'Bannon et al. , 1966; Schultz et al., 1966; Holmes, 

1969; Cooper et al., 1971; Brool-cs 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 et al. , 1968 • • •  ) for about three 

weeks or more resulted in an increase in ovulation rateo 

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 liveweight gain of gilts at oestrus (Squiers et al., 

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



4 . 

1960a). So, the increase in ovulation rate reported in 

the above studies may be a response to both increases in 

�eed intake and live weight and/or liveweight 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 o� 

gilts; since �lushing or �asting 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., 

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 unflushed ones of the same 

live weight. 

In addition ZimmermruL (1959) found that although 

continuously �ull-fed gilts shed a greater number o� ova 

than continuously limited-fed ones, flushing for two or 

three weeks prior to breeding produced approximately the 

same ovulation rates as continuous �ull-feeding. More 

recently, Moore et al. (1971) were not able to detect any 

signi�icant difference in ovulation rate between gilts 

flushed for �ourteen days and those flushed for only oneo 

Evidence also shows that a �ew hours o� �lushin� 

or fasting before ovulation (even after the onset of heat ) 
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suffice to influence ovulation rate in gilts (Ray and 

McCarty, 1 965; Lodge and Hardy, 1 968; Bazer et��., 

1 971 ) as well as in sows (Heap et al., 1 967; Hardy and 

Lodge 9 1 969 b) • It should be noted that in these exp eri-· 

ments flushing was imposed during the first twenty-four 

hours of heat, ie., before the onset of ovulation (Rurger9 

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., 1 967). The effect of 

short term flushing or fasting after the onset of heat on 

ovulation rate has also been reported on mice (McClure, 

1 958, 1959) and rats (Lodge and Cooper, 1 967; Cooper 

et _al. 9 1 970). 

These results were questioned by Kirkpatrick 

et al., 1 967 b; Frobi sh, 1 970; Brooks and C ole 9 1 971 • 

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 �ollowing 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 o� gilts (Marshall and Potts, 1 921 ; Hart 

and Miller, 1 937 ; Briggs et al. 9 1 94 2; Gossett and 

Sorensen� 1 956; Haines et al., 1 95 9; Frobish and Gerrits1 

1 969; Gumming, 1 ·97 2) . Furthermore Tribble et al. ( 1 956 ) �  

Goode et al. ( 1 960  a,b) ; Paquignon et al. ( 1 97 2) �ound 

more eorpora lutea i:':l. gilts or sows which had been subjected 

to some degree o� �eed or energy restriction than those 

which had not. 

The discrepancies between studies remain unex­

plained since the mechanism through which nutrition affects 

ovulation rate (i� it does) is not known. It has been 

suggested as involving the regul�tion o� the rate of the 

release of gonadotrophin. (Samuel, 1 948 ; Ersho��, 1 95 2; 

Meites, 1 953;  Follisy 1 958 ; Leathem, 1 958 , 1 959; Allen 

and Lamming, 1 961; Piacsek and M'ei tes 9 1 967 ; Howland, 

1971 , 1 97 2  a) . 

2.  PrematinK �lu�hinlland litter size at birth. 

Restricted �eeding �or �our weeks be�ore mating 

signi�icantly reduces litter size at birth in rats (Lodge 

and Cooper, 1 967 ) . Moore et al. ( 1 97 1 ) reported that 

flushing gilts for one or fourteen days increased live 

embryos per litter over controls. The increase resulting 

�rom- the �ourteen-day but not the one-day treatment was 

signi�icant. �similar increase of �eed, on the day of 

mating (Lodge and Hardy, 1 968 ) ,  or on the �allowing day 

(Moody and Speer, 1971) was �ound to increase signi�icantly 



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., 1 962). 

7. 

In contrast to the above evidence, increasing 

feed intake of gilts for many days prior to service 

( Mayrose et al., 1 966; Frobish and Gerrits, 1 969) or for -� 

only one day, on either day one of oestrus (Brooks, 1 970; 

Brooks and Cole, 1 971; Brooks et al., 1 972; Cooper et al., 

1 971 ; te Brake9 1 971) or on day two of oestrus (Libal and 

Wahlstrom, 1 970; Brooks et al. , 1 972) 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 (1 971 ) 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, 1 972). In a situation where litter size is limited 

by ovulation rate9 increasing feed intake may raise the 

ovulation rate and consequently the litter sizeo 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 



explain the ineffectiveness of flushing on litter size at 

birth in sows (Nielsen1 1968; Walker, 1972; Brooks and 

Cole1 1972) . 



II Methods and Materials: 

1 .  Animals: 

9. 

Twelve pairs of littermate gilts born from 6 . 2.7 1  

to 18.3.71 at the Pig Research Oentre9 Massey University 

were selected at random from eight families of three 

breeding groupsirLarge White (LW) x Landrace (LR)) x LR; 

LW x LR and LW x Berkshire (Bl7 Four littermate boars 

born on 1 9. 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 .  Housi11£.: 

From about 46 kg body weight (at about 11 8 days 

of age) all gilts and boars were kept individually in pens 

in a to tally enclosed building. The layout of this 

experimental building is illustrated in Figure 1 .  Attempts 

were made to maintain the temperature within the building 

at 18°09 however after the temperature regulator failed to 

work9 it fluctuated considerably from 17°0 - 23
°

0 in 

November9 13
°0 - 24°C in December 1 97 1  and January 1 97 2 9  

13°0 - 26°0 in February 1 972. No provision was made for 

the control of relative humidity. 

3. 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 - Insid e the experimental house. 
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Plate 3 - Ind ividual pen. 



1 0 .  

pens 4, 8 ,  21 and 25 ( see F i gure 1 )  and were rotated 

around these pens on a weekly basis. From 21.7. 1 971 they 

were moved to pens 1 9  2, 27, 28 . Later, from 1 0 .8 .1 971 

one boar was removed from the house each week on a 

rotational basis. Due to an increasing incidenc e of lame·· 

ness5 which was considered a function of indiv idual 

penning, the gilts were grouped in batches of six from 

early November until farrowing and provided with straw 

bedd ing. Indiv idual feeding was, hov1ever, continued. 

4. E.:x-_Qerimental Ma nageme� : 

From 22 kg body weigh t gilts were fed individ­

ually, once daily at about 08 .00 hr. Th e gross composi­

tions of the meal f'ed are shown in Appendix 1 • Daily 

meal allowances were re lated to body weight ( Appendix 3) . 

Water was available to appetite. 

5. �perimental Design and Treatmen t: 

The experiment was arranged as a c ompletely 

randomized block involving two treatme nts and twelve 

replicates. Animals were allocated to treatment on a 

within pair basis. The treatments were: 

( a) Control ( unflushed - NF ) Maximum dai ly 

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 

1 1  following the oestrus prior to mating. 



6 .  Records: 

1 1  c 

Animals were weighed at fortnightly intervals9 

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 

4 - 5 cm from midline at the shoulder and loin (Rahnefelt9 

1 964) 9 and at the midpoint of these two locations9 ie.9 

midbaclc. 

Laparotomies were conducted four to 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. 

7. Statistical Ana]J[sis: 

The number of ovulations and litter size at birth 

were compared by the analysis of variance in a two-way 

classification (Snedecor and Cochran9 1 9 6 9 ) . 

Since so little information of litter size at 

birth was obtained7 the results of 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 flushin� 

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



Plate 4 - Recently formed corpora lutea of gilts 

at laparotomy. 



1 2. 

hand the post breeding treatmen t was imposed e�ually on 

two groups ( see Chapter 2), so it may b e  ignored i n  the 

anal ysis for the purpose of this section. Li tter size at 

birth was further adjusted for the differe nce in age of 

gilts at mating by an analysis of covariance ( Snedecor 

and Cochran, 1969) . 



III Results: 

1. General: 

13. 

Of the twenty-four gilts9 one control9 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 

rate. 

Of the twenty-four gilts used for the study of 

litter size at birth9 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 was9 therefore9 

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 feed9 some had a 

temperature9 two had rectal prolapse. Chloramphenicol 

injection9 epsom salts9 then bran supplement to feed were 

given . • . . The cause of abortion was not determined9 al­

though it was once suspected to be leptospirosis ( from the 

results of the blood test ) . 



2. Ovula "ti Qfl __ :r>£1� :  

14. 

Age ,  weight and oe s trus numb er of each g il t  at 

mat ing, length of flushing per iod, t otal energy cons umed"< 

(by flushed gilt s dur ing f lu sh ing period and b y  t he ir 

sist er mnt e control s  dur ing t he corres ponding period) , 

growth of gilt s during the fortnight prior t o  mating, 

th eir ovu�at ion rat e ,  litter s iz e  at b irth and nllinbers of 

mummified foetuse s  are shown in Append ix 4. The results  

are  s l�mar is ed in Table  1. 

The result s  of the analys is (Appendix 5) showed 

that the av erage ovulat ion rat e of gil t s  in the flished 

c;rou:p was s lightly higher than that of gilts  in the 

control group. However ,  the d iffer ence was not s ignifi-

cant . 

Dur ing the flu sh ing period, most of the cont rol 

gil t s  had b een mat ed ,  cons equently the average age, 

we ight of the cont rol s at ma ting were s ignif icantly 

(P < .0 5 )  lower than those of the flu shed gilt s .  Hovvev er 

ne ither age nor we ight of gil t s  were signif icantly 

corre l at ed with th eir ovul at ion rat e (Append ix 6 ) . No 

var iables  examined (Append ix 6)  appear ed to  b e  correla t ed 

t o  ovulation rat e . 

*T otal energy consumed by  the gil t s  of each group wa s not 

the same due t o  th e refusal of feed wh ich be came mor e  

appar ent t owards the ons et of he at . 



Table 1 - Effect of flushing prior to service on 

ovulation rate and litter size at birth. 

I 
I. T;BAT:,IEi'l"T1. 

SE
. 

of Signi- I 
� differ- · f'icance , 

�· -���- - · ence 
. 

test � 
NF I F 

. 
between 1 

_ L _' 
me_:_n�

s
--+��·����

� 
f� 
� Mean age ( da ys ) at matina 
t '1 
� Mean -v1eigh t (l�g) at ma tin� 
! Ave. o estrus number at 

278 0 6 
1 23.6 

5. 67 ! 
2.52 
2.49 

t mating 
� Ave. length (days) of' I To���s��::g�e:��:umed ' 
� ( I•f!cal DE ) during 
t flushing period � Li veweight gain (kg) � during previou s fort-� night 
t Weighted mean of' BFT ( a) 

�Mean ovulation rate 
� Li ttei' size at birth 
� 

5.22 

0 I 
60.9 1 

I 

4 o 99 1 
3. 78 1 
I 3. 9 � 

\ 
5 .L�4� 

*P(.05, **:P (.019 **¥'"F(.001 

I 

11 • 3 

I I 5o 2 

7.03 1 
3. 97 � 
14.4 ; 
6.87 1 

0.376 

I 1 o 25 

1 • 279 
0.1 55 
o. 767 
1 • 641 

NS 

NS 
NS 
NS 
NS 

(a) see text 

The ultrasonic mensurcrnents at three locations 

( shoulder9 midbacl� and loin ) , average backfat thi cl;:ness 

[J (shoulder + midback + loin.2J and weighted mean of back­

fat th ickness Ll (shoulder + 2 midback + loinl7 of' twenty­

two gilts are presented in Appendix 7. Since n either 

backfat measu rements9 nor ovulc..tion rate were signif'icantl�r 

different between the two gro ups (Table 1) , the data were 

pooled for subsequent analysis. The results are summarized 

in Appendix 8. 



3. Litt��-�ize a1�irt� : 

i 6 .  

The results of litter size at birth are pre se nted 

in Appendix 4 and summarize d in T able i. The re su l ts of 

the analysis (Appe ndix 5 )  showed that the ave rage litte r 

size of flushe d gilts 6 . 8 79 was not significantly diffe r­

e nt from that of the control� 5.44. Since litter size at 

birth was slightly correlated to age of gilts at mating 

( the re gre ssion coefficie nt of litte r size on age was 

-0. i 1 2 9 • 05 < P ( .1 0) 9 it \vas adjw:;te d for the diffe re nce 

of age . The adjusted means of litter size at birth we re 

7.47  a.nd 5 . 59 for flushed and control gilts re spe ctive ly 

( . i 0 P • 2 5 ) . �!V eight of gil ts at mating and their 

ovulation rate were not significantly corre lated to 

litter size at birth ( r = 0. 146  and 0. 01 0  re spe ctive ly) . 



IV_� Discussio:q.: 

1. Ovulation Rate: �-��-

The ineffectiveness of flushing in the present 

17 . 

experiment does not agree with many results reported in 

the literature, the exact reasons for this discrepancy 

are not known, however many factors may partly be 

responsible. 

( a ) �ength of fl�§hing per� -

In work by Rob ertson et al. ( 1 951 a, b ) , Self 

��· ( 1955), Schul tz 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 v1ere flushed :Lo.r only about eleven 

days. Wise and Robertson (1953) suggested that the 

decrease in ovulation rate vvas correlated with the lengt}l 

of restriction in diet. Conversely there was a tendency 

for ovulation to increase with greater period of flush-

ing ( Zimmerman et al., 1957 9 1 960a; Zimmerman, 1 959; 

Naber and Zimmerman, 1971 ; More et al., 1 971 ) • The 

same trend was noted in ewes ( Lamond and Bindon, 1 959) . 

Kirkpatrick et al. ( 1 967b) ' in work on g:i 1 ts, 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 



number o� �ollicles reaching ovulatory size did not 

increase in response to short-term �lushing. However in 

these experiments the number o� corpora lutea did increase, 

Furthermore9 in the present experiment no signi�icant 

correlation existed between length o� �lushing and 

ovulation rate ( r = 0. 04) thus, the ine��ectiveness o� 

�lushing on ovulation rate may not be explained on the 

basis o� length o� �lushing period. 

(b ) Di ��erences in energy intake between two 

groups -

Zimmerman et al. (1960a)9 Kirkpatrick et al. 

( 1967a) reported that vvi thin the range o� �lushing allow-

ance used9 ovulation rate increased with the level o� 

energy intake. Schultz et al. (1966) wrote that "to 

signi�icantly improve ovulation rate, an energy intake o� 

approximately 12.3 Meal o� metabolisable energy (ME ) dail;r 

was required as compared to a daily energy intake o� 6.1 

Meal ME in a three-week-�lushing system , . . . . This con-

�irmed the suggestion by Mayrose et al. (1966) stating 

that 11to show a response in ovulation rate • • •  it appears 

that the �lushing level must be increased more than 

1 .82 kg above the control levels o� 1 . 82 or 2. 27 kg per 

day used in these trials11 ( 14-day-�lushing system ) . In 

the current work �lushed gilts previously �ed on 1 .8 kg 

�eed/day, were given 3.6 kg/day (representing 6.2 Meal 

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 flush ing period. The results show:.. 

that energy intake was not significantly correlated vr5. :­

the number of ova shed by gilts. 

(c) A possible effect of short-term nutriti�� 

It is well established tl1at the regulation of 

food intake is controlled by the central hypothalamuc 

mechanism (see Bell, 1 970) . 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 metaboli tes 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 

refusal of feed from two - three days after be ing 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., 1 947), heifers (Raun 

et a�., 1967; Carltelin, 1 968). The same trend was 

found in the present experiment. 

As previously discussed, feeding from a few 

hours to one, two days prior to ovulation, suffices to 



influence ovulati on rat e (Lodge and Hardy 9 1 968 ; Moore 

�t a�. 9 1 97 1 ; C ooper et  al., 1 97 1 ; Baker et  a l . 9 1 968 

. • •  ) . The r educed feed intake during a few days in 

flushed gi lts  b efore oestrus ma y be partly re sponsible 

for the non-signi fi cance of' t he effect of flushi ng fou:,J.:·. 

in the pr e s ent s tudy. 

(d ) B odx._ Condi t ion: 

o<.- Indi ces  of b ody fatne s s  used i n  the 

an�l�es . 

There appear s  t o  be no relevant data  b eari ng 

dir ectly on the relati onship b e tween ovulat i on rate  and 

BFT of' pi g s . In the pig 9 BFT ha s b een shown to b e  highlJ 

correlat ed with total fat (Manfredini and Palenzona9 

1 969; Werhahn 9 1 97 0 ;  Azzarini et al. 9 1 968 o • o • ) • Sm1c 

studi e s  showed that the me asurement at midback lo cation 

gave the be s t  e st imat e of' the p e rcent fat of the b ody 

(�1derson and Wahlstrom7 1 96 9; Aulstad 9 1 96 9) whe reas 

s ome others  favoured the mea surement s taken at  the loj_n 

( I sl er and Swinger, 1 968 ; Manfredini and Polenzona9 

1 969) . Pri ce  e t  al . ( 1969) 9 Filat ov and Sukhorukov 

( 1 97 2) preferred to evaluat e fatne s s  and leanne s s  of pigs 

on th e b a s i s  of' the ave rage BFT. Si nce different values 

of correlati on coeffici ent s were ob tai ned in di fferent 

studi es 9 many c1uat i ons to e s t imat e  body fatne s s  of' pigs 

have b een s ugg e s t ed. Of' cour s e, the indi c e s  of' fatne s s  

ob tained from the s e  equati ons were at least subjected to 



certain degree s of e rror . Therefor e in the p re sent work 

the analysi s i s  based di rect ly on the measurement s of BFT 

inst ead of th ose  indices . However the se  indi c e s  may be 

us eful in the c ompari s on of t he fatnes s b etwe en p i g s  in 

thi s  study . 

/:!:> • .  Ovulati on and BFT measurement s. 
/ 

The result s showed t hat ev en though the carrel-

at ion coeffi c i ent s b e twe en b a ckfat trai ts  and ovulation 

rat e did not reach s i gnifi can ce, their negative  value s 

( exc ept that of the correlati on co effi cient b etween 

shoulder fat thi ckne s s  and ovulati on) showed the trend 

that the fat t er pig had a smaller number of ova shcdo 

Het zer and Mi ller ( 1 97 0 )  found that the re was a tendency 

for li t t e r  s i ze to d e crea s e  wi th fatnes s of pigs . 

Accurate me asurements of the BFT of pigs were d iffi cult 

b ecau s e : 

(.i) BFT varies with the locat ions wher e  the 

measurement s vv-ere  taken, and i t  i s  di:f:fi cul·..: 

to det ermine wi th accuracy the s e  locati onso 

The s e  problem s  were :faced in the pr e s ent 

study when the measur ement s were taken at 

the shoulder and loin . Zob ri sky et  al. 

( 1 959) r eported s imil ar diffi cultie s with the 

shoulder measur ement when using a rule r  probe 

in live animals. Later  on 9 �oblin ( 1 96 2, 

1 966 ) r ep ort ed that the shoulder measurement 

rep eatab ility was low9 and the poor c orre-



lati on of thi s measurement wi th c arcas s fat­

ne s s  was not unexp ected . 

( ii) C laus (1 957) reported that the v eloci ty of 

ultras oni c wav e s  through fatty t i s sue s was 

d epe ndent upon the composi tion and physical 

charact eri st i c s  of the t i s sues . The reforer 

vari at i ons in fat charact eri sti c s  other than 

thi ckne s s  may b e  a factor contributing t o  

variat i ons i n  readings . Thus P rice et  al. 

( 1 960) as well a s  most workers had to as sume 

that the velocity of ultras oni c wav e s  through 

fatty t i s sue was relatively uniform from ono 

pig t o  another • . • .  

o' ·-Fatnes s an(}_ rep:roducti ve di s or'(j.er 7 

jneffectiv ene s s  of flushing. 

Much work has be en done to  e stimate ultrasoni c ally 

J;otal or carcas s  fatne s s  of pigs , s o  far no standard value 

of BFT of pigs have  b een sugge st ed . It i s  di ffi cult to 

jndge the :fatnes s  of pigs . M oreov e r  the value s of BFT var;: · 

vli th age , weight  and breeds of' p i gs (H et z er and Pet ers, 

-1 965). The gil t s  in the pres ent study were t hought t o  b e  

t oo fat b y  th eir appearance . Although their dai ly allow··­

ance wa s l ower than that of Bri ti sh r e commendat i on (ARCs 

i 9 61), the gil t s  were kept individually wi th minimum move·­

ment during the pre- expe rimental p e ri od ( from ab out 20 -

25 kg t o  ab out 100 kg b ody wei ght ) . They were put i n  



bat che s from about a few days t o  two - thr e e  weeks before 

mat ing. It is well e s tab li shed that exerci s e  r educes  

overfo.t c onditi on in pigs  (Andreae, 1968; Zjunkina9 1968) 

Chernyshev and Karman, 1 972) , in human b eings (Bloom and 

Eidcx, 1967) . In the p r e s ent work, apart from the ti me 

of eati ng9 gilt s lay do¥m most of the time . Spa c e  

res t ric tion mj_ght b e  an addit i onal cause t o  thei r inher-­

ent lazine s s .  

In the human9 rep roductive di sorders have b e en 

reported to oc cur in ob e s e  pati ent s of both s ex e s  

(D eb i ase and Cagnazzo, 1970; Cotrazzi , 1970) . A 

dic;t etj_c regime improved the cond i t ion in r e spe ct  of 

restorati on of the normal rhythm of mentrual flow, normal 

cycle of ovula-�i on . The impairment of the oestrous cycle 

in ove rfat females  might b e  due to s ome of the oestrogenD 

se cre t ed b y  the ovary b e ing di s s olved in the fat depots 

of excess iv ely :Pat animal s and so  rendered ineffective in 

:producing oe strus b.::havi our (Pomeroy , 1960c; Lodge and 

MacPherson, 1961) . Thi s m ay part ly explai n the acyclicj_l 

j_n two gil ts  in  the :present work followi ng thei r third 

and fourth oestrus. 

Marshall and P ot t s  (1921) , Hart and Miller (1937): 

B ri gg s  et al. ( 1942) c ould not obt ain consi st ent 

advant age from flushing ewes. C lark (1934) demonstrated 

that thi s  variabili ty was due to  the effect of b ody 

cond iti on on the ovari an r espons e to flushing. He  showed 

that i f  ewes were in good condi tion ,  ovulation rat e s  were 



hi gh 9  then t here was li t tl e  response t o  flushi ng. 

Howevei' i f  ewes we1,e in st ore condi t ion at t he commer · ! e-· 

ment of flushing 9 they showed a marked increase in 

ovulat i on rate over unflushed controls. This was con­

firmed by work on ewes (Hammond 1 9LJ.1 ; Underwood and 

Shi er 9 1 941 ; Wallace 9 1 953 ; All en and Lnmming 9 1 961 ) 9 

mi ce  (V i sscher et �1 . 9 1 95 2 ; Lamond and Bindon, 1 969) 9 

human b e i ngs ( Suryanarayana et al . 9 1 969 ) 9 pigs (Pike 

and Boaz, 1 967 ; Lodge and Hardy9 1 968 ) . The lat t er 

found that t he effect of nutri tion on ovulat i on rat e was 

masked b y  a " carry over" from previ ous reproductive 

cycl es . The hi gh plane of nutri t i on considerab ly 

incr eased ovulati on in  t hi n  sows but not in fat ones 

(PikG and Boaz , 1 967 ) . This can explain the effect i ve-· 

ness of short-term flushi ng on ovulation rate in  some 

studi es. B rooks (Pig Farmi ng 9 1 971 ) wrot e 1 1 'i'rials which 

have appeared to show an i ncreased ovulation rat e  due to 

fe eding sows mor e on the day of mating may have b e en mi 8· 

l eading 9  for the sows in these trials were on a lower 

feed l evel t hroughout previous cycles, so t he ir ovulatioiJ. 

may have already be en depress ed and then simply r evived 

by flushing" . This was al so support ed b y  work of Cooper 

et �1 . ( 1 97 1 ) on hormonal changes during flushing . 

Gilts in the current work were maint ained in 

hi gh cond ition during t he pre- experimental peri od , as 

indicat ed b y  their fatness. Therefor e, i t  se ems t hat 

b ody cond i t i on of gi lts pri or to flushing may partly  
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expl ain the non- s ignificance of the effect of flushing 

on ovulat ion rat e. 

( e) Pos s ible  influence of some uncon troll ed 

factors . 

Unlike the worlc by Go s s et t  and Soren s en ( 19 59) 9 

Zimmerman et  al . ( 1960a) 9 Rig or et al. ( 1963) , Kirk­

patrick et al. ( 1 967aL Schultz  et al . ( 1966) • • .  the 

difference in level of feed int ake ( energy int ake) al so 

brought ab out that in prot ein intal{e b etween treatment 

group s . Although evidence is not conclus ive 9 it ha s  

b e en suggested that prot ein intake ha s some influence s 

on r epro duct ive performance of rat s ( Guilb ert and Go s s, 

193 2 ;  Lyon s 9  1943 ; N e l s on and Evans 9 1953 , 1954 ; 

Srebnik et al . 9 1 958 9 1 961 ; Srebnik and Nel son 9 1964) 9 

sows (An gelova 9 1966) . 

The numb er of ova shed by gilt s is correlat ed 

with age and we ight at oes trus ( Squiers et al . 9  1949 ; 

195 2 ;  Warnick et al . ,  1 9 51 ; Perry, 1954 ; Rathnasaba­

pat hy et_ al . �  1956 ; N ewrnan 9 1963 ; O' Bannon et  al . ,  

1966 ; C oop � 1966 ; Fl etcher, 1971) . Flushed gilts  in 

thi s  experiment were s ignifican tly older and heavier than 

the control s 9  however t he re sult s showed that age and 

we ight of gilt s at mat ing were not s ignifican tly corre­

lated with ovulation rat e. S�uiers et al . ( 19 52) 9 P erry 

et al . ( 1954) • • •  report ed that ovulat ion rate  of gil t s  

and s ows increa sed wit h the order of oestrus. Gilt s of 
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two group s of the current work had exp eri enc ed a simi lar 

number of o e s t rous cycle s .  Furthe rmore o es trus  numb er 

was s hovm not s i gnificantly co rrelated wi th ovulati on 

ra t e . So thes e  factor s  mi ght not hav e  any si gnifi cant 

eff'ect on the  v ariati on in ovulati on rat e of gi lt s in 

r e sponse to flushing . 

An advantage of the short- t erm flushing sys t em 

us ed i n  thi s  exp eriment i s  that the pos sib le 1 1 s econdary 

effect 1 1 of' growth rat e could b e  eli minated .  I t  has 

b e en reported that ov ulati on rat e was a s s oci at ed wi th 

growth rat e of gi lt s ( Squi ers et  al. , 1 95 2 ;  Rathnasab a­

p athy � . 9  1 956 ; O ' Bannon et al., 1 966 ) . I n  the 

pres ent w ork flushed gilt s gained 7 . 03 kg comparab le to  

4.  99 kg made by the control s over a fortni ght prior t o  

b re eding . Actually ovulati on was not s i gnifi cantly 

corl'ela t ed wi th li v eweight gain in this expel ... i ment 

( r = -0 . 0 23 ) ., Thi s agr e ed with work b y  Wi s e  and 

Rob ert son ( 1 953 ) . 

A few other factor s r eported in t he lit e rature 

whi ch have s ome rel ati ons with ovulati on rat e of gilts  

and s ows are : genotyp e  (Kappeli, 1 908 ; Rob e rt s on et al . �  

1 951 a ;  Boye, 1 956 ; Baker et  al . 9  1 968 ;  Warnick et  al . ,  

1 951 ; Duncan and Lodge, 1 960 ;  Newman9 1 963 ;  Kirk-

patrick et al 0 9  1 967a, b ; li ght (Klockova et  al . , 

1 961 ;  Gos sett  and Sor ens en, 1 959 ) . The lat t er factor i s  

p articularly i mportant i n  egg p roducti on i n  chickens 

( Syk e s , 1 956 ; McCluskey and Parker  9 1 963 ;  M artine t  9 

1 963 ) . The pre s ent exp eri ment was des.i gned s o  that two 
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l i t t ermat e s  were on two di fferent treatment s ,  therefore 

the effe8t s of genotyp e could be excluded . On the other 

hand 9 all gilts wer e  hou s ed in the same bui ldi ng and sub-

j e ct ed to the s ame cond iti ons of light 9 temperatur e 9 

humidi ty . • .  S o 9  i t  can be as sumed tha t  these  envi ron-

mental factors take a very small p art, if any at  all , in 

the  di fference in ovulation rate  be tween the two group s o  

de t erminat i on of ovulati on rate " - �-����������� 

C orner ( 1 9 23 )  wrot e " · · ·  i n the examinati on of 

many hundred s of pr egnant ut eri during t en years , only 

thr e e  or four t imes  have speci mens b een s e en i n  which th e 

numb er of emb ryos exceeded the numb e r of corpora lut e a  

• • • wi thin a limi t of accuracy whi ch i s  amply clo s e  to  our 

pur-p os e s ,  each rec ent corpus lut eum r epresents one ovum 

di scharged at the lat e st ovulati on1 1 • However Bramb ell 

( 1 948 ) found that in a numb er of ani mals the corp ora lut ea 

(C l, ) count was not clos ely correlat ed wi th the numbe r  of' 

ova shed . Actual ly the accuracy of the count ing depe nds 

upon the s tage at whi ch i t  is done in relati on t o  

ovulati on t ime . Vfuen fert ili zati on does  not occur , the 

CL regr e s s e s  and decreases  in s i z e ,  ie . ,  the corpus alb i cans ,, 

In the s ow ,  an abrupt and rapid  decrease in s i ze of the 

CL occur s  aft er the thi rt eenth day of the cycl e ,  and thi s 

r egre s s i on continue s throughout the folli cular pha s e  

(Hafez , 1968). Aft er a certai n  s t age the corpu s alb i cans 
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b e come s a b arely v i sibl e  s car of conne ctive ti s sue . I n  

the experiment of Rob ert son e t  al . ( 1 951 c ) and Warni ck 

e t  al . ( 1 951 ) , ovulati ons at first o e s trus were deter­

mined by count ing the numb er of c orpora alb i canti a ,  

whil e  ovulations at s e cond oe strus were determined by  

c ount ing the numbe r  of CL . Thi s was que sti oned b y  Dyck 

( 1 97 1 b ) , that some of the corp ora alb i cant i a  mi ght not 

b e  r ecogni zable at the time of c ounti ng and thi s would 

ac count for the lower count at fir st oe strus . On the 

othe r hand 9 wi thin 48 hours of ovulati on the ov&ry 

underwent a mas sive  structural change 9 i e . , a large 

increase  in s i ze of t he CL result i ng from a numb er of 

fact ors such as ble eding int o the CL, groirth of the 

lut eal ti s sues and perfus i on of fluid int o  the c ent re . • . 

(C oop er and Scofi eld , 1 969 ) . As a r e sult of the se 

changes  each CL vari ed s o  much in shape and siz e . Som e  

area s  where ovulat i on had o ccurred oft en t ended t o  b e  

hidden or di srupted b y  o ther ovulations i n  clos e 

p roximi ty . Cons equently it was diffi cult t o  ob tai n  an 

accur at e a s s e s sment of the number . Perry ( 1 960 ) f ound 

that b y  counting the CL superfi ci ally, he almos t  

i nvariably was short b y  one a s  rev ealed by  di s s e ct i on of 

the ovary .  

The di ffi culty i n  c ounti ng CL early i n  pregnancy 

was also noted by  Reitme y er and Sorens en ( 1 96 5 ) , Hardy 

and S c ofield ( 1 968 ) , the former found some extra CL at 

the counting on Day 40 of g e stati on compar ed to that on 
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Day 3 .  The authors p ropos ed that the s e  acc e s sory CL 

mi ght b e  derived from unruptured folli cles , whi ch formed 

lut eal ti s sue lat er in t he cycle and w ere not ob s erved a s  

early ns three  days followi ng o e strus. It ha s b e en 

report ed that CL atreti ca or ac c e s sory CL are formed 

from unrup tured folli cle s during pregnancy in several 

o the r mammal s such as the b ab oon ( Zuckerman and Parkes , 

1 93 2 ) , b ank vol e s  ( B ramb ell and Rowlands , 1 93 6 ) , moun­

tain vi s cacha ( P ears on, 1 949 ) , C anadian porcupine s  

(M o s sman and Judas 9 1 949) , rat s ( Swezy and Evans 9 1 930 ) , 

mare s  ( Cole et al . ,  1 931 ) , el ephant s ( P erry, 1 953 ) , 

she ep ( Moore et All en et  al . ( 1 947 ) r eport ed 

that in rabbi t s  exp eri mental error acc ount ed for 6. 8% of 

the variati on in prenatal mortality b a s ed on a count of 

the numb er of CL . 

In a numb er of exp eriment s on pigs  (Gos s et t  and 

S orensen,  1 959 ; McGillivray et  al . ,  1 963 ;  O ' B annon 

.�t al., 1 966 ; Heap et al . ,  1 967 • • •  ) , a s s e s s ment of 

ovulati on rate was ba s ed on CL count during 20th - 40th 

day of pr egnancy. On the basis  of the ab ove evidenc e ,  

the value of ovulat i on rat e ob tained i n  the s e  studi e s  

mi ght not reflect the t ru e  numb er o f  ova shed (Hardy and 

Lodge 1 96 9b ) . On the other hand , the u s e  of the CL  

c ount a s  an e s timat e  of ovulati on rate can theoreti cally 

be compli cat ed by th e occurrence of polyovulati on . 

Therefor e ,  the signi fi cance of many s tudi e s  

�uo t ed s o  far i s  s t i ll clouded b y  the �ue st i on of the 
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a ccuracy o� the method o� d et e rmining ovulati on rat e .  In 

the pre sent exp eriment , gilts were laparotomi z ed on about 

Day 7 a�ter the ons et o� oe st rus . Although di ��i culti es  

i n  counting were �aced in only a �ew case s, the ac curacy 

o� the r e sul t s  was not known unle s s  a di s sect i on o� the 

ovar;y was per�ormed . Consequently the non-s i gni �i cance o� 

the di��erenc e  in ovulati on rate  "b etwe en two treatment 

group s cannot be  clai med with c ertainty . 

3. Li tter Si z e  at Birth:  

The ine��ecti vene s s  o� flushing prior t o  s ervi ce  

in the pr e sent experi ment agr e e s  wi th the result s o"btained 

"by Brooks ( 1 970 )  9 Lib al and Wahlstrom ( 1 970 )  9 t e  Brake 

(1 971 ) ,  C ooper et al . (1 971 ) 9  B rooks et  al . (1 97 2) , but 

di s agr e e s  wi th M cGilli vray et al . ( 1 962) 9 Ni els en ( 1 968 )  9 

M oo r e  et al . (1 971 ) ,  Brook s  and C ole (1 97 2) • • •  In fact 

in t he :pi g li tter  si ze at b i rth has b e en shown t o  "b e  

in�luenc ed "by many factor s  other than nutriti on ,  and the s e  

may at the s ame t ime i nt eract with nutriti o�al �act ors . 

Age of gilt s at mat ing , �or example, has "b e en shown to b e  

pos i t iv ely c orrelat ed with lit t er si ze at "birth (Pomeroy, 

1 960a ; Sherri t t ,  1 962;  Omtvedt et  al . ,  1 965 ; Strang , 

1 970 . • • ) " In  the pre sent s tudy 9 within th e num"ber o� 

ani mals ( s event e en ) p rovi ding data �or li t t e r  s i ze at 

birth,  treated gilt s wer e  mated at a s imi lar age to the 

controls . Li t t e r  s i ze was �ound to "b e  slightly correlat ed 

wi th age o� gi lts at mating .  The adjustment �or age showed 



that lit ter s i ze of pigs  from the flushed group wa s 

sli gh tly larger than that from the non-flush ed one ,.  

( 7 .47 V S  5 . 59 ) . 

Anothe r factor whi ch ha s al s o  be en rep ort ed t o  

hav e  s ome r elat i ons with litter  si ze a t  "birth i s  weight 

of gi l ts at ma ti ng ( Bowman et al . ,  1 961 ;  Heap e t  al . ,  

1 967 . • •  ) . However the re  was no correlati on b etween 

li t t er s i ze at bi rth and weight of gi lts  at mating • . • 

Ovulati on rat e s  may b e  an important fact or in 

det e rmining lit t e r  s i z e  at birth . High ovulat i on rat e s  

have someti m e s  b e en a s s oc i a t ed w i th large embryoni c 

lo s s e s  (P e rry , 1 954 ; R a  thna sab apathy <?t al . ,  1 956 ; 

King and Young 9 1 957 ) . However this did not agr e e  wi th 

work b y Perry ( 1 960 ) , P omeroy ( 1 960 c ) , B oyd ( 1 965 ) 

unl e s s  the ovulati on rat e was except ionally high . In  

the  la t t er ,  e . g . ,  superovulati on,  the increased embry­

oni c death may be  due to uterine capa ci ty (Casida , 1 966 ; 

Hunt er ? 1 966 ; Longenecker et al . ,  1 968 ;  Pop e  et a� . ,  

1 9 68 ) • 

In the current work, sinc e  no real diffe rence in 

ovulati on rate b etween group s was det e c t ed ,  it  was 

unlikely that thi s factor b i a s s ed the re sul t of litter 

s i z e  at  bi rth through i t s  effect on emb ryoni c los s e s . 

More over the re sult s of the analysis  showed that ovula­

t i on rate had v ery  litt le ,  if any at all , correlat i on wi th 

li tter  s i ze  at b i rth ( r = 0 . 01 ) . 

I t  i s  noted that litt e r  s i ze at  b i rth in the 
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present s tudy was det ermined by b oth live and dead pig­

l et s  at birth.  The caus e . of' sti l l  b i rth wa s not 

d et ermined, but it w�s  thought to b e  r elat ed to th e 

health of' gi lts during pregnancy rathe r than t o  nutrit-­

i onal fact ors . 
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V C onclus ion:  

Most workers agree that flushing pri or t o  s ervi ce 

resul t s  in an increa s ed ovula tion rate  in pigs . The 

pres ent study fai led to sh ow thi s effect of flushi ng .  

The reason for thi s dis crep ancy i s  not known wi th cer­

tainty 9 but a few factors are sugge s t ed t o  b e  p artly 

re sponsible  fo r thi s 9 vi z . ,  b ody condi tion of gi lt s 

b efore flushing and/or the ac curacy of the method of 

determining the numb er  of ova shed . Breed differenc e  

b etween the pr e s ent and other stud i es may be susp e c t ed 

t o  take some part i n  the discrepancy . Some b r e ed s  

GJ.pp ear t o  re spond t o  flu shing more strongly than others 

as reported by Self .£_t al . ( 1 955 ) , Ki rkpatri ck e t  al . 

( 1 97 2a ) . . .  McKenzi e ( 1 928)  noted an advers e  eff ect of 

long delay of fi rst  b reeding . I t  may b e  al s o  spe culat ed 

that the re spons e of the ovary to flushing may decreas e 

wi th age . 

From the pres ent s tudy, i t  may b e  concluded that 

flushing gi lts  under the cond i t i on d e s cr ib ed i s  not 

b enefici al . Howev er , s ince the exp eriment was de s i gned 

to examine the effect of flushi ng ,  for about elev en days 

pri or to  servi ce 9 on the reproduct ive  p erformance of 

gil t s9 i t  i s  diffi cult t o  come t o  any sugge s ti on of an 

optimum s cale of f e eding f'or them . Moreover  thi s  s cale 

depends  upon the body condi ti on of gilt s whi ch i n  turn i s  

a funct i on of f e eding levels and husbandry management 



( age , wei ght of gil t s  at fi r st mating, housing • • • • ) 

duri ng the growing peri od .  Within the s c ope of thi s 

exp eri ment , it  i s  not known when ( at what st age of 

reproductive li fe ) gil t s  should b e  fi r s t  mat ed . 

34 . 

Li t t er size  at b irth was not affect ed b y  flu sh­

ing . Thi s agreed wi th many previ ou s  experiment s .  In 

tho se  studies  where li t t er size  at b i rth did increase  

wi th flu shi ng,  the increase s e emed t o  reflect that in  

ovulati on rate . Recently Brooks et  al . ( ·i 97 2 )  sugge s t ed 

that there ap pe ared to b e  a thre shold ab ove which i t  was 

di ffi cul t to increase ovulat i on rate and lit t e r  s i z e . 

In fact i t  i s  very diffi cult to judge the 

effect  of feed pri or to bre eding on li tter  s i z e  at birth 

wi th out any consid e rati on of the condition of gi lt s 

during a long peri od of p regnancy . Outb reaks of 

c onst ipat i on and ab ort i on whi ch oc curred in the present 

work sh ould b e  talcen  into a c count in th e final ass e ssment 

of reproductive performance  of th e gilt s . 
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CHAPTER 2 

EFFECT OP PLA.t"'\TE OF NUTRIT ION DURING THE FIRST MONTH OF 

PREGN.fu"'\TCY ON FARROWING RESULT S 

The t opi c has b e en studi ed ext ensively duri ng 

the last  decade . M any exc ellent rev i evvs have  also b e en 

pub li shed (Duncan and Lodge , 1 960 ;  C asida , 1 964 ;  

C a s s ell , 1 967 ;  Luca s , 1 968 ;  Elsley, 1 970 , 1 97 1  . . .  ) . 

The re sult s ob tained from studie s have b e en much deb a t ed . 

1 .  Plane. of nutri t i on a�d lit ter  si ze : 

Clawson e�1 .  ( 1 963 ) found that gilts  receivi ng 

3 lb of feed daily during pregnancy farrowed signi fi can · 

tly more live pi gs than those  receivi ng 6 lb . Thi s i s  

i n  agre ement with work by Self et al . ( 1 955 ) , Gos sett  

and Sor ensen ( 1 959 ) , Haine s e t  al . ( 1 959 ) , Goode ( 1 961 ) . 

Salmon-Legagneur and Jacq_uot ( 1 961 ) , Pi ckett and B c e s on 

( 1 96 2 ) , Lodge ( 1 96 9 ) . Recently Frob i sh and Steel ( 1 970 ) 

fed four group s of gi l t s  at four lev el s  of feed intake , 

repre s enting 3 . 0 ,  4 . 5 ,  6 . 0 ,  7 . 0 ,  M eal of metab oli s able 

energy (ME)  p er day dur ing pregnancy.  The average numb er 

of pi gs farrowed decrea sed with increas i ng energy int ake , 

vi z . ,  1 0 . 3 ,  1 0 . 1 , 9 . 6 and 8 for the four group s  

r e sp e ctively.  The s e  authors e st imat ed that each 1 . 5 M e al 

ME i ncrease  in  daily energy i nt ake a ccounted f or 0 . 55 



l e s s  p i g s  farr owed . 

'l'he ao ove findi ng s ,  h owever , dire ctly c onfl:i_ e t  

wi th tha t  0:f H en s  on _e-� Cl.1 ·  ( 1 964 ) • I n  th e lat t e r  s tudy 

e �- t:t1e:r 3 JJJ O l' 5 lo of me a l  :p er day w e r e  giv en dur i ng 

t hre e su cc e s s :L v e  p r egnanc i e c ,  the numo er of :pi glets  lJ orn 

•Na s no··� af'fected oy l ev el s of f' c edj_ng , ;rh i s  i s  j_ n agr e e  · 

ment vrj th Eyl e s  ( 1 959 ) • S e lf .et a� . ( 1 960 )  , Dean and 

�'-�: r:i.bo l e  ( -! 960 � 1 961 L S almon-Lcgagneur ( 1 963 ) ,  B owla:n{� 

( 1 96L� )  9 Fr0l.i. s h  et a]; .  ( 1 966 )  J Elsley ( 1 967 ,  1 968 ) , 

El sle�r -�;_c_.�J,; . ( 1 967 ,  1 968 ) , Hawt on and M ead e ( 1 969 ) , 

And e r s on and Wahl s t :r:om ( 1 970 ) Y Grumme r  �J�§:l · ( 1 97 ·i ) ,  

Janci c ( -1 972 ) . B aker .�..:L.�1 · ( 1 969 ) i mp o s ed five :plane s 

o1' f e ed i ng ,  vi z .  0 . 9 ,  ·J . 4 ,  1 . 9 ,  2 . 4 ,  and 3 . 0 kg o:t' 
fe ed :pe :r• day ( 1 . 9  kg/day vms c onsj_ d ered suffj_ c i ent ) � 011 

f:i.v e g:..•o1...1_p s of 55  gil t s  during :pr egnancy . They could no·:� 

det ec t any sj_ gni fj_ cant di fferenc e i n  numb ers of pi g s  o orr:. 

b e�ween gr· ou:p s . O ' Grady ( 1 962 , 1 963 ) and Heap ( 1 966 ) 

aJ. s o  fa1 led t o  fi nd a.."ly s i gni fi cant effe c t  of fe edi ng 

t :r· e a t ment s on numb ePs of :p i g s  b o rn, out hi gh fed s ows 

t , ,:"l J:. ·e o  hav e sl i ghtly l a rger li t t e r s  than did l ow· - fed 

one s . 

Furth ermore many other s tudi e s  have sh own the 

lJ enefj_ ci al eff e ct of high :plane of nut ri t i on on numb e r s  

o f  :pi gs b orn b y  gi l t s  o r  s ows . V ermedahl �t��· · ( 1 969 ) 

:found that gj_ l t s  that were fed 2 . 27 kg f e ed :p e r  h e ad 

dai ly during ge s t ati on p Podu c ed si gni fi cantly more :pi g s  

t h an  tho se gilt s f ed 1 . 3  kg :p e r  he ad daily . Thi s agr e ed 



wi th the fi ndi ng of Hanson et  al . ( 1 955 ) 1 Lib al and 

Wahlstrom ( 1 970 ) , Bui trago et  al . ( 1 970 ) 9 Adam and 

Shearer ( 1 97 1 ) , Kurbat ov ( 1 97 1 ) . . .  

The refor e ,  s o  far the re are thr e e  s chool s of 
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thought about the effect of plane of nutrit ion on li t t e r  

s i z e  a t  b irth.  They are : 

( a ) Hi gh feedi ng decreased li tter s i ze at b i rth . 

(b ) High feeding improv e s  li tter size  at birth . 

( c ) Plane of nutrit i on doe s no t hav e any influence 

on li t ter s i ze at birth. 

2 .  Effect of feeQ_ intake,; during pregnancy on 

eml;lryo _..§._urvj.. val : 

S tudi e s  on the effect of nutri t i on on embryo sur-

vival are also i nc onclu s iv e . Gilt s r e c eiving 2 . 7 2  kg 

feed p er day from the time of mating unt il slaughter at 

days 25 to 27 had s ignifi cantly lower emb ryo survival com- -­

pared wi th gilts rec e iving 1 . 8 1  kg feed per day ( S chult z  

_9t al . ,  1 966 ) . In agre ement , many other s tudi es  show the 

trend of a hi gh plane of f e ed ing i mmedi at ely aft er mating 

t o  advers ely affect emb ryo survival (Rob ertson et al . , 

1 951 ; Chri stian and Nofzi ger, 1 952 ; Se lf et al . 1 1 955 ; 

Casida ,  1 956 ; Gos sett  and So rensen9 1 959 ; O ' Bannon e t  al . ,  �-=- . 

1 966 ; Dutt and Chatl.ey ,  1 968 ;  Holne s s 9  1 969 • • •  ) • Prenatal 

mortali ty for the fir s t  2 5  days of gesta tion a s  well as 

during the ent ire g e s tat i on peri od was higher :for full-f ed 

gilts compared wi th limi t ed-fed one s (Haines  et al . ,  1 95 9) o 
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On the other hand Ray and M cC art y ( 1 965 ) remov ed their 

gi lt s from feed 24 t o  7 2  hour s aft er  mating and then 

return th em back to fe ed . Emb ryo survival was s ignifi can-· 

t ly improved in ani mals exposed to a fasting p eri od . 

In c ontrast 9 evidence also reveal s that the 

dif'ferenc e in emb ryo survival b e tween high- and low-I,ed 

s ows during e i ther the fi r s t  four weeks (King and Young 9 

1 957 ; Sorensen et al . 9  1 961 ; Heap 9 1 966 ) 9 the fi r st 

forty days (Haine s et � . 9 1 957 ) or the first s ev enty days 

of pr egnancy (Pike and Boaz 9 1 967 ) i s  not si gni fi cant . 

Some worke rs sugge s t ed that feed di s tributi on rather than 

the total amount of feed given during pr egnan cy affect ed 

the rep roductive p erformance of sows . Many recommendati on8 

allow extra feed in the fi rst thi' ee  to four we eks of 

pregnancy (Pig  F eeding and Management 9 1 963 ; V adla et al . ,  

1 957 ) 9 prob ably a s  a resul t of the findi ng of B allinger 

( 1 940 ) who report ed improv ed c oncept i on rate and numb er of 

pi glets  born from increa s ed feeding aft er s ervi c e .  In 

additi on9  Ameri can studi es  ( summari s ed b y Casida , 1 964 ) 9 

sugge st that high feed int ake s in mid-pregnan cy inc rease  

emb ryoni c mortality.  Howev er  t he re sult s ob tained b y  

Lodge ( 1 96 9 ) and Pike and B oaz ( 1 96 9 ) fai led t o  support 

thi s hypothe si s .  The latt e r  employed thr ee pat t erns of 

feeding for thei r s ows during pregnancy9 as follows : 3 . 6  

kg then 1 . 8 kg of feed p er day;  2 . 7 kg/day throughout 

p regnancy or 1 . 8 kg then 3 . 6  kg/day with the change s made 

from the 49th t o  63rd day afte r  service .  Sow s  on the 
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three pat terns had the same total amount of feed during 

pregnancy . The numb er of p i gl e t s  at birth wa s least  for 

sows given 3 . 6 kg then 1 . 8  kg . Fur ther•more Salmon­

Legagneur ( 1 962) 9 Salmon-Legagneur et a l e  (1 960) 9 O ' Grady 

( 1 971 ) and Elsley et al , (1 969b } 1 971 ) report ed that feed 

di stributi on during pregnancy does no t hav e any effect 

upon the numb er of p igs born . • .  

3. Effect of feed intake o� birth w_eight of 

nigs a� li tter  �eiKht at b irth: 

The birth weight of pigs i s  g enerally influenced 

b y  the level of nutri ti on .  M any wor•kers  agree that the 

l evel of feeding in pr egnan cy ha s a cons i s tently and 

hi ghly signi ficant effe ct on b i rth weight of pi gl et s . 

An increase in feed intake in pr egnancy result s i n  an 

increase  in the weight of pi gs at b irth (Hanson et  al . 9  

1 955  _; Henson et �l . 9 1 955 ; Henson et  al . 9 ·1 964 ; 

Claws on �t al . ,  1 963 ; Tassell 9 1 967 ; Elsley et al . 9 

1 967 , 1 969a ; El sley9  1 967? 1 968 ; O ' Grady9 1 967; 

V ermedahl � �l . ,  1 969 ; Holne s s , 1 970 ; Buitrag o et al . ,  

1 970; Janci c  9 1 972) . El sley ( 1 967) and Frob i sh and S t eel 

( 1 970) report ed that mean birth .wei ght was increased in a 

linear manner when the total energy i ntake of the pregnant 

s ow was increas ed 9 with e ach 1 . 5  M eal ME increase i n  dai ly 

energy int ake accounting for 1 21 . 3  g heavier live p i gs 

farrowed wherea s  Baker et al . ( 1 969) not ed that the 

incr ea s e  was quadrat i c . 
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The incr eas e  in t otal li tter v1e i ght at b irth in 

response  to i ncrea sed feed intake duri ng pregnancy has 

also  be en ob served (Clawson et  �1 . ,  1 963 ; Lodge et �1 . ,  
1 966 ; 0 1 Grady 9 1 967 ; Adam and Shearer 9 1 97 1 ) .  

Once again 9 conf'lict ing evidence to the above 

finding ,  availab le in the li t era ture , i s  not rare . 

Accordingly av erage b irth we ight of' pi gs i s  very little  

i f' at  all ,  affected by the vu.ri ation i n  feed intake of' 

sows during pregnu.ncy (Eyles , 1 95 9 ;  Self' et  al . ,  1 960 ; 

Dean and Tri bble  9 ·1 960 9 1 961 ; Salmon-Legagn.eur and 

Jacquot , 1 961 ; Salmon Legagneur , 1 963 ; Bowland , 1 964 ; 

Hawton and M eade , 1 969 ; Libal and Wahl strom ,  '1 970 ; 

Panov , 1 971 ) .  The t o tal li tter wei ght at birth has b e en 

al so repor t ed to  b e  af'f'ected b y  the l evel of' feed dur-ing 

p regYJ.c'lncy . (Lodge et  al . ,  1 966 ; El sley .et _§.} 0 9 1 967 ; 

Lodge , 1 969 ) . 

Furthermor e ,  there i s  growing evi dence tl� t a 

high plane of' feeding during late p regnancy improv e s  the 

bi rth weight of' pigl e t s  (Moustgaa·ro, 1 961 ; Lodge et al . ,  

1 96 6 ;  El sl ey 9 1 970 ) . Thus , the recommendati ons publi shed 

by A . R . C .  ( 1 9 67 )  indicate  that feed int ake should b e  

increas ed i n  the lat t e r  part of' pregnancy. However Lodge 

( 1 969) 9 El sley et al . ( 1 969b 9  1 97 1 ) failed to demonstrat e 

thi s b enefici al ef'f'ect of' high feeding . The patterns of' 

feed intake (Hi gh-Low, Low-High and Hi gh-Low-High ,  all 

having the s ame total amount of' feed )  had ne appreciab l e  

or s ignificant ef'f'ect on the bi rth weight of' pi gs . 



I I  Methods and Material s : 

1 • Experimental "_cle sign and treq_,tmei.lt s : 
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Aft er mating (Chap t er 1 ) 9  gilt s  were allotted to  

two po st-mat ing treo.tment s 9  whi ch wi th the two pr' e-mating 

ones  formed the b a s i s  of a 2 x 2 factori al exp eriment . 

Thus Oll.e half ( five pr egna"Ylt gi lt s 9  whi ch wer e  group ed in 

one b atch) of each pre-mo. t ing treatment group was 

allocated to one of the follovd ng post-muting trea tment s 

throughout th e fi rst month of pregnancy ;  

( a ) Hi gh feeding : 2 . 71  kg meal 2 p er day 

(b ) Low feeding : 1 . 36 kg meal 2 per day.  

From the s e c ond month of pregnancy unt il farrovting all 

gilts were f ed similarly9 viz . , 1 . 8 kg meal 2 p e r  day 

until the last  month of pr egnancy 9 when feed allowance 

was increased to 2 kg meal 2 per day. 

The same exp er imental management de scrib ed in 

Chapter 1 was  continued . A f ew days before fa rrowi ng 

gil t s  were t ransferr ed t o  the farrowing house . 

2 .  Records : 

( refer Chapter 1 for the records of lit t er 

s i z e  at birth) 

Li tter wei ght was det e rmined as  the t otal v;eight 

of all fully for med piglets  at bi rth in a litter , whe re­

as ave rage b i rth we ight of :pigs  was the ratio  of lit t er 

wei ght t o  li tter siz e  ut b i rth . Do.ys of farrowing were 

recorded . 
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3 .  �tati ?ti cal ��§2...§: 

The data of the three re sult s recorded ( li tt e r  

si ze 9 weight a t  bi rth and ave rage b i rth vvei ght of p i gs )  

were analys.ed according t o  the me thod of analysi s  of 

vari ance of a 2 x 2 fact ori al expe riment ( Snedecor 2nd 

C ochran 9 1 969) . 



1 . G eneral 

Health ( refer C hap t e r  1 ) .  

A summary of  resul ts  i s  present ed in Table 2 

( Int eract ions be twe en pre-mating and po st-mat ing t :ceat­

ment fai l ed to  reach s i gnifi cance  for each chnract eri stic  

and rc suJ. ts are  sh own wi th reference to  pos t-mati ng 

treatment only ) . 

Ob s ervation on indivi dual animal s for the three 

charac t e ri st i c s  and detai l s  of the relevant stati s t i cal 

analys i s  are given in Appendi ce s 1 0  and 1 1 . 

2 .  Li tter s i z e : 

Th e re sul t s  show that gilt o fed on a high plane 

of nutri t i on during the fi r s t  month of pregnancy had 

s i gnificantly (P ( • 025 )  larger li tters  at birth than 

those  on low plan e  ( 7 . 8 9  v s  4 . 1 3 ) .  

3 .  Li tter weigh� :  

T h e  hi gh-fed group had si gni fi cantly (P < . 0 5 )  

heavi e r  li t t er s  than the low-fed ones ( 1 0 . 65 kg v s  

5 . 88 kg) . 

4 .  Average birth weight : 

By  contrast 9 the analysi s of variance of aver­

age birth weight of pi gs doe s not rev eal any si gni fi cant 

effect of e i ther p re-mating LFlush (F ) and Non Flush 

(NFl7 or post-mati ng LHigh (H )  and Low ( Ll7 t reatment s .  
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The average b irth weight of the whole experimental herd 

wa s 1 . 34 kg . 

Table 2 .  Li tter s i z e 9  weight ( k� at b i rth9  m1d av erage 

b i rth wei ght (kg ) of' pigs from gil ts fed on 

High and Low plane of' nutri tion during the 

fir s t  month of pregnan cy. 

���--� 
r 

Signi fi - r Characteri st i s  P ost-mating 
t e s t  i treatments  F-t est  cance 

Hi gh Low J 
l Li t t er s i z e  at l ! 

l b i rth 7 . 89 4 . 1 3  i 7 . 407 � ** ' ! 

Li t ter  weight I I 
I at b i rth 1 0 . 65 5 . 88 5 . 1 42 * ! � 
Average b i rth I wei ght of p i gs 1 1 . 3 6  1 . 3 2 0 . 00 0 2 1 NS 

.J 

*F <  . 05 **p < . 02 5  NS . p > . 05 



IV Di scus si on :  

1 • Li tter size  and some yos s ib]e factors 

af':fectin__g ;L t :  
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The increa s e  in li tter s i z e  in respons e to hi gh 

plane of' feeding dur ing the fi rst  month of' pregnancy i s  

in agreement wi th Salmon-Legagneur and Jacquot ( 1 961 ) , 

S orensen e t  a� . ( 1 961 ) ,  Lodge ( 1 969 ) , Frob i sh and 

S t eel ( 1 970 )  . • • The re sult s als o  indirectly s upport 

the view of' increa s ed emb ryo survival by high feeding 

s ows as report ed els ewhere . However , the s e  do not agree 

wi th wor1\: by Rob ert s on et al . ( 1 951  L Eyles  ( 1 959) , 

Self' et al . ( 1 960 ) 1 Dean and Tribble  ( 1 960 , 1 961 ) 1  

Mayros e  ll_ al . ( 1 966 ) , Lodge ( 1 969 )  • • .  The reason f'or 

the di s crepancy i s  not knovm1 but some factors other than 

nutri t ion might have bias s ed the result s .  

( a ) Physi ological �tors -

I t  i s  known that li tter s i ze at birth i s  

influenced b y  any fact or affecting ovulati on rat e ,  

fertilizati on rat e  and embryoni c mortali ty a t  any st age 

of' pr egnancy .  I n  w ork by Holnes s  ( 1 969) , where hi gh 

plane increased the numb er of' liv e embryos , ovulat i on 

rat e s  were greater i n  the hi gh-fed group than i n  the low­

fed one ( s inc e feed ing treatment s  were impos ed long b efor e  

oestrus ) . Howev e r ,  thi s does  not explain the si tuati on 

where plane of' nutri ti on causes  significant differenc e s  

in li tter  s i z e  from gilts  of' equal ovulation rat e s  a s  
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ob served i n  pr e s ent work and oy Self et al . ( 1 955) . The 

large numb er of pigs  farrowed may oe accoru1ted for o y  

ei ther a higher fertilizat i on rate or a lower p renatal 

death in the hi gh-fed gi lts . Alanko ( 1 968 ) drew 

a t t ention t o  the vari at i on of fertili zat i on rate in s ows 

in an extreme ca se  where sperm concentrat ion was t oo 

low .  It  seems  p rob able that a too-low sp erm concen­

trati on in the ov iduct wi ll resul t 9 at least for s ome 

ova 9  in a delay of fertilizat i on ;  the s e  ova b ei ng 

c onsequently t oo old at the t ime of fertilizati on mi ght 

re sult in abnormal development . On the other hand 9 t he 

ova at -�· a stage of development 9 not correctly t imed to 

the change s of the uteri ne mucosa during the pre­

implantation t ime 9 might be prone to  early emb ryoni c 

death at the ons et of nidati on o Thi s may be a factor 

l i mi ting the l it ter siz e . Howev er in the pre s ent exp er­

i ment each gi l t  was doub l e-mat ed by two di ffer ent b oar s 

for the maximum ferti li zati on .  Th e s e  two b oars were 

chosen randomly among four exp erimental ones o So  i t  

may b e  as sumed that all gi l t s  were simi larly treat ed 

with re spe ct t o  s emen qual i t y .  M or eover semen quality 

vvas  independent from treatment s imposed . In gene ral 9 

ferti lizat i on rat e s  in s ows are very high and unaffe c t ed 

b y  plane of nutrit i on (Rob ert s on e t  al . 9  1 951 ; Chri s t i an 

and Nofziger , 1 951 ; Self et al . 9  1 955 ; Hill et  al . 9 

1 971 ) .  'rherefore the increased l i t t er size  at bi rth in 

the hi gh�fed group as compared wi th the low-f ed one 9 



ob t ained in thi s experiment , may b e  due t o  an improvem ent 

in embryo survival , However the me chani sm i s  not knovm . 

(b ) �ence s  i n  feedi ng levels  b etween 

t reatment s :  

Hans on ( 1 9 58 ) , Elsley and MacPherson ( 1 970 ) 

reported that extremely low feed intake s duri ng pregnancy 

reduced both numb er and the b i rth wei ght  of pi gs , thi s 

effect b ec omi ng more pronounced wi th succeeding p ari t y .  

Thi s i s  the so- called " Thin S m1 Syndrome" resulting from 

prolonged und erfeeding .  However thi s i s  no t the ca s e  as  

reported above 

In the cas e s  whe re feeding l evels  did not hav e 

any s i gni fi cant effect  on l i t t er s i z e  ( e . g .  Eyle s ,  1 95 9 ;  

Dean and Tribb l e 9  1 960 9 1 961 ; Lodge 9 1 969 . . .  ) 9 i t  i s  

not ed that the amount of feed given t o  the hi gh-fed group 

was not much bigger than that given t o  the low-fed one . 

For example , feed allowance for high- and low-fed s ows 

was re spe ctively 4 .  6 and 3 .1 lb in work by Dean and 

'rri bb le ( 1 960 9 1 961 ) . I t  mi ght b e  that these  feeding 

lev els  were not suffi ciently different t o  cause  a 

s i gnifi cant difference in embryo survival ( Bazer et al . 9  

1 968 ) . 

( c )  Stage of pregnancy when nutri tional _ t r�a�­

ment s  are imJLosed :  

Tas s el ( 1 967 ) reported 23% of s ows transferred t o  

the low di e t  aft er mat ing los ing the i r  li tt ers . The los s  
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prob ably occurred a�t er �ert i lizat ion .  Phillippo ( 1 9 67 ) 

�ound no s i gni �i cant di��erence b etwee n  the p erc entage 

mortal i ty at the 1 3th day compared wi th that in gilt s 

ki ll ed b etween the 1 5th and 25th days . Thi s s ugges t s  

that the los s b e�ore the 1 3th day o� pregnancy could 

acc ount � or all the mort ali t y  occurring by the 25th day 

o� pr egnancy . Furthermore ,  in sow s ,  the p eri od o� 

elongat i on o� the b la stocys t s  occurs �rom the 1 0th t o  

1 3 th day o� p regnancy . Thi s p eri od h as b een sugge s t ed 

t o  be very crti cal �or embryoni c development , and i t  i s  

at thi s time that many o� th e abnormal i ti es  ari s e  

(Phi llipp o ,  1 967 ) . Thi s was lat er co�irmed by Sco�i eld 

( 1 969 ) , S co�i eld et al . ( 1 971 ) .  Thi s stage i s  al so the 

stage o� implantati on in the p:i_ g  (Cromb i e , 1 970 ) . A 

second , small er peak o� pr enatal los s  has been also 

�ound to oc cur around the t i me o� organogene si s ,  i e . ,  

ab out three  weeks o� pre gnancy ( Ha�ez , 1 959) . 

In sheep ei ther a low plane o� nutrit i on during 

the f i rst  two months o� pregnancy ( B ennett � . , 1 964 ) , 

or �ood res trict ion � or s even days duri ng the �i rst  

twenty days ( Edey 9 1 966) , or  starvat i on �or �our days 

b e tween the 9th and 1 5th day (van Ni ekerk, 1 96 6 )  resulted 

i n  a hi gh p erc entage o� emb ryo los s ;  while nei ther  a low 

plane of nutriti on �rom the 25th day (Foot e e t  al . ,  1 959 )  

nor a subrr.aint enanc e rat i on from the 25th day t o  the 90th 

day (Wallace , 1 948 ) , had a marked e�fect on f oetal 

mortality .  Therefore , a simi lar conclusi on a s  i n  th e pig 



may b e  drawn , namely, that the mos t cri ti cal p er i od i s  

the time  o� i mplantation (van Ni ekerk et al . ,  1 968 ) . 
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Thi s has al so be en co� irmed by work on rats  (McC lure , 

1 959 , 1 961 ) and mare s (van Ni ekerk , 1 96 5 ) . The me chani sm 

involved is  not known . Some authors  hyp othesi z ed that a 

large part of embryoni c death during early pregnancy 

resul ts  from mechani sm whi ch a�f'ect s ut erine capaci ty 

( i e . , the ab ility  o� the ut erus to support only a limi t ed 

numb er o� emb ryos ) (Bazer et al . ,  1 969a , b ; Fent on et al . �  

1 97 2) . 

Th e embryoni c death during mid- and lat e-pregnancy 

has not b e en studi ed ext ensively ,  and i t  i s  not known 

whether plane o� nutri t i on during the s e  p eri ods ha s any 

e��ect . C asida ( 1 964 )  reported that hi gh feed intake 

during mid-pregnancy mi ght be harmful t o  the foetuse s .  

Pla cental insuffi ci ency ( the  inabil ity o� the placenta t o  

support th e foetus ) was suggested t o  b e  responsib le 

( S cofi eld , 1 97 2 ) si nce at thi s s t age ( 60 - 70 days o� 

pregnancy) placental gr owth stop s  and �oetal growth pro­

gre s s e s  rapidly (Pomeroy ,  1 960 c ) . That mi ght b e  why in 

a numb er  o� exp e riment s (Haine s  et  al . ,  1 957 ; Lodge 

et al . , 1 966 ; Frob i sh e t  al . ,  1 966 • . •  ) where �eedi ng 

treatment s were maintained throughout p regnancy, no 

s i gni�i cant dif�erences  i n  emb ryo survival could b e  

detect ed b etween the group s o� gi lt s .  

(d ) B ody condi ti on o� gi l t s :  

Wi th re spec t  to  the di ��erence i n  �eeding l ev el s  
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b etween high- and low-:fed group s and the stage o:f :preg­

nancy over wh i ch :feeding treatments are imposed , the 

studi es by King and Young ( 1 957 ) are si milar to the 

current work .  However the s e  authors could not :find 

signi fi cant e:f:fects  o:f :fe edi ng treatment s upon emb ryo 

survival at 28 days o:f :pregnancy . The only i mportant 

di:f:ference b e tween their work and the :pr esent one i s  

th�t the animal s involved in the lat ter wer e nulli­

p arous gi l t s  whereas thos e involv ed in the :former were 

multiparous sows  whi ch had had already 2 - 4 li t t er s .  

'rh e hi st ory o:f the s e  s ows  was not ment i oned by  the 

authors 9 i t  i s  di:f:fi cult to come to any explanation a s  

t o  why th e di screpancy exi s ted .  Pike and Boaz ( 1 967 ) 

noted that the e:f:fect o:f the nutri ti onal regi m e  during 

:pregnancy could b e  masked b y  a " carry-ov er" :from 

previ ou s reprodu ctiv e  cyc l e s . The sow' s body re s erv e s  

would app ear t o  be  capable  o:f bu:f:fering the e :f:fect o:f 

nutri ti onal treatments  dur ing a p arti cular :pregnancy . 

The se  authors (Pike and Boaz 9 1 967 ) report ed that an 

i ncrea s e  :from 4 lb t o  8 lb meal dai ly :f ollowi ng serv i ce 

and th rough :pregnancy did not a:f:fect :foetus numb ers in 

s ows in good cond i ti on 9  but i t  rai s ed to the s ame numb ers 

of :fo etus es  o:f thi n  s ows . Thi s may al so :p artly explain 

the benefi ci al e:f:fect o:f :fast ing a:ft er b reeding repor t ed 

by  Ray and M cC arty ( 1 965 ) . In the latt e r  exp eriment all 

gr oup s o:f gilt s were s el:f :fed during the entir e  :p re­

experi mt:;nt al p eri od .  



2 .  Li tter weight at b i rth:  
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The results ob t ai ned herein are i n  agreement wi th 

vvork by Clawson et al . ( 1 9 63 )  9 Lodge et al .  ( 1 966) 9 

O ' Grady ( 1 967) . • .  The me chani sm invo lv ed i s  not fully 

unders t ood . It  was found that nit rogen ret ent i on was 

s i gni fi cantly hi gher on the high plane of  nutri t i on 

during pregnancy ( Pike and Boaz 9 1 967 ) . However Moust­

gaard ( 1 960 ) (unpubli shed data 9 ci t ed b y  Elsley5  1 967 ) 

report ed that the increa s e  in  the concepta account ed for 

only a s mall p art of the to tal livewei ght gain for the 

s ow . The main part i s  the gain of' mat ernal t i s sue . 

Thi s  was support ed b y  work of Elsley ( 1 968)  that the 

amount of' nutri ent s  dep o si t ed in the uteri as  a re sult 

of' pr egnancy was surp ri singly small when c ompared wi th 

the t ot al intake of nutri ents by the pr egnant s ow .  

3 .  Average b i rth weight of � ; 

Thi s charact eri sti c was not si gnifi cantly 

affect ed by feeding treatments . Thi s may be due t o  the 

fact that the inc rease  in lit t er wei ght at bi rth was 

accompani ed by that in l i t t er s i ze in respons e t o  high 

feeding . Thi s agr e e s  wit h work by Eyle s ( 1 959 ) 9 S elf 

et  al .  ( 1 960 ) 9 Salmon-Legagneur ( 1 963 ) 9 Panov ( 1 971 ) 

but di sagrees  wi th Elsley ( 1 967 9 1 968 9 1 969) 9 Vermedahl 

et al . ( 1 969) 9 Holnes s  ( 1 97 0 )  9 Janci c ( 1 97 2 )  . • .  

Howev er  the se lat t er impos ed feeding trea tments  throughcu t 

pregnancy . I t  has be en shown (previ ously menti oned ) 



that hi gh level s of f e ed i nt ake dur ing late pregnancy 

may enhance the b i rth wei ght of pigs . Thi s may p artly 

explain the di s crepanc i e s  betwe en the res Qlts  ob tained 

herein and el sewhe re . 

4 .  Some factor s  whi ch might b i as the re sult s 

of three charact eri st i cs recorded : 

(.a ) Ani mal health -

( refer Chapter  1 ) .  
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Even though the cau s e  of the ab ortion was not 

determined 9 mo st gilts  had a rai sed temperature ( 40 °C -

41 °C ) for s ev eral days during p regnancy . It was ini t ially 

thought by p athologi s t s  that t hi s  ab orti on wa s of a non-

specifi c t yp e  a s  a re sult of the febril epl sode of the s e  

gilt s ,  s ince any gene ral inf e ct i on whi ch rai s ed th e 

0 temperature of the gi lts  ab ove 40 . 6  C for s everal days 

will result in prenatal death and ab ort i on (Done 9 1 968 ) . 

Thi s wa s supported by th e cons iderably hi gh incidenc e 

of mummification ( 3 5 . 5%  of th e herd gilts  had mummi fi ed 

foetus e s . In tho se gi lts the total number of full-term 

pi glet s were 28 whereas the numb er of mummifi ed foetu s e s  

were 1 3 ) .  Therefore  the parturi ti on result s  c ould b e  

b ia s s ed . 

(b ) Stre ss e s : 

During the cri t i cal s t age of embryoni c develop-

ment 9 gil t s  in  the pre s ent experi ment suffered many 

stre s s e s , such as blood coll ections , lap arot omy • • •  

Euker et al . (1972) rep orted that embryoni c mortali t y  



53. 

vva s  a s s ociated wi th all group s of' rat s sub j ect ed t o  

stre s s e s  from Day 1 - 5, 5 - 1 2  and 1 2  - 20 of pregnancy .  

Hi gh amb i ent tempera tur e ( refer Chapt er 1 )  or 

fi ghting ( as  they were :put in bat ches ) may al s o  cause  

emb ryoni c death (Edwards et al . 9 1 968 ) 
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Since the reproductive performance of s ows has 

b e en shown to  be influenced by many fact ors othe r t han 

pl ane of nutriti on 9  caut i on s hould be t aken in a s s e s sing 

the r e sul ts obt ained from exp eri ment s . Under the 

c onditi ons of the present study 9  it appears  that gi lt s 

rece iving 2 . 7 1  kg of feed p er day duri ng the fi r s t  month 

of pregna ncy had si gnifi cantly b etter repr oductiv e  p er­

formance than th ose receiving only 1 . 36 kg per day . 

The r e sul t s  support some recommendati ons  on sow 

nutri ti on . Al though 9 in agreement with most recent work 

about the advantage of feedi ng 2 . 7 1  kg per day over 

1 . 3 6  kg p er day 9  th e optimum l evel of f eed allowance i s  

not knmvn . However , in  det ermining feeding lev el s for 

pr egnant sows or gi lt s 9 thei r body condi ti on at mating 

should b e  taken int o ac count , si nce hi gh feeding will 

not be b enefi cial in fat s ows . 



55 . 

CHAPTER 3 

PLASMA PROGESTERONE LEVELS DURING EARLY AND LATE PREGNANCY 

L__·--�-� Intr()_duili,on : 

Progre s s  in the inve s t i gation o� the part p layed 

by p roo;e st erone ( P )  in re:Qroduct i on has b een ham:p0red �or 

a long time by the lacl;: o� a su��ic i ently sensi tive and a 

speci� i c  method o� as �ay . The �act that large doses  are 

usually required t o  produc e  a bi ologi cal resp onse  has t o  

s ome ext ent invalidated the numer ous b i oas say t echnique s 

that are available . M any t echni ques �or the a s say o�  P 

have b een sugge s ted in the li t erature . They ar c  ei ther 

bi ological ( Hooker and Forb c s y 1 947 ; Duyvene de  Wi t 9  

1 938 9 1 941 ) or chemi cal methods ( Butt eJ_ a_l . 9 1 951 ; 

Edgar 9 1 953a , b ; Zander and Simmer 9 1 954 ; Zander 9 1 955 ; 

Rae side and Turner 9 1 955) . 

More recently9 Murphy ( 1 964) suggested the 

appli cat i on o� the prop erty o� :prot ein binding to the 

as s ay o� minute quanti ti es  o� hormones and other sub-

s tance s . Such b inding ha s b e en shown t o  exi s t  b etwe en 

certai n hormones  and glob ulin .  Thi s typ e o� b i nding had 

actually b e en utilized by B er s on and Yalow ( 1 957 ) 9 Unger 

et al . ( 1 961 ) , Murphy et al . ( 1 9 63 ) . The modi�icat ion 

o� the t echnique by Murphy e t  a..]; .  ( 1 964)  9 Johansson 

�t al . ( 1 9 68 ) 9 Johans s on ( 1 9 69a 9 b ) made it p os sible t o  

study more cl o s ely the chang e  in P levels o� b ovine 



56 . 

jugular venous plasma ( Shemesh et al . 9  1 971 ) ,  in p eri­

pheral pla sma during the lut eal phas e  of the normal 

human menstrual cycle ( Joh2�sson,  1 969a , b ) 9  during the 

oe str ou s  cycle , pregnancy in pi gs ( Stab enfeldt eJ?..__§l .  9 

1 969a 9 d ;  T i ll son 9 1 96 9 ;  Edqvi st and Lamn 9 1 971 ; 

Shcarer 9 1 97 1 ; Henr i cks  et _al . 9 1 97 2  • • •  ) • 
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The main sour ce of' P i s  the luteal cell s of' the 

c orpus luteum . The most t;y-pi cal features of' s t ero id-

s ecreting c ells are : 

( a ) The abundant , s mooth endoplasmi c reti culum 

( s . e . r . ) and 

(o ) The tuoular rather than lamellar cri stae  of' 

the mit ochondri a (Aoraham and Tai t 9  1 971 ) . 

The lut eal cell s Sinthesi z e  chol esterol f'rom 

acetate and s tore i t  as f'o.t ty acid of' the 3-hydroxyl 

er ou:p of' cholest erol . Thi s i s  then convert ed t o  5-
:pregnenolone • • • The bios;yntheti c :pathway of' P ,  based 

on ll_l� and ;Ln vitro incuo ati on of' ovarian ti s sue 

wi th acetate 1 4c or some other radi oact ive intermedi at e 

wa s demonstrated to b e  : acetate  -� chol e s t e rol � 

:pregnenolone � proge s t erone -� 1 ]::."-hydroxy proge-

sterone ---� androstenedi one � te stost erone ---+ 

e strone or e stradiol ( Sweat et  al . ,  1 960 ; Aakvaag and 

Eik-Ne s 9  1 965a , b ;  Rice  and Savard , 1 966 ; Savard and 

T elegdy, 1 965 ; Short , 1 964 • • .  ) . All the s e  react i ons 

take :pla c e  und er t he inf'luenc e of' an active seri e s  of' 

enzyme s ( M cKerns , 1 969 ) . Other :p athways may o e  f'ound 

"b ecaus e  spe ci e  dif'f'erenc e s  i n  the "bi osynthes i s of' P are 

known . 
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Sheme sh e t  al . ( '1 97 1 ) wr ot e that ;r the p eriphe ral 

pla sm2, level of' P furni shes r-t valuab l e  inclicat ion of' the 

concent rGtion of' the reaching the t arget organs a nd  the 

cont rol cent r e s  governing the s e creti on of' gonadotro­

phins at vari ous :phas e s  of' the rep roductiv e  cycle .  

Alt erati ons i n  circulating P lev el also supply inform­

ati on on the functi onal state  of' the corpus lut eurna . 

( a )  During early pregnancy -

Evidence reveal s  that P l ev el s  in periph eral 

pla sma during luteal :phase  of' non-pregnant s ovts wa s 

simi lar to those  during the corre sponding p eri od in 

pregnant s ows ( Ti llson and Erb 9 1 967 ; Till son et al . ,  

1 97 0 ; Shearer et�a� . , 1 972 ) . Simi lar result s  hav e 

b e en repor t ed wi th cows (Donaldson e t  al . , 1 97 0 )  and 

ewe s  (B i.ndon 9 1 971 ) .  Althoue.Jl the a ct ual value s  of' P 

l evels  were r ep ort edly dif'f'erent b etween studi e s  

( Short , 1 957 ; Till s on and Erb , 1 967 ; Stab enfeldt 

et al . , 1 9 6 9d . . . ) , in general the re was agr e ement 

that the s e  levels  ros e  f'rom oe stru s  to a p eal<: at about 

Day 1 0 - 1 5  af't er that . The only dif'f'ere nce  not ed 

be tween studi e s  is t he time when the P level s  reach the 

p eak (Tab l e  3 )  • 
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·.raol e  3 - Proge st erone level s in p eripheral b lood plasma 

of s ows at thei r minimum and maxi mum values  

duri ng early pregnancy or during the oe s trous 

cycl e . 
�-�-��--�=-�� - ---- � - · · - � - �� - - -· · - �, -��-·�r-�--�-- - - -�·--�� -- ' 

I Proge ste rone j Stage of the cyc le or lev el ng/ml ! 
Source  tpregnancy ( days ) (Dar I 

0 ; onset of o es t rus ) 1 1 l 'I. Pregnant Non- ll 
I pregtant 
L�---------����-----��-�----�----+-��-----���-=--� j Tillson and 0 l ! Ero ( 1 967 ) 1 2 - 1 4  I 

l Till s on 0 l 1 ( 1 969 ) 1 o - 1 2 l 
� ·r i llson � 0 i j et a_J:: " ( 1 970 ) � 1 0 - 1 2 j l Edgvi st  and ! 3 - 4 � 
� Lamn ( 1 971 ) l 1 3 - 1 4 j j Shenrer ! 
I ( 1 971 ) � 

3 
1 4 

I Henri cks 2 j et al . ( 1 97 2 )  j 1 2 
·--..r-_,.__,_.-��� --� · � ---·� ·· --,., ----.�--� � ... - ' �  

7 . 5  
27 . 2  

4 
3 2  

3-4 
26 

8 . 3 
21+ . 5  

4 
26 

3-4 
25 · .  

2 . 5  
26-37 

5-6 
45 

5 . 1  
33 . 2  

Aft er  reaching the p eak, P levels remain hi gh in 

pregnant s ows  whereas tho s e  in non-pregant one s decre a s e  

t oward the onset of the next oe s trus (Tillson and Ero , 

1 967 ; T i ll s on,  1 969 ; Till son e t  al . ,  1 970 • • •  ) . Thi s i s  

in agreement with work on cows (Donalds on et al . ,  1 970 ; 

Henri cks e t  al . ;  Shemesh et  a� . ,  1 971 ; Chri s t ens en et  al . ,  

1 971 ; Swans on and Hafs , 1 971 ; S tao enfe ldt et  al . , 1 969b ) 

and on ewe s  (Plotka and Ero , 1 967 ; S tao enfe ldt et  al . ,  

1 969a , c ;  Gomes  et al 0 9  1 965 ; B i nd on,  1 971 ; Neher and 
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Zarrov,r , 1 954) • 

(o ) During late pr egnancy -

R e sults are almo st in agreement aoout the decline 

in blood plasma P concentrat i on toward parturi ti on 

( Short , 1 960 ; Masuda e t  .J.l . 9 1 967 ; Shearer ,  1 971 ) • 

However  difference s  i n  the timing when P levels start 

to decline still exi s t  oetween s t udi es . 

3 .  SL!.Pj29I't ed evidence from work_ on other s ource  

of'  pro_ggstpron__£ : 

Formerly, wi th t e c�Jri que s of poor sensi tivi ty,  

mo st work ers tended to study the P cont ent in corpora 

lutea or ovari an venous plo. sma o ecause of' i t s  compara­

tively hi gh value s (All en,  1 930 ; Elden , 1 934 ; Kimura 

and C orvvell 9  1 937 ; Gawi enosld 9 1 956 ; Loy e t _  al . ,  1 958 ; 

Gomcs et  �1 . ,  1 965 . • •  ) . The r e sult s show tha t  duri ng 

oestrou s cycl e or early p regnancy the concentrati on of' 

P in ovari an venous effluent (Gomes  et al . ,  1 965 ; 

Masuda et  al . ,  1 967 ; Brinkley and Young , 1 968 ) f'ollow 

the same patter as  tha t  oo s erved on p eripheral plasma 

P (T i ll son and Ero , 1 967 ; Till s on,  1 969 ; Tillson 

et ad . ,  1 970  . • •  ) . Thi s  i s  s upported b y  the posi tive 

relati onship o e tween P conc entra tion in p eripheral and 

ovari an venous plasma (Moor , 1 968 ; Erb et al . ,  1 971 ; 

Sprague et  al . ,  1 97 1 ) . B oth of' these  have b een shm� t o  

correlate with P content o f'  corpora lutea (Gome a e t  al . ,  

1 963 ; S tormshak et  �1 . ,  1 963 ; M asuda e t  al . ,  1 967 ; 



61 0 

Romb aut s et a:.b, 0 9  1 965 , 1 97 1 ; Stab enfeldt e t _�l . , 1 969c ;  

Hcm,ick e t  al . ,  1 969a ;  C avazos et  al . ,  ·J 969c )  • 

In agreement wi th studi e s  on p eripheral plas!Jla ,  

those  on ovarian venous plasma (Masuda e t  al . ,  1 967 )  and 

in lut eal t i s sue (Erb et  al . ,  1 962 ; Masuda et al . ,  1 967 ; 

Rombaut s et al . ,  1 971 • • •  ) show c:. decline in P c oncen­

trati on during late pregn..ancy t oward parturiti on . 



III  M ethods and materi al s :  

1 .  Progc s t e_r.9r1e _g.s sa..x__ t e chnig,_ue : 

62 . 

( a ) The method for P e s timati on was the comp e­

ti t ive  p rot ein bindi ng (CFB ) as say of Murphy (1 967) a s  

de s crib ed b y  Johans son (1 969a) wi th t h e  followi ng 

modifications : 

- During the extract i on :p rocedure 9 p etrol eum 

ether \7as mi xed wi th plasma and shaken for 

fiv e  minut es 9 instead of one minut e 9  

- Th e mixture wr.:c s then frozen in a dry-ice  

bath ins tead of lett ing it  settle d own . 

- The temp erature of the water b a.th used i n  

the prot ein binding a s s ay was 45°C instead 

of 40 °C .  

A s tandard curve wa s p repared from solut i ons of 

known levels of F ,  vi z . 9 0 9 1 , 2 9  4 ,  8 mg (Fi gure 2 ) . 

(b ) S:p e cifi ci ty -

Of the p r e s ent CFB method s in the li teratu re , 

there are two b asi cally d ifferent methods of attaining 

sp e ci fi ci ty . One approach us ed chromatographi c 

fractionnati on (Nei ll et al . ,  1 967; Yoshimi and Lip s e t t , 

1969 . • • ) and the other employs selective extra cti on with 

a s olvent (Hagerman and Willi ams , 1 969; Martin e t  al . , 

1 97 0 ) t o  exclude i nterfering compound s . Whi le the former 

method was us ed to eliminate the int erference of a large 

numb er of s t eroids , the s e  have not yet b een exhaus t ed . 
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Furthermore , n s  i ndi cated b y  Rosenthal et al . ( 1 969 )  and 

R eeve s  �t al . ( 1 970 ) , the as sociati on constant s of var-

i ous steroids seem to vary wi th different concentrati ons 

of P in pla sma • . •  Because of the s e  r ea s ons and the 

cumb ers ome thin layer chromat ography technique , it was 

not used in the pre sent experiment . By excluding the 

thin layer s t ep ,  the sp ecificity  of the method dep ends 

on the selecti vi t y  of the p e troleum ether used fo r 

extraction as well a s  on the d egree of di spla cement of 

c ort i costerone-1 , 2-T (H3B )  from the prot ein bindi ng 

syst em . 

Evidence shows that among s ev eral interfering 

s t eroids pres ent in blood plasma, only two are of 

importance , v iz . , 1 7�-hydroxy proges t er one (high ab ili t y  

t o  replace H3B )  and 20�-hydroxy progest erone (high 

recovery rat e ) . The influence o f  the former i s  limi t ed 

b y  i ts low extra ction and that of the l atter  i s  al so 

limi ted by i t s  affini ty for CBG as  compared t o P .  

Furthe rmore , acc ording to Romb nut s et al . , ( 1 965 ? 1 97 1 ) ,  

the p rinciple  st eroi d  of lut eal t i s sues of sows was P .  

Very few derivatives of P suc h  a s  1 7�- hydroxy p roge-

s t erone , 20�- or 20(3-hydroxy proges t e�one could b e  

detected . Thi s was c onfi rmed by  C ook et  al . ( 1 967 ) and 

Henri cks et  al . ( 1 97 2 ) . S o  i t  may b e  reasonable t o  

as sume that the resul t s  o f  the CPB a s say p re s ented herein 

r eflect truly the P l evels in blood plasma in g�lt s .  



( c ) Reasons for u si ng CPB t e chni que 

The te chni que has many advantages : 

( i )  Among the three techni ques  for P a s say des· · 

s crio ed in the li terature , vi z . ,  CPB ; 

Douo le i sotop e  derivative (Ri ondel e t  �l · , 

1 965 i T i ll son nnd Erb , 1 967 ; Shearer ( ·1 971 ; 

and ga s liquid chromat ography (Wyman and 

Sommerville , 1 968 ; Stao enfeld t et  al . ,  

1 96 9d ) . The CPB appeared to b e  the oe s t  one 

from t he s tandpoint of s ensi t i  vi ty,  e a s e  of' 

performance and exp en s e . (Demetr.i ou and 

Austin , 1 970 ; Edg_vi st and Lamn , 1 97 1 ) .  

( ii ) V ery small amount s of _ plasma are requir ed 

for the . a s say ( only O a 25 ml in the study 

o:f cioha..YJ.sson ( 1 969a) and only 0 .  2 ml l.Jvas 

needed . .  in the pre sent work . 

( iii ) 'l'he me thod i s  very rapid and easy to handle . 

At least  tw·enty s ample s  can o e  assayed in 

one day .b y one techni c ian wi th good 

preci .si on and accuracy . 

2 .  M_at eri al s :  

( a ) Equipment -

·. ; 

- S cintillat.i on counter : Liquid scintillati on 

system ( Be ckman .  Instrument Inc . , Californi a) , 

- Vortex mixer : " S.'up er Mixe-r' ' Cat . No . 1 291  -­

Lao-line Instruments ,  Inc . ,  Melrose Park, 

I ll • , U • S . A . 

- Mi crolitre pipet s . 200 , 500 ml and p ipet tips 

were avail able . from Eppendorf Gerarebau · 



Netheler j Hinz GmbH 2000 Hamburg 53 
( Hummelsbut tel )  . 

(b ) Reagents u sed were simi lar t o  those de s­

scrib ed by Shearer ( 1 971 ) with s ome differences � 

- T o  prepare liquid scint i l lation s olution ,  

addi t i onal Tri t on x-1 00 (Rombaut s and Haa s ) 

was mixed in the soluti on at the ra ti o of 

one in thr ee ; 

- Pla sma containing the bindi ng prote in was 

ob t ai ned from p regnant women9 during the 

thi rd tri mester ( since c orti costerone 

bindi ng globulin co�c entrat i on increa ses  

wi th s tage s of  pregnancy) . 

( c )  All glas sware was prepared followi ng the 

p rocedure de scrib ed by Shearer ( 1 97 1 ) .  

(d )  C ollecti on of blood sampl e s :  

Sample s  o f  blood were collec t ed from the ear 

veins of pr egnant gil ts at 3 ,  1 5 , 1 00 9  1 1 0 9 1 1 2  days 

aft er mat ing (Day 0 :  oest ru s )  were named stage s 1 ,  3 ,  4 , 
5 , 6 re spe c tively. Samples at s t age 2 were collected at 

laparotomy from the vena cava of gi lts . The blo od was 

drawn int o t e s t  tub e s  containing heparin ( except the 

sampl es taken at laparot omy, the s e  b e ing drawn int o  

heparini z ed containers ) .  The blood was then c entrifuged 

as soon as po ssib le aft er col�ecti on at 5000 r .p . m . 



for ab out 30 minut e s . ·rhe plasma ob tained wa s then 

stored at - 20 °C unt il requir ed f or analys i s .  

The numb er of' gi lts  contribut ing samples  

analysed were : stage s 1 9 2 9 3  - 20 gilts ; stage 4 -

66 . 

1 7  gilts ; and s tage s  5 and 6 - 1 5  gil ts ; as three  

sows ab ort ed at mid-pregnancy whil e  two farrowed on day 

1 0 9 .  

3 .  Stat i s t i cal an(ll,X_§i s :  

Pla sma proge sterone levels  of' subgroup gilt s 

were compared -by spli t-plot t echnique ( stages 1 - 3 )  

( Snede cor and C ochran 9 1 969 ) . I n  the case of' mi ssing 

plot s ( stag e s  4 - 6 )  the f ormula e  f or ins erting 

e s t ima tes  of'  mi s sing values dev el op ed b y  Ander s on ( 1 9L�6 )  

were us ed .  The mi s sing plot t echni que ( C ochran and C ox 9  

1 950 ) of' analysi s of vari anc e was adop t ed to comp are P 

l evels  at the s e  stage s . 

Analysi s  of' vari ance - samp l e s  wi thin sampl e s  

( Snede cor a nd  C ochran 9 1 969)  were used to  t e s t  for 

differences  in P l evels  b e tween gilt s of bre eding group s . 



TV R e sults : 

-(. �- flasJ1la P S:Jl...§!lge s  during pr egnanc2:  

The  values of P concentrat i on in blood plasma 

67 .  

of indiv idual pigs at each stage are giv en in Appendi x 

1 2 . Th e r e sult s are summari z ed in T able  4 .  The overall 

mean of P level s  increas ed s ignifi cantly (P ( . 00 1 ) from 

1 0 . 74 + 3 . 78 ng/ml on Day 3 to 20 . 84 ± 5 . 3 5  ng/ml on Day 

1 5  of pregnancy. Th e lev el at lap arotomy ( 28 . 55 � 6 . 03 

ng/ml ) was surpri singly higher than that at any st age 

recorded . ( Laparot omy was p erformed on average at ab out 

Day 7 of pr egnancy) . The l evel s of P decre a s ed gradually 

from 1 0 . 7 1  ± 2 . 7 2  ng/ml on Day 1 00 to 9 . 27 � 3 . 7 9  ng/ml 

on Day 1 1 0 and continued t o  7 . 54 � 3 . 53 ng/ml on Day 1 1 2  

of pr egnancy.  

2 .  · Effect _ 2f f e eding OLL�la sma P _ lev el s :  

In general � feed treatment s 9  ei ther p re- or po st­

b reeding did not have any si gnifi cant effect on P level s  

of gi l t s  during pregnancy wi th an excep ti on a t  s tage 5 .  

At stage 5 9  low-group gilts  had s i gnifi cantly (P < . 05 ) 

hi gher  l ev els  of P than the high-group one s  (Appendix 

1 3 ) . Since int eract ion be tween mai n  factors were not 

s ignifi cant 9 the r e sult s  are pre s ented i n  relat i on t o  

main effe ct s  only ( Tab l e  5 ) . 
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'rable  4 :  Plasma proge sterone levels �g/ml ) at six  stage s 

of blood coll ect i on .  

r--�ge 

I :I 
M ean S . E .  of mean 

diffe renc e -, - · · - - �...,�, 

n 
C ompari s on of P fi I levels  b etween • lsta�s ( a ) (b ) .J 

1 0 . 74 0 . 7 98 j " 

3 

�-
5 

6 

28 . 55 

20 . 84 

1 . 7 29 

1 . 1 74 

! i I *** 1 

1 0 .  7 1  0 . 8 1 4 

9 . 27 0 . 984 

7 . 54 0 . 7 33 1 * 

3 *** 

3
*** 

3 *** 4** 

I i 
I 
I -�-+�-���--�--�l 

( a ) At t empt was not giv en t o  compare pla sma P l evel s at 

stage 2 with tho s e at other stage s . 

(b ) C od e  numb ers indi cat e the stage s that are s i gnifi --

cantly d i fferent from the stage in the re spe ctive 

rows  shovm in the fi r st column from the l eft side  of 

the tab le . 

. . . t 5 (* ) ·. ( ** ) Non- s1 gn1 f'1 can : P / . 0  , P ·· . .  0 5 9  : 

P ·, . 0 1 9 ( �Bf .... "'f. ) : P� 001  ;. 

3 .  Qorrela t� ons _between J2..la sma;_12rog_e s t  e ron�. 

levels  and o ther r e�roductive t rai t s : 

The correlat i ons be tween P levels  at first  three 

stag e s  and ovulation rat e were not signi fi cant ( r = 0 . 234 , 

0 . 1 37 and 0 . 278 for stage 1 , 2 , 3  re spe ct ively) . For the 

las t thr e e  s t age s , the only two signi fi cant c orrelati ons 

not ed were thos e  b e tween P l evels  and : 

( a ) Numb ers of mummifi ed foetu s e s  at s t age 5 



( r = 0 .  57 6 9 P < . 0 5 )  • 

(b ) Numb ers  of mummifi ed foetuses  at stage 6 

( r = 0 . 644 9 P < . o1 ) .  

The t e s t  for di fferences in P levels b etween 

gilt s  of different breeding groups show ed that at no 

stage of' b lood collecti on d id b reedi ng have a s igni fi cant 

effect on P levels in p eripheral blood plasma . 

Since 9 in  gene ra l 9  there are no signifi c ant 

di fferences  b e tween breeding groups 9 feed ing group s 

( except stage 5 ) 9 the data were pool ed for the preparati on 

of fi gure 3 . At stage 2 9  b lood s amples  were not 

periph eral . In addi ti on they were collect ed when gil ts  

were not und er normal physi ologi cal condi t ions ( ana e s­

the t i z ed ) 9 s o  the value s  of P l evel s  are not included in 

figure 3 . 
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0 I •?' I y I f 

Days of Pregnancy 



. 
0 
!"-

Tabl e 5 :  M ean value s of progesterone l evel s (ng/ml ) from gil t s  of each main 

groups of si x stage s of b lood coll ecti ons . 

-·��---�- � . . . -�---�- p,-��- --=--�-� 1 I Pre-bre eding treatment Pos t-b r e eding treatment 

1 Stage 
··;�ush ( F ) Non-F�u;�����

-�������� · -- E-l-�;(;)���� f----t--- _ (NF )  dl ffe
_
r�c:J

�·---- --�� ���-�-
d1 fference 

l : � 9 . 8 2  1 1 . 67 2 . 1 07 8 . 3 9  1 3 . 1 0 

l 2 ! 29 .49 27 . 62 4 . 1 74 29 . 0 6 28 . 0 5  2 . 8 93 

� 3 ' 
20 . 53 21 . 1 5 2 . 30 9  21 . 1 2 20 . 56 2 . 734 

4 � 1 1 . 0  1 0 . 42 0 . 970  I 1 0 . 64 1 0 . 78 0 . 949 ' 
l 5 1 8 . 08 1 0 . 46 1 . 2 1 8�· 7 . 29 1 1 . 74 1 . 1 68 

6 7 . 59 7 . 50 1 . 1 54 � : 6 . 30 9 . 1 00 1 . 054 
� -- �·� - ' � � ��- -- -� - - - - ���-�-· - � - - '...0 ���-��-���-��--�----J 



V : Di scus s i on ;  

1 .  E_at t ern of pla sma pr��terone levels  

duri ng pregnnn�: 

In the current work , although it is not known 

what the values  of P l evels  b etween Day 3 and Day 1 5  

are , the re app ear t o  b e  an increa s e  in P levels from 

about 1 0  ng/ml on Day 3 up t o  ab out 20 ng/ml on Day 

1 5 .  Thi s i s  in agreement with most p revi ou s  studi e s  

on sows dur ing early st age of p regnancy ( Till son and 

Er� 1 967 ; Till s on ,  1 969 ; Shearer � 1 971 ) and on non­

pregnan t sows dur ing the lutea l  phas e ( Ti ll son and 

Erb , 1 957 ; Stab enfeldt et  �l · � 1 969a , d ;  Edqvi st  

and Lamn 9 1 971 ; Henri cks et  a1, , 1 97 2 ) . Thi s con­

fi rmed the trend noted by S tab enfeldt et _ �l .  ( 1 968 ) 

( unpub l i shed data , cited b y  Akins and Morri s s et t e , 

1 968 ) that periphe ral b lood pla sma l ev el of P changed 

wi th the morphologi cal change of corp ora lutea in 

71 . 

s ows , s inc e i t  i s  well establi shed  that during o e strus 

the mi t ochondria of the theca lutein c ell s do not 

contain many tubulae cri stae . From Day 8 to Day 1 2  

after oestrus the s e  cells are p acked wi th s . e . r .  and 

there are large numb ers of mi tochondria wi th abundant 

tubulae  cri stae  creat ing a memb ranous internum (C orne r ,  

1 956 ; C avazos e t  a� . ,  1 969 ) . Moreov er the result s  

ob tained b y  Jacob y  ( 1 962 )  showed that states  of lut eal 

a ct ivity  are as s oc i at ed with the changes  in the lev el s 
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and di stributi on of ovarian cholest erol . 

The increa s e  in P c oncentrati on in peripheral 

b lood reported therein a lso agreed well wi th that 

not ed b y Jones et a l .  ( 1 965) , Masuda e t  al . ( 1 967 ) , 

B rinkley and Young ( 1 970 ) • • •  in P concentrat i on in 

ovari an venou s pla s ma and wi th that noted by Du M e sni l 

du Bui s son et al . ( 1 9 64) ; Rombaut s et  al .  ( 1 965 ) ; 

C avazos et al . ( 1 9 6 9 ) ; Stab emeldt E�.!:.u_§!1 . ( 1 969c)  

i n  P concentrat ion in luteal t i s sue . 

Th e decline in P conc entrat ion in peripheral 

blood plasma t oward p arturi t i on report ed he rein agreed 

well with that by Masuda et al . ( 1 967 ) , Shearer ( 1 971 ) 

Thi s  also support ed the trend of decr easing P 

concentration in ovari an venous b lood (Masuda et al . ,  

1 971 ) and in luteal t i s sue (Kimura and C ornwell � 1 938 ; 

Duncan e�_ al . �  1 960 ; Erb et  al . ,  1 962 ; Romb aut s et 

� . , 1 971 ) .  Thi s phenomenon has als o b een reported to 

occur in many other sp e ci es such as cows ( Short , 1 960 ; 

Stab enfeldt et a1 . ,  1 970 ) , dogs ( Smi th and McDonald , 

1 97 2 ) , rabbi t s  (Mikhail et al . ,  1 961 ; Hi lli ard et al . ,  

1 968 ; P olidoro and Black , 1 970 ) , goat s ( Blom and 

Lyngset , 1 971 ) and ewe s ( Bassett  et  al . ,  1 969 ; Challi s 

et  al . , 1 97 1  • • . ) . The d e cline in plasma P t oward 

p arturi t ion a s  ob serv ed in the p re s ent exp eri m ent 

i ndirectly support s the the ory of P block to myometrial 

act ivi ty (C ourri er , 1 941 ; C ourri er and C olonge , 1 950 ; 

C sapo ,  1 961 , 1 969 ; S chams et  al . s 1 97 2 ) . In other 
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words the r educed cir culat ing P in late  pregnancy would 

b e  a trigger of parturi t i on ( B edford et al . 1  1 97 2 ) . . --

C onvers ely the hi gh P l evel during e arly pregnancy may 

b e  b enefi ci al for implantat i on b ecaus e of the i nhib i t ory 

effe ct of P on uterine contrac t i on (Hammond 1 1 957 ; 

BJndon 9 1 971 ) .  

I t  i s  no tewo rthy that m easurement s of periphe ral 

c onc en trati ons of hormone s are stat i c  values thnt giv e  

li ttle  indi cat i on of the dynami c s  of metaboli sm and 

utilizati on .  For exampl e 9  a 1 00-fold increas e  in pla sma 

P concentrati ons i s  caused b y  a decrea s e  in metaboli c 

clearance rat e  of approximately 90% and an incr ea s e  in 

produc t i on rate of  only ab out 3·-fold ( Illingworth §t al . 9 

'1 970 ; Challi s et  al . 9 1 97 1 b ) .  However in the c a s e  of 

the declined P c oncentrat ion in p eripheral blood plasma 

prior to parturit i on 1  i t  has b een shown to b e  due to 

b oth the fai lure of c orpora lut ea ( S t ab enfeldt e t  al . 1  

1 970 ) and an increase  in metab oli c clearance rat e  

( B edford et  al . 1  1 97 2 ) . 

2 .  Magni tude of pla sma proges t erone 

concentrat ion :  

The concentrations of plasma P recorded i n  the 

pres ent work were qui t e  different from those r ep orted in 

the lit erature . T i llson and Erb ( 1 967 ) found t ha t  P 

c oncentra t i on increased from 8 . 4 ng/ml on Day 2 t o  27 . 2  

ng/ml on Day 1 2 - 1 4  aft er br eeding 9 whereas the values  



b y  'rill s on ( 1 969)  were 1 4 . 2  and 29 . 6  on Day 2 - 4 and 

1 4 - 1 6  after breedi ng re spe ctively . I t  should b e  made 

clear fi rst that the t ime when the P l evel s start ri sing 

and the t ime when the maximum P level  occurs vary b etYvee: 

studie s .  It may b e  that tne values ob tained at stage s 

1 and 3 i n  the p r e s ent exp eriment are not th e mi ni mum 

and the maximum ones during early p re gnancy. Therefore 

the author does not try to compare the s e  values  wi th the 

minimum and the maxi mum one s  report ed in the lit erature . 

Attemp t  will be  given at  the compari s on of P levels  on 

the day- of-pregnancy basi s .  During late p regnancy9  the 

value s  of 1 0 . 7 1 9 9 . 27 and 7 . 54 ng/ml for P concentrat i on 

taken on day 1 00 9 1 1  0 and 1 1  2 re sp e ctively 9 ob tained here 

vere markedly smaller than those  r epor t ed b y  Shearer 

( 1 971 ) 9  vi z . 9 1 5 9 3 5-40 and 35-40 ng/ml recorded at 

the s e  stages resp e ctively . Al though the d ifferenc e in 

·t h�-, b;.c�hni oue us ed to determine P l 8v G l o:s  1 n  blood plasma 

has sh own to have V 8�Y lit tl e  effect on the r e sult s  

ob t ained 9 i t  might al s o  b e  a pos s ib l e  factor contributin,sr 

t o  the di screpancy b e tween studi e s  (Neill et al .  9 1 967 ; 

St .s1 , N.U c.Lu c §_t al . 9 1 970 ; Edqvi st  and Lamn 9  1 97 1 ) .  
Other fact ors likely to 

b etween s tudi es  includ e :  

contribut e t o  the di scr ep ancy 

( a ) Fact�rs inv olvi n� CPB _techni�u e :  

( i ) Flori sil  - T h e  ab s orb ent u s ed i n  the p r e s ent 

work t o  s eparat e the pr ot e in-bound from the unbound H
3

B 

was flori s il .  As point ed out b y  Demetri ou and Austin 
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( 1 970 ) one problem area in P as says i s  the quali ty of 

the flori sil . S trott and Lip s et t  ( 1 9 68 ) have indi cated 

a vari able  re sponse of H3B t o  different b atches  of 

flori sil . Mill ( 1 968 ) has report ed that the s odium 

sulpha t e  content i s  the princ ipal cau s e  of vari ati on of 

ad sorpbancy b etvveen batches of flori sil . 

( i i ) Mixer - The mi xi ng proc edure for s ep a rati on 

of the free H3B and CBG-H3B may al s o  b e  a source of 

error . The introduct i on of a rotary mixer by Demetri ou 

and Austin ( 1 970 ) has eli minat ed certain prob l em s  and 

p rovided other advant ages  over the individual mi xer . 

Wi th the vortex mixe r used in the p r e s ent work, 

vari ability was encount ered due t o  t he i ndividual 

t echni c ian, a fat i gue factor when large numb ers of 

sample s w ere  proc e s s ed .  Anothe r prob l em was the gener-

ation of flori sil  fine s by thi s vi gorous agi tati on 

dev i ce . 

( i i i ) Standard prot ein s olution (CBG-H3B ) - The 

quali ty of CBG-H3B may al so affe ct  the result of the 

assay .  M any of the rep ort s reJ_ at ed diffi culti e s  wi t h  

the s tab i lity of the CBG-H3B (D e  Souza et  al . , 1 970 ; 

Johans s on ,  1 970 ) . A possible  explanation for thi s 

instabil i ty may b e  the adsorpt i on of P t o  glas s surfac e s  

(Demetri ou and Austin9  1 970 ) . 

( iv ) T emp era ture  - During the p rocedure of prot ein 
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binding as say 9 at the s tage when 0 . 1 ml of CBG-H3B was 

added t o  the tub e s  cont aining extracted unknown pla sma 9 

the tub e s  were plac ed in a 45°C wat er b ath t o  b ring the 

P int o  soluti on (Murphy et  al . 9  1 963 ) • . .  Howev er 

Rob ert s on and S arde ( 1 97 1 ) not ed that s at i sfac t ory 

r e sult s can be ob tained at 25°C rath er than by using 

a water  bath at  40 °C .  On the o ther hand i t  should b e  

not ed that the ads orp t ion of corti coids decreas e s  at 

hi gher t emp erature from 1 0°C t o  45°C (MuYphy 9 1 967 ) . 

( v )  Re covery rat e  - The effe c tivenes s o f  the 

techn:i que f or P a s says can b e  j udged by the r ec overy 

rat e s  of P added to p l a s ma .  The sp ectrophotomet ry 

t e chni que des crib ed b y  Short ( 1 9 58 )  and u sed b y  Short 

( 1 960 ) gave a rather poor· recovery rat e 9 40 - 43% .  

Th e me thod of Zander ( 1 962 )  u sed by B rinkley and Young 

( 1 968 ) had a re covery rat e  of 73% .  The v alue r ep ort ed 

b y  Abraham et al . ( 1 97 1 ) in u s ing radioimmunoas say was 

84 . 2% .  The di ffe rence in the r ecovery rate may b e  a 

s ource of contradi ct i on b etween s t udi e s . W i th the value 

of recovery rat e ( 92% )  ob tai ned 9 the pr e s ent CPB a s say 

app eared sup e ri or to most  of tho s e  r eport ed in  the 

l i teratur e 9  e . g .  Donalds on et al . ( 1 970 ) : 80 . 8% ;  

Demetri ou and Austin ( 1 970 ) : 8 1 %  . • •  

( vi ) Reading method - Many i nv e s tigator s hav e  

b een content t o  fi t the s t andard curve " b y  eye" 9 and t o  

read the s amp l e  c oncentrations without any attempt t o  
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p rovide c onfidence limi t s  for the r e sult s  ob tained . 

Burger et al . ( 1 971 ) sugge sted a s t ati sti cal t echni que 

for ob taining the b e st fit  of the s tandard point s �  wi th 

sub sequent cal culati on. of unknown hormone concentrat i ons 

and the i r  error s . The s e  author s also sugge sted the 

model for the s tandard curve . However they did not 

menti on the u s e  of the model i s  the case  of the CPB 

a s say . In the p re s ent work , the standard curv es were 

:fi tted 1 1by eye11 and the values  of P concentrat i ons in 

unknown pla sma were al s o  r ead very approxi mate ly . Thi s 

procedure was likely to  involve s ome  degree o:f error and 

thi s in  turn contributes t o  t he di screpanci es  b e tween 

the values o f  P concentrati on re� or t ed in previous  

s tudi e s . 

(b ) Ot_£�J��c�OI_'_§__af't�ct ing P_level s in  

periph�_13.,]. J2la s ma in  soyv§. : 

( i ) Numb er of corpora lut ea -

In mos t  speci e s , includi ng the p i g ,  during early 

p regnancy ,  c orpora lutea are the mo st  important s our c e  

o f  P .  I t  may b e  e xp ect ed tha t  the production of P i s  

p roporti onal t o  the numb er of c orpo ra lutea . S t ormshak 

et al . .  ( 1 963 ) ,  Short ( 1 964 ) , R omb auts  et al . ( 1 965 , 1 971 ) ,  

have pr oved th:i. s propos iti on.  Bri nkley and Young ( 1 970 )  

also found that numb ers of c orpora lutea were linearly 

and p o s i t iv ely correlated t o  ovarian P s ecreti on rat e  (mg 

P secreted p er minute ) . I t  may b e  then speculated that 
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the P content in  p eripheral plasma vari e s  with numb ers 

of corpor& lut ea or ovulat i on rat e . However1  thi s was 

not proved b y  w ork of Ni svvender �t a l ,  ( 1 970 ) on gilt s 

and Polidoro and Black ( 1 970 )  on rabb i t s . The results 

report ed herein too 9 di d not show any signifi cant 

correlati on b etween ovulati on rat e  and P level in  p eri ­

pheral b lood plasma taken at the first  three stage s . 

P olidoro and Bla ck ( 1 970 ) sugge s t ed that  ovarian P 

s ecre t i on mi ght b e  greater in  femal e s  with hi gher 

ovulati on rat e s 9 but thes e  1'emal e s  mi ght al so hav e  

hi gher metab oli c clearance rat e s . Thi s hypothe si s 

remains t o  be  prov en .  I n  s ummary 1  even though evidence  

i s  not c onc1u sj.ve on  the rel at ionship b etween numb ers 

of corpora lutea and P level s du ring early pregnancy 

in s ows 9 it  i s  not unreas onab l e  to  excl ude thi s 

pos sibility 1  i e . 9  hi gher ovulati on rat e s  may r e sult in 

hi gher rat e s  of P producti on and hi gher l ev el s  of P 

in  p eripheral pla sma . C onseq_uently 1 the differenc e 

i n  ovulati ons rat e s  b etween s ows  of different s tudi es 

may result in the di fferenc e in  P l evel s of peripheral 

b lood pla s ma 

( i i ) Numb ers of foetuse s  or emb ryos -

During the l at er s t age of pregnancy9  i t  was  

report ed that the p eriphe ral l evel s were si gnifi cantly 

hi gher in ewe s (Bas s ett  et al . 9  1 969 ) 9 women ( Johan­

s son9 1 969b ) with  twins than tho se wi th singl e foetus e s . 

However 9  in  the s e  spec i e s  the placenta has b e en shown 



to b e  an important source  of P ( Zander and von Munster-

man..n 9 1 956 ; Mni re e t  al . 1 968 · Gad sby e t  al . ,  1 972) .  ·� ·���-- 9 9 

In the p i g ,  on the o ther hand the placenta d o e s  not 

p ro duce P ( Romb aut s .£:'c _ al_ " , '1 97 1 ) ,  s o  the si tuat i on r.1ay 

no t be th e same . Erb ��J�. ?·� · ( 1 9S2 ) repor t ed that 

c or r e L1.t i ons b s tw e e:LL nu_mb cr· s of' i mp lant s  s.nd P c ont ent s 

and conce::1t:::• u"'d on in :J.u t e al t i s �:m e  were not signi fi cant . 

T i ll s on and E rb ( 1 910 ) a l s o  report ed that l ev e ls of LH 

in b l o od p].a s nn showed no v2. r�\. :::lt i on a s s oci at ed with 

numb e:-s  of e mb ryo s .  S o  i t  app ear s that the producti on 

rat e  of P by corpora lut e a  i s  not influenced b y  the 

numb er of fo e tu s e s  ( or e mbryos ) .  In agreement with 

thi s t � end ;;  t he p -:..., e s e n i:.  r e s ul t s  did not show a 

r e lat i 0n shi p b e tneen li tteP s i ze a_t birth and P l ev el s  

i n  p e r j_ phe ral p l a sma u t  e i t her of th e last thr ee  stages . 

'I'h e  c orrela t i. ons h etween numb ers  of corpora lutea  and 

the P l �v e :1_ 3 at t he s e  stage s v1ere not si gnifi cant . 

I t  i 5 nu :� evr .; :cthy that �Ln the pr e s ent exp eriment 

the numb e r s o :f  mummified foe tuses  wer e  s igni fi cantly 

c orrela t ed t o  the P level s at s t a.ge 5 (r = 0 .  576 9  

P ( . 05 )  and s tage 6 ( :c = 0 . 64L� ,  P ( . 01 ) .  Pomeroy ( 1 955 ) 

has theori z ed that exc e s s  P may ac c ount f or r elat ively 

great e r  emb ryo death i n s om e  s ow s . Admini strat i on o:f P 

at lev el s  of 1 50-200 m�1day c ommencing 4 - 8 days aft er 

b re eding m:::> rl::edly i ncrea sed emb ryo death as ob s e rv ed at 

Day 25 of pregnancy ( Samme lwi t z  et al . 9  1 956; Spi es  

et al . 9  1 957) " There do e s  not app ear to  b e  any c le ar 
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cut hypothesi s conce :C'ning why this phenomenon occurs. 

It i s  not known also wi th any certainty whether the  

embryo de2.tt. i n  the present study i s  the result or cause 

of hi gh l evels of c i rc�la t i n.g P "  I t  has b e en shown 

that e mbryo s add:i. ti v ely :i. nfl ue n c e  ovs.rian st eroid 

metaholi c m  ( i !'l cr e a s e ) ( Edg e rt on �-t Cl.� . � 1 971 ) . Edgerton 

and E rb ( -1 971 a )  :fow.J.d t hc. cv g i l t s hav ing more foetuses 

excreted more t ota::i. pregnanes ( me t abolit es of P in sow 

urine )  throughou'c the eXTl e:ri mental p eriod from Day 28 

to 75  of p r egna.j.:t c Jr .. 

In summary 7 ar.. :i. nr:;:r- e a s e  j n th e numb ers of 

foe tuses w u s  not f oJ.l G, · :d by an i n cre a s e in product ion 

rat e of P i n  c oq_) O I'a :l.u t ea 9 ·ou� J n  the rate  of m etab olic 

clea:t•ance . .u·. may j e  sp e cul at ed tha t  P levels in p eri­

pheral plasma d�crease  in s o w s  wj_ th larger lit ter  siz e. 

M o r e ov er 1 n  tl1e pr e s r;n"!:; w o:::-k the results did not show 

any si gn.i :fic o.n Z, c: oJ .' r elati oll. 0 e tween numb ers of vi ab le 

p i glets and P lev t:i. s .. 

( i i i ) Nutrtt iou ·-

Nutri t j_ cJn has "b e e n  sh own to  b e  an important 

factor contri'buting t o  err!o ryon5. c loss i n  the sow . • •  

As P is eG  senti al :'o r  the mai ntenance of pregnancy in 

this sp ecies nutri t i on is exp ect ed to have some effects 

on circulat i ng P .  Cumlfling et a:±_ . ( 1 97 1 ) report ed t hat 

during early pr egnancy: P levels were greatly elevat ed in 

low-fed ewes compared t o  hi gh-fed ones. The same trend 

was found b y  Lamond et al . ( 1 97 2 )  on ewes , Donaldson 
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� ·  ( 1 970 ) on cows , out no work on s ows has b e en 

r eport ed . Th e r es ul t s  ob tained in the current exp eri­

ment also r evealed thi s adv er s e  effect  of nutri t i on on 

P l evel s . The hi gh-fed group had signi fi cantly lower 

levels  of P than the low-fed one (P < . 0 25 ) . The 

mechani sm involv ed i s  not underst ood ,  parti cularly as  

thi s effect of nutri t i on wa s found only at stage 5 .  The 

i ncreased P l ev el s in  the low-fed group may not be  due 

t o  an increas ed rat e of P s ecret ion ( Gumming e t  al . 9  

1 971 ) . 

( iv)  Str e s s -

Str e s s  has b e en shovm t o  affect P product i on .  

Blood s ample s  colle cted a t  slaught er had higher lev els  

of  P in  p eripheral pla sma than tho s e  c olle cted under 

normal physi ologi cal condi ti ons ( unpubli shed ob s ervations l 

c i t ed by Stao enfeldt et al . 9  1 969d ) . The stres s of 

ki lling may hav e  caus ed a rel e a s e  of P b y  the adr enal 

cort ex . Harri s son and Heap ( 1 9 68 ) showed than tran s­

planted adrenal s s e creted P throughout gestati on in the 

ewe .  Thus the adrenal s may not only rel ease  large 

amount s of P during stre s s ,  out al s o  may serve as a 

s ource of P in normal physiologi cal c ondi tions ( St ab en­

feldt et  al . ,  1 96 9d ) . Th e adrenal gland has be en also 

shown to b e  a s ou rc e  of P in s ows , e sp e c i ally under 

stre s s ed c ondi ti ons (Balfour e t  al . ,  1 957 ; Erb et al . 9  

1 962 ; Heap et al . , 1 966) , in cows ( Shemesh et  al . ,  1 968 ; 



Donalds on et__�l · ,  1 970 ) 9 ra t s (Fed e r  at el . ,  1 971 ) 9  

she ep (HarrJ s so�1 and H eap 9 1 968 ) • The s tr e s s  cau sed 

by b lood coll e c t i on may b i a s  th e r e sul t s  of' P outlined 

in some s tudi e s . Gi l i:. s  �- n t hi s e xp e ri ment were res-
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s t r ai ned :::!urJng �cll e c t :j_ ou and th e :pr oc e s s wa s ::'ather 

long ; Yv!! e :r: c a s  j_n ::>o�e o ther exp e:r>i ment s ( She arer 9 1 971 ) 

b J . o od s am9l e s  we r e  t akPn th�ough a catheter whi ch was  

i nsert ed int o t ne j ugnJ_ar v e j. n pe rmanent ly . S o  blood 

would o e  coll e :: t ul e a s 5. 1�r w"j_ th out causing much str e s s  

on s ows . 

Thi s j_ s al so s upp o r t ed b y  the fact that blood 

s ampl es c oJ: e c t c:cl at l ap arot omy i n  t he p r e s ent work had 

considerabl:v" hJ gh e J• l e v e l s of' P a s  comp a:r:ed wi th tho s e 

at st age s 1 and 5 ,  'I'het' e:for e i t  i s  l e g:i. t imat e t o  

con clude tha t  the d i ff e r·ence i n  str e s s ed condi t ion of' 

pi gs a t  blood c:oJ.le c t i o::J. r.1ay c ontribut e to the difference 

in P l ev e l s  b e tween ::: tud:i. e s ,  I t  should be  pointed out 

that , at letr- a:c- c, :_, c�iiJ ( s t age 2) blood s ampl e s  were 

coll ected from the v ena cava , inst ead of ear veins a s  

were co ll e c ti ons a t  the o th e r  fi ve s tage s . A compari s on 

of' 1 42  pairs  of' pla sma sampl e s  ( one wa s taken from 

jugula1• v eiL , the othe::..""' wa s i'rom vena cav a )  showed a 

signif'i cantly hi gher· P conentrati on in the vena cava 

(Dav i s  ���� . 9 1 970 ) . 

Th e t i me in the day _. when blood sampl e s  are 

coll ect ed 9  may b e  of' impor·tance .  In wom en,  Luri e  and 

Wille e  ( 1 966)  sugge s t ed tha t pla sma P concent rati on 



during p regnancy mi ght sh ow a diurnal rhythm . Johans s on 

( 1 969b ) al s o  found that morni ng sampl e s  of blood had 

hi gher l evel s of P than tho se  taken during the remainder  

of  the day . The re i s  no evidenc e whe ther thi s si tuati on 

exi st s  in the p i g  ( and othe r ani mal s ) . Blood s ample s in 

the c urrent work were not coll e c t ed at any p art i cular 

t ime i n  the dayy but mo st of them were collect ed in the 

morni ng .  

In addit i on t o  the ab ove fact o rs y P l ev e l s  hav e 

also b een shown to vary wi th breeds ( Stab enfeldt  et al . y 

1 969c ) y age  (Das and Magi l t on 9  1 97 1 ) of ani mal s .  Th ey 

are also different b etwe en ind ividual s ( Bindon 9 1 97 1 ) 

and s e a s ons ( Lamond e� al . 9  1 97 2 ) . 

I t  i s  no ted that all gi l t s  in the pr e s e nt exp eri­

ment were s i ck during pregn2ncy .  As pr evi ously pr e s ented , 

three gilts  abort ed duri ng the s e cond and last month . 

Leptospi rosi s was susp ected t o  b e  the cause y but thi s was 

not conf i rmed . Small numb er s  of E .  coli and Strept ococci 

were c ultured from a swab from the allantoi c flui d . 

Johans s on ( 1 969b ) report ed a l owered P concent rat i on in 

p eripheral p lasma of two women abo rt ed by s ev er e t oxemi a .  

O sburn et al . ( 1 969 ) innocula t ed vi ab le cultur e s  of vib ri o 

f'etus int o  the ut eri of cows i n  the s econd and thi rd month 

of pr egnancy . Thi s  re sult ed i n  ab orti on,  and p eripheral 

plasma P l ev e l s  declini ng at the t ime of foetal death . 

Simi lar resul t s  were obtained b y  Wi e s t  et  al. ( 1 970 ) ; 

Shemesh et al . ( 1 968 ) ; Wood e t  al . ( 1 971 ) . S o  far y no 
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explanati ons for thi s phenomenon have b e en sugges t ed .  



VI C onclusion :  

I t  i s  diffi cult  t o  determine with any certai nty 

a detai led pattern of P levels  in p eripheral p la s ma 

during pregnancy 9 unl e s s  blood samp l e s  are collected on 

a dai ly b as i s . From the re sul t s  ob tained herein 9  i t  may 

b e  c onc.luded that during ear ly pregnancy P lev e l s  in 

p eripheral plasma ri s e  consi de rably from Day 3 to Day 1 5 . 

Thi s coincide s with the stage of d ev e lopment of c orpora 

lut ea report ed el s ewhere . The P lev el s  after Day 1 5  

are not known from thi s work . No c omment could b e  giv en 

on the method of pregnancy di agno s i s  b a s ed on the mai n­

t enanc e  of P l ev e l s  toward the onset  of the �oe strus 

following b reeding (Rob ertson and Sarda 9 1 971 ; Wall-cer , 

1 97 2 - in sows ; Sh eme sh et al . 9  1 968 ; Pop e  et  al . �  

1 969 ; Rob ert s on et al . 9  1 971  - in c ows . ) 

Wi thin a limi ted numb er of p eripherally b lood 

coll ect i ons � i t  i s  not known when ( s t age s of pregnancy) 

plasma P levels  start ri sing and when they reach maximum 

value s  duri ng early pr egnancy . The minimum and maximum 

value s of P are not known . 

The gTadual drop in pla sma P level s dur ing lat e 

pregnancy mi ght also b e  used a s  an i ndi cation of farrowing . 

However i t  i s  no t lmown from thi s exp eriment at what stage 

( i n  r elation t o  farrowing day) P l ev el s tart s d e clini ng ,  

and Yvhat the standard l ev el s  of P during large pregnancy 

are Actually the values of pla sma P l ev el s  obtained 

from each exp eri m ent may vary wi th the t echnique of a ssay 
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u s ed , ovulat i on rat e ,  number o f  emb ryos or foetus e s , 

b r e eds , age s . • .  of pigs  and plane of nutrit i on employed . 

Low-fed gil t s  had hi gher lev e l s  of pl asma P 

than t he hi gh-fed one s . Th e results  ob tained did not 

reveal any explanat i on or me chani sm for thi s . The 

s i t ua t i on b e came more diffi cult b ecau s e  thi s effect of 

nutriti on wa s found only at stage 5 9  e i ghty days aft er 

feed i ng treatm ent s t ermi nated . 

The mummifi ed foetus e s  were s i gnifi cantly 

correlat ed wi th P l ev el s  at the last two stage s of blood 

coll ecti on . No rea s onab l e  explanation for thi s ha s b een 

sugge sted . 



CHAPTER 4 

RECTAL TEHPZRL'l'LJRE DPRING OESTROU S CYC LES AND LATE 

PREGNANC Y IN GILTS 

I Li t�erat1,1re rev i ew ;  

87 . 

The eff e ct of e s trual ac t ivi ty on body t emp er-

ature has not b e en s tudi ed extensively in the pi g . In 

vvomen,  duri ng the folli cular phase , the basal t emp era ture . 

remai ns lorl unti l at approximat el y  mi d- cy cle the t emp er-

ature ri ses  shortly over a peri od of normally two days 

oft en by as much as 1 °F (Marshall 9 ·1 965 ; Brown , 1 965 ) . 

Thi s hi gher l evel  i s  generally maintained unt il the 

ons et of menstruat i on .  The t e mperature ri s e ,  when it i s  

great er than 0 . Lt-°F 9 i s  consider ed t o  b e  indi ea ti  ve of the 

oc currc:;nc e of ovulat i on .  A b ipha s i c  t empe rature curve 

during oe s trous cyc l e  ha s also b e en reported in cows 

(Vollman and Vollman , 1 942 ;  Wrenn et  al . ,  1 958 ;  Fallen , 

1 95 9 ;  King , 1 964 ; Valdivi a and Vallenas , 1 966 ; Kumaran 

and I ya ,  1 966 ) , i n  ewe s ( C ocl�:rem and M cDonald , 1 96 9 ) , 

i n  mares  (Chi effi et  al . 9  1 964) , i n  goats  (Parer , 1 963 ) 

and in rabb i t s  ( B ehren �al . , 1 970 ) . Ac c ordingly, the 

dai ly vari ati on in b ody t emp erature was random in nat ure 

throughout the e st rual cycle except a signifi cant ri s e  

during oestru s . The only report on pigs , whi ch c ould b e  



found in the li t erature ( Sanders e t  al . ,  1 964 ) als o 

showed a cycli c t rend in b ody temp erature with t emp er­

ature el eva t i ons occurring near the t ime of ovulat i on .  

88 . 

However thi s b iphasi c patt ern of b ody t emp er­

ature i s  not in agreement wi th those  reported by Du 

Boi s ( 1 948 ) on human b ei ngs , by Chri s ti e and B ell ( 1 970 ) 

on b eagl e bi t eh wi th resp ect  to  the timing of" the ri s e  

of temperature i n  relat ion t o  oestrou s  cycl e .  The authors  

not ed a drop in b ody t emp erature oc curri ng at  ovulati on ,  

followed b y  a rise  to  a l evel  highe r than the p revi ous 

one . Furthermorc 9 data ob tained by  Brown et al . ( 1 9 6 2 ) , 

Chri s t i an ( 1 966 )  and Kumaran and I ya ( 1 966 )  indi cat e 

t hat i rre sp e ctive of ovulat i on occurring , there i s  pre­

e strual dr op followed by a r i s e  i D  t emperatur e  during 

o e s trus .  M any other authors also agree  that th ere i s  

generally a poor corr elati on b etween fluctuat ions in 

t empera ture ancl the o e strous cycl e ( B rovm et al . , 1 958 ; 

Greenst ein ��l . .  9 1 958 ; T sut su�ni e;t al . ,  1 969 ) . 

In summary , evidence so  far i s  not conclusive 

ab out the change s in b ody t emperatur e during o e s trous 

( or menstrual ) cyc l es . Some authors reported the rand om 

fluctuati on of te rrrp era ture during oe s t rou s cyc le s ,  wherea s 

o th er s  noted that b ody t emperature change s followed a 

biphasi c pattern .  The ti ming o f  the ri sing porti on of 

t empe ratur e  curve in  relati on to o e strous cycle  was als o 

not in  agre ement b etween studi e s . 
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S ev e ral dome s t i c animal s  show a sli ght ri s e  in 

b ody t emp erature i n  late pregnancy and a decline in th e 

:p erj_ od just b efore :partur i ti on ( s e e  We i sz 9  1 943 ) .  In 

0 
cat tl e  ( Evvb aYJ.k 9 1 963 ) thi s dro:p mea sur e s  s ome 0 . 6 C and 

c ommenc e s 9 on av erage 9 54 hours b efor e calving . Th e 

h ealthy cow 9  ev en when exhib i ting external si gns of 

i mminent :p a rturi t i on �  such a s  mammary di s t ensi on , 

relaxat i on of the sacros c i a t i c  li gament s and vulva 

enl argement 9 is unlike ly to c a lve  w i thin the s uc c eeding 

0 1 2  hours i f  i t s  re ctal t emp erature i s  above 38 . 8 C ,  

the normal t emp e rature b ei ng 38 . 5°C .  A s imi lar drop in 

r e c t al t emp eratur e  has  al so b e en repor t ed in pregnant 

ewe s  ( Ewb aru� ,  1 969 )  and rabb i t s  ( T sut sumi et al . ,  1 969 ) . 

Howev e r ,  Hafez eLa;b . ( 1 956)  found that pregnancy has no 

effect  upon the b ody t empe rature s of Egyp t i an fa t-tai led 

sheep ; and Rob er t s  ( 1 964 ) bri efly repor t ed that the dee:p 

vagi nal t empe ra t ure has li t tl e  :pra c t i c a l  value in 

:p redi cti ng the  t i me of the  ons e t  of  :p arturi ti on .  
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1 • Ani mals : 

90 . 

B a s ed on regulari ty of h eat , s i xt e en gilt s were 

cho s en fop the study of b ody temperature during o e s t rou s 

cycl e s . Due to many r ea s ons ment i oned in Cha:p e r s  1 ,  2 

( fai lure t o  come into h e�t , ab orti on . . • ) s i x  of th e s e  

s ixt e en gi l t s  vJerc repl a c ed b y  ano ther six p regnant one s 

f or the s tudy during l ate  p regnancy . 

Refer Cha:p t  er '1 9 2 -

A few days p ri or to  partur i t i on ,  th e gilt s were 

transferred to f'arroriing hou s e  9 a " s emi - op ened1 1  buildi ng . 

F o r  fift y con s e cut ive days ( fr om 23 . 9 . 1 97 1  t o  

1 2 . 1 1 . 1 971 ) 9 rectal t e mp e rature s of gi l ts  were r e c orded 

onc e dai ly b e twe en 0 9 : 00 and 1 0 : 00 hr , with an e l e c t roni c 

thermome t e r , ac cura t e to  ±o . 1  °C � b y  j_nsert ing an all-· 

purp o s e  prob e  1 0  t o  1 2  cm into the rec tum . The thermo-

met e r  u s ed wa s freque nt ly ch ecl(ed for accuracy . The 

fi r s t  weelc of' thi s :p e ri od wa s u s ed to  cond i t i on the gil ts 

to the experimental p ro c edure s ;  hence , the t e s t  p e ri od 

c onsi st ed of ab out two c ycl e s .  

R e ctal t emperatur e s  were a l s o  rec ord e d  d aily 

during the l a s t  fif t e en d ays of p regnanc y ( thi s p er i od 

ext ended from 1 9 . 2 . 1 97 2  t o  8 .4 . 1 97 2 ) . All readings wer e 
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0 recorded t o  the nearest  0 . 1 C .  Diffi cul ties  in m easure-

ment faced were a great vari ati on in the reading s  of 

re ctal t emp eratures  wi th the cond it i on of the rectum of 

gi lt s ,  i e o 9 c onstri cted or r elaxed . The error of 
+ c mea surement mi ght b e  as  great as -1  . 0 • 

4 .  �tati sti cal 1_1n_?lys i s :  

The re sults  were sub j e c t ed to analyse s  of 

vari ance of a two-way clas s i fi cat i on ( Snedec or and 

C ochr•an, 1 969)  o '.rhe rectal t emp erature s  were  t e s t ed 

against  days of oestrous cyc l es OI' pr egnanc y.  The corn--

pari son of re ctal t empe rature s  be tween days were d one b y  

the " l east  s i gni ficant difference1 1  method (C larke , 1 969 )  o 



I I I R e sul t s : 

D a i l y  re c t al t e�p eraturc s o f  e a ch gi l t  duri ng 

o e s t r ou s cyc l e  and l at e  pr egnancy a r c  pr e s ent ed i n  

App e ndi c e s  1 LJ- and 1 5 .  T h e  r e sul t s  a r e  summari z ed i n  

T ab l e  6 .. T h e  r e sul t s  o f  t h e  analys i s  ( T ab l e  7)  shows 

that r'e c t a l  t empe ratures of gi l t s  vary s igni fi c antl y  

9 2 . 

b e tw e en days r e c or d ed ( du ring o e s t rou s cycle s and lat e 

p r egnancy) . 

T ab l e  6 : M e an of r e c t al t emp erature ( °C ) du ring o e s trou s  
cyc l e  and l a s t  1 5  d a ys of p re gnancy . 

( n = 1 6 ) [ - - O c s t r ou s-cycl� ��.����P-r�e�g�.l�la
_

n
_

c
_

y
��· � 

���:1"-l - -;;;;,�--- t---�':::�) ·-=-��� 
-1 0 38 . 84 I -1 5 . 39 . 53 � 
- 9 38 . 77 �,.. -1 4 3 9 . 55 

8 38 . 88 -1 3 3 9 . 56 
7 38 . 74 . -1 2 3 9 . 51 
6 38 . 83 -1 1 3 9 .49 
5 38 . 7 5 -1 0 3 9 . 52 
4 38 . 8 2  9 3 9 . 49 
3 38 . 7 5 - 8 39 . 53 
2 38 . 84 - 7 3 9 . 51 
1 38 . 83 6 3 9 . 58 
0 38 . 81 5 39 . 45 
1 38 , 7 5 - 4 3 9 . 28 
2 38 . 73 3 3 9 . 1 4  
3 38 . 88 2 3 9 . 23 
4 38 . 91 1 3 9 . 36 
5 38 , 94 
6 38 . 96 
7 38 . 90 
8 38 . 90 
9 38 . 93 

1 0  38 . 87 

SE o f  mean d i ffer e nc e  
:!: 0 . 07 

SE o f  m ean d i f f er enc e i 
:t o . o9 1 
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C.'rc)m Day -·1 0 unt no Day 2 of' the o e s t r ou s  cycle , 

v' e c t ;:�l t emp crat'Jo:'e s  fluc tuated s li ghtly ar ound 38 . 7 9
°

C .  

'i.'hen. ·::. h e y  r o s 2  s i gr.Co:fi cant ly (P  <. . 01 ) :fr om 38 . 7 3°C on 

D ') .�- -· '< - r:· O. .  r:: t · - d .c-..p t o  - 1 0  ay c.. 'J o _) U .  ;J o C; or1 DG.J.' o and 0 c.n j_c 0 Ol .L un l l  Day · • 

The r e sul t s  a r e  illcstrated i n  F i gure 4 .  

I' J.' om D<1. y  -; 5 t o  Da�r 6 y r i o r  to :farrowi ng ,  gi l t s  

showed :r• e J_a t 5.v -:; J. y eonstan-c t eop e ra tur e s . R e c t al t e mp e r-

a tu r e s  drv:pp cd s i g�l.j_ f:io cant ly ( P  < . 001 ) f"rom 3 9 . 58 °C on 

Dsy 6 to 3 9 . 1 4  °C oD Day 3 and then r o s e  s li gh tly t o  

"' 9 -=\6 °r' on 1.,.., , � •; "' _..1 c _./ .J - - , . �L t.. I 1; c:forc :faProvJ ir..g ( I"i gure 5 ) , R e co rd s 

on f' ar·rvv1rl ng -:J.o.ys wer ·3 not av a i lab l e , since mo s t  o:f th e 

gi l t s  had fan• cw cd e arly i n  the Gl orni ng b efore t emp er-

ature s we.:.· e t aken , 

'r abl c  7 :  i:.:t H. l.l y3 ::i. s vf' var io.nc e of r e c t al t emp e r a ture s  

dur:L ng o e  G trous cycl e a.nd la st i 5 dc;,ys o:f 

pr cgn.:.:-tncy , 

**p / 01 � .  ' � 'tf.:K*p < . 001  
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Fig u r e  4 - Average D a i ly Rect a l  Te m p e ra t ure s  of 16 g i lt s  During Oe strous Cyc le . 
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Figl.l"e 6 - Average Daily Temperature s of 16 G i lts During the Last 15 Days 
of Pregnancy 
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Di s cu s s i on �  . . 

In the pre s ent s tudy 9 no a t t e mp t  wa s made t o  

94 . 

r e gul a t e  t h e  humi di t y  of t h e  e xp e ri ment al hous e .  B ehren 

.�t -� , ( 1 970 )  no t ed that humi di t y  s i gni fi cant ly affe c t ed 

r e c t al t e mp e r a tur e s  of rabb i t s . Th e r ef or e  thi s s hould b e  

b orne i n  mind in c omp aring th e r e sul t s  ob t ai ned h e r e i n  

and th o s e  r ep or t ed e l s ewhe r e . 

T he value s of' r e c t al t emp e rature during Day -1 0 t o  

D a y  2 of the o e s trous c y c l e  ob tained in thi s e xp eri m ent 

were simi l a r  to tho s e  r ep or t ed b y  S and e r s  et �1 . ( 1 9 64 ) . 
The ri s e  i n  t e mp e ra t ur e  from Day 3 t o  Day 6 wa s in a gr e e -

m e nt wi th ·work b y  D u  B o i  s ( 1 948 ) , Chri s t i  e and B el l  ( 1 970 ) . 

The l at t e r  found t ha t  m o s t  of t h e i r  exp eri mental b eagl e 

b i t ch shmved a thermal nadi r dur i ng o e s tru s foll ow ed b y  a 

p e r i od of hi gher t emp e ratu r e  v a lue s . Howev er many autho r s  

f ound the r :L s e i n  t c;mpe ratur e one ,  t w o  days p r i o r  t o  

o e s t ru s  o r  dur ing oe s t r ou s  p e ri od ( M a r shall , 1 96 5 ; B rown , 

1 96 5 ;  C o ckr em and M cDonald , 1 96 9 ) . I t  i s  di ffi cult t o  

find an ade qua t e  expl anat i on f or t hi s d i fferenc e  when 

t he me chani sms involv ed i n  thi s t emp er ature ri s e  ( i f  any) 

a r e  not under s t ocd . S ander s e t  al . ( 1 964 )  sugge s t ed that 

t h e  i nc r e a sed mus cular a c t iv i t y  a s s o ci a t ed w i t h  o e s t ru s  

c ont ribut ed t o  i n c r e a s ed t e mpe r a t ure , s inc e i t  i s  w e l l  

known t ha t  t h e  b od y  t empe r a tur e ri s e s  duri ng exe rci s e  

(Ni el s on ,  1 938 ; B enzinger , 1 95 9 ; B radbury e t  al . ,  1 964) . 



9 5 . 

Furthermore 9 small animal studie s ( Le e  and Van Buskirk, 

1 928 ) suggest  that b a sal metab oli sm increase s  at o e s trus 

independent of' act ivi t y  t rend s . Howev er this ex:plana ti  on 

d o e s  not fit  the s i  tu;:;,t i on where t emperature ri ses  a few 

days aft e r  heat a o  ob serv ed in the pre s ent eX}J Criment 

and e l sewhere o B rown ( 1 9 6 5 )  not c:d that in some women the 

t empe rature r i s e  may ext end over a numb er of days and 

occn si onally shovr a st ep-ri se upvmrd p rogre s si on . I t  i s  

p o s s ible tha t  thi s ext ended ri s e  i s  a s s ociated wi th th e 

retarded growth of t he c orpus lut eum due to the unduly 

prolonged p eri od of e s cap e of folli cular fluid after  

rupture (D ecker 9 1 951 ) .  In  the pr e s ent work , it  was not 

l:nm-m e xactly when ovulat i on oc curred in rela. t i on t o  th e 

t i me of t emperatur e  ri s e .  Burger ( 1 9 5 2 )  found s ows with 

all folli cle s  intact up t o  54 hours af' ter the onse t  of 

o e strus . It mi ght be tha t  the ri se  i n  rectal t emp er­

ature repor·ted h erein vms ab out the t ime ovulat i on • 8 .  

On thi s b asi s the incre ased muscular act ivi ty and ba sal 

metab oli sm Elay b8  the cau s e s  of the t emp eratur e ri s e  

duri ng oe strus . However thi s cannot explain the temp e r­

ature ri s e  in ewe s  whos e  oestrus was suppressed and 

ovulat i on did not occur (Chri s t i an 9  1 966 ; Brown e t  al . 

1 962) . S o  far no explanati ons have b e en sugge s t ed .  

2 .  Dur inJL l at e  .J2 rtsnancy :  

Decreased rectal temperature  on Day 3 p rior  t o  

farrowing i s  i n  accordance with t he r e sult s  obt ai ned b y  



Ewb anl{ ( -1 963 9 1 969L T sut sumi et. _ <::1 · ( 1 969) , but not 

wi th th o s e  b y  Haf'ez ( 1 95 6 )  9 Rob e rt s ( 1 964 ) • • • Th e 

me chani sms involved ha\re  no t b e en inv e s ti gated . One 

fac t or aff e c t i ng body tempera ture i s  the rat e of' h e a t  

96 . 

l o s s  and i t  i s  of' int ere s t  that Br ockvmy � ·  ( 1 963 ) 

r eport ed an incr e 2 s e  i n  he at los s t o  the env i ronment fo r 

she ep during the l a s t  24 hours of p regnancy . Howev er 

thi s d oe s  not explain the drop of t emp e r a ture at a s  

e arl y a s  3 d ays i n  t he p r e s ent work o r  54 hou rs ( Ewb anlc , 

1 963 ) be for e pJ.rturi ti  on . I t  should b e  n oted that gi l ts  

i n  t he pr c:: sent vwrl;: vv-ere  transferred t o  fa rr ow i ng hous e 

whi c h  w a s  no t a t ot2l. l y encl o s ed bui ld ing as the exp er·-

m e nt a l  one . IngrCJ.r:l ( 1 96u ) , R avv s on e!_ �al . ( 1 965 ) 9 

Spi e s -�.:t_��]; . ( 1 965 ) 9 Hol.me s ( 1 970 ) and Ingra:r:1 and Legge 

( 1 970 )  n o t ed tha� b ody t em:p era tui'e vvas s i gni f i c ant ly 

influenc ed by envi ronmental t emp e rature .  The v ari at i on 

i n  envir om:�en tal t empeJ:'a tur e ex�glained 35% of the dai ly 

vari a t i on i n  body t emp e r a t ur e s  (Chri s t i an ,  ·1 966 ) . So 

the r e sult s of the r e c t al t empe rature dur ing the t ime i n  

farr ov ling hou s e  mi ght b e  b i as s ed .  

i nfluence on t he r e sult s :  �·- �-���-�-����· ��·- ��-

I n  general 9 di s c r epanc i e s  still  exi st b e tween the 

pres ent re sult s and tho s e  reported el s ewhe re . No 

explana t i on c a n  be sugge s t ed s inc e the me chani sm j_ nvolv ed 

i s  not lcnown . Howev er , i n  j udgi ng the r e sult s ob t ai n ed , 
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i n  addi t i on t o  some fact ors menti oned ab ove ( cg . , t ime 

of ov"L"!.lo.ti on,  al!lb i ent t emp cro.ture 9 humidi ty • . •  ) 9 the 

follow1ng fact ors should b e  t aken lnt o  accou.nt : 

- B ody t emp erature m ay vary wi th age of ani ma l s  

(C ocl'"J> em and M cDonald , 1 96 9 ) . 

� r:I e at- t yp e  pi gs hav e b een shown to have  signi­

fi cantly hi gher t emp erature than fat- t ;yp e  ones  

( I lanc i c  et  �� . 9 1 96 5 ) . 

There arc di fferenc es  in b ody t e mp e rat ure 

r e corded at di f'ferent time of the day (Fal-

l on 9 i 9 59 ; PG.I! c r  9 ·1 963 ; Mendel and Raghaven 9 

1 ?6�. ; C hi c:ffi et _ o:l. . ,  1 964 ; T ane j a 9  1 966 ; 

Behren et _ al . 9 1 97 0 ) . 

4 . Y0l�§Lty__Qf_, _ _l)Q_si._Y . "t�m12.9L?<tur e m�a s�cn:t : 

From the; above resul t s  i t  app ears that the incr e as e  

i n  r e c t a l  t emp erature during o e s t r ou s  cycl e a s  well as  

their d r op dur·i Eg l a t e  pregnancy cannot be  us ed a s  a 

reli ab l e  predi cti on o:f the t ime of ovulation and 

parturi ti on .  Thi s was f o rme rly sugge s t ed by Fallon ( 1 9 5 9 )  9 

Schi lling and Ros tell ( 1 9 6 5 ) 9 Ewb ank ( 1 963 , 1 969 ) , 

Chri s t i an and Bell ( 1 970 ) . M oreov e r ,  i t  i s  v1ell estab l-­

i shed that body t emp eratu re i s  maintained by a theremo­

regula t ory sys t em .  A comprehensive  t ext on the envir on­

mental physi ol ogy in relat i on to  pi g producti on ha s been  

publ i shed by M ount ( 1 97 2 ) . Accordingly the rat e of heat 

re tent i on was calculated as in the follovti ng equat i on :  



98 . 

ME = HL + ER 

wh ere ME intake of m etaboli sable  e nergy 

HL r�u. t c  uf' hea t  lo s s  

ER rate of r e t ent i on o:f energy . 

Th e ER 9 on a gi '/ en :feed i nt alce 9 var i e s  wi th the 

rat e of' heat los s . Panti nG ( Ingram 9 1 964 ; I ngram and 

Legge , 1 97 2 )  or increGs ed pul se rate ( Ingram 9 1 964) are 

some usual ways to  di s sipate  heat (vapori sati on) 

The refore , i :f  body t emperatures  do change duri ng oes trus 

or la t e  p regnancy7 the ampli tude wi ll not be v ery b i g .  

For example s �  the i ncrea s e  i n  b ody temp era tur es  during 

oe s t rus p eri od VJas recorded a s  0 . 1 1 °C in mCJ.res  (Chi ef:fi 

e� al . 9 1 964 L about 0 . 3 °C in one gi lt  ( Sanders  et _ Cil . , 

1 96L!. ) • • •  S o 9  v1ith only one ob s erva t i on9  it i s  very 

di ffi cul t  to de tect thi s varia ti on in b ody tempe ratur e . 



V C on c lu si on : 

Under the c ondi t ions o f  t h e  p r e s ent exp e ri ment , 

99 . 

gi l t s  showed a ri s e  i n  r e ctal t empe r a tur e at ab out a f ew 

days aft er the on s e t  of h e at and a dr op ttt ab out a :few 

days p r i o r  to p artur i t i on .  H owev e r  a b i g  vari a t i on i n  

t h e  r eadings due t o  me a s�re ment t e chn i que , envi r onm ent al 

fa c t ors i ncludi ng :f e edi ng and a c t ivi t y ,  mak e s  i t  unr e-

l i able for u s e  t o  p redi ct the t i me of ovulati on and 

par turi � i on . 
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GENERAL C ONCLU S I ON 

As b ody condi ti on at ma t i ng has b e e n  s ugge s t ed t o  

b e  partly r e sponsib l e  f o r  the i neffe c t i v ene s s  o f  flu shi ng 

on ovul a t i on r a t e ; and a s  c ontinuously full- f ed gilt s 

p rodu c ed the s ame ovulat i on ro.t e a s  gil t s  full-- f ed fo r 

only two - thr e e  w e eks ( Z i mm c rman, 1 959 ) , i t  i s  sugge s t ed 

that gil t s  c an b e  kept on a l ow plane of fe edi ng unti l 

tvw or three w e ek s  pri or to s e rvi ce ? vvh en th e y  are 

flu shed . H owev er , wit hin the s cop e of th e pr e s ent 

experi m ent an a c c urat e s ca l e  of f e edi ng fo r gi lt s i s  

not known . I n  other wo rd s , the que s t i on of at wh at 

st age of growth gi lt s ahould be kep t on a low pl ane of 

f e edi ng ;  and what c;.re the d a i l y  allowanc e s  for flu sh ed 

gi l t s  or :for tho s e  on l ow plane , s t i ll remai n to b e  

an swe r ed . 

I t  h a s  b e en sugge s t ed that h i gh feedi ng o:f a thi n 

sovv o r  gilt may j_ mp r ov e  her l i t t e r  p e rfo rmanc e b ut hi gh 

fe edi ng o. :fat s ow or gi l t  may not b e  advantag e ous . 

Howev er a lt hough gi l t s  in thi s s tud y were thought to b e  

fat , a high l ev el of :f e ed i nt ake duri ng th e :fi r s t  month 

o:f pr egnan c y  wa s shown to i ncrea s e  l i t t e r  s i z e  at b i rth , 

the r e s ul t s  were s t ill que s ti onab l e  b e c au s e  o:f the out­

b re ak of ab o rt i on ,  UD .. k:1.ovm- c au s e  c on s t i p a t i on • • •  

Though the r e sul t s  d o  not giv e  any info rma ti on 

about proge s t erone ( P )  l ev el dur ing oe s t r ous c ycl e ,  the 

high l ev el of pl asma P p ar t l y  supp ort s t he s ugge s t i on 
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of u si ng P measurement as a tool to d i agno s e  p re gnanc y  

in gil t s  or s ows . The drop in P p ri or t o  parturi tion 

mi ght al s o  o e  u seful as  a s i gn of parturi ti on .  Howev er 

s inc e P l ev el s  declined gradually tovmrd parturi tion ,  

i t  i s  diffi cult to p redi ct wi th accuracy when partur i t i on 

oc curs . 

Body t empcr&t� rc doe s  not app ear t o  b e  a reliable 

measurement i n  predi cting ovulat i on and parturi ti on t i m e  

in th i s  exp eriment b e cau s e  of i t s  great daily variation .  

I t  i s  v1ell e staoli shed that corpora lut ea (CL )  

are the mai n  source of P .  Flushinc d i d  not hetv e any 

effect  on ei ther ovulat i on rat e or P level . 

B oth endogenous and exogenous P have b e en shown 

to i raprove embryo survival (Glas s gow et � (11 . 9 1 95 1 ; 
Davi s and Sor ens en , 1 959 ) . High plane of nutr it i on during 

the f irst  month of pregnancy �-m s sho wn in the current YJorl\: 

t o  enho.nce emb ryo survival . Therefor ;_; hi gh plane of 

nutri t i on was expected to be posi tively c orrelated wi th 

P l evels . However thi s was not the c as e .  On the other 

hand , hi gh-fed gi l t s  tended t o  h2.ve lower P l ev e l s  than 

low-fed one s at four s tage s ( 1 , 4 ,  5 and 6 ,  th e di ffer­

enc e  was si gnifi cant at  s tage 5 ) . Actually re sult s  ab out 

the effect of P on e mb ryo survival a r e  no t conclu si v e . 

Furthermore inforraat i on aoou t l i t t e r  3 i z e  at oirth and P 

m e a s ur e m ent s might be bi a s s ed b y  the i nci den c e  of di s e a s e  

dur i ng pr egnancy . 

B oth P l ev el and b ody temp ePatur e  of gi l t s  
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d e crea sed prior to farrowing . Whethe r  or not there i s  

any rela t i on b etvveen the s e  two measu:eement s i s  not known . 

However i t  was not ed th::'..t b ody t empe rature of gi l t s  

t ended t o  inc re a s e  around ovulati on ti me whereas P l evel s 

remained low dur ing thi s peri od . 



1 03 .  

APPEI\TDICES  

APPENDIX 1 - C ompositi on (% ) and calculated nutrient 

content s (% dry matter) of meal mixtures .  

�; � �,;i=-��:e��-kg) 
Barley Meal 

· Meat Meal 
! 
' Fi sh Meal ! B one Flour 
l Salt " 
� Trace element/vitamin 
1 supplement 
ij 
� 

r �� --� - - -

��-- -2·2�53 . 
' 8 5 . 40 

6 . 83 
6 . 83 
0 . 43 
0 .  21 

0 .  21 ( a ) * 

I 2 
t I 54- farrmving 

87 . 1 8  

! 1 0 . 03  
1 • 9 2  
0 . 44 
0 . 22 

0 . 22  (b) * 

' Dige stible energy � (Mcal/l�g DM ) I 3 . 47 3 .44 
� Crude Protein I 1 9 . 2 1 8 . 2 � Lysine ! 0 . 95 i 0 . 7 2  
pli ethi onine + cystine 0 .  3 , 0 . 55 

n � 

L I 6 t 

£�-����--��-L _ _  �;� �-_l-����: ������ 
( a) * (b) * See Appendi x  2 for the c omp o s i ti on of trace 

cl ement/vi tamin supplement 
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APPENDIX 2 - R ep orted composi ti on of one kg Mi neral 

and vi tamins  mi xture . 

- --- �-- --�- ��--��._.,_ .... --""'-- -.... --�'-� --�-�-�-�-�-�---· _............_ �- - - . 

, Mixt ur e  ( a )  I (b ) ! 
[-- -�------��-- -· - ·-� - ·- � -- - - � · 

�-- --- · -� --�--r--�- �-��-i 
I Vi t A 4400 IU I 7 997 IU I 
i Vi t D3 660 IU ' 7 9 9 . 7  IU I �� Vit  E 1 9 . 8 IU 28 . 6 IU i 

Vi t B 1 1 • 3 7 5 mg ' 1 5 • 4 mg � 
Vi t B 2 3 . 50 9 mg 4 .4 rng I 

� Vi t B 6 Lj . •  004 mg 2 . 64 mg I � Vi t B 1 2 0 . 01 1  mg 0 . 0 1 1 rng 
� P entothena t c  acid 1 1  • 99 mg 1 3 .  2 rng 
I Ni cotini c acid  1. 1 3 . 904 rng 1 7 . 6  mg 
� I 
I C holine l 220 rng 220 mg 
r Iron I 69 . 96 mg 1 24 . 96 mg 

Zinc 
!
1

L
5
!-�. ·. �

4
9 

rng · 1 30 . 0 2 mg 
I1•iangane s e  � u / mg 44 . 99 rng 

; C opp er ! 1 7 9 . 94 mg 1 0 . 0 mg I Potas s ium I 2 . 1 0 1 rng 2 . 1 01  rng 
� C obalt t 0 . 33 mg 0 . 33 rng 

i s 1 . 
� 1 54 h4 1 e enl urn � 0 • mg , 0 • 1 :; rng 

1 3- ni tro 4 hydroxy phenyl ' 
I 

! arsoni c acid 25 . 5  mg I � 

j ��- - - -- l - - ·- � - � ����J 



APPE��IX 3 - S ca l e  o� �eeding. 

I,i ve wei rrht o� :p i gs Dai ly meal allm-ran c e  
( kg) (kg)  

1 05 . 

��---- -��� �-�£ -�� £ �t---�- - - �- �- - �-�-. �-��-�- - �·�· 

20 ! 1 ' 04 

2 5  1 • 2 2  
30  1 . 40 

3 5  1 . 55 
40 

45 

50  

55  and over 

1 • 71 

1 . 87 

1 • 99 
37� of bod�.r wei ght 
t o  a mo.ximwn o:f 
2 . 3 kg:K 

*Due to general re�usal s the maximum daily a llowanc e wa s 
reduced t o  1 . 8 kg when animal s wei gh ed ab out 1 20 kg . 
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APPENDIX 4 - Age , weight 9 oe strus numb er of gilt s at mating ,  length of flushing peri od 9  
total energy c onsumed during flu shi ng peri od 9 growth duri ng previ ou s  fort­
ni ght , ovulat i on rat e , li tter  size  at birth and numb er of mummi fi ed foetuse s . 

��-���-· ���--�-"-�-"- �-----�--c�·ca. -��- ��- -·���-��-�- -· ---·---------·--· -- --�-----

F L U 8 H E D 

-�-��. - � Ovul- Lit t er , No . of' i 
ati on Siz e at , Mummi- ' 

" 
-��

--�- ---- � · ·--���-

Age . Weight O e s trus . 
(Days ) (kg) N o . 

• Growth 
during 
prev i ou s  
fort­
night (kg) • 

Pig No . Length o f  . T otal 
Flushing Energy 
Period C on sumed Rate Birth fi ed 
(Days ) (M eal DE ) Foetu s e s  

! : • : 
�� �----��· ��-'- ��� --�-----·--�---�-�....-�-- --· �� ---='---""'-"'"""_,._�-- :oar.o.c...·.· -·=· �-"-�--.,•••·•••'<-"_. . - ------

21  I 68 28o 1 30 . 5 6 1 1  1 1 s .  s 9 .  31 1 6 1 o 
2017 8 264 1 22 . 7  3 9 97 0 2 6 0 69 1 4 1 0 
1 7 I 67 284 1 1  7 0 3 : 7 1 0 88 . 5 7 . 0 1  1 5 NA i : 
1 619 281  1 24 . 5 : 6 1 1  1 1 5 . 0 1 0 . 00 1 3  NA 

n 
. 

1 1 415  277 1 28 o 2 : - 1 5  1 52 . 9  4 . 48 1 5  9 
1 L�I68 275 1 23 . 6 : - 1 2  1 29 . 6  6 . 1 0 1 4 8 
1 218 279 1 1 2 . 3 6 1 0  94 . 5  4 o 0 9 1 6  NA 
1 719 28 5 1 22 . 3  7 1 1  1 1 7 . 5  6 . 1 1 1 5  1 
1 616 27 5 1 34 . 1  5 1 1  1 08 . 6 1 0 .45 1 1  NA 
1 1 16 283 1 31 . 8  I 5 1 2  1 26 . 1  1 o . oo 1 5  3 • 1 

25168 28 2 1 1 2 o 7  6 . 1 2  1 1 8 . 1  3 o 09 1 4 1 2  
I 1 0168* : 3 1 L� i 1 40 . 0 : 8 : 22 : 21 7 . 7 : 8 . 1 8 � NA ! 2 t:...,..... ,_, ., . ,.,  .. �-...&:...--.c:�<- ca. -"- _...• _,.-...,,.. ,, .. .._-..,� ....... .......: •• �- �-... ��-- -..- �...._-� _:.-_._._ _..._ --... _.._ ......_.. _ .._� . .... -·...,. .-....- .••• ...._ ......._ .,._ .. __ a_.__ ,._ � .  •- �.a-. ..... ---..---.- -�-.-.-o......-.....---:--..-.� �·�-T��-

� M ean • 278 . 6  ; 1 23 . 6  • 5 . 67 • 1 1 . 3 1 1 5 . 2  : 7 . 0 3 • 1 4 . 4 ! 6 . 87 
� ....... �---..._�, 

NA : dQta not avai lable o 
""=�-... �--"-""=------'""".,.__ ,._,._� _ _____ .....,_,._.��-��-=-or.:o:::...-.- - - --

*Data of the s e  gi l t s  were not includ ed in all analyse s  of ovulati on rate . 

0 

0 
NA 
NA 

3 
0 

NA 
0 

NA 
0 
0 
3 

�-

0 . 7 5  
---
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...... APPENDIX 4 - c ontinued 

Pig No . . Age · Weight 
(Days ) : ( l<:g ) 

N 0 N F L U S H E D 

. O e strus T otal 
No . Energy 

C onsumed 
(M eal DE ) 

Growth 
during 
prev iou s  
f'ort­
night ( kg ) 

Ovul­
o.ti on 
Rate 

Li t t er 
Size  at 
Birth 

I -�- -� ----�---�-... ..;....._�-- .  -·-· - _.;____._ __ ����·--.;.._·-· .. - .  - ��-..i...-�--- ·-� ---�-- ---- �-
" 

l 2 1/56  262  
20/7 259 
1 7/6 27 6 

;j 1 6/68 i 262  
' 

1 4/567 274 
1 L�/7 274 

l ; ! 1 2;5 : 266  
l : 

1 7/57 . 287 
1 6/56 2 61 
1 1 /7 271 
2 5/7 284 
1 0/678*- ; 3 27 

M e an 270 . 5 

1 26 . 8  
1 1  6 .  8 
1 08 . 6  
1 1 4 . 1  
1 29 . 1  
1 1 7  0 7 
1 1 2 . 3  

1 24 . 1  
1 20 . 5 
1 08 . 6  
1 1  9 . 1  
1 1 8 . 0 

1 07 . 8 

5 
4 
5 
6 

6 
6 
6 
3 
6 
6 

5 . 22 

59 . 4 
48 . 6  
54 . 0  
59 . 4  
8 1  . 0  
64 . 8  
54 . 0  
59 . 4  
59 . 4  
64 . 0  
64 . 8  
89 . 1  

8 . 1 8  
7 . 86  
5 .  9 1  
5 . 1 5 

6 .40 
6 . 45 
0 .  91 
5 . 0  
1 • 82  
4 . 85 
2 . 36 
2 . 00 

1 3 
1 5 
1 3 
1 8  
1 6  
1 1  
1 3 
1 5 
1 3  
1 3  

1 3  

NA . : . 

NA 

7 
5 
5 
9 
8 
5 
2 

NA 

NA 

2 
6 

,...,���-�= ��-�-��-..,.___--..-..... --.. --=+=�� .--�---�-· 
60 . 9  4 . 99 1 3 . 9  5 . 44 

.,.�.-

· No . of' 
Mummi­
f'i ed 

' Foetuses  

NA 

0 
0 
0 
0 
1 
1 
2 

NA 

NA 

3 

0 

0 . 78 
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APPENDIX 5 - Analys e s  of vuri ance of ovulation rat e 

and li tter s i ze at b irth . 

,�-�--�-�-�- -�- -

� - � 

. 

Source of variation . Ovulati on rate I Li t ter si z e  at I j Bi rth ' 

I �-�"' M;-t df MS df 

� Treatments 1 1 . 1  36  1 8 . 668 

I Pai rs 1 0  2 .  509 I I l Er_:or 1 0  3 . 236 1 5 1 1  • 984 
-�-�--� 

No treatment effects  wer e signi fi cant (P > . 0 5 )  

APPENDIX 6 - C o rrelati on c oeffi ci ent s b etwe en ovul at i on 

rate and some uncontrolled vari ables . 

C Ol"relat i on I R . S . D .  Sign• 
C oeffi ci ent I T e st 

1---o·- ' 

Age of gil t s  at mating 
' 

0 . 0 58 1 • 709  NS 
Wei ght of gil t s  a t  

mating 0 . 1 1  6 1 .  563 NS 
Liveweight gain duri ng 

1 4  days :pri o r  t o  i 
mating -0 . 008 1 . 7 63 NS 

Oestrus numb er at 
mat ing 0 . 27 9  1 . 604 NS 

Total energy c onsumed 0 . 1 38 1 .  692  NS 
Length of flushi ng 

:p eriod 0 . 041 1 • 51 0 NS 

NS ; P ) . 05 

\ 
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APPENDIX 7 - Mea surements of Backfat thi ckness  (BFT ) ( in cm) of gilt s .  
- ��� ··· ·"'· - -- � -- �----��- � � � - - ----- - - � -- -- �� -- - - ��---�--- ---�-�-· -- � -�----�-�-

N 0 N F L U S H E D F L U S H E D 
-w� - --�------------1 

: Shou o Mid . Loin Ave . ; Weighted G i l t  s : Shou .. : Mid Loin Ave .  Weighted 
BFT i M ean 

' � ! ��- 7 ..... ,..,--... --���-,_,..--.�--+--
BFT M ean 

----� - ------� 
21 /56 5 o 1  : 3 . 0 . 3 . 9 : 4 . 0  3 . 7 I 21 /68 ·. 5 . 6  • 3 o 7  3 . 9 4 .4 4 . 2 
20/7 4 . 7  2 . 8 ; 3 . 3 3 . 6 3 .4 20/78 : 5 . 0 3 o 3 3 . 8 4 . 0 3 . 8 
1 7/6 L� . 8  . 3 . 1  ; 4 . 4  4 . 1 3 . 8 1 7/67 [ 4 . 8 : 3 o 0  3 . 8 3 . 8 3 . 6  ; 
1 6/68 ; 5 • 7 3 . 2 , 4 o 4 . 4 • 4 4 . 1 1 6j 9 5 . 4 1 4 • 2 L� • 9 ! 4 • 8 4 . 6 

' 1 4/567 : 5 . 5 : 3 . 9 ' 4 . 5  4 . 6 4 .4 1 L�J5 4 . 6 3 . 3 1+ . 0 ; 
3 o 9 3 . 8 

1 4/7 4 o 7 : 3 • 1 3 • 7 3 • 8 3 • 6 M 1 4/68 : 4 • 9 3 o 1 3 o 3 • 3 • 7 3 • 6 
! 1 2/5 5 . 1 ! 3 . 1 : 3 0 8 4 .  0 

' 
3 0 7 � 1 2/8 4 .  5 

' 
2 . 9 4 0 0 ! 3 .  7 3 . 6 

1 7/57 4 o 3 3 .4 4 . 3 4 . 0 ! 3 o 8  1 7/9 5 o 0  ' 3 . 2  L� . 3 4 . 2 3 . 9  
1 6/56 5 .  3 1 2 . 9 : 4 o 7 

. 
4 . 3 i 3 . 9 1 6/ G 6 o 5 • 4 . 6 i 6 . o 5 .  7 5 • 4 

1 1 /7 4 .  9 2 . 2 · 3 o o . 3 .  4 1 3 o o 1 1  I 6 4 .  2 i 2 .  9 ! 3 .  5 3 .  5 3 .  4 
2 5/7 5 o  6 3 . 5 ' 4 .  4 4 .  5 : 4 o 2 2 5/68 . 4 .  3 : 3 o 4 i l-1- o 0 . 3 .  9 3 .  8 

_..._____"""'"- · ""�-----.->-· · ... ... .r--.- ... ... -� -�- -·-.�· -�----- -· .._.., .._.....__ _. -- � ... � - ·�-��-.:... - --� __j_J__ ___ ........ - ---J. 
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APP��DIX 8 - C o rrelat ions  b etween live-animal ultras oni c 
measurement s and ovulat i on rate . 

r .-��----- · ��-�--� ��-�--- � � � i Measurement s C orrelation , R .  �h� ·· :: Si gni fi cance � �-��-��--�-----��-, �
-
o�::f':�ci en t T e s t  

�� Shoulder 0 . 1 70 1 • 687 
Midb ack -0 . 1 41 1 . 694 

! Loin -0 . 21 8 1 • 671  I Midb ack + Loin -0 . 1 93 1 .  67 9 
1 Ave . BFT -0 . 1 0 5 · 1 . 7 0 2  
I . 
� Wei ghted means . -0 . 1 89 1 . 681  L�- - �·�· � -��--- �� � -��- �-�-��- - �-��� 

NS : P ) . 0 5 

NS 
NS 
NS 

APPENDIX 9 - fu1alysi s of covariQnce and test of' s i gni fi­
cance of' ad ju sted treatment means - Li t t er 
s i ze at bi rth ad justed . r�our c e of' l ? Devi at ion from 

Vari at i on df sx- Sxy Sy2 regre s si on 

I � I 
df' SS ! M S  Grea�;;mt- -·�1 1-67 .�34-:-7 . ·�8.54 ! �·����- t�-�- , _  

F . 
T e s t  

I El"ror 
. 1 1 5  ; 2 996 1 -336 .4 1 7 1 . 23 : 1 4  1 33 .46 9 . 5  

j Tota�-�6 I 31 63 l 298 . 3
_ 

1 79 . 77 jl 1 5  
,
1 51 . 6_3-+-�-+--

B etween ad justed mea��s -=- 1 1 8 . 1 7 : 1 8 . 1 7 1 :9o7 (a ) 
--------- � �  

p > . 0 5  

Adj u sted treatment group means : 
NF 5 .444 + 0 . 0 5  ( 276 . 2  - 27 9 . 1 7 )  = 5 . 59 2  
F 6 . 875  + 0 . 1 8  ( 28 2 . 5 - 27 9 . 1 7 )  = 7 .474 



APPENDIX 1 0 - Li tter s i ze 9 we i gh t  a t  b i rth and 
av e rage b i rth w e i ght of pi gs 

� 
I 
l 
; 
� ! 
I 
I 
t 
' 
I I �� 

l � 

-
b X 

X �- l __ 2 

1 1 1  0 



lLPPEHDIX 1 1  - Summary of analys e s  o f  vari anc e for 
l i t t e r s i :c; e 9 we i gh t  at b i r th nnd 
av e ra c e  b i rth w e i ght of pi gs 

'1 1 2 0 

! S o ur c e  f df ! Li t t e r  i Li t t er : Av e .  B i;tr:! · � j s i z e  i W e  i gh t 1! Vv e i .=;h t (M  s ) i 
� I ( M s ) I ( !.! s ) I 

·-p·;��iit:rr,�·�;����rl -�--6�-� �--��87·-- ·r-0 .  07�
· ---� i1 

P o s t-mo.t i n ·�· t r ea t - t 1 t ' 
' m ent 

-C) � 1 � 6o . o** � 96 .42* � o . oo6 1 I I nt er a c t i on � 1 · 5 .  7 9  i 5 .  76 0 .  003 I t E�
r

-��� �-=-"·· �- .. ,--- -= "·· � -� 1 _1� -- L - �8�·�1-0· ·-� � �L�.:?.:.� -�_L-� . 0 6!._�- �-� � 
¥.: --p < . o s ,  *� < . 0 25 



,.,; APPEI'·l"D IT. 1 2  - Proge s t e rone lev e l s  i n  b lood plasrm ( ng/ml ) of' gi l ts duri ng e arly and l a t e  pregnan c y  • .,--

P i g  N o . S t age 1 S t a g e  2 S t ae;e 3 St age 4 S tage 5 

F 1'-TF x F FF 
-

F r :  F' -
F !:F -

F :JF X X X. 

1 2/8 - 1 2/ 5  1 8 . 7  1 13 . 1 3 0 . 6 1 7 . 1  1 9 . 1 20 . 3 1 2 .  5* 1 1 • 8 

1 7/9 - 1 7/57 8 . 4 5 . 1  2 9 . 7  2 9 . 1  2 2 . 1 1 3 . 3  7 . 9 6 . 4 S . Sl 1 7  . 2* 

T-� 1 1 /6 - 1 1 /7 1 0 . 8  1 3 . 6  28 . 7  40 . 6 1 5 .  6 30 . 5 1 0 . 1  1) . 3
* 

8 . 3  1 0 . 5* 

1 0/68 - 1 0/678 1 3 5 . 8  3 5 . 5 8 1 8 . 2  20 . 7 1 7 . 1  s . 7  1 2 .  8 1 1 • 1 

2 5/68 - 2 5/7 7 . 3 1 2 .  5 30 . 5  38 . 7  2 3 . 1 22 . 7  8 . 2  1 4 . 8  1 5 .  5 1 2 .  6 

-
X 9 . 8 2  1 1  • 67 1 0 .  74 2 9 . 4 9 27 . 62 26 . 5 5 20 . 53 21 . 1  5 20 . 34 1 1  . 0 1 0 . 42 1 0 . 7 1 8 . 08 1 0 . 46 

'<!.0/73 - 20/7 8 . 8  1 1  • 2 1 '::! . 9 27 . 8  2 1  • L> 2 5 . 5  1 1  . 1 1 2 . 5  5 . 6  8 . 2  

1 7/67 - 1 7/6 6 6 . 7  2 2 . 8  34 . 4 1 3 . 9  1 G .  9 1 -:- c* .) • :;1 1 3 . 5  C . 7* 3 . 2  

!1 1 4/ 5 - 1 .4/'567 9 7 . 6 29 . 3  39 . 9  2 7 . 9  2 5 . 7  8 . G  8 . 7  1 0 . 3 8 . 6  

1 4/ 68 - 1 4/7 9 . 0 1 0 . 5  3 5 . 1  2 2 . 7  30 . 3 20 . 1  1 2 . 1  3 . 1  7 . 1  9 . 6
* 

2 1 / 68 - 1 6/ 68 6 . 4 7 . 9  3 2 . 8 2 5 . 9  1 3 . 7  1 5 . 8  8 . 5  9 . 4 6 . 5  1 3 . 1  

X 0 . 3 9  1 3 . 1 0  2 9 . 0 6 28 . 0 5  2 1  . 1  2 20 . 56 1 0 . 64 1 0 . 7 8 7 . 29 1 1 . 74 

*e st i m a t e s  of' mi s s i ng plot s 

S tage 6 
- -
X F NF X 

5 1 0 . 7 

7 . 9  6 . 6
* 

1 3 . 6  3 . 8 

1 2 . 5  1 2 . 7  

C] . 27 7 . 59 7 . 50 7 . 54  

5 . 3 4 . 5  

8 . 3
* <;: . 2  

6 . 4 8 . 3 

5 . 7  6 . 6* 

3 . 6 5 . 1  

6 . 30 9 . 1 0  
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APPENDIX 1 3 - Summary of analyse s  of vari 3nce of plasma proges t erone levels at six  stage s 
of blood colle cti on ( a )  

��- ----�-· �· �- ��-- -��·· -��-�� 
Source ! Stazc 1 · Stage 2 , Stage 3 

d:f . MS  MS  M S  
... _.,.. .. ___ ,_ __ � ...... -�---�.,..,__..,.,_,.:1�.�-:;;,.. .-..,....��.r . .-..., 

Level (H  v s  L ) I 1 1  0 .  921  5 . 1  01 1 . 568 1 
Li tter wi thin l level 8 ·  69 . 1 7 1 41 . 343 37 . 36 5 

df 

1 
' 

8 �  

St <..lJe 4 � ; Stage 5 �-i df : MS  

. * 0 . 098 1 \ 87 . 91 2 
i 

1 0 . 355 . 7 . 1 4 . 7 57 
i T reatment ( F  v s � . . 

NF ) I 1 1 7 . 1 1 3  1 7 .48 5  1 . 922 � 1 ,  1 . 68 2 1 ! 2 5 .442 

Error 8 22 . 20 6  · 87 . 1 1 5 : 26 . 668 5 !  1 1 . 695  . 4 :  1 9 . 8 1 1 

stage 6 
MS  

34 . 844 

8 . 653 

0 . 036 
5 . 280 

1 5 .  968 
Int eracti on 1 1 5 . 7 25

. 
8 1 , 20 5 . 7 . 938 1 

' 
0 . 1 62 1 i 0 . 084 

�..,. .-��__..,..._.,,_�,.,.-�_ ... _,. -�--=-=-� --- -.. -· .. .. ,... .. _ .... ,.. .. ""'"'""_.___ ,..,.._.. ��-�� ........... ---,.,_��--,..,.._ .... -� .... --r"UO'� -"- � -'""-' . ... � .. ---.. .,_... ... _;_...,., .. ,. ,.._,.. .._.....,.__�. -�- ���·-- ---��· 

( a ) All di fferences  ure not Gigni fi cant ( P ) . 0 5 )  except where ast eri sks arc shown . 

* p <. . o s  
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APPEND IX 1 4 - R e ctal t e mpera ture ( 0G )  durin� oe s t r ou s  cyc l e  

r} i l t s  

Days of 
the O e s t ru s  
cycl e ( a )  

- 1 0  

- 9 

- a 

- 7 

- 6 

- 5 

- L� 
- 3 

- 2 

- 1 

0 

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

1 6/ 6  1 6/9 1 6/68 1 6/ 56 2 1 / 56 2 1 /68 1 7/57 1 7/ 6  1 7/67 1 7/9 1 2/8 1 2/ 5 2 5/7 2 5/ 68 1 0/68 1 0/678 

3 9 . 0  33 . 8 38 . 7  38 . 6  3 9 . J 38 . 9  38 . 8  3 9 . 2  38 . 6  38 . 8  38 . 7  3 9 . 1  3 9 . 0  38 . 6  38 . 9  38 . 8  

3 8 . 9  38 . 6  38 . 5 38 . 9 38 . 7 3 9 . 2 3 8 . 7  3 8 . 3 38 . 9  38 . 9  38 . 7  38 . 8  38 . 8  38 . 7  38 . 9  38 . 3  

3 9 . 1  3 8 . 6  3 J . 8  39 . 0 3 9 . 3  3 9 . U 3 9 . 0 � .1 . 6 3J . 4  38 . 8  38 . 7  3 9 . 0  3 9 . 2 3 3 . 3  39 . 0  38 . 8 

39 . 0  38 . 9 3 J . B j j . 5 3J . 9 3 9 . 1 30 . 7  37 . 5 jd . J 33 . 5 3 J . 9  39 . 0  38 . 7  38 . 8 3 8 . 8  38 . 9  

3 9 . 3 39 . 3 3� . 9 33 . 5 3 9 . 1 3 9 . 1 38 . 6 : 7 . 9  3 0 . 7  38 . 8 3 9 . 0 3 9 . 0  3 3 . 9  3 9 . 1  38 . 6  3 8 . 5  

3 8 . 8 3 J . 5 3 8 . 6 3 8 . 6 3 j . 1 3 9 . 3 3 J . 5 38 . 1 33 . 9 38 . 6 38 . 7  3 8 . 7  3 9 . 1 39 . 2 3d . 7  38 . 6  

39 . 1 )J . � 33 . 5 3d . 6 33 . d  3 9 . 3  38 . 6  33 . 6  33 . 9 j 8 . 6  38 . 7  38 . 8  3 9 . 3  3 9 . 0  3 9 . 0  38 . 5  

30 . 5  3 8 . 5  3 0 . 9  38 . L� 39 . 2 3 9 . 1 3 J . 7  38 . 6 38 . 9 3 8 . 6  38 . 7  38 . 7  3 9 . 3  38 . 8  30 . 5  38 . 6  

3 b . 9 38 . 9 3d . 7 3J . 7 3d . 9 39 . 4 38 . 7  38 . 7  30 . 9 38 . 6 38 . 9 38 . 9 33 . 9  38 . 7  3 9 . 0  38 . 6  

39 . 2  39 . 1  3J . J 38 . 3  39 . 0  39 . 2  38 . 8 39 . 0 jd . 9 3d . 5 jd . 8 38 . 3  38 . 7  38 . 9  38 . 9  3 8 . 8  

3 9 . 0  3 9 . 1  3J . 8 3 8 . 6 3 9 . 0 3 9 . 2  3 3 . 3 3d . 7 3o . 7 3B . G 38 . 6 3J . 5  38 . 8 38 . 7 3 9 . 0  38 . 8  

3 9 . 1  3 9 . 2 3 � . 8 3 8 . 3 3J . 9  3 9 . 0 3d . 4  38 . 7 3 J . 6 33 . 3 38 . 5 38 . 4 33 . � 33 . 8  38 . 7  3 8 . 9  

38 . 9  38 . 8 38 . 5 38 . 4 39 . 0  39 . 2 38 . 6  33 . 8 38 . 9 38 . 3 30 . 6 38 . 5 3d . 7  3 0 . 5 38 . 7  38 . 9  

3 9 . 3  3 9 . 1  38 . 9  30 . 5 3 � . 2 3 9 . 3 38 . 5  38 . 6 38 . 9  38 . 8  38 . 6 33 . 9  38 . 9  33 . 7  38 . 9  39 . 0  

3J . 8  3 9 . 1  38 . 6 38 . 8 39 . 4 39 . 5 33 . 8 38 . 8  3 9 . 1  38 . 7  3 8 . 7  33 . 7  3 9 . 2  3 8 . 6  39 . 1  38 . 7  

3 9 . 3 3 9 . 3 38 . 7 38 . 9 3 9 . 6 3 9 . 0 38 . 3  3 8 . 8 3 9 . 2  3 8 . 8  38 . 6  38 . 7  3 9 . 0  38 . 8  3 9 . 0  38 . 6  

3 9 . 4  3 9 . 0  38 . 9  38 . 9 � 9 . 3 39 . 0 38 . 9 38 . 9 3 9 . 2 3 9 . 0  38 . 7  38 . 7  3 9 . 0  35 . 5  3 9 . 1  38 . 8  

3 9 . 4  3 8 . 9  38 . 5  39 . 1  39 . 2  3 9 . 3  3 8 . 7  38 . 8  38 . 6  3 8 . 8  38 . 8  38 . 8  3 9 . 1  3 8 . 9  38 . 9  3 8 . 6  

3 9 . 1  3 9 . 0  33 . 7  33 . 9  39 . 0 3 9 . 3 3 8 . 8  3 3 . 8 33 . 9 3 9 . 2  3 9 . 0  3 3 . 6  38 . 7  33 . 7  39 . 0  38 . 7  

3 9 . 3 3 8 . 8 3 � . 1  3 9 . 1  39 . 2 39 . 3 38 . 8 38 . 9  3 8 . 8 38 . 6 38 . 8 39 . 1  3� . 7  33 . 7 38 . 9  38 . 7  

33 . 9 3 9 . 1  3 3 . 9  38 . 6 3 9 . 1  38 . 9  3 8 . 8  38 . 4  39 . 0  30 . 6  3o . 7 3 � . 1  3� . o  3 9 . o  30 . 7  3 9 . 1  

( n )  Day 0 : ons e t  of o e s trus 

-
X 

38 . 844 

38 . 76 9  

38 . 8 8 2  

38 . 73 8  

38 . 83 2  

38 . 7 50 

38 . 8 1 9 

38 . 7 5 0  

3 8 . 838 

38 . 8 2 5  

38 . 8 0 7  

38 . 7 50 

38 . 7 38 

38 . 88 2  

38 . 91 3  

38 . 944 

38 . 9 57 

3 8 . 900 

38 . 90 0  

38 . 92 5  

38 . 869 



• A?P:::rmiX 1 5 - R e ctal t emp erature ( °C )  1 5  days :9 r i or to f'arrowing 
'-D 
..-­..--

G i l t s  1 7/ 57 1 7/6 1 7/9 20/7 1 1 /6 2 1 /68 1 6/68 1 2/5 '� 5/7 2 5/68 1 4/ 5  1 Lj./68 1 4/ 567 1 4/7 1 0/68 1 0/678 

Day 9 r i or 
t o  ( u ) 
f'arr oY:i ng 

- 1 5  

- 1Lj. 

- 1 3 

- 1 2  

- 1 1  

- 1 0  

- 9 

- 8 

- 7 

- 6 

- 5 

- 4 

- 3 

- 2 

- 1 

3 9 . 6 

3 ':;1 . 6 

3 ':1 . 4 

� 9 . 0  

3 ':1 . 4 

3 9 . 5 

39 . 4 

3 :)  . q. 

3 9 .4 

39 . 3 

3 9 . 2 

3 9 . 1 

3 9 . 2 

3 9 . 2 

3 9 . 2 

3 9 . 5 

3 �: . 6  

3 9 . 2 

3 9 . 5 

3 9 .4 

3�) . 7 

3 9 . 7 

39 . 3 

3 9 . 4 

39 . 5 

3 9 . 6 

39 . 0 

39 . 0 
3 9 . 7 

3 9 . 3  

Y1 . o 3 9 . 5 

3 9 . J 3 9 . 6 

39 . 7 3 9 . 6  

3 9 . :5 3d . �  

j9 .4 3� . 8  

3';;1 . 0 3 9 . 1  

3 9 . 5 3 '; . 0 

39 . 6 39 . 6 
39 . '.j. 3 9 . 9 

39 . 6 3 9 . 7 

33 . 7 39 . 6 

33 . 7 39 . 5 
3j . 7 3 9 . 6  

39 . 0 39 . 1 

3 9 . 4  40 . 0  

( a ) Day 0 : f'arr ow ing day 

39 . LI- 40 . 1  

39 . ) 40 . 1  
3 '.; . 8 1 ,0 . 1 

3 ':7 . ) 39 . 9 

3 9 . 3 40 . 0 

39 . 6 40 . 0  

.3';;1 . 3 3 9 . 9 

y; . 6 39 . 7 

39 . 5 39 . 5 

39 . 3 39 . � 

39 . 5 39 . 8 

38 . 9 L1-0 . 0 

39 . 2 .3S . 8 
3 9 . 1 )9 . 4 
33 . 6  39 . 0 

3 ':1 . 0 
3 9 . 2 

38 . 8 
3 9 . 2 

3 9 . 0 

3 9 . 0 

.)8 . 9 

3 � . 2 

3':1 . 1 

3� . 5 

3 S . 5 

39 . L� 

5 9 . 3 

39 . 2 

39 . 2 

39 . 5 

39 . lj. 

39 . 5  

3 9 . 7  

39 . 6 

·� u r, J ./ • ...J 

39 . 6 
39 . J 
39 . 4 
3 :J . 6 

38 . 9 

3 9 . 3  

39 . 2 
) 9 . 2 

39 . 8 

3 9 . 6 3 9 . 6 39 . 3 

39 . 6  3 9 . 6 39 . 6  
39 . 6 40 . 0  3 9 . 6 

3 9 . 7 40 . 1  39 . 7  
3 9 . 5 3 ':3 . 6 39 . 7 

40 . 0  3 9 . 6  3 9 . 4  

3 9 . 6 39 . 6 ! 1-0 . 0 

39 . 7  3 9 . 5  39 . 8 
39 . 5 39 . 7 39 . 7 
)9 . 7 I.1-0 . 0 }1-0 . 1  

39 . 3 3 9 . 9  39 . 8 

3 9 . 6  3 9 . 3  7 9 . 4 

33 . 3 39 . 3  38 . 6  
38 . 9 39 . 3 3 9 . 3  

3 9 . 1 l j.0 . 1  3 9 . 5  

3 3 . 7 

3 9 . 6  

39 . 8 
)' :) . 7  

39 . 8 

39 . 9  

39 . 4 

3 9 . 7 

3 9 . 9  

39 . 6 

39 . 6 

39 . 5  

3 9 . 2 

3 9 . 5  

39 . 1 

39 . 7  

3 9 . 8 

3 9 . 6 

39 . 6  

3 9 . 8 

3 9 . 9  

3 9 . 8 

39 . 8  

39 . 7 

3 9 . 5 

39 . 6 

39 . 7 

39 . 6 

3 9 . 3  

39 . 8 

3 9 . 2 

3 9 . 1 

3 9 . 3 

3 9 . 3 

3 9 . 5 

3 '1 . 4  

3 9 . 5 

39 . 2 

39 . 8 
3 9 . 2 

3 ':; . 6  

39 . 2  

3 9 . 3  

3 9 . 5  

39 . 7  

3 9 . 6  

3 9 . 6  

39 . 5 

3 9 . 4  

3 9 . 2 

39 . 2  

3 9 . 3  

39 . 3  

3 9 . 3  

3 9 . 7 

39 . 5  

39 .4 

3':1 . 5  

38 . 9  

3 9 . 0  

39 . 3  

3 9 . 3  

39 . 5  

39 . 2  
39 . 8 

3 9 . 5  

3 9 . 3  

39 . 2 

39 . 0 

3 9 . 2  

39 . 1 

38 . 5  

38 . 5  

3 9 . 0  

3 9 . 0  

-
X 

39 . 5 2 5  

39 . 550 

3 9 . 563 

3 9 . 507 

3 9 . 48 8  

3 9 . 51 9 

3 9 . 48 8  

39 . 5 2 5  

39 . 51 3 

3 9 . 58 2  

3 9 . 450 

3 9 . 28 2 

39 . 1 44 

3 9 . 2 2 5 

3 9 . 363 
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