
THE EFFECT OF ENERGY INTAKE ON DEVELOPMENT 

AND REPRODUCTION OF GILTS AND SOWS 

<-< o ? Ç 



Promotor : ir. S. Boer Iwema, hoogleraar in de veevoeding 

Co-promotor: dr.ir. G.J.M, van Kempen, Trouw International B.V., Putten 



fjtS0tlo\) 2-$$ 

L.A. den Hartog 

THE EFFECT OF ENERGY INTAKE ON DEVELOPMENT AND REPRODUCTION 
OF GILTS AND SOWS 

Proefschrift 

ter verkrijging van de graad van 

doctor in de landbouwwetenschappen, 

op gezag van de rector magnificus, 

dr. C.C. Oosterlee, 

in het openbaar te verdedigen 

op vrijdag 29 juni 1984 

des namiddags te vier uur in de aula 

van de Landbouwhogeschool te Wageningen. 

BIBLIOTHEEK 
DER 

LANDBOUWHOGESCHOOl 
VAGENINGEJV 

\s i l - ^ot>3<3ö.o2, 

file:///sil


Wo2zoit 9 ^ 

STELLINGEN 

1. Het voordeel van een hoog voerniveau voor de bedrijfsprestatietoets van 

opfokzeugen dient op te wegen tegen het nadeel van een hoog voerniveau 

voor de vruchtbaarheid. 

Dit proefschrift. 

2. Het bereiken van de geslachtsrijpheid van opfokzeugen wordt meer door 

de leeftijd dan door het gewicht bepaald. 

Rerat, A. en P.H. Duée, 1975. Ubers. Tierernährg 3: 101-141. 

Friend, D.W., 1977. 3. Anim. Sei. 44: 601-607. 

Dit proefschrift. 

3. Bij het gebruik van injecteerbare bronst-stimulerende preparaten zou reke­

ning gehouden moeten worden met het gewicht en de vetheid van de zeugen. 

Dit proefschrift. 

4. Een hoog voerniveau voor zeugen na het spenen is belangrijk, niet zozeer 

om het aantal ovulaties te vergroten dan wel met name om conditieverlies 

tegen te gaan en de bronst te bespoedigen. 

Dit proefschrift. 

5. De beïnvloeding van het energiegehalte van zeugenmelk via de voeding 

is voor de biggen belangrijker dan de verschuivingen in de vetzurensamen-

stelling. 

Hartog, L.A. den, H. Boer, G.J. Noordewier en P.B.3. Linders, 1984. 

Landbouwk. Tijdschr. In druk. 

6. De verteringscoëfficiënten bij varkens van een aantal belangrijke neven-

produkten van de voedingsmiddelenindustrie, vermeld in de grote tabel 

van het Centraal Veevoederbureau, zijn overschat. 

7. Een periode van vijf dagen om mest en urine te verzamelen, na een voor­

periode van minimaal vijf dagen, ten einde de N retentie bij varkens onder 

normale omstandigheden te bepalen, is voldoende lang. 

8. Het haemoglobinegehalte als maat voor de conditie van zeugen is onbetrouw­

baar. 

Groote Schaarsberg, A.M. 1., 1983. Scriptie Veevoeding, L.H. Wageningen. 



9. Het gebruik van nylonzakjes ten behoeve van de bepaling van de verteer­

baarheid van voederbestanddelen bij varkens kan in de toekomst tot goed­

kopere en snellere bepalingen leiden. 

Sauer, W.C., H. Jiórgensen en R. Berzins, 1983. Can. 3. Anim. Sei. 

63: 233-237. 

10. Het verschil tussen fundamenteel en toegepast onderzoek is meer een 

vermeend standsverschil dan een wetenschappelijk verschil. 

11. Hoewel volgens sommigen, verteringsfysiologisch gezien, een varken een 

koe is zonder voormagen, kan even goed beweerd worden dat een koe 

een varken is met voormagen. 

12. De relatief geringe aandacht voor zoötechniek en statistiek in de opleiding 

tot dierenarts is gunstig voor de arbeidsmarkt van zoötechnici. 
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vakgroep Veevoeding van de Landbouwhogeschool is uitgevoerd. Zonder 

de hulp van een groot aantal mensen zou het onmogelijk geweest zijn 

het hier beschreven onderzoek uit te voeren. 

Mijn promotor, prof.ir. S. Boer Iwema dank ik voor de mogelijkheid om 

dit onderzoek te kunnen verrichten en tevens voor de vrijheid die hij mij 

daarbij bood. 

De aanzet tot dit onderzoek is gegeven door mijn co-promotor dr.ir. G.J.M, 

van Kempen die, ook nadat hij de Landbouwhogeschool verlaten had, nog 

stimulerend wist op te treden. Ik wil hem, evenals dr.ir. H.A.M, van der 

Steen en dr.ir. M.W.A. Verstegen dankzeggen voor hun inbreng bij de opzet 

en verslaggeving van het hier weergegeven onderzoek. 

De discussies met de heren ir. 3.H.A. te Brake, dr. F.A. Helmond, ir. 

T. van der Lende, dr. 3.A.M. Mattheij, dr.ir. S.H.M. Metz en prof.dr. W.C. 

Sauer heb ik zeer gewaardeerd. 

Mw.ing. G.J. Noordewier en ing. P.N. de Groot zorgden ervoor dat de 

proef met respectievelijk opfokzeugen en zeugen nauwgezet uitgevoerd 

werd. Dr.ir. H. Boer, mw. J.M. Muylaert en mw. G. Post verzorgden de 

chemisch analytische werkzaamheden. Het typewerk werd uitgevoerd door 

mw. C.J. van den Brink, de heer R. Brookman, mw. E.T. van Beek-Geurtsen 

en mw. G.J. Gijsbertse-Huiberts, terwijl de heer W. Heije de figuren heeft 

getekend. 

De medewerkers van de proefaccommodatie "De Haar", de studenten van 

de Hogere Agrarische Scholen en de Landbouwhogeschool die aan het 

onderzoek hebben meegewerkt, dank ik voor hun inzet. 
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en Pluimveehouderij te Arnhem en in het bijzonder ir. H. Broekhuizen, 

die het mogelijk maakte dat de auteur ondanks de drukke werkzaamheden 
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Introduction 

The rate of reproduction in female pigs is important w i th regard to sow produc­

t i v i t y . Considerable variations in rate of reproduction between animals have 

been observed (NRLO, 1979 and Den Hartog, 1980). Her i tabi l i ty of most of 

the reproductive t ra i ts is low (Legault, 1970 and Hutchens et a l , 1981). There­

fore, the ef fects of environment are of considerable importance. 

Nutr i t ion can make an important contribution to these environmental factors. 

Differences due to nutr i t ion may also be of great importance for causing 

differences in variat ion in reproduction. 

The t ime of b i r th and the plane of nutr i t ion during rearing appear to be of 

considerable importance for the sexual development in lambs (Dysmundsson, 

1981). McCance and Widdowson (1974) stated that there is plenty of evidence 

that moderate degrees of undernutrit ion delay the development and thus 

the at tainment of matur i ty in pigs. Plane of nutr i t ion may thus also be impor­

tant for puberty in g i l ts. The relation between nutr i t ion and f e r t i l i t y in pigs 

was reviewed prior to the commencement of the tr ials (Den Hartog, 1980). 

The level of energy intake and the amount and quality of protein supplied 

to gilts were considered. The fol lowing parameters were investigated: 

- age and weight at f i rst oestrus 

- duration of oestrus 

- ovulation rate 

- conception rate 

- embryonic survival 

I t was concluded f rom the l i terature (see Shearer and Adams, 1973, Brooks 

and Cole, 1974, Rerat and Duée, 1974 and Den Hartog, 1980) that the various 

aspects are often confounded wi th each other. Effects of level of nutr i t ion 

on reproductive t ra i ts were not studied very systematically. Moreover small 

numbers of animals were used in many of the studies. Systematic investigations 

on nutr i t ional factors are lacking, especially during the period f rom post-

weaning up to puberty. Of ten, variat ion between animals was greater for 

various t ra i ts than between t reatments. Studies on f e r t i l i t y require careful 

planning since effects on t rai ts may have been induced before t reatments 

were started or fol lowing a more recent t reatment. Effects of t reatments 

early in the l i fe of the pig may have been compensated. On the other hand 

t reatments may not result in ef fects because suff icient development had 

already taken place previously (carry-over effects). Therefore, there is a 

need for large scale experiments, start ing early in the l i fe of the pig. 



Results of studies on the influence of level of nutrition on reproductive traits, 

reported since 1950, were statistically analysed. The results of the analysis 

of energy intake on age at puberty, ovulation rate, conception rate and embryo­

nic survival in gilts are presented and discussed in chapter 1. 

Variation in nutrition during a relative short time (sometimes for a few weeks) 

may have an effect on reproductive performance. A high feeding level, during 

2 weeks before mating, resulted in an increased ovulation rate in gilts (Anderson 

and Melampy, 1972, NRLO, 1979 and Den Hartog, 1980). The effect of a 

high feeding level on the interval weaning - oestrus and the ovulation rate, 

however, is less clear in multiparous sows (NRLO, 1979 and Merks, 1980). 

Primiparous sows loose relatively more weight during lactation than multi­

parous sows. Flushing therefore may have an effect, especially in these sows 

(Brooks et al, 1975). The results of a study to determine the effect of feeding 

level during a few weeks after lactation on reproductive performance in first 

litter sows are'described in chapter 2. The weaning - oestrus interval was 

determined. The sows were slaughtered a few days after oestrus to investigate 

the effects of a short (a few weeks) low and high feeding level (k or 2.5 

kg per sow per day) on ovulation rate, the length and weight of the uterus 

and weight of the ovaries. 

The main part of the present study does not deal with the short-term effects 

of feeding level on ovulation rate but with the effects of energy intake on 

production and reproductive traits during the whole period of rearing (from 

week 12 of age). 

A high energy intake by pigs during the fattening period results in more body 

fat (Metz et al .,1980). An increased fatness of the body resulted in a younger 

age at menarche in human females (Frisch, 1975). According to Friend et 

al. (1981) and Van der Steen (1983) this relation is less clear in gilts. Studies 

on the effect of various degrees of high energy or feed intake during rearing, 

as reported in literature, resulted in many different and often conflicting 

results. A high level of feed intake in one study may be a low level in another 

study. It was concluded that fatness of the body together with the age may 

affect puberty. It can be argued that a minimum and maximum fat content 

of the body may act as a threshold and as a limit for reaching puberty, respec­

tively (chapter 1). Therefore in the present study it was decided to exclude 

protein shortage and to provide similar and sufficient amounts of protein 

to all gilts. 
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The hypothesis of "fatness threshold and limit" was tested in a large scale 

experiment with gilts. Because of the disadvantages with the experiments 

previously described, the present investigation was carried out with 680 gilts 

in 9 consecutive batches. Each trial started with pigs of 12 weeks old. 

Four energy levels (supplying on the average 3 M, 2.5 M, 2.1 M and 1.8 M, 

M = metabolizable energy required for maintenance) with similar amounts 

of protein were used to achieve differences in body fatness and to study these 

effects on reproductive performance. The levels of energy and protein allowance 

were chosen on the basis of data from the literature. In addition, balance 

trials (determination of energy and N in feed, faeces and urine) with gilts 

of 35 and 64 kg were performed to investigate the effect of differences in 

energy intake on the digestion coefficients and on the level of metabolizable 

energy (chapter 3). Two methods were used to estimate protein deposition. 

In the first method the balance technique was used. In the second method 

protein and fat deposition were calculated from rate of body weight gain and 

energy intake. The two data on protein gain calculated and determined (N 

retention * 6.25) are compared. The effect of energy intake during rearing 

from 12 until 38 weeks of age on age at which puberty is attained, is described 

in chapter 4. Due to the different energy intake during rearing, the gilts had 

a different weight at time of insemination. Therefore, nutritional effects 

of the different energy levels on later reproductive and productive results 

(carry-over effects) may occur. During pregnancy all gilts received the same 

ration (2.5 kg feed per day). It was studied whether energy intake during rearing 

affected the ovulation rate, conception rate, litter size, birth weight and homo­

geneity of the litter (chapter 5). It is important for sow productivity to produce 

a great number of l itters. The effect of the energy intake during rearing on 

the longevity of the sow will be determined and described elsewhere (Jongbloed 

et al., in preparation). 
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Chapter 1 
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Summary 

Data f rom tr ials on the influence of intake of energy and protein on fer­

t i l i t y in gi l ts were col lected. According to calculations f rom several of 

the t r ia ls a high energy intake shortly before oestrus (flushing) increased 

ovulation rate. A low energy intake during rearing resulted in a smaller 

number of ovulations than a high energy level. But most or a l l of the 

favourable e f fect decreased because of a higher embryonic mor ta l i ty . 

The sequence low, high, low for energy level during rearing, f lushing and 

early pregnancy, respectively, seemed best. However, only 3 out of 8 

possible combinations have been widely studied. 

Introduction 

Before t r ials were started, the l i terature was searched on the relationship 

between nutr i t ion and f e r t i l i t y in pigs. The fol lowing characteristics were 

examined: age and weight at puberty, number of ovulations, conception 

rate and embryonic survival. 

Much research work has been undertaken on the relationship between 

nutr i t ion and f e r t i l i t y in pigs. I t is rather d i f f i cu l t to compare the d i f ferent 

studies in this f ie ld because conditions in t r ials are so d i f ferent : for ex­

ample the age of the pigs and the units (e.g. digestible or net 

energy) in which the requirements of the pigs are expressed are not the 

same. Another problem is that most t r ials are rather small and variation 

in animals and feeding levels may be wide. Especially for studies on fer­

t i l i t y , there is a need for large-scale experiments. Mostly nutr i t ion or 

level of feeding is only a part of a wider a im. Joosten (1979) reviewed 

l i terature about the relationship between energy and f e r t i l i t y in pigs. 

He processed the data f rom l i terature to make i t as comparable as possible. 

He used only quantif ied data and expressed all the feeding levels as net 

energy rate for fat tening (NE,) (MJ/d) as is usual for pig nutr i t ion in the 

Netherlands. The factors he used were: digestible energy (DE) = 0.8 x 

gross energy (GE); metabolizable energy (ME) = 0.96 x DE; NE , = 0.70 

x ME. 

In our study, we used stat ist ical methods to combine the results of d i f ferent 

studies on the influence of energy intake on reproduction in pigs and summa­

rized a larger l i terature review of den Hartog (1980). 



Material and methods 

Data used for statistical processing were taken from 48 studies. The follo­

wing characteristics were used: embryonic survival, ovulation rate, age 

and weight at puberty and conception rate. The periods under study were: 

rearing, shortly before oestrus (flushing) and early pregnancy. Not all 

the possible combinations of t reatments were covered in each study. Treat­

ments were always compared within each publication, since the factor 

publication brings together many variables like breed, season, housing 

and management. 

In the statistical study, the following associations between feed and repro­

duction traits were screened: 

- energy intake during rearing with age and weight at puberty 

- energy intake during rearing with ovulation rate 

- energy intake shortly before oestrus with ovulation rate 

- feeding level during rearing with conception rate 

- energy intake during different periods with embryonic survival. 

The periods were rearing, shortly before oestrus and early pregnancy. 

The results of. different studies on the relation between feed intake and 

fertility characteristics were combined by analysis of variance or covariance. 

Results and discussion 

Age andweight at__puberty 

Energy_ restriction 

A gilt should reach puberty in a good condition and at an early age. Each 

day of delay in the first litter corresponded to a decrease of 0.02 to 0.03 

piglets per sow per year (Legault & Dagorn, 1973). Before the age of 

9 months, 60-90% of gilts showed oestrus (Christenson & Ford, 1979). 

Swedish Landrace gilts reached puberty significantly earlier than Hampshire, 

Large White and Duroc gilts (p<0.01). The heritability (h2) of age and 

weight at puberty was 0.46 and 0.44 respectively (Legault, 1973). There 

are still other major factors influencing.age and weight at puberty. Factors 

which reduce age at puberty according to Hughes & Cole (1975) are: 

1. moving gilts to another pen (at a weight of about 55 kg) 

2. daily contact with a boar (from a weight of about 64 kg) 

3. genetic factors 

4. ad libitum feeding during rearing. 

Moving gilts to another pen and daily contact with a boar accelerate puber­

ty (Du Mesnil du Buisson & Signoret, 1962; review by Te Brake, 1975; 

Thompson & Savage, 1978). 



There is disagreement on the e f fect of nutr i t ion on age and weight at 

puberty (reviews by Anderson & Melampy, 1972; Brooks & Cole, 1974; 

Rerat & Duée, 1975). Table 1 shows this inconsistency. 

Table 1. Influence of energy or feed restriction during rearing on age at puberty. If the age 

at puberty was increased or decreased with 5 days or more the effect was described as un­

favourable or favourable, respectively. 

Authors who found a 
favourable effect 

Self et a l . (1955)** 

Gösset & Stfrensen (1959) 

Hafez (1960) 

Aherne et al . (1976) 

McPherson et al . (1977)** 

Authors who found 
no effect 

Christian 4 Nofziger (1952) 

Lodge & McPherson (1961) 

Sirensen et al. (1961) 

Holness (1972) 

Pay & Davies (1973) 

Etienne & Legault (1971) 

Friend (1977) 

Schilling dt Schröder (1977) 

Authors who found an 
unfavourable effect 

Robertson et a l . (1951) 

Burger (1952) 

Haines et al. (1959)** 

Zimmermann et al. (1960b)* 

Goode et al . (1965)* 

O'Bannon et a l . (1966)** 

Holness (1972)* 

Etienne äc Duée (1973)** 

Duée ót Etienne (197»)** 

Friend (1976)** 

van de Kerk & Elsinghorst (1976)* 

van Kempen (1976)* 

Schilling & Schröder (1977) 

Hermann & Richter (1979) 

Significant difference: *p<0.05; **p<0.01 

For stat ist ical processing data of the fol lowing authors were used: Robert­

son et a l . (1951), Burger (1952), Christ ian & Nofziger (1952), Self et a l . 

(1955), Gösset & S«Srensen (1959), Haines et a l . (1959), Hafez (1960), Z im­

merman et a l . (1960b), Lodge & McPherson (1961), Si6rensen et a l . (1961), 

Goode et a l . (1965), O'Bannon et a l . (1966), Etienne & Duée (1973), Pay 

& Davies (1973), Friend (1977), McPherson et a l . (1977) and Schilling & 

Schroder (1977). A t f i rst overal l correlat ion coeff ic ients between energy 

intake and age and weight at puberty were calculated. Age at puberty 

is negatively correlated wi th average daily gain (Table 2). 

Table 2. Overall correlation coefficients (r) of energy intake during rearing with age and weight 

at puberty (n is number of trials). 

correlation of 

Age at puberty and daily energy intake 

Age at puberty and average daily gain 

Age at puberty and weight at puberty 

Weight at puberty and daily energy intake 

Weight at puberty and average daily gain 

Average daily gain and daily energy intake 

n 

38 

34 

50 

37 

34 

26 

r 

-0.02 

-0.41 

+0.57 

+0.49 

+0.41 

+0.62 

Significance 

0.450 

0.008 

0.001 

0.001 

0.009 

0.001 
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This result is in agreement w i th data of Aherne & Price (1979), who found, 

wi th in the group that came to ovulation during their t r i a l , a negative 

correlat ion (r = -0.57; p<0.001) between age at puberty and average daily 

gain. The average daily gain for pigs that reached puberty, was lower 

than that for pigs that did not reach puberty. They gave the same amount 

of feed to al l pigs. 

Analysis of covariance was performed wi th age and weight at puberty 

as dependent and publication and feeding level (high or low) as independant 

variables. Age of the gi l ts at the start of the t r ia l was taken as a cova-

riable. Means of (adjusted) variables at low and high levels of energy intake 

are given in table 3. Restr ictedly fed gilts reached puberty s ignif icantly 

later (9 days more) and with a s ignif icantly lower weight (19.1 kg less) 

than gi l ts on a high feeding level. 

Table 3. Relation of intake of net energy for fattening (NE.) during rearing with age and weight at puberty 

(+_ separates mean and standard deviation). 

Number of trials 

Average age at 
start (d) 

Average weight at 
start (kg) 

Average daily net 
energy intake (MJ/d) 

Age at puberty (d) 

Weight at puberty (kg) 

Low 
intake 

22 

86.7+27.9 

36.2+17.5 

16.1(+ 2.6(20)' 

211 

80.0 

High 
intake 

19 

85.8+28.2 

3*1.8+17.9 

25.3+ 2.5(18)' 

202 

99.1 

Significance of 
difference (p) 

0.06 

0.001 

Coefficient of 
variation2 (%) 

6.8 

7.5 

The number in parentheses is number of trials in which the energy intake was well defined and not only stated 

as high and low. 

'Calculated as (residual standard deviation/mean)* 100 

For correct evaluation of data i t is necessary to forecast when gilts which 

did not reach oestrus would do so. Van Kempen (1976) used the method 

of adjusted data to predict the age at puberty of a l l the gi l ts in his t r ia l 

(oestrus or non-oestrus). By adjusted data age at puberty is assumed to 

be normally distr ibuted. Age at puberty for the oestrus gi l ts and for al l 

gi l ts d i f fered f rom 4 to 11 days for the experimental groups. 

Elze et a l . (1972, c i ted by Busch, 1976) reported that the c r i t ica l t ime 

for development of the uterus and ovaries of gi l ts is assumed to be at 

70-160 days f rom b i r th. According to Günther (1974), the development 



-10-

of the different organs follows certain rules. First nervous system and 

the important organs like heart, liver, kidneys and lungs develop. Then 

the muscles, bones and udder follow. Lastly energy from the ration goes 

to the reproductive organs. 

According to this hypothesis a deficiency of energy during rearing would 

probably first be seen in a decreased fertility. For reaching puberty age 

is more important than weight. However, gilts which are very thin at 

a certain age will not reach puberty (McCance & Widdowson, 1974). At 

the other side some investigations (left column in Table 1) showed a reduc­

tion in age at puberty with feed restriction during rearing. These two 

phenomena suggest that there are minimum and maximum fat contents 

of the body required which may act as a threshold and as a limit for reach­

ing puberty, respectively. Between these limits age is the determining 

factor. Perhaps pigs with thin backfat have relatively more internal fat. 

In human females, age at menarche depends on fat deposition in the pre-

puberal phase (Frisch, 1975). 

Protein restriction^ 

For the effect of protein restriction during (part of) rearing, there is 

more agreement in the literature than about energy restriction (Table 

4). 

Table t . Influence of protein restr ict ion during rearing on age a t puberty. If the age a t puberty 

was increased or decreased with 5 days or more the effect was described as unfavourable or 

favourable, respectively. 

Authors who found a 
favourable effect 

Robertson e t al . (1951)» 

Authors who found no 
effect 

Etienne e t Legault (1974) 

Friend (1976) 

Friend (1977) 

Authors who found an 
unfavourable e ffect 

Holness (1972)»* 

Cunningham et al. (197'»)»» 

Duée & Etienne (197t) 

Duée (1977) 

3ones & Maxwell (197*) 

Wahlstrom & Libal (1977)»» 

Except for Robertson et al. (1951) all the authors found no effect or an 

unfavourable effect of protein restriction on age at puberty. More impor­

tant than protein content would be the content of limiting amino acids. 

Normally the first limiting amino acid for pigs is lysine. There is some 

evidence that only a severe imbalance in essential amino acids which 

reduces rate of gain may delay the onset of puberty in gilts (Friend, 1973). 
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Number__of ovulations in gilts 

Relation of energy intake during_rearijig_whji_ovuJajt_ion_rate 

Generally number of corpora lutea is used as measure of number of ovu­

lations. Errors are made when a fertilized ovum resulted in two or more 

embryos (polyembryony) or a follicle gives two or more ova (polyovuly). 

Polyembryony results in monozygotic (identical) twins. Among 80 pregnant 

sows Pomeroy (1960) found 2 with more embryos than corpora lutea. Table 

5 gives the relation between feeding level during rearing and ovulation 

rate. 

Table 5. Influence of a high feeding level during a period longer than 3 

weeks before oestrus on the number of ovulations in gilts. If the number 

of ovulations is increased by Q.5 ovum or more the effect is described as 

favourable. 

Favourable effect 

Robertson et al. 

Christian & Nofziger 

Self et al. 

Haines et al. 

Gösset & S^rensen 

Hafez 

Sórensen et al-

O'Bannon et af. 

Bazer et a l . 

Frobish & Gerrits 

Frobish 

Brooks et al. 

Etienne & Duée 

Duée & Etienne 

van Kempen 

van de Kerk & Elsinghorst 

(1951)* 

(1951)* 

(1955)** 

(1959)** 

(1959) 

(I960)* 

(1961)** 

(1966)* 

(1968) 

(1969) 

(1970) 

(1972)* 

(1973)* 

(197<f)* 

(1976) 

(1976) 

No effect 

Goode et al. (1965) 

Significant difference: * P < 0.05 **P < 0.01 

A high feeding level during rearing generally increased number of ovulations. 

For statistical evaluation of ovulation, publications of the following authors 

were studied: Robertson et al. (1951), Self et al. (1955), Haines et al. 

(1959), Gösset & SfSrensen (1959), Hafez (1960), S(6rensen et al. (1961), 

Goode et al. (1965), O'Bannon et al. (1966), Christenson & Zimmerman 

(1966), Bazer et al. (1968), Frobish & Gerrits (1969), Frobish (1970), Brooks 

et al. (1972), Etienne & Duée (1973) and van Kempen (1976). Normally 

number of ovulations increased during the first three times of oestrus 

after reaching puberty. For this reason oestrus number (first, second or 

third) was also included as variable. Means of (adjusted) variables at low 

and high levels of energy intake are given in Table 6. 
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Table 6. Number of ovulations after low and high energy intake during rearing U separates mean 

and standard deviation). 

Low 

High 

Number of trials 

21 

21 

Intake of net energy 
<M0/d) 

15.6 + 3.4 

24.9 + 4.0 

Number of ovulations1 

11.8* 

13.2* 

•Significant difference (p<0.001). 

'Coeff icient of variation calculated as (residual standard deviation / mean) * 100 was ! 

Restr icted energy intake during rearing resulted in s ignif icantly fewer 

ovulations than a high feeding level. Except for two publications, the 

low and high feeding levels fe l l into separate groups wi th slight overlap 

(Fig. 1). 

ovulation rate 
16 r 

6 8 10 12 14 16 18 20 22 24 26 28 30 32 
energy level during rearing period (NEF in Mj/day) 

Fig. 1. Relation between energy level during rearing (x) and ovulation 

ra te (y). 

y = 0.15x + 9 .41; r = 0.50; n = 44; p<0.001. 

Anderson & Melampy (1972) reviewed the results of 22 t r ia ls in which 

gi l ts received di f ferent intakes of net energy for 1-3 months before ovula­

t ion. The ' fu l l fed ' gi l ts (about 25.1 MJ NE/d) had on average 1.2 ovulations 

more than the restr ictedly fed gi l ts (about 16.6 MJ NE/d). 

Relat ion of_enerj^y_i_ntake__before__oestrus w i th numbero f ovulations_ 

A high feeding level before oestrus usually caused a significant improve-
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ment in number of ovulations (Table 7). A high feeding level on the day 

of oestrus had a positive ef fect on the number of corpora lutea; on the 

day after oestrus i t had no e f fect . The increase wi th flushing on the day 

of mating could be due to rupture or regression of immature fol l ic les. 

The number of corpora lutea increased, but not the number of ovulations 

(Brooks & Cooper, 1972). 

T a b l e 7- Influence of flushing on the number of ovulations in gilts. If the number of ovulations is increased 

or decreased by 0.5 ovum, the effect is described as favourable or unfavourable, respectively. 

Period of high feeding level 

4-21 days before oestrus 

Day of oestrus 

Day after oestrus 

Favourable effect 

Self et al. 

Zimmerman et al. 

Zimmerman et ai. 

McGillivray et al. 

McGillivray et al. 

Rigor et al . 

Short et a l . 

Schultz et al . 

Schultz et al . 

Kirkpatrick et al . 

Kirkpatrick et al . 

Bazer et al . 

Moore et al . 

Naber & Zimmerman 

Brooks et a l . 

Clark et al . 

Dailey et al . 

Edey et al. 

Naber & Zimmerman 

Staigmiller et al . 

Moore et al . 

Dailey et al . 

Dailey et al . 

Emerson & Henricks 

Lodge & Hardy 

Moore et al . 

Brooks et al . 

Cooper et al. 

(1955)** 

(1958)** 

(1960a)** 

(1962) 

(1963) 

(1963)** 

(1963)* 

(1965)** 

(1966)* 

(1967a)* 

(1967b)* 

(1968)* 

(1971)** 

(1970* 

(1972) 

(1972)** 

(1972) 

(1972)* 

(1972)** 

(1972) 

(1973)** 

(1975a) 

(1975b) 

(1977) 

(1968)* 

(1971)* 

(1972)* 

(1973) 

No (N) or unfavourable 

r van Kempen 
{ ! van de Kerk & 

Elsinghorst 

Te Brake 

Brooks & Cooper 

Brooks & Cole 

Naber & Zimmerman 

Libal et al . 

Moore et a l . 

Staigmiller ic First 

(U) effect 

(1976KU) 

(1976KU) 

(1971) cited by 

(1972KN) 

(1971)(N) 

(1971)(N) 

(1972KN) 

(1973)(N) 

(1973KU) 

Libal 4 Wahlstrom (1970) 

cited by Rerat <5t Duée (1975) 

Brooks et al . (1972XN) 

Significant difference: *p<0.05; * *p<0.01 
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For the statistical evaluation we used results from the following authors: 

Self et al. (1955). Zimmerman et al. (1960a), McGillivray et al. (1962, 

1963), Rigor et al. (1963), Short et al. (1963), Schultz et al. (1965), Kirk-

patrick et al. (1967a, 1976b), Bazer et al. (1968), Clawson (1969), Frobish 

& Gerrits (1969), Frobish (1970), Naber & Zimmerman (1971, 1972), Brooks 

et al. (1972), Clark et al. (1972, 1973), Edey et al. (1972), Staigmiller 

et al. (1972), Moore et al. (1973), Daily et al. (1975), van Kempen (1976) 

and Emerson & Henricks (1977). First the general correlation coefficient 

(r) and linear regression of average rate of intake of net energy during 

flushing with number of ovulations were calculated (Fig. 2). The net 

energy was calculated as described by Joosten (1979) (see p 6). 

o v u l a t i o n ra te 

0 10 ? 0 3 0 

e n e r g y level d u r i n g f lushing p e r i o d ( N E F in Mj/day) 

By covariance 

analysis with 

the factors 

high and normal 

energy intake 

and publication, 

there was 

corrected 

for difference 

in duration 

of flushing 

The average 

duration of 

f lushing was 

13.1 +5.6 

days. In Table 

8 the means 

Fig. 2. Relation between energy level shortly before oestrus (x) and ovu­

lation ra te (y). 

y = 0.12x • 9.82; r = 0.5<t; n = 53; p<0.001. 

of the traits with and without flushing are given. 

Flushing of gilts has a positive effect on number of ovulations (+1.9). 

The extra energy intake of the flushed gilts was on average 82% more 

than of the unflushed gilts. Anderson & Melampy (1972) also found in 

their literature review a positive effect of extra energy intake before 

oestrus on number of ovulations. From various investigations optimum 

duration of the high-energy regime seemed to be 11-14 days before ex­

pected data of oestrus or mating. At a low level of feeding ovulation 
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rate in the gilt is under genetic control. Short-term increases in dietary 

energy above maintenance increase number of ovulations (Brooks & Cole, 

1974). The favourable effect depends mainly on energy. 

There were too few trials on flushing on the day of oestrus for statistical 

analysis. 

Table 8. Influence of flushing on number of ovulations (_. separates mean and standard deviation}. 

Number of t r ials Intake of net Number of ovulations2 

energy (MJ/d) 

Low energy intake (no flushing) 30 16.6 t * . 5 (25)' 11.8* 

High energy intake (flushing) 36 30.2 * ».0 (28)' 13.7* 

•Significant difference (p<0.001) 
1 In parentheses , the number of t r ials in which energy intake was well defined and not only s ta ted 
as high and low. 

Coe f f i c i en t of variation calculated as (residual s tandard deviation/mean)*100 was 8.8%. 

Relationof feeding^ level during rearingwkhcojiceptjon rate 

There is no agreement in the literature on the influence of feeding level 

on conception rate (proportion of gilts becoming pregnant). Some research 

workers (Christian & Nofziger, 1952; McGillivray et al., 1963; Myers & 

Speer, 1963) found no clear effect of feeding level on conception rate. 

Lodge & McPherson (1961) however, found a higher conception rate for 

pigs on a high feeding scheme than in controls. Conception rate was studied 

for different sequences of feeding level during rearing and flushing. 

Data from the following authors were used: Gösset & S^rensen (1959), 

Lodge & McPherson (1961), O'Bannon et al. (1966), Schultz et al. (1966), 

Bazer et al. (1968), Lodge & Hardy (1968), Frobish & Gerrits (1969), Cooper 

et al. (1973), Moore et al. (1973), Pay & Davies (1973), van Kempen (1976) 

and McPherson et al. (1977). The average conception rate in 26 trials 

was 83.2%. A restricted feeding level during rearing followed by a flushing 

gave a higher conception rate than a continuously low or high feeding 

level (Table 9). 

Relation^ of feedingJeve[_wjth__embryom£_morta_lity 

According to a literature review of Te Brake (1975) prenatal mortality 

may be estimated at about 40%. Most prenatal losses occur in the em­

bryonic period, mainly before the 25 t day after mating. During the foetal 

period (after 35 days of pregnancy; Wrathall, 1975), the mortality is less, 



Combination oj 
level 

LL 

LH 

HH 

feeding Number of trials 

12 

6 

8 
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presumably no more than 10% (Te Brake, 1975). 

Critical periods for embryonic survival are during distribution in the uterus 

(11-13 d after mating), at implantation (13-23 d after mating) and during 

organ development (Hafez, 1959; Anderson, 1974). The greatest embryonic 

loss in farmstock seems to be at implantation, in contrast to the situation 

in rabbits, rats and mice where there are two peaks of losses, before 

and after implantation. The process of implantation is critical for correct 

balance of hormones; conditions suitable for blastocyst growth may not 

be suitable for implantation (Lamming, 1969). 

Table 9. Conception ra tes lor different sequences of feeding levels during rearing. The com­

binations of feeding levels were: low tilt mating (LL), high till mating (HH) and low during 

rearing with flushing afterwards (LH). 

Mean conception r a te (%)' 

82.6 

88.0 

80.5 

Coe f f i c i en t of variation calculated as (residua! s tandard deviation/mean)*100 was 14.3% 

Many factors influence embryonic survival. According to Webel & Dziuk 

(1974), embryonic mortality, in the first 30 days of pregnancy, does not 

result from lack of uterine capacity. They mentioned as possible causes 

for the high embryonic mortality: mistakes at fertilization or genetic 

aberrations. 

Increased ovulation rate by flushing of gilts may not always result in more 

piglets, because of an increased embryonic mortality (Gösset & Siàrensen 

1959, Haines et al. 1959, SfSrensen et al. 1961, Frobish & Gerrits 1969). 

According to some authors a high energy intake during early pregnancy 

of gilts reduces the embryonic survival (Dutt & Chaney, 1969 review Sco-

field, 1972 and van Kempen, 1973). 

For the statistical evaluation of embryonic survival, trials of the following 

authors were used: Robertson et al. (1951), Self et al. (1955), Haines et 

al. (1959), Gösset & S<Srensen (1959), Hafez (1960), Sjórensen et al. (1961), 

Short et al. (1963), McGillivray et al. (1963), Goode et al. (1965), O'Bannon 

et al. (1966), Schultz et al. (1965, 1966), Christenson & Zimmerman (1966), 

Bazer et al. (1968), Frobish & Gerrits (1969), Libal & Wahlstrom (1970), 

Frobish (1970), Naber & Zimmerman (1971), Brooks et al. (1972), Cooper 
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et a l . (1973), Etienne & Duée (1973), Moore et a l . (1973), van Kempen 

(1976) and Emerson and Henricks (1977). The fol lowing variables were 

taken: number of days of pregnancy at slaughter; intake of net energy 

during rearing, f lushing and pregnancy unti l slaughtering; number of embryos 

alive for the pregnant g i l ts; embryonic survival (number of embryos divided 

by number of corpora lutea) and publications. In t o ta l , 2k publications 

were screened. Generally a high level of energy during rearing is related 

to a high embryonic morta l i ty (Table 10). The higher feeding level during 

the flushing period resulted in more embryos per g i l t . The average stage 

of pregnancy at the t ime of slaughter was 28.0 +_ 5A days for the gi l ts. 

Table IQ. Correlation coefficients (r) of intake of net energy (NE f) during several periods 

with embryonic survival and number of embryos alive. 

Number of trials 

55 

61 

59 

Number of embryos 

alive per gilt 

-0.10 (p = 0.23) 

0.22 (p = 0.0t) 

0.07 (p = 0.29) 

Embryonic 

survival (%) 

-0.27 (p = 0.02) 

-0.09 (p = 0.2lf) 

-0.06 (p = 0.3*) 

Rearing 

Flushing 

Early pregnancy 

When the duration of pregnancy was longer, the embryonic mor ta l i ty may 

be higher and the number of embryos al ive per g i l t smaller. So duration 

of pregnancy at slaughter was used as covariable in the analysis of variance. 

A high feeding level in the d i f ferent periods always gave a higher em­

bryonic mor ta l i ty (Table 11). Higher embryonic mor ta l i ty can result f rom 

a higher ovulation rate at the high energy level. 

As yet the periods under study have been considered separately, but now 

they w i l l be studied in relation to one other. A higher energy level during 

rearing and the flushing period seems to increase the number of ova shed. 

Effects of flushing may be influenced by feeding level in the preceding 

periods (carry-over effects). With three periods studied (rearing, f lushing 

and early pregnancy) and two energy levels, there are 23 possible com­

binations. Not al l these combinations have been studied. Only 3 combina­

tions (LLL, LHL and HHH) have been studied often (Table 12). Covariance 

analysis was used only for these 3 combinations wi th duration of pregnancy 

at slaughter as covariable. A constant low energy level gave low embryonic 

mor ta l i ty , but fewer ova were shed (Table 13). The calculated average 

number of ova shed was 12.6, 13.9 and 14.0 for the combination LLL , 

LHL and HHH, respectively. 
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Table 12. Possible combinations of period of feeding and energy level (high - H and low= L). 

Rearing period Flushing period Early pregnancy Number of trials 

L L L 26 

L L H 3 

L H L 1» 

L H H 3 

H L L 1 

H L H 0 

H H L 3 

H H H 15 

Table 13. Influence of energy level on two reproduction characteristics for the three most frequently studied 

combinations of treatments. Mean values in the same row bearing a common superscript are not different 

(ab p < 0.05) U separates mean and standard deviation). 

Sequence of 

treatment 

Duration of pregnancy (d) 

Number of treatments (n) 

Intake of net energy ^ (MJ/d) 

- rearing 

- flushing 

- pregnancy 

Number of embryos 

alive per gilt 

Embryonic survival (%) 

LLL 

28.0 + 5.6 

26 

16.« + 3.0 (22) 

16.2 + 3.1 (23) 

17.0 + 2.» (22) 

9.90 

78.7 a 

LHL 

28.1 + 5.6 

14 

17.9 + 3.5 (10) 

32.6 + 5.8 (11) 

18.1 + 3.<t (11) 

10.75 

77.6a 

HHH 

29.1 + 6.8 

15 

27.0 + 2.5 (13) 

27.0 + 2.« (15) 

27.» + 2.5 (15) 

9.84 

70.3b 

Coefficients of 

variation (%)2 

\2.k 

11.8 

1 In parentheses,the number of trials in which the energy intake was well defined and not only stated as high and low. 

2 Calculated as (residual standard deviation/mean) * 100. 

A high constant level of energy was related to high embryonic mor ta l i ty 

and to large number of ova shed. But the number of embryos per g i l t 

was on average nearly the same as at constant low energy levels. The 

combination LHL seems to be most favourable in the short run. Though 

high-energy diets before mating increase ovulation rate, continuation of 

these dietary schemes causes greater loss of embryos (Anderson & Melampy, 

1972). 
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Summary 

To measure the effect of feeding level and induction of oestrus with 400 

I.U. of Pregnant Mare Serum and 200 I.U. of Human Chorion Gonadotropin, 

some reproductive and liveweight traits of 113 primiparous Dutch Landrace 

sows were analysed. Feeding levels during the interval from weaning to oestrus 

were 4 kg and 2.5 kg per sow per day. The number of sows in oestrus within 

21 days of weaning was 69 (61%). Within seven days of induction of oestrus 

on day 21, 43 sows were in oestrus (38%). On day 21, 37 (65%) of the better 

fed sows were in oestrus and 32 (53%) of the poorer fed group. The interval 

from weaning to spontaneous oestrus was 9.1 and 8.2 days respectively, and 

ovulation rate 15.2 and 14.8. Size of the sexual organs was not affected by 

feeding level. Rate of gain of the sows during the interval from weaning 

to oestrus was influenced by feeding level: +4.1 kg and -2.3 kg respectively, 

for the sows in oestrus within 21 days of weaning. 

Sows with induced oestrus shed significant more ova than sows in which oestrus 

was not induced (21.5 and 15.0 respectively). Loss of weight, loss of heart 

girth and loss of backfat thickness during previous lactation (absolute and 

relative) did not differ for sows with or without induction but was higher 

for sows with a spontaneous oestrus between 10 and 21 days after weaning 

than for sows with an oestrus within 10 days after weaning. Ovulation rate 

was not influenced by weight at weaning or at oestrus, weight loss during 

lactation, gain during the interval from weaning to oestrus or size of the 

preceding litter at birth. 

Introduction 

If nulliparous sows are given extra feed before oestrus ovulation rate increases 

(reviews by Den Hartog, 1980, and Den Hartog & van Kempen, 1980). In primi­

parous and multiparous sows, however, the effect of flushing is less clear 

(review by NRLO, 1979). Several studies have indicated that ovulation rate 

may be affected by body condition at mating or by weight change during 

the previous lactation (review by Brooks & Cole, 1974). A high feeding level 

after weaning would have more effect in primiparous sows because of the 

greater (relative) weight loss during lactation than multiparous sows (Brooks 

et al., 1975). The effects of feeding level of the sow between weaning and 

conception and feed requirements need to be better defined (Brooks & Cole, 

1974). Variations in nutrition from weaning until mating and during oestrus 

may influence ovulation rate. 
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However, NRLO (1979) concluded f rom an extensive review of the l i tera­

ture that there was hardly an e f fect of feeding level before and during oestrus 

on ovulation rate. 

Weight of the sow at oestrus is related to weight of the uterus on day 28 

of pregnancy and also to ovulation rate (Heap et a l . , 1967). The relation be­

tween ovulation rate and feeding level during the interval f rom weaning to 

oestrus needs further investigations. Therefore that in terval , ovulation rate 

and size of some sexual organs were examined in relation to feeding level 

w i th primiparous sows. They generally have more problems in coming into 

oestrus than multiparous sows (Mit ic et a l . , 1967; Schlegel & Sklenar, 1971; 

van der Heijde et a l . , 1974; Kuiper & Sturm, 1975; Legault et a l . , 1975; 

Aumaitre et a l . , 1976; den Hartog, 1977). 

Materials and methods 

Animals 

The t r ia l included 121 Dutch Landrace sows raised in f ive consecutive batch­

es. They had been reared as fol lows. They were suckled for 5 weeks, wi th 

a creep ration which was continued ad l ib i tum unti l the age of ten weeks. 

On the basis of metabolic size, rations during rearing and f i rst pregnancy 

were 93 g/kg to a maximum of 2.5 kg per day. During their f i rs t lactat ion 

l i t ters were standardized at b ir th to nine piglets. Sows were given 2.5 kg 

for the sow and 0.25 kg for each piglet ( from day 21 t i l l day 35). During rearing 

and pregnancy sows were housed in groups of four and after weaning in groups 

of three. More detail wi l l be given by van der Steen (1982). If sows did not 

show oestrus within 21 days of weaning, oestrus was induced wi th 400 I.U. 

of Pregnant Mare Serum and 200 I.U. of Human Chorion Gonadotrophin (PG 

600®( In terve t B.V., Boxmeer, Netherlands)) intramuscularly. A l l animals were 

slaughtered wi thin 7 days after oestrus or oestrus induction. 

Feeding level 

A f ter f ive weeks of lactat ion at weaning of their l i t te r , the primiparous 

sows were assigned to one of two feeding levels: 4 and 2.5 kg feed per day. 

To allow equal opportunity to feed at the low level , the three sows in a pen 

were fed once a day. During the whole t r i a l , the feed was formulated in 

the same way (Table 1). Once a week, feed was sampled and bulked for analy­

sis af ter the batch. 
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Table 1. Formulation of the feed. 

Ingredients Mass fraction (%) 

Maize 12 

Barley 18 

Soybean meal solvent extracted 15 
(with 44-47% crude protein) 

Pollards 15 

Tapioca pellets 13 

Maize gluten feed 5 

Lucerne meal 8 

Citrus pulp 5.5 

Animal fat 1.1 

Molasses 5 

Minerals/vitamins premix* 2 

Calcium hydrogen phosphate 0.4 

»Guaranteed contents: Ca 253 g/kg, P 75 g/kg, Na 60 g/kg, Cu 500 mg/kg, 

Fe 4000 mg/kg, Zn 2000 mg/kg, Mn 1200 mg/kg, Co 12.5 mg/kg, 3 20 mg/kg, 

Se 2.5 mg/kg, 35000 g retinoi equivalent/kg, 1750 g Cholecalciferol equivalent/kg, 

riboflavin 175 mg/kg, 900 mg nicotinamide equivalent/kg, pantothenic acid 

350 mg/kg, choline 12500 mg/kg, vitamin B-12 0.75 mg/kg, 235 mg ot-tocopherol 

equivalent/kg, dl methionine 10 g/kg. 

Kjeldahl nitrogen was expressed as crude protein (6.25 t imes the f ract ion 

of N). Ash was estimated by ashing at 550°C, crude fat by ether ext ract ion, 

crude f ibre by the method of NEN-3326 (1966). Gross energy was deter­

mined by bomb calor imetry (Table 2). 

Table 2. Composition of the feed as analysed and calculated. Values are mass fractions 

in fresh matter (%). 

Dry matter 

Ash 

Crude protein 

Crude fat 

Crude f ibre 

Gross energy content (MJ/kg) 

Net energy content (MJ/kg) by 
Rostock equation 

By analysis 
(mean + standard deviation) 

87.61 + 0.67 

6.59 • O.M 

15.11 + 0.6* 

3.26 + 0.56 

7.09 * 0 . W 

15.86 + 1.66 

By calculation 
(CVB 1979) 

87.1(5 

7.22 

15.87 

3.1(0 

6.7» 
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Trai_t_s_ 

The recorded, measured and calculated traits are given in Table 3. Backfat 

thickness was measured ultrasonically. 

Statistical method 

Data were first analysed by the following model: 

Y... , =u + A. + B. + C, + (AB).. + (AC)., + (BC).. + qX... . + e... , (1) 

l jk l K l j k i) ik jk M i jk l l jk l 

in which: Y. , , = dependent variable 

u = mean 

A. = feeding level (i = 1, 2) 

B. = oestrus induction (j = 1, 2) 

Ck = batch (k = 1....5) 

(AB).. = two-way interaction 

(AC)., = two-way interaction 

(BC)., = two-way interaction 

q = regression coefficient 

qX... , = effect of one covariable 
e... , = error ljkl 

The covariables tested by the model were LS, (Wp_-Ww), BT . -BT_, Ww , 

W 0 or (W_-Ww) (Table 3) with the assessment covariables and factors 

concurrently. 

After that analysis the following model was used: 

Y... . = y + A. + B. + C. + (AB).. + qX... , + e... , (2) 
l jkl K l j k ij ^ l jkl l jk l 

with A., B. and (AB)., always part of the model, and C, and one or more 

covariable(s) (qX-, ,) part of the model when their effects were significant. 

To calculate the means of the effects mentioned in Model 2, the computer 

program LSML 76 (Harvey, 1977) was used. 

Differences in standard deviation were tested by the F test (ISO-3534, 

1977). Differences in CL and IWO for the experimental groups were tested 

by the Kruskall Wallis test (Siegel, 1956), because of the heterogeneity 

of variances and the skew distribution. 
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If one of the two variables was used in calculation of a correlat ion, the 

Spearman (ranking) correlat ion coeff ic ient was calculated; otherwise Pear­

son correlat ion coeff ic ients were determined. 

Table 3. The traits which were recorded, measured or calculated with their abbreviation. 

Abbreviation 

Number of pigs born (LS) 

Weight at the day before farrowing ^ F i ^ 

Weight at the day after farrowing (W__) 

Backfat thickness at farrowing ( B T | ) 

Heart girth at farrowing ( H „ . ) 

Weight at weaning (W ' ) 

Backfat thickness at weaning ^ T ? ^ 

Heart g ir th at weaning ( H ^ J 

Weight at oestrus (W ) 

Interval weaning-oestrus {I ) 
° wo 

Weight loss during farrowing (Wp.- \ 

Weight loss during lactation (W p - - \ 

Loss of backfat thickness during lactation (B T ] -B 

loss of heart girth during lactation (H „ . -Y 

Rate of gain in the interval weaning-oestrus (W -W, 

Weight of the uterus and ovaries (W ) 

Weight of the ovaries, left and right (W ) 

Weight of the uterus horns, left and right (W ) 

Length of the uterus horns, left and right (L ) 

Number of corpora lutea, left and right (CL) 

Results 

Data f rom 112 sows were used for analysis because 8 sows had been rejec­

ted for various reasons and 1 sow was not slaughtered. The analysis w i th 

Model 1 showed that batch had signif icant e f fect on weight of the ovaries 

and length of the uterus. 

Feeding level 

Sows on the high feeding level gained more weight in the interval weaning-

oestrus than sows on the low feeding level did (Table 4). The number 

of corpora lutea increased when oestrus was induced. The proportion of 

sows in oestrus on the high and low feeding level at various t imes af ter 

weaning are given in Figure 1. 
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CUMULATIVE PROPORTION 
OF SOWS IN HEAT (%) 
100 r 

12 16 20 24 28 
TIME AFTER WEANING (d ) 

Fig. 1. The proportion of sows in heat on the two feeding 

levels at various times after weaning. 
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More sows on the high feeding level (65%) than on the low level (53%) 

came into heat before day 21 after weaning (x2 = 2.10; P = 0.15). On 

day 10 after weaning the proportion of sows in oestrus was equal for 

the two groups. Correlation coefficients of liveweight and reproductive 

traits were compared within feeding level between sows with a spontaneous 

oestrus and sows with an induced oestrus (Table 5). 

Table 5. Coefficients of correlation (a=Pearson; b - Spearman) between weight of the sow and r e ­

productive performance within feeding level in 69 sows with spontaneous oestrus and <*3 

sows with induced oestrus. 

Correlation of 

LS and W p 2 (a) 

W and W (a) o uov 
W and W (a) 

0 u 
W and W (a) o ov 
W and L (a) o u 
W and CL (b) o 
W and I (b) w wo 
W and (W -W ) (a) w o w 
CL and W (b) 

CL and L (b) 

CL and W (b) ov 

Spontaneous 

H 

-0.58»»* 

-0.38** 

-0.35* 

-0.26* 

-0 .31* 

0.06 

-0.33* 

- 0 .41* * 

0.13 

0.20 

0.36* 

oestrus 

L 

-0.03 

0.21 

0.18 

0.07 

0.11 

-0.06 

-0.25* 

-0.36* 

0.25* 

0.26* 

0.72*** 

Induced 

H 

0.03 

0.17 

0.18 

0.09 

0.13 

-0.08 

0.13 

-0.38* 

0.22 

0.07 

0.53** 

oestrus 

L 

0.35* 

-0.27 

-0.30* 

-0.30* 

-0.28* 

-0.18 

-0.02 

-0.28* 

0.12*» 

0.38* 

0.63** 

•0.01 < p .f 0.10; " 0 . 0 0 1 < p « 0.01; ***p< 0.001. 

The correlations between weight of the sow at oestrus and size of the 

sexual organs were negative for the sows with spontaneous oestrus on 

the high feeding level and sows with an induced oestrus on the poorer 

ration. For the other groups, there was no significant correlation. The 

ovulation rate was always positively correlated with the size of the sexual 

organs, but there was no correlation between weight of the sow at oestrus 

and ovulation rate. Data on body measurements of the sows with spontane­

ous and induced oestrus are given in Table 6 where there were no signifi­

cant differences in relative and absolute characteristics of weight change 

for the two groups. Sows with a spontaneous oestrus between day 10 and 

day 21 after weaning had lost more weight, more backfat, and more heart 

girth during lactation and were in poorer condition at weaning than sows 

with an oestrus within 10 days after weaning. 
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Table 6. Characteristics of weight change for sows with spontaneous and induced oestrus 

(mean + standard deviation). 

Sows with 
spontaneous 
oestrus 21 
days after 
weaning 

Sows with 
induced 
oestrus or 
no oestrus 
at all 

Significance 
<p < 0.05) 

Number of sows 

Weight loss during farrowing (kg) 
(wF1-wF2) 

Loss of heart g ir th during lactation (cm) 
<HG i -HG 2> 

Loss of backfat thickness during 
lactation ( m m ) ( B T | - B . J 

Weight loss during lactation (kg) 

Weight at weaning (kg) (W ) 

Backfat thickness at weaning (mm) 
(BT 2 ) 

Heart girth at weaning (cm) ( H - - ) 

Relative loss of weight during 
farrowing (%) [ ( W R - W F 2 ) / W F 1 ] x l 0 0 

Relative loss of heart girth during 
lactation (%) [ ( H G 1 - H G 2 ) / H G j ] x l 0 0 

Relative loss of backfat thickness 
during lactation (%) [ (B T 1 -B T 2 ) /B T [ ] x l 00 

Relative loss of weight during 
lactation (%) [<W_,-W ) /W n Jx l00 hi w r I 

18.2 + 

12.1 + 

6.7 + 

34.0 + 

6.2 

3.2 

2.2 

9.5 

147.5 + 13.7 

I f .8 + 

112.0 +_ 

9.1 + 

9.7 + 

4.1 

5.0 

3.0 

2.5 

31.7 + 10.') 

18.7 + 5.0 

44 

18.9 + 5.4 

12.6+ 3.9 

6.8 + 2.1 

35.2 +_ 9.3 

146.7 +10.9 

14.1 i 4.0 

110.9+ 4.3 

9.4 + 2.4 

10.2 + 3.0 

32.9 + 10.7 

19.2 + 4.5 

Season 

Effect of batch on length of the uterus horns (p < 0.001) and weight of 

the ovaries (p < 0.01) was signif icant (Table 3). The sexual organs tend 

to be heavier and longer in winter than in summer and intermediate in 

spring and autumn. Fahmy et a l . (1979) found that season of farrowing 

had signif icant e f fect on length of the interval f rom weaning to oestrus, 

w i th the shortest in terval in autumn and the longest in spring and summer. 

There was no e f fec t of batch on the interval f rom weaning to oestrus 

nor on the proportion of sows in oestrus wi th in 21 days af ter weaning 

(Table 7). 



-37-

Table 7. Proportion of sows in oestrus within 21 days of weaning and interval form weaning 

to oestrus for those sows of each of the five batches (mean + standard deviation). 

Time of t r ia l Number of sows 

June and July 1979 21 

September and October 1979 24 

December 1979 24 

March 1980 30 

June 1980 14 

Total/Mean 113 

Proportion 
in oestrus 

42.8 

66.7 

62.5 

63.3 

71.4 

61.1 

of sows 

%) 
Interval from weaning 
to oestrus (d) 

8.8 + 5.0 

9.1 +5.7 

9.0 +4.0 

7.5 + 4.2 

9.6 + 6.2 

8.8 +4.9 

Size__of the sexual organs 

The weight of the uterus or ovaries was not affected by the weight of 

the sow at weaning or at oestrus, by the weight loss during lactation, 

or the rate of gain in the interval from weaning to oestrus (standardized 

regression coefficient for W was 0.25 for W 0.22 and for W 0.27). 
uov u ov 

Sows with induced oestrus had longer uterus horns (p < 0.01). The length 

of the uterus horns was positively related to litter size and weight loss 

of the sow during the previous lactation (p < 0.05). 

?L?!?_PJ Ja?'1] 

Rate of gain from weaning to oestrus was affected by feeding level 

(p < 0.001) and by the need for induction (p < 0.001). The interval from 

weaning to oestrus was on average 2k days with induced oestrus and 8-9 

days with spontaneous oestrus (p < 0.001). 

Sows with a 'low weight' at weaning and sows with a 'great weight loss' 

during lactation gained more during the interval than sows with a higher 

weight or with a smaller weight loss (p < 0.001). 

Interv_al__f_r_orn weaning to oestrus 

Influences on the interval from weaning to oestrus were tested for sows 

with a spontaneous oestrus. Feeding level and preceding litter size did 
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not influence the interval. It was positively related to weight loss during 

lactation (p < 0.001) and negatively with weight of the sow at weaning 

(p < 0.02). 

Discussion 

Effect of feeding level on oestrus 

Sows should reach oestrus soon after weaning. The interval from weaning 

to oestrus was not affected by feeding level after weaning. This agrees 

with the results of the literature review by NRLO (1979). The proportion 

of sows in oestrus increases faster between day 9 and day 21 after weaning 

for the better fed group than for the poorer fed group. In trials of Brooks 

& Cole (1972) and Fahmy & Dufour (1976), the number of the sows in 

oestrus within 7-10 days after weaning was increased with a high feeding 

level, but Etienne et al. (1976) found no difference. Dijck (1972), however, 

found a smaller variation in the interval from weaning to oestrus when 

feeding level was high. It is not clear from literature whether sows that 

do not come into oestrus are not stimulated enough for follicular growth 

or whether their ovaries do not react to the stimulus. 

Effect of feeding level on size of sexual organs 

Feeding level did not have a significant effect on the weight of the ova­

ries. This agrees with the results of Etienne & Legault (197*f) and Fahmy 

& Dufour (1976) in gilts and sows flushed over a longer or shorter time. 

Feeding level did not influence the length of the uterus and the weight 

of uterus and ovaries together. Heap et al. (1967) found no relation between 

feeding level during early pregnancy and length or weight of the sexual 

organs 28 days after mating. Weight of the empty uterus (y in g) 28 days 

after mating increased with weight of the sow at mating (x in kg) : y 

= 671.6 + 4.61x (p < 0.05). There was no significant relation between weight 

of the sow and length of the uterus. For the sows with a spontaneous 

oestrus on the better ration and sows with an induced oestrus on the poorer 

ration the relation between weight at oestrus and size of the sexual organs 

was negative (Table 5). The correlation of litter size at birth and weight 

of the sow after farrowing was negative for the first group and positive 

for the last. So the relation between litter size and weight after farrowing 

can not explain the relation between weight at oestrus and size of the 



-39-

sexual organs. In the poorer fed sows with a spontaneous oestrus and the 

better fed sows with an induced oestrus there was no clear relation be­

tween weight of the sow at oestrus and size of the sexual organs. 

§ilef-J:__2t_iee^n^-i?Y?i_pp_-2Yy]?ïioQ_r§J:e__a']^__rat_e__o! Äajn_2i.^!?_e__fp.^ 

On the basis of the literature, NRLO (1979) found no clear effect of high 

feeding level after weaning on the ovulation rate. Dijck (197*0 also found 

that flushing in primiparous sows mated at first oestrus did not affect 

ovulation rate. According to van der Heijde & Lievens (1977), there was 

only an effect of flushing on the ovulation rate in sows after a period 

of undernutrition. Some authors, however, have found a significant posi­

tive relation of ovulation rate with: weight at weaning (Moody & Speer, 

1971), weight at oestrus (Heap et al., 1967) and rate of gain during the 

interval from weaning to oestrus (Hardy & Lodge, 1969). Hardy & Lodge 

(1969) also found a significant inverse relation of weight loss during the 

previous lactation period with ovulation rate. King and Young (1957) how­

ever, found no significant relation between weight of the sow and ovulation 

rate. 

Feeding level, weight at weaning and weight loss during lactation had 

an effect on the rate of gain during the interval from weaning to oestrus. 

If a sow, during the first month after weaning, does not gain 1^0-150 

g/d, oestrus will be difficult to reach (MacClean, 1969; review by Ras-

bech, 1969). 

Induction of oestrus 

Whether sows show spontaneous oestrus within 21 days after weaning 

is not only related to condition of the sow at weaning as expressed by 

weight of the sow, backfat thickness or heart girth. For sows with a sponta­

neous oestrus, feeding level between weaning and mating stimulates the 

onset of oestrus for sows with a poor condition. With induced oestrus, 

the greater length of the uterus could result either from the longer interval 

or from induction. Within the sows with spontaneous oestrus there was 

no relation between length of the interval weaning to oestrus and length 

of the uterus. This suggests that the difference is due to the induction. 

The positive relation of litter size at birth with size of the sexual organs 

at oestrus would be explained by the increased development of the uterus 


