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Two experiments wen conducted to detennine the effect of pattem of feed intske 

during gestation and lactation on the reproductive paformance of two genotypes of sows. 

In the fkst experiment, 60 Nationai Pig Development (NPD) gilts and 53 h-pari ty  

sows were randomly assigneci to one of two gestation treatments and subsequently one of two 

lactation treatments. Thughout gestation the control group (gC) (gilts, n=3 1; sows, w-26) 

was fed at 1.4 times maintenance do', and the pattem group (gP) (gilts, n=29; sows, n=27) 

was fed in four stages based on body weight at d 1, d 30, d 60, and d 90. Each gestation 

group was ftrther divided into two treatments for the 17-day lactation: the control group (Ic) 

(gifts, ~ 3 0 ;  sows, n=28) was 'full-fed', and the pattem group (Ip) (gilts, n=30; sows, n=25) 

was fed in three stages based on body weight at d 1, d 6, and d 12. 

In the second experiment, 18 Cotswold gilts were randornly assigned to one of two 

gestation treatments and one of two lactation treatments. Throughout gestation, control gilts 

(gC) (n=10) and the pattern group (gP) (n=8) were fed as described in Experiment 1. Each 

gestation treatment was fùrther divided into two treatments for the 18-day lactation: control 

gilts cc) (n=9) were fed ad libitum, and the pattem group (Ip) (n=8) was fed in three stages 

based on body weight at d 1, d 6, and d 12. 

Average daily feed intake did not differ behveen treatments in Experiments 1 and II 

(P>0.05). Gestation treatment C consumed more feed in early gestation and gP consumed 

more in late gestation in both experiments (P<O.OS). Total feed intake during 
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gestation was p a t e r  for gC gilts in Expehent Il (P<0.05) and did not dmer between 

treatments in Experiment 1 (P>O.OS> 

Although the pattems of PZ bacldat diange (Experiment II) and body weight change 

(Experiments 1 and II) d i i d  due to gestation treatment, there were no differences between 

treatment groups by d 109 of pregnancy. Feed intake pattern had no effect on percent 

nutrient retention (Experiment II), semm umi nitrogen and progestmne (P,) (Experïments 

1 and II) during gestation (P>O,OS). 

Average daily feed intake and total lactation feed intake were lower for the Ic 

treatment in Experiment 1 (P<O.OS), but were not affiected by feed intake pattern in 

Experiment PI (PX.05). 

Backfat loss was greater for gP gilts and sows (P<O.OS), while the gC group lost 

more body protein during lactation (PCO.05) in Experiment 1. However, gestation treatment 

did not affect backfat depth and body protein levels at d 17 of lactation (l?>0.05). Lactation 

treatrnent p had higher mean weight, predicted body protein and lipid contents during 

lactation in Experiment I (RO.05). Gestation-lactation treatment combination Cc lost more 

baclâat and body lipid dunng lactation, and had the lowest backfat and lipid reserves at 

weaning in Experiment 1. Combination Cp maintained backfat depth and lost the smallest 

amount of body lipid during lactation. Matemal weight, backfat and predicted body 

composition did not differ at the end of lactation due to lactation treatment in Experiments 

1 and II. However, the patterns ofbody protein and lipid utilidion were different @'<O.OS). 

Litter size bom alive and at weaning (Experiment 1), and piglet growth rate in late lactation 
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(Experiment II) were improved for gP gilts (P<O.OS), but not for first parity sows in 

Expenment 1. Lactation treatment c (Experiment 1) resulted in larger litter s i n  at weaning 

for gilts, but not for fint parity sows (pcO.05). 

Pattern of féed intake did not alter mean or basdine Jemm luteinking hormone (LH) 

concentrations, LH pulse fiequency, weaning-to-estrus interval, and ovulation rate in 

Experiment II (P>0.05). Gestation treatment P exhibited a grrater rise in P, concentration 

postweaning and 45% more normal corpora lutea than gC gilts in Expenment II (P<0.05). 

Lactation treatment p and the combination of Cp during gestation and lactation, 

extended the WEI of gilts relative to first parity sows in Expenment 1. 

These results indicate that pattern of feed intake dunng gestation produced beneficial 

effeas in terrns of reproductive performance for gilts, but did not produce these same effects 

for first parity sows. 
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INTRODUCTION 

Recent deaascs in the numkr of &e producen and the movcment toward I q e r  

operations have renilted in the need for i n a e w d  production efficiency. Sow reproductive 

performance is a signifiuuit component of the profitability of a nuine operaiion and csn be 

Muenced by a -ety of fgctors. Factors nich as nutrition during gestation and lactation, 

and lactation length can k modified to optimize sow production efficiency without sacriking 

the lifetime productivity of the sow. 

Gilts and first piuity sows freguently display poor reproductive pe&ormance 

associated with the conflicting requuements for growth to mature size and the requuements 

for fetal development and rnilk production during gestation and lactation (Pettigrew and 

Tokach, 199 1; Aheme and Waams, 19!J2). As a result, young sows ofien exhibit prolonged 

weaning-to-estms i n t e d s  (MET) (Stemhg et al., 1990; Cosgrove et al., 1997) and reduced 

litter size in the second parity (Kirkwood et a/., l987a). 

Nutrient requirements of the sow increase with the advancement of gestation and 

lactation, following the patterns of fetal growth and milk production (Noblet et al., 1990; 

Whittemore and Morgan, 1990). Sows with Uwinicient total feed intake or receiving poorly- 

balanceci rations mobiliize body teserves to avoid negatively afkcting litter growth (Willis and 

Maxweii, 1984; Neil and Ogle, 19%). Changes in matemal body composition due to loss of 

protein and lipid resemes affect sow body condition in gestation and lactation, and rebreeding 

later on, 
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Gestation feed intake has been associated with embryo mortality in eady gestoton 

(Jmdal et al., 1996, 1997). fetal growth (Aheme and Williams, 1992). as weil as potential 

effects on milk production (Weldon et al., 1991) and piglet growth in the postnatal period 

(Schoknecht et d ,  1993; Co&y et al., 1 994; Dwyer et al., 1 994). Additionally, f d  intike 

during pregnancy has implications for sow body composition and performance during 

lactation (MuIlan and Williams, 1989; Dourmad et al,, L994). Gestation feed intake is 

negatively related to feed intake in lactation (Hughes, 1994), and voluntary feed intake during 

lactation is a factor limiting sow perfiormance (Weldon et al., 1994a). 

Young sows ofien m o t  consume suflicient feed during the lactation period to meet 

the requirements for maintenance, milk production, and maternai growth (Cole, 1990). 

Feeding levels during lactation are connectai to litter performance during lactation (King and 

Dunkin, 1986; Neil and Ogle, 1996) and subsequent reproductive perfionnance of the sow 

(Whittemore and Yang, 1989; Dounnad, 1991). Body weight and bacuat loss d u ~ g  

lactation, as affected by gestation and lactation feeding levels, results in an extended WEI 

(Armstrong et al., 1986). Feed intake during lactation is related to profiles of LH secretion 

at weaning (Tokach et al., 1992), and P, concentration early in the subsequent pregnancy 

(Kirkwood et al., 1987a). Alterations in secretion of these hormones have been associated 

with the length of the WEI and embryo survival, respectively. 

The shift in management practices toward shorter lactation lengths (early weaning), 

in an attempt to increase the number of pigs per sow per year, may have negative effects on 

sow reproductive p e f o m c e .  In general, shorter lactation lengths are related to longer WEI 
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(Foxcrott et al., 1995; Cosgrove et al.. 1997) and reduced subrequent ütter size (Vadey, 

1 982; Xue et al., 1993). mediated by disruption of n o m d  hormone profiles (Varley et d., 

198 1; Archibong et al. 1987; K i r k w d  et d, 1984). The reproductive problems rPsociaîed 

with young sows may be cornpounded by the adoption of early weaning practices. 

Current feeding pnctices during the gestation period provide gilts or sows w*th a 

fixed amount of fd during pregnancy, and may not consider individuai requirements. This 

type of feeding system allows gilts and sows to become catabolic during late gestation if 

nutrient supply is insufficient. Conversely, nutrient oversupply d u ~ g  gestation results in 

reduced feed consumption during lactation. 

Conventional lactation feeding systems restrict feed intake just pnor to farrowing and 

increase the feed allowance gradually during the first few days of the lactation penod to 

achieve adlibihm intake. Feed restriction in early lactation causes a reduction in total feed 

intake dunng lactation and may influence sow metabolic condition and reproductive 

performance in the subsequent cycle. 

Little information is available on the effect of feed intake patterns during consecutive 

stages of the reproductive cycle of young sows. Previous studies have evaluated gestation 

and lactation feeding methods separately (Verstegen et al., 1987; Cromwell et al., 1989; 

Moser et al., 1987; Koketsu et al., 1996; Zak et al. 1997a). However, it is important to 

understand the relative contributions and influences of each stage of the production cycle on 

subsequent stages. 
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The objective of these studies was to modify the feed htake pattern ofeady-weaned 

gilts and first parity sows to reflect the changing matemal and piglet requuements d u ~ g  

gestation and lactation. The Muence of these aitered feed intake patterns on reproductive 

performance was determineci ushg two dinerent sow genotypes. 



CsAPTER 2 

REVIEW OF THE LITERATURE 

Introduction 

Improving sow productivity is a major focus of modem swine systems. Sow 

productivity can be defined as the number ofpigs weaned per sow per year, and is compnsed 

of the number of piglets weaned per litter and the number of litters per sow per year. Litter 

sue bom alive and preweaning mortality influence the number of pigs weaned per litter. The 

number of piglets born dive is a fùnction of fertilization rate, ovulation rate, and embryo 

s u ~ v a l  (Varley, 1982). Gestation length, lactation length, and the number of non-productive 

days determine the number of litten per sow per year. Gestation length is a fixed biological 

effect that cannot be manipulated to improve production. However, lactation length and the 

number of non-productive days c m  be altered to affect sow productivity. 

Productivity can be maximized by improving the efficiency of production and 

increasing sow longevity through optimum gestation and lactation performance, and a 

reduction in the number of non-productive days. Sow pr~ductivity is altered by factors 

including nutrition and management (ie. lactation length), and the influence of these factors 

on the metabolic and endocrine status of the sow. 



Reproductive Peitormance: the gilt and Cint parity son 

The gilt and first parity sow represent a specific chaiîenge in temu of improving 

productivity of the herd. Selection of gilts for leanness, rapid growth, increased miik 

production, and a reduced age at puberty have resulted in pigs with lower appetites (Aheme 

and Williams, 1992) and insufficient body resesves to support the increaseû demands of the 

modem production system (Rozeboom et d,  1996). Consequently, gilts and first parity sows 

often exhibit decreased reproductive peflormance and low productivity. 

Reproductive problems constitute approximately 30./0 of reasons for c u l h g  of k t  

parity animals (Carroll et al., 1996). resulting in a high herd replacement rate and reduced 

sow longevity in the herd. Reproductive failure may be related to genetic, nutritional, and 

environmental factors- 

Early weaning and Productivity 

Lactation length can be varied according to specific management objectives. The 

length of the lactation period has an effect on piglet performance and subsequent sow 

reproductive performance (Varley, 1982; Pettigrew et al. ., 1995; Cosgrove et al., 1997; 

Koketsu et al. 1997). Traditional lactation petiods were three to four weeks in length. The 

desire to increase efficiency of production has resulted in early weaning systems with lactation 

lengths of 10 to 18 days (Pettigrew et al., 1995; Xue et uL, 1997a). 
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Eariy weaning has been adopted in an effort to improve the health status of the herd 

(Pettigrew et al., 1995). to improve growth performance of wuuied pigs, and to more 

efficiently utilize fâcilities (Dial et al., 1992). However, early w d g  may have a negaîive 

effect on certain aspects of sow reproductive pefiormance. Shorter lactation lengths have 

been associateci with darerscd herd productivity, specifically with an increased wanuig-to- 

estrus intewal (WEI) (Foxaofi et al., 1995; Cosgrove et d , 1997; Xue et &, 1997.) and 

reduced subsequent litter size (Varley, 1982; Xue et al., 1993). 

Weumkg-to-Estrus Ihfervai 

The interval fiom weaning-to-estms is increased by a reduction in lactation length 

(Varley, 1982; Xue et al., 1997a). Xue et ai. (1993) observed an increase in the weaning to 

service interval (WSI) with lactation lengths shoner than 17 days. However, WSI was 

unaffected by lactation lengths of 1 7-3 0 days (Foxcro ft et al., 1 995). Early weaning of sows 

ocairs at a t h e  when the reproductive axis is suppressed, resulting in extension of the WEI 

(Cosgrove et al., 1997). 

&bsequent Litter Size 

The influence of lactation length on subsequent litter size is mediated by the effects 

of early weaning on uterine environment suitability, ovulation and fertilization rates, and 

embryo survival. 
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OwrIation a d  feertilition rates and e m b p  s11rviwI 

Varley and Cole (1 W6b) and Svajgr et al. (1 974) found no effêct of lactation length 

on ovulation rate when comparing sows weaned at 42-d versus 7-d. Subsequent work by 

Varley (1982) found similar results. Svajgr et ai. (1974) found fertilization rates of early 

weaned sows to be comparable to sows weaned later in lactation- 

Reduced embryo suNival may contribute to the decrease in subsequent litter size 

observed with shorter lactation lengths. Embiyo survival was negatively affected by 

shortened lactation lengh in a study by Vadey and Cole (1 976b). Evaluating ernbryo survival 

of sows weaned &er 7; 21- or 42-d lactation periods showed embryo sunival rates of 

59.2%, 63.9%, and 8 1.7%, respectively- 

Numerous studies relate early weaning to a reduction in subsequent Iitter size (Moody 

and Speer, 197 1; Cole et al., 1975; Varley and Cole, 1976a). In many cases, these early 

findings utilire lactation lengths of greater than 21-d and multiparous sows. The effect of 

shortened lactation length on litter size is more readily observed in multiparous sows due to 

the inherently smaller litter size of first parity sows (Foxcroft et al., 1995). Recent work 

supports this positive relationship between embryo survival, litter size and lactation length 

(Xue et al, 1997a). 

Uteritw environment 

Britt and Flowers (1997) and Cosgrove et al. (1997) cite incomplete uterine 

involution as a contributing factor to embryo mortality in sows; particularly those weaned 

before 14-d. The process of uterine involution begins in the first week of lactation and 
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proceeds until d 2 1 to d 28 post-fmowing (Varley, 1982). and may occur more quickiy in 

sows with longer lactation lengths cornpared to early w& sows (Cosgrove et d ,  1997). 

Endometrial repair is also ocairring at this time and continues through d 14 to d 21 pst- 

farrowing. Complete uterine involution is not necessary for successfùl establishment of 

pregnancy (Cosgrove et QL, 1997) and the uterus is capable of sustaining a pregnancy by d 

18 post-fàrrowing -vis, 1997). However, d e r  than 18 to 21 d post-paî"tum 

mbject the ernbryos to unfavourable uterine conditions (Varley, 1982) and result in reduced 

embryo survival (Cosgrove et al-, 1997). 

Abnormal levels of steroid hormones in early gestation could negatively influence 

embryo survival through disruption of the passage rate of the fertilized eggs dong the 

oviducts or by exposing the fertilized eggs to unfavourable environmental conditions within 

the uterus (Varley, 1982). Varley et al. (1981) demonstrated an increased pattern of 

progesterone (P.) secretion in the 26 d following mating for sows weaned at d 10 versus 

those weaned at d 42. The increased level ofP, secretion was linked to a prolonged estrogen 

surge during and afier mating in early weaned sows, however ovulation rate was not 

measured and this could contribute to the difference in PI. Additional steroid-dependent 

factors, such as utenne secretory proteins (USP), are possible mediators of the synchronicity 

between the embiyo and uterine lumen (Varley, 1982; Archibong et al., 1987; Simmen and 

Simmen, 1 990). 



Alterations in gonadotropin profiles of the row dunng late lactation, pst-weaning, 

and early in the subsequent pregnmcy may dso be associateci with the reduction in embryo 

survWai (Varley, 1982). Conventionai lactation lengths allow for a graduai decrease in the 

suppressory effects of sucküng on hypothalamic-pituitacy-ovarian activity (Vadey, 1982; 

Kirkwood et ol., 1984). 

In early weaned sows it is possible that the sensitivîty of the hypothalamic-pituitary 

axis is reduced, or that weaning is ocairring at a time of suppression of the reproductive ais 

(Cosgrove et al., 1997). Edwards and Foxcroft ( 1 983) dernonstrated a diminished 

preovulatoiy luteinizing hormone (LH) surge in early weaned sows. Lower basal LH levels 

were observed by Kirkwood et al. (1984) in early weaned sows dunng the post-weaning 

period. 

Follicular recmitment nomally occurs dunng early lactation (Cosgrove et aL . 1 997). 

In eariy weaned sows follicular development and recruitment may be occurring during late 

gestation, having implications for oocyte maturation, ovulation, and embryo s u ~ v a l  

(Cosgrove et al., 1997). Zak et of. (1997b) recognize that the rate of developrnent and 

maturation of follicles and oocytes may contnbute to decreased embryo s u ~ v a l .  

The reproductive problems associated with young sows may be compounded by the 

adoption of early weaning practices. Xue et al. (1997a) suggest longer lactation lengths for 

first parity sows to minirnize the negative effects of early weaning on reproductive 

performance. 



Nutrition and Praductivity 

The link between nutrition and reproduction has been remgnized in previous research 

(Einarsson and Rojkittikhun, 1993; Carroll et aL, 1996; Xue et aL, 1997b; Pluske et d ,  

1998). Nutritionai effects on sow reproductive pedormance are mediated by changes in sow 

body compositioa, metaboüc or endocrine factors. Sow nitrition during cach stage of the 

reproducîive cycle wiil influence nutrient requuements and performance in subsequent stages. 

Nutrition during the pre-breeding and gestation periods is associated with ovulation rate 

(Fiowers et aL, 1989; Beltranena et al., 199 1). ernbryo survival (Jindal et al., 1996; Jindal et 

al., 1997), and fetd growth (Schoknecht et ai., 1993; Schoknecht, 1997). Potential 

improvements in litter size and litter birth weight, as well as sow body condition, and 

consequently, reproductive performance may be recognized dunng these tirne periods. 

Pre-Breeding Nutrition 

Nutrition and Owdation Rate 

Ovulation rate is a determinant of potential litter size and may be the initial limitati( 

to maximal productivity in the gilt. The main factors influencing ovulation rate are individual 

animal efKects such as age, or factors imposed on the animal such as nutrition (Hughes and 

Varley, 1980). 
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Short-km mediators of ovulofrofron rate 

Evidence suggests that incressing f d  (or energy) intake above the maintenance 

requirement for a period of 8 to 14 d prior to breeding results in an increase in ovulation rate 

(Fiowers et al., 1989). This elevation in ovulation rate due to hcreased intake is known as 

'flushing7(Beltranena et uL, 199 1). The positive e f f i t  of incieased f a d  intake on ovulation 

rate will be beneficial in animals where ovulation rate is below an acceptaHe levd (Aherne 

and W~lliams, 19%; Hughes, 1994). This would be the case in young gilts bred at first estrus, 

and feed-restricted gilts. Mature sows. and gilts on full-feed will not benefit (Cox, 1997). 

Short-terni nutritional modification (ie. fiushing) near the time of estnis rnay modulate 

ovulation rate by stimulating the secretion of gonadotropins (Beltranena et al., 199L), or 

through the involvement of metabolic hormones influenced by diet (Flowen et al., 1989) in 

the absence of major changes in body weight or composition (Beltranena et aL, 1991). 

Gmdotropim and ovitlation rate 

Nutrition can exert both hypothalamic-pituitary and direct ovarian effects on the 

ovary to alter ovulation rate. Gonadotropin stimulation is necessary to promote the 

maturation of preovulatory follicles (Foxcroft and Hunter, 1985). Short-tenn nutritional 

influences on reproduction may be insulin-mediated (Booth et al., 1996) because observed 

effects on gonatropin secretion and ovarian development are occumng too rapidly to be 

explained by changes in body weight or composition. 

Plasma levels of insulin may be involved in the stimulation of gonadotropin-releasing 

hormone (GnRH) release from the hypothalamus (Flowen et al., 1989; Cosgrove et al*, 
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1997) and consequently in hcrtasUIg LH and follicle stimulating hormone (FSH) levels (May 

and Schomberg 198 1; Cox et aL, 1987). InoulLi-mediateci changes in the fiequency of GnRH 

secretion mit in an incres~se in LH secretion, aihancing foUicular development (Booth et al., 

1996). Conversely, short-term nutritional restriction associated with decreased insulin levels 

may suppress GnRH/LH release (Beltranena et d ,  1991). hsuün receptors have been 

identifid in the region of the hypothaIamus -ated with GnRH a c t ~ t y  in the pig and the 

rat (Cosgrove et al., 1 997). Realirnentat ion of 7-d feed-restricted prepubertal gilts (Booth 

et al.. 1996) resulted in increased uterine weights and an increased number of total ovarian 

follicles, which could have implications for reproductive pefiormance at puberty. These 

responses could be due to the noted increase in LH secretion. Flowers et al. (1989) observed 

an increase in concentrations of FSH and pulses of LH 5 d prior to estrus in gilts receiving 

3.37 kg d" compared to gilts fed 1.70 kg d" for two weeks pnor to estrus. The same study 

showed elevated plasma insulin for seven days before estrus in gilts with high feed intake. 

Booth et aL (1996) realimented feed-restricted prepubertal gilts, and found an increase in LH 

secretion five hours after realimentation. 

Direct ovurimt inflrrences on ow~iution rate 

Short-term nutritional changes may have direct ovarian effects mediated by insulin 

(Ashworth, 1994). Insulin receptors have been identified on porcine granulosa cells (Otani 

et al., 1985). h vitro work has shown insulin to be a critical component for certain aspects 

of porcine granulosa cell growth and development (May and Schomberg, 198 1). As well, 

insulin potentiates FSH-stimulated LH receptor induction and steroidogenesis. Insulin may 
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increase ovulation rate through a reduction in follicular atresia (Booth, 1990; Ashwortb, 

1994) or an increase in follicular mniitment @dey et al., 1975). 

The size and heterogeneity of the prwvuIatory pool of follicles and foliicuilar and 

oocyte quality ( F o x d  et ai!, 1995; ZBk et d ,  1997b) rnay be infiuenced by nutrition during 

the pre-breeding stage. Pope et aL (1990) have suggested that the preovulatory developmemt 

of the foUicle and oocyte has consequences for subsequent embryo s u ~ v a l .  

Nutrition and Gestation 

During gestation the sow requira sufficient nutrients for maintenance, matemal gain, 

and the development of reproductive tissue (mammary gland and uterus) and fetuses 

(Verstegen et al., 1 987; Genest and D' Allaire, 1 995). In the case of the gilt and first p k t y  

sow, additionai feed is required for growth to mature sUe (Verstegen et al., 1987; Cosgrove 

et al., 1997). There is increasing evidence to support a comection between nutrition during 

gestation and effects on embryo survival, fetal growth, and sow body composition- 

Em bryo Swviual and l i t  fer Si'e 

Embryo suMvaVmortality contributes to the nurnber of pigs bom per litter, and 

therefore to sow productivity. Embryo mortality is defined as losses in the period from 

conception to approximately d 30 of gestation (Pere et al., 1997), however the timing of 

ernbryonic death is inadequately defined. Proposed causes of embryo mortality during early 
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gestation inchide genetidy defective embryos, asynchrony between the uterine environment 

and the embryos asynchronous development of littermates, hproper nutrition, insutncient 

P, andor  USP secretion, o r  combinations of these factors. 

Nutrition d u ~ g  d y  pregnancy has been examined in c o ~ e c t i o n  with its effécts on 

ernbryo mortality and litter sue. During pregnancy the developing embryos receive hi& 

priority in terms of nutnent supply (Nob1et et al.. 1990; Noblet et d ,  1997). Sows with 

insufficient total feed intake o r  receiving poorly-balanced rations mobilize body reserves to  

avoid negat ively afEecting fetal growth and development (Willis and Maxwell, 1984). 

Therefore, under-nutrition in early gestation must be severe to affect embryo s u ~ v a l  (Aherne 

and Williams, 1992). Interestingly, some studies have found that high levels of feed intake 

during early gestation in the gilt have negative consequences for embryo s u ~ v a l  (Jindd et 

al., 1996; Jindal cil al., 1997). However, other research has not demonstrated sirnilar effects 

of high levels of feed intake on ernbryo survival (Dyck et d. 1980). 

Progesterorrt! ami embryo stwival 

Progesterone is the primary steroid hormone involved in the maintenance of pregnancy 

and is important as a regulator of oviductal and endometrial development and embryo s u ~ v a l  

(Jindal et al., 1996). Progesterone is secreted tiom the ovarian luteal cells (Hughes and 

Varley, 1980) and its concentration peaks at approximately d 10 of gestation, and 

subsequently declines to a relatively constant level by d 30. 

Contradictory evidence &sts relating to the effects of nutrition in early pregnancy on 

ernbryo s u ~ v a l .  Some experiments have s h o w  a relationship between embiyo survival and 
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feed intake, but the results are oAen difficuit to intepet because of differences in the duration 

of dietary treatment. 

Dyck (1991) found no difference in embryo sumival at d 30 of gestation when 

cornparing gilts féd 2.5 kg & versus gilts restrkted to 1.25 kg 6' from breeding untü d 10 of 

gestation. Pharazyn et aL (1991) fed two levels of energy and protein to gilts fiom d 3 to d 

15 of gestation and saw no &kt on ovulation rate, p h m a  P, or mbryo s u ~ v a l  to d 28 of 

gestation. They proposed that in cases of already high embryo s u ~ v a l .  lowenng feed intake 

during early pregnancy will produce no observable benefit. Einarsson and Rojkittikhun 

(1993) suggest that the increase in embryo mortality related to high energy intake in gïlts 

during the premating penod and early gestation may be due to an increased ovulation rate, 

resulting in no net increase in litter size. The negative relationship between ovulation rate and 

embryo survival may explain the increased embryo monality observed in multiparous sows. 

Other researchers have demonstrated an inverse relationship between feed intake 

du ring early pregnancy, P, concentrations and embryo survival in gilts. The influence of feed 

intake on embryo s u ~ v a l  may be mediated by changes in the metabolism or secretion of P, 

(Jindal et al., 1996; Jindal et al,, 1997). 

Dyck and Strain (1983) found that high feed intake fiom d 1 to d 10, but not fiom d 

1 1 to d 20 post-mating, increased embryo mortality in gilts at d 30 of gestation. This led to 

the hypothesis that Ievel of feeding rnay affect embryo sumival during a critical period in eady 

gestation. Jindal el al. (1996) compared the effects of three gestation feed intake levels on 

reproductive pelfonnancece Gilts were fed 2.5 kg d-' prior to breeding and were either fed at 
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NRC (1988) recommended levels (approximately 1.9 kg 6 3  starting on d 1 or d 3 of 

gestation, or were fed 2.6 kg b1 from d 1 until d 15 of pregnancy. Feed restriction 

implemented on d 1 allowed for effats of P, concentration at both the o v i d u d  and uterine 

stages of ernbryo dewlopment to be k. Ddaying the feed reduction until d 3 dowed 

for development of the embryo within the uterus to be investigated (Foxcroq 1997). 

Ovulation rate did not difEer between treatments. Embryo survivd was H ~ e d  by fad 

intake level, with d 1-nonnai and d 1-high treatrnents differing (86% versus 67%, 

respectively). Plasma P, concentrations 3 d afler estrus were highest in gilts that were fed at 

lower levels from d 1. Day 3-normal and d 1-high P, and embryo survivai values did not 

dEer. These authors suggest that the critical penod d ~ n n g  which feed intake has a positive 

effêct on embiyo survival is limited to the day after the onset of estw, indicated by embryo 

survival and P, concentration in gilts fed at lower levels from d 1 of gestation. The lack of 

dietary intake effect on embryo suMval reported in the previous section by Pharazyn et al. 

(199 1) may be due to the delay in reduction of feed intake until d 3 of gestation. Further 

evidence for a role of P, in embryo suMvd was offered by Ashworth (199 1). Progesterone 

concentrations in od libifrrnr-fed gilts were restored through administration of exogenous P, 

during the post-mating penod, leading to improved embryo survival at d 30. A second 

experiment by Jindal a ai. (1997) tested the hypothesis that nutritional effects on embryo 

survival are rnediated by P,. Gilts were allocated to a high level of feed intake (2.0 times 

maintenance) with or without P, injection commencing 24 h after the onset of estrus. 

Progesterone concentrations and ernbryonic sumival were higher in gilts administered P,. 
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Feed intake during d y  gestation may affect embryo survival via aiterations in 

circulating P4 concentration (Jiidal et d,  1996; Jmdal et ai., 1997). Plasma P4 concentration 

represents a balance between synthesis in the ovary and metabolic clearance by the kidney and 

Iiver (Jindal et ai., 1996). Increased feed intake rnay increase hepatic blood flow to 

metaboh the additional nutnents, leading to an elevated metabolic clearance rate ofP4 and 

therefore a lower hormone kvd in the blood (Hughes and Pearce, 1989; Jindal et al.. 1996). 

Aitematively, dxerences in P, synthesis or an earlier increase of P, in relation to the 

timing of the preovulatory LH peak may explain the effects on embryo su~vab i l i ty  (Jindal 

el al., 1 996). In a subsequent experiment, Jindal et al. (1 997) fed gilts 2.5 kg bL for one 

estrous cycle, and at 1.5 or 2.0 times maintenance fiom d 1 of the next estrus. Progesterone 

concentration 72 h after onset of estms and embryo survival were lower in gilts with the 

higher feed intake. The timing of the P, rise after the LH peak was delayed by 10 h in the 

gilts fed at the higher plane of nutrition (38 h versus 28 h). Foxcrofi (1 997) believes that this 

delay wil1 be mirrored in a difference in oviduct concentration of P,, exerting an effect on 

oviductal fbnction in the periovulatory period. Dietary changes manifested in the oviductal 

environment, particularly with relation to steroid concentrations, may affect the transport of 

the embryo and subsequent synchrony with the utems (Foxcroft, 1997), resulting in increased 

embryo mortality. 

A delay in the rise of P4 may aiso infiuence the timing of the required uterine changes 

(Jindal et ai., 1997). thereby compromising embryo suMval in the early stages of 

development by disrupting uterine and embryo synchrony. 
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Phamzyn et ai! (1991) cunfimied that varïability in P, secretion during eady pregnancy 

is associated with diierences in P, concentrations perfùsing the oviductai vasculature. These 

difEerences may exert an &ect on the o v i d u d  environment and embryonic development and 

viability. Jiidd et al. (1996; 1997) describe the importance of the oviductal environment in 

the cleavage, development and transport of the embryo tiom the oviduct to the uterus duMg 

very earfy prrgnancy. The nnt cleavagc of the anbryo taka place within 14 to 16 h der 

ovulation (Hughes and Variey, 1980) while the embryo is in the oviduct (Jindal et ai., 1997). 

The embryo migrates to the utems at 48 to 72 h after ovulation and remains near the 

uterotubal junction until d 5 to d 6 of gestation. It is possible that nutntional infiuences on 

P, secretion may alter the oviductd or uterine environment during the very early stages of 

gestation, by changing devdopment or secretoiy activity, leading to asynchrony between the 

embryo and uterus, thereby irnpacting embryo suMval (Pharazyn et ai., 1991; Iindal et al., 

1996; 1997). 

Uterine and conceptus secrefory proteins and embryo survivo1 

Coordinated changes that occur between the matemal endometrium and conceptus 

during early pregnancy are critical to embryo survival. Considerable embryonic loss can 

occur during this period ifthe synchrony of these events are disrupted (Simmen and Simmen, 

1990; Roberts et al., 1993). 

During gestation, pregnancy specific proteins are secreted by both the endometriurn 

and conceptus which aid in the growth and development of the ernbryo (Simmen and S h e n ,  

1990; Jindal et ai., 1997). Progesterone is required for the production of several utenne 
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secretory proteins (USP) involved in the support of embryos throughout gestation (Vadey, 

1980; Roberts et al-, 1993). These proteins can be influenced by nutrient levels. Ifthe level 

off& intake during eariy gestation influences cirdating P, concentrations, it is possible that 

the lower levels of P, infiuence the production of other factors necesraiy for n o m  feul 

development and survival (Close, 1997). 

Conceptusderived proteins are dso secreted which assist in the rrgulation of 

endometnal and fetal development (Simmen and Simmen, 1990). A drop in P, level in the 

blood may negatively affect the secretion of some of these proteins, and therefore increase 

embryo mortality (Close, 1997). 

Mammary G h d  Developtnen~ 

The period from mid- to late gestation is an important time in the development of the 

mammary gland of gilts (Weldon et al., 1991; Aheme and Williams, 1992). Rapid growth of 

mammary tissue occurs between d 75 to d 105 of gestation, with the period between d 75 to 

d 90 being critical in the development of milk secretory tissue (Weldon et al., 1991). 

Nutntional eEects on marnmary gland development in the gilt may infiuence milk production 

and piglet performance in lactation. 

Weldon et al. (199 1) fed gilü either adequate or high levels of protein (2 16 or 330 

g b') and energy (5.76 or 10.5 Mcal ME a') fiom d 75 to d 105 of gestation. High dietary 

energy intake dunng this period was found to have negative effects on mammary 

development, hcluding reduced mammary ce11 nurnber and amount of milk-secreting tissue. 



The rate of gain during the first trimester of pregnancy is relatively slow and ocairs 

primarily in the placenta, fluids and uterus; as pregnancy progresses, gain occurs 

predominantly in the fetus (Noblet et aL, 1991). 

Fetal growth is a high priority in tamr of nutrient supply. Development of the fetuses 

wiii not be affected unless the pow is fed below the maintenance requirement (Einarsson and 

Rojkittikhun, 1993), in which case fetal growth may be reduced (de Lange et ai., 1980; 

Young et ai., 1990). Insufficient nutrient availability for fetal growth may result in 

mobilization of matemal resems to  meet fetal requirements (Close et al., 1984). In e d y  

gestation fetal demands on the maternai system are relatively low (Close et aL, 1984) and 

variances in m a t e d  feed intake will have little effet on fetal weight. However, during mid- 

to late gestation, materna1 nutrition may affect piglet birth weight and subsequent 

performance (Pond et al,, 1992). 

Mid-gestution 

Matemal nutrition during mid-gestation may have influences on fetal growth that have 

consequences for body composition of the piglets at birth. Muscle fiber number is an 

important determinant of muscle mass in the pig (Miller et al., 1975). The progression of 

muscle fiber development occurs with an initial rapid development of the primary muscle 

fibers beginning on d 50 of gestation, followed by a slower phase of secondary fiber 

development on the surface of the primary fiber @wyer et al., 1994). Muscle fiber 

hyperplasia is complete in the piglet by d 90 of pregnancy. Pnmary muscle fiber numbers are 
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genetically detemhed and are reiatively resistant to nutritional effects. However, sewndary 

muscle fiber numbaz are ~ s p o ~ v e  to conditions b uem, such as matemal nutrition m e r  

et al., 1994), and are rrsponsible for the wiability in muscle fiber number seen within littas 

m e r  and Stickland, 199 1). Rcnatal conditions influencing fiber number have the potentiaî 

for long-tenn effects on postnatal growth. Low birth weight pigs have a decreased fiber 

number caused by a reduced oecondary fiber population (Wigmore m d  Sticiûanô, 1983). 

Although maternai nutrition cannot increase muscle fiber number above a maximum level, 

muscle fiber number in low birth weight piglets may be increased by improved maternai 

nutrition. This would result in a more homogeneous distribution of muscle fiber number 

within the ütter. The number of primary and secondary fibers that formed prenatally can be 

determined postnataliy in the pig. 

Dwyer et al. (1994) fed sows 2.5 kg 6' (control) throughout gestation, or 5 kg d" 

fiom either d 25 to d 50, d 50 to d 80, or d 25 to d 80 of gestation. Muscle fiber number was 

estimated in the piglets at five weeks of age. The three high feed intake groups had larger 

mean ratios of secondary to primary muscle fiber number (S:P) than the  control group. No 

difference existed between S :P for the high intake groups. Piglets fkom sows fed the high 

level throughout gestation had a faster growth rate fiom d 70 to slaughter than the control 

group. Experimental evidence has not consistently supponed the influence of matemal feed 

intake during mid- to late gestation on secondary muscle fiber number and subsequent pig 

growth. 
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Lme gestation 

The nutrient requirements of the sow increase with the progression of gestation, 

reflecting the ïncrease in maternai weight gain and pattern of fetd development (Vastegen 

et al., 1987; Noblet et al., 1997). During the last month of gestation, fetai growth is 

exponential (Noblet et aL, 1997). More specificaliy, fetal weight doubles during the Iast ten 

days of pregnancy (Aheme and Waams, 1992). ïncreasing sow f a d  intake durllig lue 

gestation to irnprove piglet birth weight has rrsulted in variable success. Birth weight appears 

to be  related to energy and protein intake of the sow during pregnancy (Cromwell et al., 

1989; Pond et al. 1992). Piglet binh weights increased as gestation energy intake increased, 

plateauing at an intake of 6 Mcal ME d-' (Aheme and Williams, 1992). High energy intake 

until d 110 of gestation (2.27 kg d-'; 7.4 Mcal ME 6') increased piglet birth weight and 

weight gain to weaning compared to nonnal intake levels (1 -82 kg de'; 5.9 Mcaf ME d-') 

(Coffèy et al., 1994). Piglet birth weight was heavier for primiparous sows fed to achieve 20 

mm P2 backfat at farrowing versus sows farrowing with 12 mm P2 bacMat (Yang el al, 

1989). 

Other studies have examined the importance of protein nutrition of the sow during 

pregnancy and implications for fetal growth (Pond et al., 1992; Schoknecht et al., 1993). 

Birth weights of piglets bom to sows fed a protein restricted (0.5%) diet during eady (d 1 to 

d 44) or late gestation (d 8 1 to farrow), or throughout pregnancy, were lower than fkom sows 

fed a protein-adequate diet (1 3%) throughout pregnancy (Schoknecht et aL, 1993). Post- 

weaning performance of the piglets, as measured by average daily gain, was iduenced by 
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maternal protein restriction througimut pregnancy. 

The type of nutrient restriction during pregnancy, the tirne at which the restriction is 

imposed, and the growth requirements of the sow wilf influence fetai and subsequent piglet 

growth (Schoknecht, 1997). 

Metabolic Indicators of Rtpmductive Strtus: Gestation 

In addition to nutntional infiuences on fetal growth, changes in matemal body 

composition are affected by sow feeding during gestation (Cole, 1990). Dinerences in 

maternal body composition may contnbute to the control of reproductive fùnction. 

Additional factors regulating metabolic status. including alterations in nutrient balances and 

levels of metabolic hormones and substrates, may be responsible for the esects of nutrition 

on reproduction in the absence of changes in sow body composition. 

Body Composition 

Weight and baclâat are general measures of changes occumng in the body of the sow 

(Whittemore and Yang, 1989) and can indicate alterations in metabolic status. The influence 

of nutrition on anabolic and catabolic processes occumng dunng the various phases of the 

reproductive cycle may be reflected in changes in body composition. However, nutntional 

modulation can induce acute or chronic changes in metabolic status and the reproductive axis 

in the absence of changes in body composition (Booth, 1990). Nutritional effects on sow 
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weight or backfiat during pregnancy can have implications for subsequent reproductive 

performance, by infiuencing lactation feed intake, subsequent weight loss, and the WEI. 

Feed intake during gestation should d o w  for gain in maternai tissues, takuig into 

account the requirements for growth in the younger animal (Verstegen et al., 1987; Noblet 

et aL, 1997). and the titluence of previous lactation weight loss on body condition (Einsrsson 

and Rojkittikhun, 1993). Nutrition duMg gestation should provide for a controlled amount 

of body fat and a large arnount of body protein at t'arrowing to maximize subsequent lactation 

and reproductive performance (Pettigrew and Yang, 1997). 

The sow can mobilize body resewes in late pregnancy to support the increasing fetai 

requirements if matemal nutrition is insufficient (Cole, 1990; Einarsson and Rojkittikhun, 

1993). However, a cataboiic state d u ~ g  late gestation may negatively affect lactation abiiity 

of the sow (Verstegen et al., 1987). 

Target values for maternal body weight gain of45 kg (composed of 20 kg litter gain 

and 20 to 25 kg net materna1 gain) for sows through gestation have been suggested 

(Verstegen et ai-, 1987; Aherne and Williams, 1992). More generous recommendations for 

25 to 40 kg net maternal gain dunng the first parity, and 25 to 30 kg for the second parity 

were proposed by Verstegen and Den Hartog (2989). Backfat thickness at the P2 site should 

reach 20 mm at farrowing for gilts (Yang et al., 1989; Aheme and Williams, 1992). In the 

case of rnultiparous sows, weight loss dunng the previous lactation will influence production 

targets (Verstegen et al., 1987). 
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Underfeeding during pregnancy is associated with lower body resewes at fmowing 

(Dounnad et PL. 1994)- Gilts or sows co<rpuming a high level of feed intake during gestation 

have higher body weight or condition at fmowing (Dounnad et aL, 1994). This increased 

feed intake and body weight gain d u ~ g  gestation negatively infiuences sow lactation féed 

intake, contributing to inmead weight loss during lactation ( C o f f i  et al., 1994). 

The main response to art h c r d  level of feeding during gestation is an increase in 

maternal weight gain, with lean tissue gain being the primary area of weight gain in gilts 

(Aheme and WiIIiams. 1992). The average composition of maternal gain during gestation is 

70% lean and 30% lipid (Aherne and Williams, 1992). 

Young et al. (1990) fed gilts low, medium or high energy levels until d 109 of 

gestation (22.2.29.2. 36.2 MJ DE &', respectively) for four panties. Gestation weight and 

backfiat gain increased with feed intake level. Fewer sows fed the low gestation energy level 

completed panties three and four due to low bacwat levels and poor conception rates. 

Xue et oL (199%) fed gilts normal (6.5 M d  ME 63 or high (1 1 Mcal ME d-') levek 

from d 35 of gestation until farrowing. Gilts fed the high energy level gained more weight 

and backfat during gestation. Body fat at farrowing, due to gestation feeding, wil  influence 

primi parous sow performance dunng lactation, by influencing weight loss and lactation 

voluntary feed intake. 

The influence of gestation feed intake on subsequent reproductive performance may 

be mediateci through direct effeds on body composition or indirectly through effects on feed 

intake during lactation (Xue et al., 1997b). Difficulty in accurately predicting feed intake 



27 

requirements during gestation is due to individuai oow needs for growth, maintauvice, and 

production. At this time there is little conauring information on ideai gestation feed intake 

levels, gestation weight gain, and consequences for wbsequent lactation perfbrmance. 

Nutrient Ufilizafion 

Meanirement of nitrosen and enugy retention in the giit or sow may provide 

information on the metabolic status of the animal due to irnposed nutritionai treatments. The 

balance trial is a suitable method of exarnining the differences in retention of energy and 

nitrogen between treatments over a limited time period (Everts and Dekker, 1994a). 

Few studies have been conducted exarnining the effect of feed intake on energy or 

Ntrogen retention in pregnant gilts or sows. Researchers have compared retention vaiues of 

pregnant and non-pregnant gilts (De Wilde, 19809b; Close et al., 1985) and studied 

metaboiisrn of pregnant gilts (Noblet el al., 1985; Noblet and Etieme, 1987; DUM and Speer, 

1991; Everts and Dekker, 1994b) with the purpose of defining the extent of nutrient 

partitioning, tissue deposition and utilization changes d u h g  gestation and using this 

information to estimate nutnent requirements. 

Energy retention 

Noblet et al. (1990) have shown that more than 75% of energy intake is used to meet 

maintenance requirements of the pregnant sow. Requirements for uterine growth represents 

approximately 5% of energy needs. However, the daily requirements for uterine and 

marnrnary tissue development increase during pregnancy and are high during the last week 
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of gestation (17% and 14% of total rquimnents, respectively) (Noblet et aL, 1990). Due 

to the increase in energy rquirements during late gestation, Noblet et al" (1990) suggest 

feed'mg more energy duMg this stage to avoid mobikation of body reserves and to increase 

matemal protein deposition. 

Energy retention in the pregnant sow occurs mainly in the matemal body, with some 

retention in the reproductive tissues and products of conception (Noblet et al.. 1997). 

Energy retention decreases with the progression of gestation at constant feeding levels, due 

to the increase in metabolic body weight of the sow (Close et al., 1985; Noblet and Etjeme, 

1987; Noblet et al.. 1990). Energy retained in reproductive tissue and total protein deposition 

increases with the advancement of pregnancy, while energy retention in matemal tissue 

decreases (Noblet and Etieme, 1987). 

Close et ai. (1985) fed pregnant gilts low (1.8 kg d-') or high (2.5 kg 8') intakes 

dunng gestation and measured energy and nitrogen balances using a calorimeter. Pregnant 

gilts retained more energy at the high intake level during early-, mid- and late gestation. 

Energy retention decreased with progression of pregnancy; gilts on the low energy intake 

were in negative energy balance in late gestation. 

Nitmgen refenf ion 

As previously mentioned. nutrient supply dunng pregnancy must meet the needs for 

maintenance and development as weii as additional nutnents for growth in younger sows and 

to compensate for losses dunng the previous lactation in rnultiparous sows (Pettigrew and 

Tokach, 199 1). 
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Nitrogen (or protein) intake has little influence on nitrogen (N) deposition in the 

products of conception (De Wilde, 1 98Oa; Walach-Janiak et ai., l986), however matemal N 

deposition is responsive to nutrient intake (Speer, 1990). Therefore? maternai gains can be 

targeted to levels for maximum reproductive performance. 

In early pregnancy, N retention is ptimatily matemal @oumiad et al-, 1996). The 

increase in N retention oboaved during early- to mid-gestation is associateci with an innase 

in N retention in materna1 tissues, whereas N retention in Iate gestation is primarily related to 

conceptus and mammary gland development (Dounnad et al., 1996). With continuation of 

pregnancy, a larger proportion of energy is retained as protein (Noblet et al., 1990). 

Protein retention measured in pregnant versus non-pregnant gilts using the 

comparative slaughter method found Iate gestation to be the main period of protein deposition 

(De Wilde, 1980a). Protein deposition was dependent on protein intake for pregnant and 

non-pregnant gilts and stage o f  gestation for pregnant gilts (Close et aL, 1985). 

DUM and Speer (199 1) conducteci N balance trials on gilts and found that the pattern 

of N retention increased over the course of gestation, and with an increase in N intake. 

Similar results have been reported in other studies (Willis and Maxwell, 1984; King and 

Brown, 1993; Everts and Dekker, 1994b; Noble? et al., 1997). This is  consistent with the 

observation that N accretion in reproductive tissues increases during rnid- to late gestation 

to provide for fetal growth and development (DUM and Speer, 199 1; King and Brown, 1993). 

Noblet et al. (1990) found that N retention in the conceptus and mammary gland increase 

fiom 2 g d-' in mid pregnancy to 14 g 6' in late pregnancy. King and Brown (1994) suggest 
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that the increase Li N r d o n  in the gravid utems results in maternai N retention remaining 

almost constant during g d o n  This is reflected in decreased urinvy N over the course of 

pregnancy (Jones and Maxweii, 1982; DUM anci Speer, 199 1). whereas fecal N excretion wu 

not afEected in the study by Jones and Maxwell (1982) but increased with pregnancy in a 

study by Dunn and Speer (1991). Willis and Maxwell (1984) found that gilts fed higher 

energy diets retained more N when compared to gilts fed mudetate energy di-. Die- 

protein intake and protein reserves during pregnancy infiuence subsequent fertility and 

lactation performance (Head and Williams, 1991). In this way, optimizing tissue protein 

deposition dunng gestation may positively influence reproductive performance. Wiilis and 

Maxwell (1984) suggest that the level of protein required to maintain matemal protein 

resewes is higher than that required to support fetal development. In general, N deposition 

responds to protein levels in the diet with a typical dose response pattern (King and Brown, 

1 993). Nitrogen retention increases with protein intake until the protein requirement is 

reached, beyond which there is no further increase in N retention. King and Brown (1993) 

fed gilts from 1.1 to 3.1 kg 6' to provide different energy levels, but sirnilar N intake levels 

to investigate the infiuence of dietary energy on N retention. Urinary and fecal N excretion 

increased with the increases in energy intake. This result was observed throughout 

pregnancy. Everts and Dekker (L994b) found that sows retained 14 g N d-' dunng mid 

pregnancy and approximately 25 g d" during late gestation at standard feeding levels. ui 

general, materna1 body tissue accretion can be expected to decline with pregnancy, while 

nutnent deposition in reproductive tissues increases (Shields, Jr. et al., 1985). 
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S e m  Urea Nitrogm 

Urea is the prùnaiy n i t r o p  end product produced fiom the catabniism of amino ad& 

(Chen et al., 1995). Semm urea nitrogen concentrations are inversely related to the net 

protein utilization of  the diet (Eggum, 1970) and are dependent on factors such as protein 

quality of the diet, and protein and energy intake (Mosenthin et al., 1992; Cai et d., 1995). 

An increase in urea nitmgen concentration indicaies a denciency, excess, or irnbalance 

of amino acids (Lewis and Speer, 1974). Consumption of excess protein increws urea 

synthesis and excretion which is reflected in elevated semm urea concentration (Eggum, 

1970). in conditions of insuffitient protein intake, mobilkation of labile body protein stores 

to nippon the demands of gestation is also reflected in increasing serum urea nitrogen 

concentration (Einarsson and Rojkittikhun, 1993). Low daily energy intake causes amino 

acids to be deaminated and oxidized to meet maintenance energy requirements in growing 

pigs (Cai et al., 1995) and pnmiparous sows (Nelssen er al., 1985). Increasing semm urea 

nitrogen concentration indicates protein catabolism in animals whose dietary intake has not 

changed (Hulten et al., 1993). Increasing energy intakes means fewer amino acids are 

oxidized, and more are incorporated into body proteins until the energy requirement for 

maximum protein accretion is reached. Nelssen et aL (1985) found serum urea concentration 

to be inversely related to energy intake Urea nitrogen concentration in the blood is positively 

related to the rate of urea synthesis and therefore inversely related to the efficiency of 

nitrogen deposition (Cai et al. 1995; Coma et al., 1995). 



Nutrition and Lactation 

Long-tenn nutritionai sbategies of the sow should concentrate on lactation, with the 

objectives ofconsavù>g matemal body condition (Cdt. 1990), and manmizing pi@ growth 

(King and Dunkin, 1986) and subsequent reproductive pefiomance of the sow (King and 

Williams, 1984a)- 

Nutrition during lactation must provide for maintenance, milk production (Noblet et 

al., 1990) and maternal growth in the case of young sows (Aheme and Williams, 1992). 

Nutritional effects on reproductive penormance are evident in primiparous so ws (Trottier and 

Easter, 1995) because of their nutnent requirements for growth, and because theû voluntary 

feed ïntake is usually lower than multiparous sows (Genest and D'Allaire, 1995). 

Voluntary Feed htake 

Voluntary feed intake of the modem gilt and sow during lactation is often insufficient 

to meet lactational demands (Cole, 1990), including maintenance of body weight (Noblet et 

al., 1 WO) ,  growth (King and Williams, 1984a) and milk production (Mullan et al., 1989; 

Noblet et al., 1990; Aherne and Williams, 1992; Clowes et al., 1998). Factors influencing 

feed intake during lactation include parity. lactation length and feed intake during gestation. 

Low levels of feed consumption post-panum result in mobilization of maternal body 

resewes (Noblet et al., 1994, Weldon et d ,  1994a). Excess weight and backfat loss during 

lactation is associated with decreased milk production (O'Grady et al., 1973) and increased 
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occurrence of reproductive problems includmg delayed return to estrus (Dounnad et d,  

1 994) and reduced subsequent litter sue (Kirkwood et al., l987b). 

Relatiomhip to Ges!atiion Feed ln!& 

Gestation feeding leve1 iduences voluntary feed intake d u ~ g  lactation (Eiiarsson 

and RojkittiWiun, 1993) and may ôe linked to changes in body composition d u ~ g  gestation 

and lactation. Increased feed intake dunng gestation results in lower feed intake during 

lactation (Mullan and Williams, 1989; Noblet et ai., 1990; Coffey et al., 1994; Weldon et al., 

1994a). The relationship between gestation and lactation feeding aîTects sow body condition 

by ùifluencing the extent of tissue mobilization and weight loss during lactation. This effect 

is pronounced in early lactation and in pnmiparous sows (Noblet et al., 1990; Aheme and 

Williams, 1992). The negative association between gestation and lactation feed intake may 

be due in part to a reduced appetite in lactation (Einarsson and Rojkittikhun, 1993) related 

to body resewes of lipid and protein (Aheme and W~lliams, 1 992; Revell and Williams, 1 993). 

Increased body reserves at fmowing have been associated with depressed lactation feed 

intake (MuIIan and Williams, 1989; Revell and Williams, 1993). 

CrornweU et ai' (1989) found higher gestation weight gain in sows was comected to 

greater lactation weight loss when companng primiparous and multiparous sows fed normal 

levels throughout gestation, to those supplemented with 1.36 kg d' extra feed from d 90 of 

gestation. 
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Weldon et d (1994a) fd giits at NRC (1988) rrcommaided l& or tacf libitum nom 

d 50 of gestation; ail were fed od libitum during lactation. Ad libitum gilts consumed more 

feed dunng the last 40 d of gestation, resulting in reduced feed conswnption duhg  cach 

week of lactation. However, when total feed intake was calculateci for the iast 40 d of 

gestation plus the 28-d lactation, f d  intake did not differ between treatment groups. 

Dourmad (1991) fed gilts at low, medium or high levels during pregnancy (1.8.2.25 

or 2.7 kg b') and ud Iibitum duMg lactation. Total feed intake over the four-week lactation 

did not d i e r  between groups. However, feed intake dunng the first three weeks of lactation 

was lower in the sows fed cJdiibi~tm during gestation. 

Mechanisms ControIIing Vo ftintary Feed InlaCe 

A variety of mechanimis have b e n  pmposed as regdators of the interaction between 

gestation and lactation feed intake. These include the actions of hormones such as insutin, 

and long-term fluctuations in nutrient balance (Revell and Williams, 1993). 

Reduced insulin secretion (Weldon et al., 1994a), and the development of insulin 

resistance (Revell and Williams, 1993; Weldon et al., 1994b; Xue et al., 1997b) have been 

implicated in the reduction in feed intake in early lactation associated with high levels of 

feeding during gestation. Research has not shown consistent results. 

Insulin is involved in the regulation of plasma glucose and fatty acid levels and the 

control of carbohydrate, fat and protein balance in the body. Insulin promotes glucose 
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utilization by many body tissues and inhibits lipolysis. The mammary gland usa a luge 

arnount of available plasma glucose to produce mi& (Spincer et ai., 1969). 

In early lactation high insulin levels may lead to the suppression of voluntuy fd 

intake. Plasma insulin concentrations have been seen to rise, due to the development of 

insulin resistance, when anirnds and humans are accumulating adipose tissue (McCann et ai., 

1986; McNeill et al., 1991). Insulin mgstance (or insenoitivity) may be ïnvolved in the 

reduçed votuntary feed intake observeci in obese animais (Revell and Williams, 1993). Insulin 

resistance in adipose tissue leads to an increase in blood glucose level that result in increased 

insulin concentration and reduced voluntasr feed intake (Revell and Williams, 1993). 

Wetdon et al. (1994b) propose a similar role for insulin in the control of feed intake. 

Sows fed at NRC (1988) levels during gestation consumed more feed duMg lactation than 

sows fed ad libitt~rn during gestation. The authors suggest that increased insulin 

concentrations in early lactation in the sows fed at NRC levels during gestation may increase 

glucose utilization and reduce mobilization of stored nutrients, causing feed intake to increase 

to maintain blood glucose levels (Weldon et ai., 19944b). Sows fed ad libitum dunng 

gestation developed insulin resistance and glucose intolerance, resulting in limited utilization 

of peripheral glucose and increased mobilization of stored nutrients, thereby increasing the 

availability of substrates for oxidation and promoting a reduction in feed intake dunng 

lactation (Weldon et al., 1994b). 



Milk production accounts fbr appmximately 75% of the total energy requirements of 

the sow during lactation (Nobla e# al., 1990). Noblet and Etieme (1986) found that mük 

production of pnmiparous sows increased with the advancement of lactation. 

Results indicating an intluence of sow feed htake during lactation on pigîet 

performance are contradictocy. Neii and Ogle (1996) report that sow f d  intake during 

lactation has implications for piglet pafonnance during the lactation penod due to the impact 

of feed intake on milk production. Sow lactation feed intake positively influences MIk 

production particularly as  lactation progresses, with rnilk production peaking later during the 

lactation period (Patience, 1993). Therefore lactation feeding level can be expected to 

influence piglet growth during the latter part of lactation (MuIlan and Williams, 1989). 

Sow body condition is also known to influence milk production (Patience, 1993). 

Sows with greater backfat thicknus and body weight during late gestation may be better 

prepared for high milk production in lactation because they are able to catabolize these 

reserves and transfer more energy and nutrients into milk (Neil and Ogle, 1996). 

Gits were fed one of three gestation-lactation treatment combinations: a conventional 

gestation diet at 2.2 kg 6' and restricted to a maximum of 7.0 kg d-' dunng lactation, a 

sirnplified gestation diet and conventional diet ad libiticm during lactation, or a conventional 

gestation diet and ad libitt~m dunng lactation (Neil and Ogle, 1996). Gestation treatrnent did 

not affect piglet birth weights. However, gestation-lactation treatment combination did 

influence piglet weaning weights. Piglets from sows fed the conventional-ad libitum diet 
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were heavier at weaning at five weeks of age than the other two tresrtments. Feed intake of 

prVniparws sows fed one of six f d  intake leveis ranging fiom 1.5 to 4.8 kg 6' during a 284  

lactation resulted in differences in piglet growth rate d u ~ g  the last week of lactation (King 

and Dunkin, 1986). In contras& Kirkwood et al. (1987a) found that feeding level of second 

panty sows during lactation (3 kg d-' versus 6 kg b') produced no dierences in piglet 

weaning weights. Pluske et (i1. (1998) fed primiparws sows aà Iibitum, restricted to 500/. 

ofad f'ibihm intake (3.0 kg db% or superahented to 125% of ad libiitm intake during a 28- 

d lactation. Mïlk yield and Iitter weaning weights did not ditrer among treatments as 

measured during mid- and late lactation. 

Verstegen et aL (1985) fed second parity sows at low (2.5 to 2.6 kg d") or high (4.8 

to 6.0 kg d-') feeding levels during lactation. The low feeding level was given to supply 

energy slightly above maintenance, with the sow mobilizing body resewes to supply the 

energy needed for milk production. The high level of feeding supplied sufficient energy for 

maintenance and rnilk production. Piglet weight gain after d 10 of lactation was affected by 

feeding level of the sow, with high level sows having heavier piglets. 

Nutrition required during lactation to maximize lactational petformance (ie. milk 

production, piglet growth) is less than that required to minimize body weight loss of the sow 

(King et a/., 1993). Lactational p e h a n c e  cm be maximized even ifsow feed intalce during 

lactation is below the total requirements for miik production because of the contribution of 

mobilized body reserveî (Clowes et QI., 1998). If dietary restriction during lactation is severe, 

and the sow cannot provide suficient nutrients to supplement the dietary deficit by 
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catabokg body tissues, milk production will decline (Whittemore el al., 1988; MuIlan and 

Williams, 1989). Restrided lactation feed intake reduced average pigkt growth rate and 

weaning weights (Mullan and Wüliarns, 1989). Interestingly, phiparous sows did not 

partition additional nutrients towards increased rnilk production but rather toward storage in 

matemal reserves in studies by Cbwes et aL (1998) and Pluske et al. (1998). In this way. 

provision of excess nutrients during lactation did not improvt piglet peSormance, but m y  

have implications for sow metabolic condition and subsequent reproduction. 

Metabolic Indicators of Reproductive Status: Lactation 

A variety of factors have been proposed as predidon of subsequent sow reproductive 

performance, hcluding weight and backfiat lo s ,  protein and lipid loss. and body composition 

of the sow at parturition and at weaning. However, as mentioned previously, nutrition can 

induce short- and long-tenn changes in the reproductive axis in the absence of changes in 

body composition (Booth, 1990; Beltranena et al., 199 1). Determination of the changing 

metabolic status of the sow throughout her reproductive lifetime is more likely to provide the 

link to reproductive performance (Foxcrofi, 1992). 



During late gestation or early lactation the sow often becurnes catabolic, mobüizing 

both protein and fat resewes to support fetd growth and mik production (Aheme and 

Williams. 1992; Pluske et al., 1998). Excess weight and bacWat los  during lactation 

influences subsequent reproductive performance (King and Williams, 1984a). 

Aherne and Williams (1992) suggest that the amount of body m e s  at h w i n g  

and weaning, rather than the amount of tissue catabolized during lactation, influence the 

reproductive peKormance of the row. Weight and backfat gain during gestation is positively 

related to the level of weight and backfat depletion during lactation (Mullan and Williams, 

1989). 

Clowes et uL (1 998) fed primi parous sows ad Iibitzlm, restricted to 5 5% of ad libitum 

feed intake, or super-alimented to 125% of ad libitrrm feed intake during lactation. 

Restricted-fed sows were able to maintain milk production levels similar to the other 

treatrnents by mobilization of body protein and lipid reserves. The superalimented sows did 

not mobilize body protein reserves, and partitioned the addi tional nutrients toward maternal 

reserves rather than milk production. In general feed restriction does not cause an initial 

decrease in mik production as sows are able to mobilize their protein reserves to maintain a 

satisfactoiy level of rnilk production during early lactation. In mid- to late lactation, restncted 

sows had reduced litter growth rates cornpared to ad Iibit~~m sows because they had 

rnobilized a large percentage of maternal protein by mid- to late lactation. Lactating sows can 

mobiiize up to 25% to 30% of their protein reserves (Mullan and Williams. 1990), however 
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lactationai pefiormance may be reduced when more than half of this protein reseme is 

catabolized (Clowes, 1998). King et ai- (1993) state that the iadating sow requires more 

protein intake to maximite N balance than to rn-ze lactational performance. Therefore, 

sows fed sufficient nutrients to maintain a high level of rnilk production may stili lose body 

condition during lactation (Foxcroft et al., 1995). 

The long-term reproductive performance of sows is met by minimimig lactation 

weight and bacHat loss in order to limit the gain required to restore weight in the subsequent 

pregnancy (Einanson and Rojkittikhun, 1993). Aheme and Williams (1 992) suggest that sow 

weight loss is kept below 10 kg over the course of lactation. Young et a[- (1991) propose 

that primiparous and second parity sows gain 16.8 and 13 -4 kg, respectively, d u ~ g  lactation 

to prevent backfat loss. 

King and Dunkin (1986) compareci the reproductive performance of prirniparous sows 

assigneci to one of s ix  feed intake levels (1.5,2.2,2.9,3.6,4.2 and 4.8 kg d-l) during a 28-day 

Iactation. Weight and backfat loss increased as lactation feed intake decreased, with weight 

and bacHat loss varying from 9.0 to 44.5 kg and 4.0 to 8.9 mm, respectively, during the 

course of lactation over the range of high to low feed intakes. 

King and Williams (1984a) fed prirniparous sows ad libitum or restricted (2 kg bl) 

during lactation. Restricted-fed sows lost more weight and baclâat dunng lactation, and these 

différences continued through the subsequent gestation. 

Dourmad (1 99 1) found gilt body weight and backfat levels during gestation increased 

in response to feed intake. Gilts were divided into three gestation treatments (1.8.2-25.2.7 
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kg 6') and were fed odlibiîum during lactation A positive relationship was demonstrateci 

between weight gain during gestation, and lactation weight loss. Backfât loss during the 

lactation period was not sffected by gestation treatment. 

Mullan and Williams (1989) f d  güts one of three levels during gestation until 

parhuition, 1.5, 2.0, or 3.0 kg d-' (iow, medium, and high, respectively) to achieve dierent 

ievels of body weight and bacldnt at fmowing- Duhg lactation gilts were Qther restricted 

(2.0 kg d-L) or ad libitum fed. Weight and bacwat changes during lactation were positively 

related to feed intake dunng the lactation period. Gilts given the high level of feed during 

gestation, and cd libitzm access to feed during lactation, had the greatest lactational weight 

and bacldat loss. This ftrther demonstrates the inverse relationship between matemal weight 

gain dunng gestation and weight loss duMg lactation- 

Body Composition 

Changes in body composition during lactation Fan influence subsequent reproductive 

performance (Cole, 1990; Dourmad, 199 1). Metabolic changes occumng during lactation 

have tmditionally been assessed using sow weight and backfat (Cole, 1990). and the results 

were assumed to parallel changes in sow body composition. However, subsequent research 

confirms the limitations associated with the use of body weight measures as an indicator of 

nutritional alterations in body composition (Mullan and WiUiarns, 1989). The relationship 

between body weight measures and fat resewes is unreliable as sows can gain weight and lose 

fat simultaneously (Whittemore et al., 1980; Cole, 1990). Therefore, body weight at 
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parturition or body weight changes during pregnancy and lactation are not dways good 

indicaton of body fat cesewes @oumiad, 1991). Whittemore and Yang (1989) wae able 

to predict body composition (iipid and protein content) of gilts ushg P2 bsldat  

measurements and weight. Prediction of the absolute levels, and changes in the relative 

proportions, of protein and lipid stores in the matemal body over the course of lactation 

provide information on the inauence ofnutrition on metablism- 

Past nutritional rrcommmdations for the lactating sow have been calculated based on 

the assumption that most of the weight loss during lactation represented the catabolism of fat 

reserves for milk production (MuIlan and Williams, 1990). However, mobilization of both 

protein and üpid resecves m u n t  for a proportion of the total weight loss (Armstrong et al., 

1986; Whittemore and Yang, 1989; Mullan and Wiiiiarns, 1990) and may be dependent on 

protein or energy intake during lactation and milk production of the sow (Mullan, 1991). 

Sow body fat loss during lactation and resultant body weight at weaning, are 

influenced by subcutaneous fat depth at farrowing, lactation feeding level and litter size 

(Whittemore and Yang, 1989). Whitîemore and Yang (1989) found the relationship between 

total body weight and body protein to be relatively resistant to change, whereas the 

relationship between body weight and body Iipid is readily modified by the factors mentioned 

above. 

Mobilization of materna1 fat resewes d u ~ g  lactation is reflected in weight and backfat 

loss (Einarsson and Rojkittikhun, 1993), and is influenced by body weight and backfat 

thickness at fàrrowing, litter size, liner weight gain, and lactation feeding. However, the rate 
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of mobilization varies among individual sows f5d at sïmilar levels and supporting the June 

Iitter size (Einarrson and Rojkittikhun, 1993; Neil et al., 1996). 

Loss of body protein and üpid as Muenced by nutrition during lactation may be 

responsible for decreased reproductive performance, including a positive relationship in 

primiparous sows beiween the level of protein l o s  during lactation (as a percent of total body 

protein at kowing) and the weaning-tO-eSfNS htewai 0. 

MuIIan (199 1) suggests that body fat at the start of lactation infiuences feed intake 

during lactation, and that an elevation above a cntical level of body fat (approximately one 

third of body weight) is responsible for the decrease in voluntary feed intake observed in 

lactation. 

Breeding sows may have a biological drive to attain a certain body protein level 

(Foxcroft et al., 1995; Clowes et al., 1998). Limited protein supply dunng gestation and 

protein losses due to tissue mobilization during lactation may impair sow reproductive 

performance (Foxcroft et al., 1995). The drive for protein accretion would be expected to 

be higher for young sows, because they partition more nutrients towards materna1 tissue 

accretion than multiparous sows (Clowes et UA., 1998). 

S e m  Urea Nihogen 

SLnilar responses in blood urea nitrogen concentration to dietary manipulation occur 

during lactation as discussed for gestation. Several studies have used serum urea nitrogen as 

a measure of the extent of protein mobilization (Coma et al., 1996), assurning that the 
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concentration of- in the serwn is positively correlateci to amho acid breakdomi. hiring 

lactation, NeIrsen et al. (1985) found thrt sows use unino 1~5ds as an mergy source whm 

th& energy intake is restricted. This type of unino acid utihtion rerults in deamination of 

the amino acids and subsequent urea synthesis in the liver (Nelssen et aL, 1985). Therefore, 

serum urea concentration is  an indicator of amino acid degradation. Nelssen et al. (1985) 

found that senun urea nitmgen concentdon increased fiom laîe gestatÏon through Md- to 

late lactation (d 14) in primiparous sows, and decreased dunng late lactation (d 28). 

Brendemuhl et aL (1987) found semm urea nitrogen concentrations of lactating primiparous 

sows positively related to the level of protein intake and negatively related to the level of 

energy intake. These results agree with other research using primiparous sows (Nelssen et 

al., 1985) and growing pigs (Cai et al., 1995). 

Nutrition and Subsequent Reproductive Performance 

Nutrition during gestation and lactation influences the subsequent reproductive 

performance of the sow, including the WEI (Mulian and Williams, 1989; Whittemore and 

Yang, 1989; Douniiad, 1991), embryo Survival (Aherne and Williams, 1992) and subsequent 

litter sire (Kirkwood et al., 1987b)- Feed intake during lactation is positively related to 

lactation performance and subsequent reproductive performance (Koketsu et al., 1996b). 

Mechanisms linking feed intake, body condition, metabolic status and reproductive 

performance rnay be contrdled by changes dated with reduced feed intake and increased 
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body tissue mobktion, such u modified secretion of gonadotropins and metabolic 

hormones The uifluence of bation fécd intake on post-weanhg reproductive pedomance 

may be mediated indirectly by the hypothalamic-pituitw-ovarian axis, or through direct 

ovarian effects (Foxcrofl et al., 1995). 

Lactational Anesttus 

Lactation in the sow is recognized as a period of anestrus (Kirkwood et al., 1987a; 

De Rensis et al., 1993). The suckling stimulus provided by the piglets appears to be the 

primary factor involved in the suppression of reproductive activity during lactation (Varley 

and Foxcroft, 1990; De Rensis et al., 1993; Foxcroft et al., 1995). Other factors, such as 

nutritional influences on the metabolic state of the sow, and the length of the lactation period, 

may nirther suppreçs reproductive activity. As lactation progresses t here is a gradua1 escape 

fiom inhibition (Varley, 1982; Kirkwood et al., 1987a). perhaps due to a decreased suckling 

intensity (Varley and Foxcroft, 1990; Cosgrove et al., 1997). 

Suckiing-mediated »thibilort of gonadotropins 

The neuroendocrine reflex stimulated by suckling suppresses GnRH/LH secretion, 

foilicular development and estms (Stevenson et aL , 198 1 ; Foxcroft et al., 1 987; Varley and 

Foxcroft, 1990; De Rensis et al., 1993; Sesti and Britt, 1993a; Cosgrove et aL, 1997). The 

reduction in gonadotropin secretion during lactation may be related to low secretion of 

GnRH, perhaps in combination with decreased pituitary sensitivity to GnRH (Cosgrove et aL, 

1997). Suppression of LH semetion in primipanxis sows was greater on d 7 of lactation than 
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in eariy ldo4 however LH synthesis contunied to occur d u ~ g  this time period (Tokach 

et al., 1992b; Sesti and Bntt, 1993b). Oonadotropin-releasing hormone levels, althou& 

suppressed by suckhg, wae suiliaait to promote LH qmthesis but mt LH nlewc, resulting 

in accumuiaîing pituiîary stores of LH duMg e d y  lactation. These pituitary stores provide 

readily releasable pools of LH (Sesti and Britt, 1993b). As lactation progresses there is an 

increase in synthesis and dease of GnRN induchg a graduai in- in basai gonadotropin 

secretion and follicu lar development (Sesti and Britt, 1993 b) . 

Weaning-Io-Esfrus Intervd 

The length of the interval required for return to breeding condition is an important 

factor determiring sow productivity. Primiparous sows return to estrus as late as 7 to 10 d 

post-weaning (Carroll et al., 1996). Studies reviewed by Sterning et al. (1990) show that a 

large proportion of primiparous sows return to estrus later than 10 d post-weaning. A 

number of factors influence retum to estnis d e r  weaning including, parity, lactation length, 

and nutrition during lactation (King and Williams, 1984b; Sterning et al., 1990; Cole, 1990; 

Zak et al., 1997a). The length of the WEI a h  shows a high degree of variability in the 

primiparous sow (Cosgrove et al., 1997). 

Luteinizing hormone secretion is a critical component in the resumption of estrus 

post-weaning (Koketsu et al., 1996b). Studies have demonstrated that LH levels prior to 

weaning were related inversely to the WEI (Tokach et al., 1992b; Xue et al,, 1997b). 

Armstrong et al. (1986) confinned that primiparous sows with the highest LH pulse 
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fiequency M o r e  weaning hd the quidrest m m  to estrus. Tokach et d (1992b) found thai 

mean LEI concentrations and LH pulsatility fiom d 14 of lactation onwards were g r a t a  in 

sows that exhibited an eariy return to estrus (les than 9 d). 

During eariy lactation, LH secretion continues in an active manner (Cosgrove et d,  

1997). By approximately d 2 to d 3 of lactation, the suckling stimulus inhibits LH secretion 

(Variey and F o x e  1990; De Remis et d,  1993) by Modang the pulsatiie release of GnRH 

fkom the hypothalamus @oxcroft et oL, 1995; Cosgrove et al, 1997). This results in 

suppression of ovarian follicular development in early lactation (Cosgrove et al., 1997), and 

lactational anestrus (De Rensis et al., 1993; Sesti and Britt, 1993a). It is the maturation of the 

follicles and their production of estrogen that defines the length of the weaning-to-estnis 

interval (Cosgrove et al., 1997). Sows with shorter lactation lengths will be weaned at a time 

when the reproductive avis is suppressed, resulting in longer WEI (Cosgrove et al, 1997). 

However, as lactation progresses the secretion of gonadotropins increases, resulting in an 

increased number of medium to large follicles and serurn concentration of estrogen (Sesti and 

Britt, 1993b). 

Nutrition during lactation is related to gonadotropin secretion and the WEI (King and 

Williams, l984b; Tokach et al., 1992b; Einarsson and Rojkittikhun, 1993; Koketsu et al., 

1996b). Restriction of feed intake d u h g  lactation extended the WEI of primiparous sows 

in studies by King and Williams (1984a.b). Pnmiparous sows retuming to estrus within 7 d 

consumed more energy dunng a 3-wk lactation period than those retuming later than 7 d 

(Koketsu et al., 1996b). These sows also lost less backfat during the lactation period than 
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sows which arhi'bited a delayed Rbim to eZtW King and huuon (1986) observeci decreased 

the 6om weanhg to estnw with i n a d  f d  intake during lactation in primiparous sows. 

Kirkwood et al. (1987a) found that sows fed 3 kg 6' took longer to retum to esmis than 

sows fed 6 kg 6' over the course of a 3 5 4  lactation. The observation that feed restriction 

during lactation results in an extended WEI may be linked to changes in body composition 

over the course of lactation (Cole, 1990; Dourmad, 199 1; Aheme and WcUiams, 1992; 

Einarsson and Rojkittikhun, 1993) related to the degree of tissue mobilization and the stage 

of lactation during which it occurs (Zak et al., 1997a). In particular, loss of body lipid and 

protein resewes d u ~ g  lactation (Pettigrew and Tokach, 1991), as weii as absolute levels at 

weaning are important (Dounnad et d ,  1994). Sow nutrition during lactation and post- 

weaning intluences the rate of weight a d o r  bacHat depletion (King and WdLiams, 1984a; 

Kirkwood et al., 198%; Carroll et al., 1996; Xue et al., 1997b). First parity sows exhibited 

extended WEI as influenceci by subcutaneous fit depth at parturition, lactation feed intake and 

fat depth at weaning (Whitternore and Yang, 1989). 

Nutrition during lactation has been correlated with altered patterns of LH secretion 

in the primiparous sow. Shaw and Foxcroft (1985) round a negative relationship between 

mean LH Ievels prior to weaning and the length of the WEI. They aiso showed that diet had 

no e f f i  on plasma LH, when cornparhg sows which were fed ad libitum versus restncted. 

Zak et al. ( 1  997a) fed primiparous sows ad libitum throughout a 28-d lactation, ad libitum 

to d 21 and restricted to 50% of ad libifwn intake dunng the last week, or restricted until d 

21 and ad libitum thereafter. Feed restriction during late lactation suppressed LH 
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concentration et d 28 more thui feed restriction during early lactation. The WEI wu 

extendeci in sows restricted in feed intake during lactation compareci to those fd od libitum 

throughout Koicetsu et d (19%b) found a correlation between feed restriction d u ~ g  any 

week, as well as throughout a 214 lactation, and reduced LH pulsatility, and e s  wu 

a d a t e d  with an increase in the duration of the WEI. Restncted nutnent or energy intake 

during lactation may infiueace the deasable pools of LH or the hypothalarnic pulse generator 

(Armstrong and Britt, 1 987). 

The relationship between nutrition, gonadotropin secretion, and length of the WEI 

may be mediated by changes in metabolic status (Koketsu et al., 1996b). Feed restriction 

during lactation suppresses plasma insulin concentration (Zak et al., 1997a). Semm insulin 

concentrations were higha during early- and mid-lactation in prhiparous sows that retumed 

to estnis earlier (Tokach et d ,  1992b). Insulin concentration in Md-lactation was correlated 

with LH pulsatility (Tokach et al., 1992b; Koketsu et al., 1996b). These results suggest a 

possible role for insulin in nutntional effects on reproduction. 

FoIZieular development md ovulaf ion rate 

Nutrition during late gestation (Cosgrove et al., 1997) and lactation can infiuence the 

size of the follicles in the preovulatory pool, and the rate of oocyte maturation (Zak et al., 

1997b). The progression of lactation and increase in gonadotropin secretion stimulates 

growth of medium-sized (5 to 8mm) follicles in the ovary (Cosgrove et al, 1997). Changes 

in feed intake or metabolic status dunng late gestation or lactation may impact subsequent 

preovufatory follicles, particularly in early weaned sows (Foxcrofl et al. 1995; Cosgrove et 
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aL, 1997; Zak et d,  199%). This concept is known as follicular imprinting (Foxcroff et d,  

1995; Zak et al, 1997b). Nutntiond changes Mposed d u ~ g  the preovulatory period may 

promote -abiity m fouicular developmcnt (folîicular heterogmeity) (Foxcroft et d,  1995; 

Zak et aL, 1997b). having implications for oocyte maturation and embryo nuvival. 

Zak et aL (1997a) observed a decrease in ovulation rate in primiparous sows feed- 

restnaed for a 7-d paiod during d y -  or  Lste lactation when compared to sows on ni1l fd. 

The period of  lactation when foed restriction was imposed did not influence ovulation rate. 

Previous studies reported no effect of nutrition during lactation on ovulation rate (King and 

Williams l984b). 

Current Feeding Systems 

Gestation 

Conventional gestation feeding systems provided gilts or  sows with a fixed amount 

of feed throughout pregnancy to avoid a drop in feed intake in early lactation (Patience, 

1993). This type of feeding system may not account for the individual feed requirements of 

sows. As a result, sows can become over- or under-conditioned with the advancement of 

pregnancy, resulting in declining body reserves with progressing parities (Patience, 1993). 



Traditionaüy, lactating sows have not been given d libitum access to f d  

immediately foliowing parturition (Moser et ai., 1987). Intake is often r d c t e d  just prior 

to farrowing and inaeased gradually during the &st few days of the lactation period to 

achieve ad libitum intake (M, 1996). This euly lactation f d  restriction has been 

implemented to decrease the occuffence of lactation fdure  (Moser et cil., 1987)- However, 

the restriction in early lactation reduces the total feed intake during lactation (Moser et aL. 

1987) and may have negative influences on sow body condition and subsequent reproductive 

performance (Patience, 1993). 

Pattern o f  Feed Intake 

Few studies have been conducted to examine the effect of imposed pattern of feed 

intake on sow reproductive pefiomuuice. Previous research exarnining the influence of feed 

intake pattern has evaiuated oniy one stage of the reproductive cycle at a t h e  (Coffey et ai., 

1994). Interactions among the stages of the production cycle are an important consideration. 

Feed intake during gestation affects voluntary feed intake during lactation, and lactation 

intake influences feed required in the subsequent pregnancy to maximize reproductive 

performance (Dourmad, 199 1). 
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Gesîation 

Verstegen et ai. (1987) suggcsted a feediig strategy adjusteci to the chging 

requirements of pregnancy- Feed nquiments were caiculated for various stages of 

pregnancy (d O, d 30, d 60, d 90, and d 110) baseû on estimated ww weight, and gain in 

reproductive tissue in order to quanti@ the féed requirements during the various stages of 

gestation. Subsequently, a review of d y  findings by Cole (1990) stated that totaJ feed 

intake in gestation is more important than pattem of feed intake. 

b c l a  lion 

Neil (1996) varied the timing of introduction of ad libitum feeding during lactation 

to examine the influences on feed intake, and sow and piglet performance. A d  libitum feeding 

was introduced before farrowing (d 1 1 1 of gestation), on the day of farrowing, or 3 d afker 

farrowing and continued to the end of the 3 5 4  lactation. Sows provided ad libitum access 

to feed before or on the day of farrowing had higher total daily feed intake over the course 

of lactation. Treatment did not infiuence sow body composition or piglet performance. The 

author concluded that there is no benefit realized from delaying ad libitum feed intake until 

after farrowing. Moser et al. (1987) found no negative influence of ad libitum feeding 

imposed fiom the day of kowing, on sow or litter performance when compared to restricted 

feeding during early lactation. 

Altering the pattern of feed intake dunng lactation has been investigated in relation 

to sow and piglet performance dunng the lactation period, and subsequent sow reproductive 
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performance. Koketsu et al. (19%b) assigned prhiparous sows to one of five feed intake 

patterns dwing lactation: high or low energy inmice throughout a 3-wk lactation, or reduced 

intake d u ~ g  week 1. 2, or 3 of lrctrt-on, and examincd the e f f i s  on reproductive 

performance. Restriction of energy intake in lactation influenceci sow reproductive 

performance, bacHat loss, and pigla peflomance dependig upon the perïod of energy 

restriction- Zak et d (1997.) fed sows to appaite nom d 1 to d 28 of lactation, 

restricted to 50% of ad Iibifirm intake fiom d 22 to d 28, or restricted fiom d 1 to d 21 of 

lactation. Feed restriction influenced body weight and baclâat loss, and plasma metabolite 

and gonadotropin secretion, and WEI. 

There is a shortage of data examining the connection between feed intake and 

reproduction in consecutive stages of the reproductive cycle of the young sow. The objective 

of these snidies was to alter the feed intake pattern of gilts and first panty sows to reflect the 

changing materna1 and piglet requirements during gestation and lactation, and to determine 

the influence of these altered feed intake patterns on reproductive performance. 



REPRODUCTIVE PERFORMANCE OF EARrY-WEANED GILTS AND FIRST 
PA= SOWS FED DIFFERING PATïERNS OF FEED INTAKE DURING 

GESTATION AND LACTATION 
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ABSTRACT 

To study the effkcts of mdined f d  intake patterns dunng gestation and lactation 

on reproductive perforrnanm, 60 National Pig Development ('PD) gilts and 53 tint-parity 

sows were randomly assigneci to one of two gestation treatments and one of two lactation 

treatments. Thughout gestabton, control (gC) güts (n=3 1) and sows (~26) were fed a 1.4 

times maintenance d-' and the pattern group (gP) (güts, -; suws, 6 7 )  was fed in four 

stages according to body weight on d O, d 30, d 60, and d 90 of gestation. Each gestation 

group was ftrther divided into huo treatments for the 17-day lactation: control gilts and sows 

(lc) (gilts, n=30; sows, n=28) were &il-fed, and the pattern group (lp; gilts, n=30; sows, 

n=25) was fed in three stages based on body weight at d 1, d 6, and d 12. 

Average daily feed intake and total feed intake during gestation did not diner between 

groups (pz0.05). The gC group consumed more feed in early gestation and less feed in late 

gestation compareci to treatment gP (P<O.OS). Although pattern of body weight change was 

difrent during gestation there were no differences in body weight between treatment groups 

by d 109 of pregnancy. Weight gain of first parity sows followed the administered patterns 

of feed intake, while weight gain was lower throughout gestation for gP gilts (P<O.OS). 

Gestation treatment had no effect on semm urea nitrogen and progesterone (PXl.05). 

ADFI and total feed intake were lower for the Ic treatment during lactation (P<0.05). 

Lactation treatment p had greater ADFI fiom d 7 of lactation onward (PcO.05). A larger 

difference between lactation treatments existed for first parky sows throughout lactation, 

while total feed intake of gilts was similar between treatments (P<0.05). 
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Backfat loss was p a t e r  for gP gilts and sows, while the gC group lost more body 

protein during lactation (PcO.05). However, there were no differences in baclbat dcpth or 

body protein levels on d 17 of lactation due to gestation treatment. Lactation treatment p haâ 

higher weight, prediaed body protein and lipid contents dunng lactation (PcO.05). 

Gestation-lactation treatment combination Cc lost more bacHat and body lipid during 

lactation, and had the lowest m e s  at weaning. The combination of Cp maintaùied a 

consistent level of backfat and lost the smallest amount of body lipid during lactation. 

Treatment combinations Pc and Pp resulted in bacHat and lipid losses similar to treatment CC 

during lactation. 

Litter size bom alive and litter size at weaning was larger for gP gilts, while these 

variables did not differ behween treatments for first pady sows p0.05) .  Lactation treatment 

c gilts weaned larger liners, whereas lactation treatment did not influence litter size at 

weaning for first parity sows. 

Lactation treatment p and the combination of Cp feeding patterns for gilts extended 

the WEI relative to first parity sows. 

Overall, the administered patterns of feed intake during gestation and lactation did not 

result in consistent and similar improvements in reproductive performance of gilts and k t  

parity sows. 



57 

INTRODUCTION 

Appropriate nutrition during gestation and lactation is necessary for optimum 

reproductive pefiormance. Young rows fiequently display poor reproductive performance 

early in their Lifetime because the additionai requirement for growth to mature size makes 

them particuiariy sensitive to  the e f f i  ofhadequate nutrition duruig the reproductive cycle 

(Dourmad et al_, 1994). 

Interrelationships exist between successive stages of the reproductive cycle. For 

example, feed intake during gestation and its infiuence on maternai body composition -ts 

voluntary feed intake, sow and litter performance dunng lactation and subsequent sow 

reproductive performance (Coffey et al., 1 994). 

Current sow feeding programs generally do not account for difierences in individual 

requirements. Gestation feeding level and voluntary feed intake of young sows dunng 

lactation are often insufficient to maintain maternai body weight, fetal growth, and rnilk 

production, as well as provide additional nutrients for materna growth (Verstegen et al., 

1987; Aheme and W~Iliams, 1992). hadequate feed intake during lactation affects body iipid 

and protein reserves, and is associated with reduced litter growth during lactation 

(Brendernuhl et aL, 1989), prolonged WEI (Dounnad et al., 1994), and reduced subsequent 

litter size (Kirkwood et al., 1987b). Previous research has show the need for refinement of 

feeding practices during gestation and lactation to more dosely reflect the requirernents of 

the growing sow. 
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The objective of thïs expriment was to asscss the effats of f d  intake patterns 

during gestation and lactation on the reproductive performance of giits and fint parity sows 

in a commercial ferrow-to-wean hcility. 



MATERIALS AND METEIODS 

ErperimenW Design 

Experiment 1 was paformed at Kedîy Farms, a cummerciai fàrrow-to-wean operation, 

near New Bothwell, MB. One hundted and thirteen National Pig Dcvelopment giits and 

so ws (60 giltq 200 days of age, and 53 first parity sows) were used during gestation and 

ladation. Anirnals were randomiy assigned to one of two gestation treatments based on initial 

(d 1) body weight. At fmowing, each gestation treatment group was firther subdivided, and 

animals within each group and parity were randomly assigned to one of two lactation 

treatments based on post-fmowing weight. The length of the lactation penod was 17 days. 

Animal Housing: Gestation 

Anirnals were housed throughout the gestation period in individual gestation crates 

(0.61 m x 2.1 m). Ail anirnals were Iocated in one large room (17.7 m x 39.3 m). Feed and 

water during gestation was provided in a trough dong the front of the gestation crates. 

Water was present in the trough when feed was dropped, and was provided twice d e r  aii 

feed was consumed. Lighting during breeding and gestation was 16 houn of light and 8 

hours of dark. Room temperature was set at 20°C. 



Experimental Treritmentt: Gestation 

Gilts were bred thme times, twice by artificial insemination and once by naturai mating 

at their second estnis. First parity sows were bred twice by natural mathg. The &y 

following the finai insemination was designateci as d 1 of gestation. 

A 13.5% aude protein, bariey-bascû, pclkted cummercid d y sow ration (Land& 

Feeds) was fed to gilts and sows fkom the first day of gestation (d 1) to the day of fmowing 

(Table 1). Feeding was done by automatic drop feeders once daily at O700 h. 

Gestation treatments differed in the assigned pattern of feed intake of the gilts and 

sows. Treatment 1 (Control) (gC) animais were fed at 1% of their body weight plus 0.7 

kilograrns (kg) of feed (Aheme, 1992) which is approximately 1.4 times their maintenance 

requirement, throughout gestation. Feed intakes were adjusted for changes in body weight 

at the end of each stage (d 30, d 60, d 90) to maintain feed intake at a constant proportion of 

body weight (Table 1). The control treatment was designed to meet NRC (1988) 

requirernents for gestating sows. 

Treatment 2 (Pattern) (gP) animals were fed in four increments dunng gestation with 

each stage being adjusted for body weight (Table 1). Treatment 2 was designed to provide 

the same average feed intake over gestation as Treatment 1 (1.4 times maintenance). The 

stages were designed as follows: Stage 1: 1.1 times maintenance (d 1 to d 30 of gestation), 

Stage II: 1.3 times maintenance (d 3 1 to d 60 of gestation), Stage III: 1.5 times maintenance 

(cf 61 to d 90 of gestation), and Stage IV: 1.7 times maintenance (d 91 to fmow). 
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The fint two stages were d a i m  to fdl below NRC (1988) feed intake requùements for 

gestation. The finai two stages ex&d NRC (1988) requuments. 

Day one body wcights were used to alahte gestation fccd intikts for the first stage 

(d 1 to d 30). AU gilts and sows were weighed at the end of u c h  stage and these weights 

were used to detennine feed intakc for the subsequent stage. Maintenance requiremenîs for 

gestation were calnilated ushg EquMion 1. 

Equation 1 : Feed intake (maintenance) = W l i c  B W t 46 1 kJ kg 4.75 

DE content of the diet'4.18 W kcalcal' 

Maintenance intakes were dculated using metabolic body weight (body weight a 

maintenance energy aiiowance of 46 1 IJ of digesti'ble energy (DE) kga" (Jiindal et al., 1 W6), 

and the digestible energy content of the diet. This maintenance requirement was then 

multiplied by the cornsponding factor for each stage to calculate feed intake. To convert 

metabolitable energy @E) of the diets to DE, a fàctor of ME = O.9SDE was used. Gestation 

feed intakes were caiculated using body weight rounded up to the nearest decimai place and 

grouped within a two kg weight range. The animals received their assigned feed intake for 

that entire gestational stage. Any feed not consumed by the following morning feeding was 

weighed back and recorded. 



Table 1. Calculated gtstaîion trcatmcnt feed intake levels based on maintenance 
feed intake requuements. 

GESTATION TREATMENT 
Coatd wl Pattern 0 

Body Mctrbolic Maintenance (dlto fa-) (dl to d3û) (d31 to â6û) (d61 to d90) (d91 to frriorr) 
Weigbt BWt. fctd tqt l.%BW+û.fS l.l*M 13*M l.Sf M L7.M 

(kn) (kn) (kd (ka r) 0 r) 
100 31.62 1.20 1.69 1-33 1.57 1.81 2-05 
102 32.10 1.22 1.71 1-35 1-59 1.83 2.08 
104 32.57 1.24 1-74 1.36 1-61 1-86 2,tl 
106 33.04 1.26 1.76 1.38 1.64 1.89 2. 14 
108 33.50 1.28 1.79 1.40 1.66 1.91 2.17 
110 33.97 1.29 1.81 1.42 1-68 1.94 2.20 
112 34.43 1.3 1 1-84 1.44 1-7 1 1.97 2.23 
114 34.89 1.33 1.86 1 .46 1.73 1.99 2-26 
116 35.35 1.35 1.89 1.48 1-73 2.02 2.29 
118 35.80 1.36 1.91 1.50 1.77 2.05 2-32 
120 36.26 1.38 1.93 1.52 1.80 2.07 2.35 
122 36.71 1.40 1-96 1.54 1.82 2.10 2.38 
124 37.16 1.42 1.98 1.56 1-84 2.12 2.4 1 
126 37.61 1.43 2.0 1 1.58 1.86 2.15 2.44 
128 38.10 1.45 2-03 1.60 1.89 2.18 2.47 
130 38.50 1.47 2.05 1.6 1 1.91 2.20 2-49 
132 38.94 1.48 2-08 1.63 1.93 2.23 2.52 
134 39-38 1.50 2.10 1-63 1.95 2.25 2.55 
136 39.82 1.52 2.12 1-67 1.97 2.28 2.58 
138 40.26 1.53 2-15 159 1.99 2.30 2.6 1 
140 40.70 1.55 2.17 1.71 2.02 2.33 2-64 
142 41.14 1.57 2.19 1-72 2.04 2.35 2.66 
144 41.57 1.58 2.22 1.74 2.06 2.38 2.69 
146 42.00 1.60 2.24 1.76 2.08 2.40 2.72 
148 42.43 1.62 2.26 1-78 2.10 2.42 2-73 
150 42.86 1.63 2.29 1.80 2.12 2.45 2.78 
152 43.29 1-65 2.3 1 1-81 2.14 2.47 2.80 
154 43.72 1.67 2.33 1.83 2.17 2.50 2.83 
156 44.14 1.68 2.35 1-85 2.19 2.52 2.86 
158 44.56 1.70 2.38 1.87 2.2 1 2-55 2.89 
160 44.99 1.71 2.40 1.89 2.23 2.57 2.91 
162 45.41 1.73 2.42 1.90 2.25 2.59 2.94 
164 45.83 L .75 2.44 1.92 2.27 2.62 2.97 
166 46.25 1.76 2.47 1.94 2.29 2.64 3 .O0 
168 46.66 1.78 2.49 1 .% 2.3 1 2.67 3.02 



Production Date Gestation 

Ail güts and sows wae &ghed and had PZ bacf i t  measurements trken (Scanm~c 

SM-1, Medimatic, Daunark) at the last rib, 6.5 a fiom the midiine, on d 1 of gestation and 

at the end of each stage (d 30, d 60, d 90 and d 109). UltraSound (Reg-Ton*, Renco 

Corporation, Minneapolis, MN) w u  useci to c o h  prcg~ncy  on d 35 and d 56 of 

gestation. 

Blood Sample Collection: Gestation 

Single blood samples were taken fiom a subsarnple of 20 gilts and 29 fint parity sows 

four hours after feeding (1 100 h) on d 30, d 60, d 90, and d 109. Animals were restrained 

using a wire nose snare. Blood samples were obtained fiom the jugular vein using 20-gauge, 

1 !4 inch single-sample needles (Vacutaher, Becton Dickinson and Company, Franklin Lakes, 

NJ) and collected into 10 ml Vacutainer tubes for serum collection (Vacutainer, Franklin 

Lakes, NJ). Blood samples were stored oveniight at SOC. The following morning the 

samples were centnfiiged at 1500 g for 30 min (CR3000, Jouan Inc., Winchester, VA) and 

the serum was separated, placed in g las  vials, and frozen at -20°C until analysis. 



Animal Housing: Lactation 

Gilts and sows h o w c d  in individuai k o w i n g  crates (2.3 m x 0.25 m). Eight 

farrowing rooms (7.0 m x 11.6 m) wae uscd during the lactation period. Each rwm 

contained 12 fkmowing crates fitted with individual feeders and waterers. Piglas werc 

provided with heat pads and lmps and did not have access to mep fad during lactation- 

Lights in the rooms were on continuously. Temperature of al1 rooms used during the 

lactation period was 20°C. A dripcooling system was used for the sows and gilts during the 

summer months. 

Experimental Treatmtnts: Lactation 

When fà~~owing was complete, each animai was weighed and assigned to one of hvo 

lactation treatments. Gilts and sows were assigned to lactation treatment by parity in order 

to equalize the distribution of gestation treatment across lactation treatment. Therefore, al1 

combinations of gestation and lactation treatment were represented. 

During lactation al1 animals were fed a 16% crude protein, barley-based, pelleted 

commercial nurser sow ration (Landmark Feeds). Ail animals were fed twice daily. On d 1 

of lactation, control animais (lc) were given an amount of feed approximately quai  to their 

f i a l  gestation stage daily feed intake (divided into two portions). Wall feed was consumed 
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extra feed was added at each f d i n g  in 0.2 kg Uimments untü maximum feed intake was 

reached - 

Treatment 2 (pattern) Op) gilts and rows were fed in t h e  stages during lactation 

(Table 2). Each d d y  ration was split into two portions and the animais were féd by hand 

twice daily, at 0700 h and 1430 h. The stages were designed as foilows: stage 1: 1.9 thes  

the maintenance cequiremait (d 1 to d 6 of lactation), Stage II: 3.0 times maintenance (d 7 

to d 12), and Stage III: 4.1 times maintenance (d 13 to d 17). Lactation feed intakes were 

calculated using Equation 1 based on a maintenance energy allowance of 46 1 kJ kg"-" (Jindal 

et aL, 1996). Body weight taken at the end of each stage wss used to calculate metabolic 

body weight Lactation stage feed intakes were calculated using body weight rounded up to 

the nearest decimal place and grouped within a two kg weight range. Feed intakes were 

recorded for both treatments for the entire lactation p e n d  Feed not consumed was weighed 

and recorded. 



Table 2. Calculateci lactation féed Uitake levels for treatment 2 (Pattem)(ip) 
based on maintenance f d  intake requùements. 



Production Data: Lacfrtioa 

On approximately d 109 of gestation, giîts and oows were moved into the hnowing 

crates. Sows wae induced with 1.5 millilitres (ml) of Lutaly& (imtramuscular, h) (Upjohn 

Company, Animal Heaith Division, Orangeville, ON) on d 114 of gestation. Som received 

1.5 mi im of oxytocin (Vetoquino1 Canada Inc., Joliette, P.Q.) if necessary. Güts wae not 

induced to fanow. 

Gilr Prod!uction Data 

Gilts and sows were weaned on Tuesdays and Thurdays closest to d 18 of lactation. 

Lactation length ranged fiom 14 - 20 d (mean, 17 d). Ail measurements (sow and piglet 

weights) were made on day of weaning. Gilts and sows were weighed &er fmowing and 

at the end lactation. Lactation treatrnent p was weighed on d 6 and d 12 of lactation to enabie 

determination of feed htake levels in the subsequent stages. P2 backfêt measurements were 

recorded at the end of lactation, 

Piglei Production Data 

Records at Firth included: total litter weight of liveborn piglets, total bom, total boni, 

bom alive, stillbom, and number of mumrnies. Al1 cross-fostenng was done within 24 h of 

birth within lactation treatment. Litters were standardized to 12 piglets. Ail litters were 

weighed at w-ng. Litter birth weights were assigned to their biological mother. Weaning 
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weights were assigneci to the foster mother- Pn-weaning mortslity and the number of piglets 

weaned were recorded, 

Analytical Techniques 

Feed Amlysis 

A subsample of each diet was ~ d y z e d  for Ntrogen, energy, and dry matter. 

Feed samples were ground in a Tecator cyclotec 1093 sample mil1 (Hoganas, Sweden). Dry 

matter content was determineci after drying samples in a vacuum oven at 105°C for 24 hours. 

Dry matter and nitrogen content were detemûneci according to the Association of Officiai 

Analyticd Chernias (AOAC, 1990). Gross energy was determined using an adiabatic oxygen 

bomb calonmeter (Pan; mode1 124 1). 

Hormone and Metabolite Adyses  

B Z d  Urea 

Semm samples fiom d 30, d 60, d 90, and d 1 09 of gestation were analyzed for urea 

nitrogen concentrations using a standard kit (Procedure No.535) from Sigma Diagnostics (St. 

Louis, MO). 

Urea concentration was measured without deproteinization of the samples. Twenty 

microlitres (pl) of Jemm was used to determine urea concentration. Standards ranged in 

value fiom 15 - 75 mg dl". Samples, standards and controls were read at 540 nrn within 20 
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minutes of removai fiom the wata bath. Intnuuy coefficients of variation wac s9.696. 

The interassay coefficient of variation wu 3.3%. Blood urca nitrogen wncentrations weie 

expresseci in mg dlœ1. 

Progesterone 

Serum samples from d 30, d 60, d 90, and d 109 of gestation wen anal- for 

progesterone (P,) concentrations using solid-phase radioimmunoassay (RIA) (Coat-a-Count 

progesterone kit, Diagnostic Products Corporation, CA). 'ZJ~-labelled progesterone was used 

as the tracer with counts of 70,000 cpm and maximum binding of 5 52.00 %. The standard 

cuwe range was 0.1 to 40 ng ml". The method required 100 pl of standard or semm pipetted 

into anti-P, coated tubes, followed by the addition of 1 ml oftracer. Tubes were decanted 

after incubation for three hours at room temperature to isolate the antibody-bound P,. 

Radioactivity was measured by a gamma wunter (LKB Walkc 1282 CompuGamma 

Universal Gamma Counter). Nonspecific binding of the assay was 1-50 O/.. The sensitivity 

of the assay was 0.09 ng ml-' at 90% binding. The intra-assay coefficients of variation were 

3.16 %, 5.1 5 %, and 3.82 % for assays 1.2, and 3, respectively. The interassay coefficient 

of variation was 5.56 %. Progesterone concentrations were expresscd in ng r d 1 .  



Sîatistical Anaiysis 

Experiment 1 was anaiyzed as a two-way fàctorial during gestation (main effects: 

gestation treatment and parity), and as a three-way factoriai design during lactation (main 

effea~: gestation treatment, lactation treatment, and parity) using the General Linear Modd 

of the Statistical Analysis System (1986). The levcl of signincance was defined as P4l.054. 

A trend was defined as m.0S5 - 0-08- 

Gestation 

Gestation Model: y, = p + gi + pj + gpi + e, 

Where: 

g, = gestation treatment e f f i  i =1 to 2. 

pj = par@ effect, j = 1 to 2. 

gp, = interaction of gestation treatment and parity, ij = 1 to 4. 

ei3 = error. 

To test for the effas of gestation treatment and parity during gestation, ADFI, sow 

weight and backfat, serum urea, and P, were analyzed as split plots. Repeated measures 

analysis was used with the gestation mode1 and included the effects of stage of gestation, the 

interactions of gestation treatment*day, parity'day, and gestation treatrnent*parity*day. The 

effects of gestation treatment and p d î y  were tested using sow within gestation 
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treatment*parity as the error terni. Whcn significant interactions occumd, contrasts wae 

employed to determine diffkrences baween treatrnent groups or parity groups over thet  

Totai feed intake for each stage of gestation, as well as sow weight and bacW 

change during each stage ofgestation, were anaiyzed as two-way îàctorials. Contrasts were 

utilized to determine differences between treatment or parity groups for significant 

interactions, 

Lactation model: Y ~ = C + B - + \ + P ~ + ~ ~ ~ + ~ P , + I P ~ , + ~ I & * % ~  

Where: 

g, = gestation treatment effect, i = 1 to 2. 

5 = lactation treatment effect, j = 1 to 2. 

p, = parity effect, k = 1 to 2. 

gl- = interaction of gestation treatment and lactation treatment, ij = 1 to 4. 

gp* = interaction of gestation treatment and parity, ik = 1 to 4. 

lp, = interaction of lactation treatment and parity, jk = 1 to 4. 

glp, = interaction of gestation treatment, lactation treatment and par& ijk = 1 to 8. 

ew = error. 

To test for the effects of gestation treatment, lactation treatment and parity during 

lactation, ADFI d u ~ g  lactation, sow weight and baclaat, predicted matemal body lipid and 
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protein composition during lacmion, and average piglet weight, were analyzed as split plots. 

Repeated measures anaiysis was useci for the above variables. The npeated maoures mode1 

included stage of lactation, the interactions of gestation treatment'day, parity*day, lactation 

treatment*day, the threeway interactions of gestation treatment*lactation heatmentLday, 

gestation treatment*parityeday, lactation treatment*panty*day, and the interadon of 

gestation treatrnent81aftation treatmeat'pocitv'dayY Sow within gestation treabnent*lactation 

treatment*parity was utilized as the ermr tenn to test the effects of gestation treatment, 

lactation treatment and parity. When significant interactions occurred, contrasts were 

employed to cietennine differences between treatment groups or parity groups over tirne. 

DEerences betweui means existing at the start of lactation were defined using Bonferroni's 

test (PCO-05). 

Total feed intake during each stage of lactation, sow weight and baclaat changes and 

materna1 body lipid and protein changes during each stage of lactation, litter size at birth and 

weaning, as well as WEI, were analyzed as three-way factorials. Contrasts were utilized to 

determine differences between treatment or parity groups for significant interactions. 

Due to the weaning schedule of the barn, lactation Iengths ranged fiom 14 to 20 d- 

In order to compare the lactation variables, lactation lengths were standardized to 17 d 

(Fquations 2,3, and 4) for the above measurements and the adjusted values were used in the 

statistical analyses. Average daily feed intake and total feed intake for lactation were 

cornputed by calculating the ADFI or total feed intake for each stage of lactation. The third 

stage (d 13 to weaning) was calculated by omitting feed intake values beyond d 17 of 



lactation for sows that were weancd following I d o n  lengths ofN7 d- SOWS weaned 

earlier than d 17 of lactation had the third stage of f d  intake calculateci based on existing 

feed intake values. Sow weight and bacitfât vdues at weaning, and piglet w d g  weights 

were adjusted to 17-d values using the fonnulae: 

Equation 2: Day 17 sow weight = (*unipht - d O w u) * 17 + d O weight; 
lactation length 

Equation 3 : Day 17 sow bacW = - d 109 ) * 17+d 109 backfàt; 
lactation length 

Equation 4: Day 17 piglet weight = (-t - birth w ci&) 17 + birth weight; 
lactation length 

Proportions of pigiets b m  alive, stillbom, and necrotic were compared for gestation 

treatment, parity, and gestation treatment within parity using 2 analysis . 

Prediction equations (Whittemore and Yang, 1 989) were used to estimate total body 

protein (equation 5) and total body Iipid (equation 6) of the gilts during lactation. The 8 for 

protein and fat are 20.90 and 20.80, respectively. Body weight and baclôat measurements 

were used fiom the beginning and end (adjusted to d 17) of lactation. 

Equation 5: Protein (kg) = -2.3 + 0.19 live weight - 0.22 P2; 

Equation 6: Lipid (kg) = -20.4 + 0.2 1 live weight + 1.5 P2; 



RESIILTS AND DISCUSSION 

GESTATION 

Gestation Fccd intakt 

Average Dai& FeedInrake 

The assigned pattern of feed intake resulteâ in no significant difference in average 

da* feed intake (ADFI) between Control (gC) and Pattern (gP) treatments over the course 

of gestation (Table 3). Güts on average consumed 0.50 kg dm' less feed t han first parity sows 

during gestation (W0.05). This can be expected due to the higher body weight of the first 

parity animals resulting in an increased maintenance feed intake requirement. 

The interaction of gestation treatment*stage of gestation (Figure 1) confïrmed the 

dEerentid f d  intake levels, with the difference in ADFI between treatments greater in early 

gestation, decreasing during mid-gestation, and becoming larger again in late gestation. 

Treatrnent gC consumed more feed per day during the first 60 d of gestation than treatment 

gP. From d 61 to farrowing, the gP animals had higher ADFX, although the difference in 

ADFI between treatrnents fkom d 61 to d 90 was smaller than during other stages. 

The interactions of parity*stage and gestation treatment*parity*stage were also 

significant, reflecting the expected differences in feed intake dunng the course of gestation 

due to age (body sise) of the animai, and imposed gestation treatment. 



Table 3. Gestation ADFI mg) of gihr and first parity sows 

- -  - - 

Avcrapc d8ily 
Factor fd LtJIt (kg dc3 
Gestation Trt LU 

C 2.52*0,02 
P 232* 0.02 

Gest. *Pari @*Stage P=O.OoOl 
Values are LS means SEM, 
ns = non-signif?cant, PW.05. 
'%thin columns, means with unlike superscripts mer, P <O.OS. 
parity O (gilt), parity 1 (first parity s0w)- 
'Stage= gestation divided into 4 stages: 
stage1 = d 1 to d 30, stage2 = d 31 to d 60, stage3 = d 61 to d 90, stage4 = d 91 to farrow. 
8rnean.s not presented for these e f f i .  
hLS means are average daily feed intake for each stage of gestation, 

* S e  Figure 1. 



d l  to d30 d3 1 to d60 di51 to d90 d9I to farrow 

Siage of Gestation (d) 

Figure 1. Gestation treatment*stage of gestation interaction for ADFl of gilts and 
first parity sows (LS means + SEM). 
adifferent letters indicate chat the dinefence between treatments in these time periods 
are not the same (R0.05). 
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Total Gestation Feed ln& 

Total feed intake during pregnancy was to remain equal to examine the &ect of 

pattern of feed Uitake on the parameters of interest in the absence of diierences ui totai 

gestational nutrient in*. This wur achimd as shown in Table 4. Total feed intake during 

each stage of gestation dinerd betuuan tratments (P<0.05), while total feed intake for the 

entire gestation period did not dina  (PW.05). As planneci, feed uitake of the gC tnatment 

at 1.4 tirnes maintenance during the fint two stages of gestation was higher than the gP 

treatment (1.1 times maintenance and 1.3 times maintenance during stages 1 and 2, 

respectively). During the last two stages of gestation, the gP treatment consumed more feed 

(1 -5 and 1.7 times maintenance in stages 3 and 4, respectively) than the gC treatment (1 -4 

times maintenance). 

Body Composition 

Bac@ 

Gestation treatment or parity did not &ect mean P2 backfat levels during gestation 

(P0.05) (Table 5) .  However, bacldat measurements taken on d 109 of gestation tended 

(W.06) to be p a t e r  for gP gilts and sows. The interaction of gestation treatment*day was 

not signifiant. Variability associated with measurement of backfat depth (Mullan, 1 99 1) may 

reduce the possibility of o b s e ~ n g  differences in PZ levels between treatments. 



Table 4. Total feed intake (kg) of gilts and first panty sows during each stage of gestation 

- ---- - - - -- - 

Stage of Gestation 

Factor d 1 to d 30 d 31 to d 60 d61 tod90 d 91 to famw d 1 to f a m w  

Gestation Trt . P = 0,0001 P = 0.0001 P = 0.0001 P = 0.0001 ns 
C 66.67 * 0.55 72.12 f 0.60 78,lO * 0.66 69.5 1 * 00.5 286.40 * 2,24 
P 52.66 * OS7 66.20 0.62 8 1.99 * 0.68 82.70 * 0.77 283.55 i 2.30 

- - - - - .- 

Gest . *Parity ns (0.0737) ns ns ns ns 
C O 59.34 0.75 64,12* 0.81 70.87 * 0.89 64.29 * 1 ,O2 258.64 * 3.03 

1 74.00 * 0.81 80.1 1 * 0.89 85.33 A 0.97 74.72 1,11 3 14.16 * 3.30 

P O 46.76 k 0.79 58.96 * 0.86 73.65 * 0.94 75.77 * 1 .O7 255.15 A 3.19 
1 58.56 * 0.81 73.44 * 0.89 90.33 * 0.97 89.62 * 1.1 1 31 1.96 * 3,30 

Values are LS means * SEM. 
ns=non-significant, P>O.OS. 
'panty O (gilt), panty 1 (first panty sow). 
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Table 5. PZ backfkt (mm) and weight (kg) of giits and f h t  parity sows durkg gestation 

Factor Pt Backlat (mm) Weigbt (kg) 

Gestation Trt. as ns 
C 14.01 * 0.30 179.76 1.84 
P 14.51 * 0.30 177.97 * 1.86 

Gest *Pari@ *Day & P = 0.0 1 IO** 
Values are LS means * SEM. 
ns=non-significant. EW-OS. 
"within columns, meam with unlike superscripts Mer. P G.05. 
Cparity 0 (gW, parity 1 (fim Mty 
Bmeans not presented for these nonsignificant cfféctsects 
bmearis not presented for these efkcts. 
**Sec Figures 2,3. 
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In general, the level of bpckht depth at parturition (13.82 * 0.34 and 15-12 0.34 

mm, treatments gC and gP respectively), wu lower than the 18 - 20 mm Pt depth for güts 

and sows recommended by Aheme and Wüüuns (1992) and Yang et al. (1989). The ADFI 

o f  2.52 * 0.02 kg do' during gestation for both treatments may have been inidequate to  

achieve the target levels of backfat. Yang et clL (1989) reconunend 3 kg 6' as a more 

suitable féed dlowance durhg preenincy to re&e the target kvels of P2 bac- at 

parturition. Target levels are suggested bccause P2 bacMat depth at fanowhg influences 

subsequent lactational and reproductive peflormance (Dounnad, 199 1 ; Neil et aL , 1996). 

Weight 

Gestation treatment had no effèct on sow weight during gestation @>O.OS) (Table 5). 

Due to the lack of diierence in mean values for ADFI and total feed intake during pregnancy, 

dserences in mean weight due to gestation treatment would not be expected. 

The interaction of gestation treatment*day was significant (Figure 2). The treatment 

anirnals were of similar average weight at the start of the trial. The difference in body weight 

between treatments by d 60 of gestation was greater than the difference on d 1, with gilts and 

sows fed at 1.4 times maintenance (gC), gaining weight more rapidly during this early part 

of gestation than gilts fed below this level (gP). On d 109 of gestation there was no 

difference in body weight between treatments due to the increased rate of gain of the gP 

t reat ment group fiom mid-gestation to parturition. Therefore, the significance of the 

interaction coincides with the administered patterns of feed intake, and is similar to the 
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relationship between prrsnury weight gain and gestation feed intake in güts reportcd by 

Dounnad (1991). Gestation weight gain (d 1 to d 109) reported in Appendi 2 wu M u  

between treatments v.05) at appmxhaîefy 70 kg, Jthough higher than the vaiuer of 45 - 
60 kg gain suggested by Verstegcn a d  Dai Hirtog (1989) and Ahmie and Wüliams (1992). 

Cromwell et ai, (1980) reported that pregnancy weight gain was influenad by total 

feed intake ducing gestation nther than pattern of f d  intake. The absence of o b s m d  

d0Eerences in matemal weight gain during gestation is an indication of the similarity in total 

gestation feed intake across treatments reported in this study. 

The 3-way interaction of gestation treatment parity*day was also significant (Figure 

3). The parities differed in wcight at the start of the triai (P<O.OS), while weight within parity 

was similar for both treatments on d 1. DEerences between treatments and parities at the 

start of gestation (d 1) were not the same as differences in weight at the end of gestation (d 

109). The pattern of pregnancy weight gain of first parity sows responded differently to 

gestation treatment than gilts. The difference between gC and gP groups of first parity sows 

was smaii during early gestation, with weight of gC sows increasing above that of@ sows. 

A change in direction of the response resulted in gP sows increasing in weight during late 

gestation at a greater rate than the gC group. Gilts responded to gestation treatment in an 

opposite manner. The difference in initial body weight between gC and gP gilts was small. 

However, the difference between treatments increased during gestation, with gC gilts 

maintaining a higher body weight (rate of gain) throughout gestation. The diaerence in 

weight between treatments for first parity sows during gestation more closely reflecied the 



r I I I l I 
I i 

1 30 60 90 IO9 

Day of Gestation (4) 

Fjgurn 2. Gestation trealnient8&y of gesta tion interaction for giït and 
fust parie sow weight (LS means + SEM). 
'dflerent letters indicate that the differenœ ktween irratmenn in these time periok 
are not the same (P<O.OS). 

Day of Gestation (d) 

Figure 3. Gestation (rratmn <*par@ *day of gestation interaction for gil t and 
fim panty sow weight (LS means + SEM). 
'different letters indicate &hat the dinuence behMen utatments in these tirne p e n d  
are not the same (m.05). 
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pattern of ADFl (Figure 1). Convemly, the dierena between gC and gP gilts 

demonstrated an i n a b i i  ofgP gilts to increase in weight during the pend of inaeased f i  

intake in late gestation to the same extent as wrr noted for first parity sows. In gened, 

feeding gilts at a constant proportion ofbody weight (gC), or pattern-feeding ( ' )  during 

gestation resulted in similar pregnancy weight gain (Appendk 2). However, pattern feeding 

(gP) resulted in a lvger weight gain in f h t  pvity sows compared to the gC treatment. 

Serum Urea Nitrogen 

Mean serum urea nitrogen concentrations wen not infiuenced by gestation treatment 

(FW.05) (Table 6). If serurn urea N concentrations are an indicator ofcatabolism of amino 

acids tiom exogenous or endogenous sources (ie. dietary versus body protein catabolism) 

(Chen et al., 1995). the lack of treatment-induced differences in urea N would indicate that 

the irnposed dietary treatments did not appear to cause mobilization of body protein. This 

conclusion is supported by the positive overall i n c r e e  in body condition dunng gestation. 
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Table 6. Mean semm urea nitrogen (mg dl") of d t s  and ht parity sows duMg gestation 

k m  Uru Nitmgen 
Factor (mg di-3 

Gestation Trt- ns 
C 15.33 0.47 
P 15.%*0,49 

Gest. *Panty 

Gest . * ~ a g  ns 

 est. *~ari ty*~a$ ns 
Values are LS means * SEM- 
ns = non-signincant, Ps0.05. 
'parity O (gilt), parity l(first-par@ sow). 
bmeans not presented for these non-signincant effects. 



Then wae no &ects of gestation trcatrntnt, parity, or their interadon on meui 

semm progesteron (P,) concentrations duMg pregnancy (PW.05) (Table 7). Progesterone 

concentrations decreased fiom d 60 to d 109 for ali giits and sows, in agreement with Dyck 

et aL (1980) who state that h m  approrùmately d 30 to d 100 of pregnancy, P, Ievds are 

relatively constant and dectine to base levels by parturition- 



Table 7. Mean serum progesterone (P,) (ng dl) of gilts uid firot parity sows 
during gestation 

-- -- - 

Factor Pr (mg mt') 

Gestation Trt. lu 
C 15.99 0.59 
P 15.23 * O S 9  

Gest. *Parity 

Gest. *Daf ns 

Gest. *ParityeDay' ns 
Values are LS means SEM. 
ns = non-signifiant, PM.05. 
'trithin columns, means with unlike superscripts diffier, P<0.05. 
"arity O (gilt), pafity 1 (first parity sow). 
'means not presented for these non-significant effects. 
'means not presented for this effect. 



LACTATION 

Lactation F d  Intakt 

Average &i& feed intake 

Previous research has shown that an inverse relationship exists between lactation feed 

intake and average feed intake in the previous gestation (Mullan and Wdiiams, 1989; Reveiî 

and WiIliams, 1993). As we& a negative relationship between sow body weight or fatness at 

parturition, as influenceci by gestation feeding level, and lactation feed intake has been 

reported (Dourmad, 199 1 ; Koketsu et al., 1 W6a; Neil et al., 1996). 

However, in the cumnt study there was no effect of gestation treatment on ADFI in 

the subsequent lactati~n (PXI.05) (Table 8). Cromwell et aL (1989) found that additional 

feed fiom d 90 of gestation to ~ o w i n g  resulted in increased total gestation feed intake and 

did not influence ADFI during lactation. Little data exists on the influence of pattern of feed 

intake during gestation on feed intake in the subsequent lactation. Treatment similarities in 

AUR and total feed intake during pregnancy, and the absence of treatrnent differences in sow 

weight or backfat depth at d 109, rnay explain why the negative relationship between 

gestation and lactation feed intake was not observed in this study- 

Lactation treatment significantly affected ADFI during the lactation penod (P<O.05). 

Pattern (Ip) gilts and sows consumed, on average, 0.35 kg 6' more feed than control (Ic) 

anirnals. The Ic treatment was admhistered at a level which may be defined as full-feeding 



Table 8-Gilt and nnt parity sow ADFI (kg) during lacution 

Ale- Dlüy 
Facîor Feed Intikt' (kg &") 

Gestation Trt ns 
C 4.74 0.07 
P 4.76 & 0.07 

Lactation Trt 
C 

P 

P c 4.5910.10 
p 4.92 10.09 

Gest. *Pari# ~IS 

Lact*Parity P = 0.0266 
c O 4.39 * 0.10 

1 4.76 0.10 



Table 8.Gilt and fjrst parity sow ADFI (kg) during lactation 
(continued) 

Avemge Ddly 
Factor Fcd 118- (kg &3 

Stagec P = 0.0001 
1 3-12. 0.0s 
2 4.9sb*o.0s 
3 6.W 0.05 

Lact *Stage** 

Gest. *Lact. *S tager IIS 

Gest *Parity*Stager 11s 

Gest. *Lact.*Parity*Stager LIS 

Values are LS means * S E M  
=non-signifiant, P>O.OS. 
"within colwnns, means with unlike superscripis diner. pcO.05. 
dparity O (gilt), parity 1 (fim parity sow). 
'Stage= lactation divided into 3 stages: 
stage1 = d 1 to d 6, stage2 = d 7 to d 12, stage3 = d 13 to d 17. 
heans not presented for these non-signifïcant effécts. 
%S means are average daily f d  intake (adfi) for each stage of lactation adjusted for 174 lactation using 
adfi for each stage. 
"means not presented for this effit. 
**Sec Figwes 4, 5. 



Figure 4. Lactation treatmcnt*parity interaction for ADR of @lis and fïrst parity SQWS 

(LS means + SEM). 
'dinerent letters indiate that the diflrerence between ûeatments in these time periods 
are not the same (P4l.05). 

Stage of Lactation (d) 

Figure 5. Lactation tmtment*siage of lactation interaction for ADFI of gilts and 
fim parity sows (LS means + SEM). 
'dinerent letters indicate chat the dinerenœ between treaiments in these time priods 
are not the same (P<0.05). 
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rather than od libitum-feeding. This expriment w u  conducteci in a commercid opecation 

and the fad intake levd of Ic güts and SOM wu restricteû dunng &y I d o n  and 

inaeased in Urrrmaits of 0 2  kg pcr fcedng (twice daily) acarding to existing management 

practices of the unit. As a resulr, the pre-calculated fced htake 1 4 s  of the Ip treatment 

during the second and third stages of lactation were greater than the standard levels (ic) of 

lactation feed intake admhistececi. 

The interadon between lactation treatment*parity @<O.OS) (Figure 4) indicotes that 

the difference in ADFI between treatments increases with parity. Average daily feed intake 

of gilts was similar for lactation treatments Ic and Ip. First parity sows assigneci to the Ic 

treatment had ADFI similar to both treatment groups ofgüts, but lower ADFI than first parity 

sows receiving treatment Ip. Koketsu et al. (1996), in a characterization of feed intake 

patterns of commercial swine herds during lactation, found a signifiant dinerence in ADFI 

of gilts and first pacity sows. Other authors also report a lower voluntvy feed intake in giits 

cornpared to that of multiparous sows during lactation (Mullan and Close, 1989; Patience, 

1993; Genest and D' Allaire, 1995). Assignment of feed intake during the lactation period 

based on metabolic body weight (lp) versus the level considered suitable to satism voluntary 

feed intake Oc) in gilts were similar, probably due to the lower voluntary feed intake of giits 

(Genest and D'Allaire, 1995). The interaction of lactation treatment*parity may be explained 

by the possible limitation of voluntary feed intake of first parity sows in the lc group. 

Average daily feed intake increased dunng lactation regardless of treatment pattern 

(P<O.05). The interaction of lactation treatmentestage of lactation illustrated in Figure 5 
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shows that the dEerence in ADR betwcen treatments increased with stage of lactation 

(K0.05). During eariy lacbtt-on (d 1 to d 6), ADFI of both lactation treatments was similar- 

Mid- to late lactation saw an increase in ADFI of the Ip gilts and sows cornpanxi to the Ic 

group. Since the feed dlowiance for both Ic and Ip gilts and sows wss restricted in d y  

lactation, the di&rence between treatments fiom d 1 to d 6 was small. By raising the féed 

ailowance by 0.2 kg perfidhg for the Ic group, and by increasing the fad aliowance ofthe 

lp gilts and sows at a greater rate, the difference in ADR beween treatments increased as 

ladation p r o g r d .  The difference between treatments was greatest during the third stage 

of lactation. These results suggest that feed intake of the control gilts and sows was 

underestimated by the feeding rnethod utilized, resulting in a Iower ADFI of the lc group. 

Total feed intake 

Factors which infiuence féed intake during lactation include gestation feeding level and 

body condition at parturition (Coffey et al., 1994; Dourmad et al., 1994). Gestation 

treatment did not induce differences in total gestation feed intake or body composition 

(weight and backfat) at parturition. Matemal body lipid content at the start of lactation was 

not different between treatments, and will be discussed in a subsequent section. 

Total feed intake for each stage of lactation is presented in Table 9. Pattern of feed 

intake during gestation did mt infiuence total feed intake dunng lactation (P>O.OS). Research 

demonstrating a significant negative relationship between gestation and lactation feed intake 

employed high ADFI throughout gestation (Dounnad, 199 1) or crd libitum feed intake during 
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late gestation (Weldon et d ,  1994.). resulting in differences in total gestation feed intake 

between treatments. Average daiiy f d  intakc and totai gestation feed intake did not düFier 

between gestation treatmaits in this trial, cxplaining the absence of a gestation trcatrnent 

e f f i  on lactation fèed intake. Body composition, including weight, backfàt and protein and 

lipid content, at the start of lactation was not afiécted (PXI.05) by treatment during the 

previous gdon pniod- 

DEerences in total feed intake due to lactation treatment were only significant during 

the periods nom d 7 to d 12, and d 13 to d 17, with lactation treatment Ip consuming more 

feed during these periods, as disaissed in the previous section. Overail, lp animais consumed 

7.2 % more feed over the total lactation period compared to Ic animals. 
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Table 9. Toul feed intake @cg) of gilts and îirst puity sows during each stage of lactation 

Factor d l t o d 6  d7tod 12 d 1 3 t o d  17 d l t o d l f C  

Gestation Trt OS ns RE 11s 
C 18.54 0.42 29.76 0.48 30.85 0.56 79-15 1.12 
P 18.86 0.42 29.6 1 0.48 3 1.01 0.56 79.48 1.12 

Lactation Th 1x5 P = 0.0086 P = 0.0001 P = 0.0007 
c 18.64 0.4 1 28-77 0.47 29-14 0.55 76.56 1,LO 
p 18.76*0,43 30.60fO-49 32.7 3 0-57 82.07 1.14 

Gest.*Lact. ns ns 11s IIS 

C c 18.29 * O 3 4  28.95 0.62 29.02 0.72 76.26 * 1.44 
p 18.79 0.65 30.56 0.74 32.69 * 0-86 82-04 1.71 

Gest.*~act.*~arityb ns 11s 11s ns 
Values afe LS means * SEM. 
ns=non-signiflcant, PM.05. 
'parity O (gilt), par@ 1 (first par@ sow). 
bmeans not presented for these non-significant effixts- 
îeed intake adjusteci to 174 lactation: 
for lactation length < 17 d: total intake for d 13 to d 17 = (average feed intake fiom d 12 to weaning) x 5. 
for lactation length > 17 d: omitted feed intake above d 17, 



Body Composition 

Backfiut 

There were no signifiant differences in mean P2 backfat depth for the main e f f i  

or their interactions during lactation (Table 10). Moser et ai. (1987) nported no efféct of 

restnkted versus adlibitum fading method on sow backfât l o s  during lactation. 

As lactation progressed, aii sows and giits lost backfat (P<O.OS) consistent with other 

data sources indicating catabolism of body fat reserves during lactation (Moser et al., 1987; 

Yang et al., 1989; Young et al., 199 1 ; Einarsson and Rojkittikhun, 1993). 

The interaction of gestation treatment*day of lactation was significant (Figure 6). The 

dEerence between gC and gP treatments at d O of lactation was greater than the difference 

between these treatments at d 17. Gilts and sows which received the gP treatment mobiiized 

a greater amount of backfat during the lactation period than the gC group. Gilts and sows 

which had received the gP treatment during pregnancy tended (W.06) to have more baclâat 

at the end of pregnancy / start of lactation, than the gC group. Changes in backfat depth are 

presented in Appendiï 3. Mullan and WiIliams (1989) found that gilts and sows with a higher 

backfat level in late gestation mobil~ed more backfat dunng lactation, and that this 

relationship was related to a higher levei of feed intake during gestation. Other studies also 

observed greater backfat losses occunng during lactation in sows that had more backfat at 

farrowing (Sterning a al., 1990; Einarsson and Rojkittikhun, 1 993). However, no association 

was made between bacHat levels and gestation feed intake. 



Table 10. P2 bacffit (mm) and weight (kg) of güts and fht pacity sows during lactation 
- --- 

Factor P2 Blcldat' (mm) wei@f&@ 

Gestation Trt. ns 11s 
C 13.40 t 0.40 189.89 k 2.09 
P 14.08 * 0.39 190.58 1.99 

Lactation Trt, 
C 

P 

lls ns 

lls ns 



Table 10. P2 baclâat (mm) and weight (kg) of giits and fint parity sows during lactation 
(continued) 

- -- . . 

Factor n ~ i c k l a t '  (mm) wddmkr) 

GesPDay P = 0.0320** nsb 
C O 13.94 aO.22 

17 12-85 *O22 
P O 15.09 *0.21 

17 13.06 031 

Lact*Dag ns LLS 

Parity*Day nsb P = 0.0002' 

Gest. *Lact.*Day P = 0.0058** nsb 
Cc O 14-02 0.28 

17 12-00 * 0.29 
Cp O 13.S * 0.33 

17 13.71 0.33 
Pc O 14.81 * 0.32 

17 13.07*0.32 
Pp O 1337*029 

17 13.05*0.29 

Gest.*Lact.*Parity *Da9 ns ns 
Values are LS means SEM. 
ns=non-significant at PW.05. 
'paxîty 0 (gilt), pari@ 1 (first parity sow). 
bmeans not presented for these non-significant effécts. 
'adjusted to 174 lactation length: 
adjusted d 17 bacibat =( ((backfat at weaning - d 109 baclâat)/lactation length)* 17) + d 109 bacHat. 
adjusted d 17 weight = (((weight at weaning - d O wt)îlactation [en@)* 17) + d O wt. 
9 2  values on d O of lactation = actual values taken on d 109 of gestation. 
'means not presented for this effect, 
**See Figure 6.7. 



Day of Lacîation (d) 

Figure 6. Gestation treatment*day of lactation interaction for gilt and first pan'& sow PZ baddat 
(LS means + SEM). 
"dinerent letten indicate that the dinerenœ between treatments in these t h e  periods 
are not the same (P<0.05). 
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Mullan luid Williams (1989) and Mullan (1991) d e s c r i i  an inverse relationship 

between backfàt depth at fàrrowing and lactation fd intake (Mulian and Williams, 1989; 

Mullan, 1991). However, in the prescrit study there was no apparent co~ection between 

backfàt depth at parturition and lactation f d  intake. Sùnilady, Yang et <11. (1989) found that 

backfat level at farrowing did not appear to be Uiversely related to lactation f d  intake- 

The 3-way interadion of ges&aîion trrrtmait*factation treatment*day of lactation was 

also signincant (Figure 7). The diserence between gilts and sows that received tk Control 

treatment during gestation and eitha the control (c) or pattern @) treatment during lactation 

was smaller on d O than on d 17 of lactation. Of the gilts and sows that had received the gC 

treatment, those assigned to the p group in lactation maintained a consistent level of backfat 

during lactation, while the combination of Cc lost a larger amount of backfat and had the 

Iowest backfat depth at the end of lactation. Differences in ADFI (and total feed intake) 

influence backFat loss (King and Wfiarns, 1984; King and Dunkin, 1986; Patience, 1993) and 

may explain the decrease in bacwat during lactation in the Cc treatment group. King and 

Dunkin (1986) found a linear decrease in bacldat and weight loss as feed intake dunng 

lactation hcreased. Gilts and sows assigned to the gC treatment during gestation tended to 

have lower backfat depth at fàrrowing, and this gestation treatment combined with the control 

treatment in lactation, may have resulted in greater mobilimtion of bacldat reserves to support 

lactation demands. The gC sows and gilts assigned to the pattern treatment during lactation 

(treatment combination Cp), were provided a higher level of feed intake during lactation 

which may have allowed for maintenance of PZ backfat depth. Yang et a/. (1989) found that 
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backfat los  during lactation was kss in gilts and sows that were thinner at fmowing and f d  

ad libitum d u ~ g  lactation. Sows that were fed to attain 12 mm bacicfat at parturition, and 

fed ad libitum d u ~ g  lactation did not lose backfât during lactation. 

The dierence in P2 beekfat depth between Pc and Pp treatrnents on d O was greater 

than the diffefence on d 17. Bacbt  loss during lactation for sows that received the pattern 

treatment during gestation @P) did not s&m to be inthienced by lactation treatrnent- Fading 

at increasing levels times maintenance during gestation (gP) tended to result in greater baclaat 

depth at fmowing, resulting in a higher rate of mobilization of these reserves in lactation 

(Hulten et d ,  1993). Gestation treatment P, paired with the control treatment during 

lactation consumed the lowest feed intake level during lactation which may have ttrther 

accelerated backfat mobilization. Lactation treatment p, which provided greater lactational 

feed intake, combined with gestation treatment P, somewhat balanced the degree of bacldat 

loss in this group. 

In general. three of the four gestation-lactation treatment combinations (Cc, Pc and 

Pp) showed greater backfat l o s  over the course of lactation. The lower feed intake of lc 

sows during lactation may have resulted in greater mobilization of body fat reserves to 

support the demands of lactation (King and Dunkin, 1986; Noblet et al., 1990; Patience, 

1993). Zak et aL (1997) found that prirniparous sows fed either ad libiium for the first 22 

days of a 28-&y lactation, and restricted to 50 % of adlibitt~rn intake thereafier, or restricted 

to 50 % of udlibihm intake to d 2 1 and fed ad Iibifum to d 28 Iost more backfat than sows 

fed ad libiftm throughout lactation. 



Day of Lactation (d) 

Figure 7. Gestation treattnent*lactation treatmcnt*&y of lactation interaction 
for gilt and fïrst parity çow P2 bacKat (LS means + SEM). 
'different letters indicate t h t  the ditrerencc betwcen treatments in these time periods 
are not the same (P4.05). 



Sow weight during lactation was not Iffc*cd by fied intake pattern during the 

gestation paiod @W.OS) gable 10). This is contrary to the reports of others (Cromweii et 

oL, 1989; Dourmad 199 1) who obsaved a positive relationship between pregnancy weight 

gain (assoQated with level of gestation f d  Uitake) and lactation weight loss. Because gilts 

and sows commed smil.r total lmls of asd during prrgnmcy in this experiment, and body 

weight at the end of gestation was not different between gestation treatrnents, differences in 

lactation weight loss due to gestation treatment would not be expected. 

The pattern of lactation feed intake resulted in Ip animals having a higher average 

weight during lactation than the Ic group (P4l.05). Koketsu et al. (1996) found that the 

pattern of lactational energy intake of gilts influenced weight l o s  during a three-week 

lactation penod. Low energy intake dunng any week of lactation, or throughout lactation, 

resulted in loss of sow body weight. Gilt and sow weight change as illustrated in Appendix 

3 was not affected by gestation or lactation treatment (P>O.OS). However, considerable 

bac& los during lactation (as observed for treatment gP), can be associated with a positive 

change in weight (Dounnad, 1991). or as observed in this experiment, no effect on weight 

loss. In contrast to the results of this trial, Dourmad (1991) found a positive relationship 

between gestation feed intake (gestation weight gain) and lactation weight loss but no effect 

of gestation treatment on baclâat loss during lactation. The study by Dounnad (1991) 

utilized different levels of total feed intake dunng gestation, contributing to a reduction h 

lactation feed intake for gilts on the high plane of gestation intake, resulting in the significant 



103 

response in lactational weight los. Most sows l o s  some weight and backfàt during Iactation 

when fd at NRC (1988) tecommexxîed l e d s  duxing gestation (Whittemore and Yang, 1989). 

B e  Protein 

M a t d  body composition cari k preâicted using backht and weight measurements, 

and the levels of lipid and protein r e s ~ ~ ~  are hdicators of sow metaboiic condition. The 

predicted matemal body protein content of gilts and nrst parity sows is shown in Table 1 1. 

Feed intake pattern during gestation had no effect on average matemal body protein content 

during lactation (P>O.OS), and this corresponds with the absence of gestation treatment 

effeas on mean weight or bacldat during lactation. 

Gilts and sows that were fed the control treatment during lactation (Ic) had lower 

mean body protein content than Ip sows (P<O.OS). The higher level of feed intake, and 

resultant body weight, of the Ip treatment during lactation explains the greater body protein 

content. Whittemore and Yang (1989) cited a str ia  relationship between body protein levels 

and changes in weight dunng lactation. 

The interaction of gestation treatment'day of lactation was significant (Figure 8) 

(P<O.OS). The difference in predicted matemal body protein content between gestation 

treatments on d O of lactation was not the same as the difference on d 17- This interaction 

suggests that gilts and sows which received the gC treatment dunng gestation lost a greater 

amount of body protein dunng lactation than treatment gP. It is possible that animals Ui the 

the gC treatment were siightly catabdic in late pregnancy due to the lower level of feed intake 
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at this time (2.84 0.01 kg &% pndisposing them to greater protein loss during lactation. 

Catabolic condition of the sow during late gestation can affkct lactation paformance 

(Verstegen et aL , 1987). 

Ail gilts and sows lost a sipifiCant @<O.OS), although moderate, amount of body 

protein during lactation The avage bss of 1.18 kg of body protein for gilts and 6rst parity 

sows during the 17-day Iactation pericxi in this triai E acceptabIe d e n  considering the 3 k6 

average protein loss d u ~ g  a 284ay lactation for parities one through four reported by 

Whittemore and Yang (1 989). 

Bo& Lipid 

Predicted materna1 body lipid content is presented in Table 1 1. As with matemal body 

protein, the mean predicted lipid content of the matemal body was not affécted by gestation 

treatment (PI0.05). Lactation treatment significantly affected the mean body lipid content 

during lactation. Gilts and sows that received the lp treatment during lactation had higher 

mean body lipid d u ~ g  lactation than the Ic treatment. This treatment effect was also 

observed for body weight and protein as discussed previously. 

The interaction of gestation treatment*lactation treatment*day of lactation was 

signifiant (Figure 9). Companson of the differences between treatment combinations on d 

O of lactation to d 17 showed that the difference between the treatment combinations was 

larger on d 17 of lactation. Gilts and sows that received the control treatment in gestation 

followed by the control treatment in lactation (treatment wmbination Cc), lost a greater 
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amount of body lipid during the 17-dry lactation, and had the lowest lipid reserves on d 17. 

Treatment combination Cp a p p d  to lose the srnailest amount of maternai Iipid during 

lactatiom The second gestation treatment (gP) in combination with lactation treatment c or 

p resulted in lipid los  during lactation simiiar to treatment Cc. In general, dl gestation- 

lactation treatment combinations m o b i  body üpid stores to support lactation demands. 

However, the extan of body üpid utilisuion during lactation was not affected by Iactation 

treatment when gilts and sows received the P treatment during gestation. The loss of body 

fat due to mobiiization of fat resewes is evident fiom the decrease in P2 backfat depth and 

the decrease in body lipid content during lactation. The patterns of lipid loss are similar to 

backtat losses during lactation due to the interaction of gestation treatment*lactation 

treatment*day of lactation. 

Shields and Mahan (1983) reported that only materna1 body fat reserves fluctuated 

during lactation, while body protein remaineci fairy constant. In contrat, other researchers 

observed substantial losses of body lipid and modest losses of body protein during lactation 

in sows (Whitternore and Yang, 1 989; Dounnad, 199 1). The composition of the loss varies 

according to parity of the sow. MuItiparous sows mobilize fat reserves during lactation (due 

to larger labiie lipid resetves), while primiparous sows catabolire both fat and protein reserves 

(Cole, 1990). In this experiment, fira parity sows lost more body protein and Iipid during 

lactation than gilts (Pe0.05) (Appendix 4). Within parity, lipid losses were greater than 

protein losses for gilts and first parity sows. 



Table 1 1. Predicted m a t c d  body protein and lipid content (kg) of gihs and first parity 
sows during lactation 

Factor M y  PNjteim (kg). Body Lipid 

Gesîation Trt, us IU 
C 30.84 *0.38 39.04 0.92 
P 30.81 * O 3  40.74 0.87 

Lact *Pari@ 



Table 1 1. Predicted mateml body protein and üpid content (jcg) of gilts and fwst parity 
sows during lactation (continuecl) 

. - -- 

Factor Body PrWeim (kg)* Boây Lipid mg)= 

Gest.*Day P = 0.0265** ns" 
C O 31.58*0,14 

17 30.10 * O. 14 

Pariiy*Day P==.OOOld nsb 

Gest. *Parity+Day" 11s 115 

Gest.*i.act. *parity+~ayb IIS I\S 

Values are LS means * SEM. 
ns=non-signifiant at P>0.05. 
pari@ 0 @O, pan'& 1 (fim sow). 
bmeans not p a n t e d  for these nonîgnificant efïiécts. 
'Calculaied using the equations of Whittemore and Yang (1989). using d 17 adjusted weight and backfat- 
dmeans not presented for this effm. 
**Sec Figures 8.9, 



Day of Ladation (d) 

Figure 8. Gestation treatment8day of lactation interaction for predicteâ matemal body proiein 
content of gilts and first parity sows (LS mcans + SEM). 
'difllerent letters indicate that the diacrrnœ between treatments in these time periods 
are not the same (IW.05). 

Day of Lactation (d) 

Figure 9. Gestation treatment*lactation treatment8day of lactation interaction 
for predicted matemal body Iipid content of gilts and first parity sows (LS meam + SEM). 
'difKerent letten indicate that the diacrena betweea tmûnents in thse time priodr 
are not the same (P4l.05). 



Pigier Weight 

Pigiet perlormance may be affectcd by maternai nutrition during pregnancy and 

lactation (Neil and Ogle, 1996). Research has been conducted examining the e f f i  of 

additional nmients in bte gestation with the iyumption that the sow wüî partition these extra 

nutrients toward fetd growth (Briq 1986). Cm- et aL (1989) obsewed a positive effkct 

of an additional 1.36 kg d-' of feed fkom d 90 of gestation on piglet birth weight. Dietary 

protein restriction of the gilt decreased piglet birth weight (Pond et al., 1992) and postnatal 

growth (Pond et al., 1992; Schoknecht et al., 1993). Protein restriction in Iate pregnancy also 

idluenceci miIk production in lactation as evident by smaller piglets at weaning in the study 

by Schoknecht et al. (1993). Milk production of the sow is influenced by matemal body 

reserves at the beginrüng of lactation (Pomar et al., 1991), and may be affected by nutrition 

during the period of mammary gland development in gestation (Weldon et al., 1991). Feed 

intake, particularly in late lactation, affects milk yield (Mullan and Williams, 1989; Neil and 

Ogle, 1996). Sows with low feed intake in lactation have more difficulty maintaining rnilk 

production using their body reserves in late lactation. Therefore, piglet growth may be 

iduenced by the effect of matemal nutrition on milk production in late lactation (King and 

Dunkin, 1986; Multan and Williams, 1989). 
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Mean piglet weight during lactation was not affecteci by gestation or lactation 

treatment in this experiment m.05) (Table 12). The interaction of gestation 

treatment*parity tended ( W . 0 8 )  to resuh in a m e r  dif5erence in mean piglct weight 

between gestation treatments- 



Table 12. Piglet weight (kg) during lactation 

Facîor Mean Pide8 Weigùt (ka 
Gestation Trt ns 

C 3.33 *0.06 
P 3.24 *O.M 

Lactation Trt. 

IIS 

 est. *LacPParity*Dayb ns 
Values are LS means SEM. 
ns=non-sigdcant at P>0.05. 
'parity O (gilt), parity 1 (first parity sow). 
brneans not presented for th- non-significant e f f i .  
'day 17-piglet weight adjusted ta 174 lactation, 
d 17w-t = ((weaning wt. - birch W)Aactation 1engt.h) 17 + birih wt 
îneans not presented for this effect. 
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for gilts cornparcd to nrst parity sows. Pigicts bom giits that had reccived the gC treatmeiit 

tended to be heavk  than gP pigiets. Convedy, pi@ weights were shilar across gestation 

treatments for first parity sows. 

Pigiet pafonnatlce during lactation w u  not .ffected by lactation treatrnent, possiily 

due to increased catabolism of materna1 body reserves to maintain milk production. Yang et 

al. (1989) found that sows which were thin a parturition (12 mm bacHat) and d v i n g  3 

kg d" during lactation continued to mobilize their low fat reserves to maintain rnik 

production when nutrition during lactation was hadequate. 

Born Alive, SfiIIborn, Necrofics 

Chi-square analyses of the Mer characteristics in Table 13 show signiacant effects of 

gestation treatment, parity and treatment within parity. The chi-square test comparing the 

proportions of piglets bom alive, stillbom, and necrotic was significant for gestation 

treatment. The proportion of piglets in each b i i  category was not the same for the gestation 

treatments. The number of piglets bom alive as a proportion of the total number of piglets 

bom was smaiier for the gC treatment, and this is reflected by an increase in the proportions 

of stillborn and necmtic piglets. The proportion of piglets in the three categories also difEered 

between gilts and fint parity sows. First pa&y sows had a larger nurnber of piglets bom alive 

as a proportion of the total number of piglets born. This coincided with a reduction in the 

proportions of stillbom and necrotic piglets for the older sows. 



Table 13. Litter characteristics of gilts and hnt pari*@ sows 

- - - - - - - - -  - -  

Variabk 

Factor ToW Born Bora Al i  Stillborm Nccrotic 

Gestation Trt, S . 9 P  
C 665 0.W 0.06 0.04 
P 636 0.95 0.03 0.02 

First Parity 1.04% 
C 299 0.93 0.03 0.02 
P 277 O.% 0.02 0.02 

y d y s i s :  testing the hypothesis that the proportion of piglets in the th= birth catcgories Wrn alive, 
stili born, necrotics) are the same for the tub gmups for each factor (Gestation TK, Parity, etc). 
ns = non-significant: where >X1. 
Rejection region: wherc 2 
Number of Iitters (n) per treatment: 
Gilts: 
C n=26 
P n=27 

First Parity: 
C n = 3 1  
P n=29 
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Analyzing each puity separately, gilts that were assigned the gC treatrnent haâ a 

lower proportion of piglets born aiivq ad larger proportions of stillbom and necrotic piglets 

compared to gilts fod at increashg Ievels thmughout gestation (gP). Proportions of pigiets 

in the three birth categories were not dierent for the two treatment groups for ht parity 

sows. Conversely, gestation treatment did not have an effeft on the proportions of pigkts 

in each ôiith category for nrst ~~ui ty  sows. Merences in the number of piglets bom Jm to 

gilts may be related to uterine capacity in later gestation rather than fading level per se. 

Analysis of litter size at birth (Table 14) showed no effect of gestation treatment on 

the mean nurnber of piglets born alive and total born. Parity did not significantly affect the 

nwnber ofpiglets born alive. However, the total nurnber of piglets born was greater for gilts 

compared to first parity sows (P<0.05). The number of piglets born dive in each gestation 

treatment was dependent on parity as illustrated by the significant interaction of gestation 

treatment* parity. The number ofpigiets b m  dive to gilts that had received the gP treatment 

was higher than for panty sows fed in the same manner. Gilts receiving the gC treatment 

had fewer piglets born dive than gP gilts. The number of piglets born dive to first parity 

sows was similar for both gestation treatments. Pattern-feeding ofgilts during pregnancy 

proved beneficial in tems of the nurnber of piglets born alive. The interaction of gestation 

treatment*parity tended (Fû.07) to result in fewer total piglets born for first parity sows that 

were pattern-fed during gestation, while pattern-feeding tended to result in a greater total 

number of piglets born to gilts. These result indicate that gilts may be more sensitive than 

first parity sows to the effects of nutritionally-induced changes in concentrations of P, and 
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Table 14. Litter size at birth and wcanhg of gilts and f h t  p d t y  ~ o w s  

Factor Totd Born Boni Alive WcruKd 

Ciestation Trt. ns ns 11s 
C 11.65 0.3 1 10.57 * 0.32 10.11 O. 15 
P 1 1.23 t 0.32 10.72 * 0.32 10.14 0.15 

Lactation Trt 88 *+ 11s 

C 10.21 * o. 1s 
D 10-04 O. 15 

W*Lact.*Parity 4c ** nsb 
Values are LS means * SEM 
ns=non-signifïcant at Prn.05. 
'pari@ O (gilt), parity 1 (first parity sow). 
brneans not presented for these non-significant effects. 
**lactation treatment not included in the mode1 for variable boni alive- 
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other pregnancy-specific proteins during early- to mid-pregnancy which are nesemuy for 

normal fetal development anci survival. Close (1997) suggests that multiparous sows have 

higher blood P4 Iweis and this miy acpIain why the negative relationship between f d  intake 

in early gestation and embryo S U M ~  has not ban obsaved in multiparous sows. 

There was no e f f i  of -*on treatment, lactation treatment or their interaction on 

the rnean number of piglets w& (WX05). CromweU et aL (1989) found that additionai 

feed in late gestation did not result in increased s u ~ v a l  at weaning. A previous study by 

Pemgrew (1981) improved piglet s u ~ v a l  at weaning by feeding supplementai fat to the sows 

in late gestation. However, sunival was only improved if average suMval fiom birth to 

weaning was les  than 8%. The lack of response to additionai feed in the study by Cromwell 

et al. (1989) may also be due to the relatively high survival (mean, 84%)- Piglet survivai to 

weaning in this trial (93%) may also explain the absence of treatment effects on litter size at 

weaning. 

The interaction ofgestation treatrnent'parity indicates that gilts responded differently 

to gestation treatment compared to first parity sows in the number of piglets weaned 

(P<O.OS). Gilts that had received the gC treatrnent weaned fewer piglets compared to gP 

gilts. F i  parity sows weaned sirnilar numbers of piglets regardless of gestation treatment. 

These results contradiet information reporteci by Cromwell et ai. (1 989) where pigiet s u ~ v a l  

to weaning was positively af£ècted by birth weight (gestation feeding). However, the gC 

treatment tended (ZW.08) to have heavier piglets at birth than the gP treatment in the present 
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study. The Iarger Laer size at wcining of gP giits comsponds to the Iarger Liner s k  at bixth 

for this treatment, 

The lactation treatment+parity interaction was dso significant. The rrsponse to 

lactation treatment in tenns ofnumber of piglets weaned dflered depaiding on parity of the 

dam. Gilts fd the Ic trratmait during lactation weaned more piglets than gilts r d c t e d  (Ip) 

in feed intake, while the dinerence between lactation treatments was tiMn for f h t  parity 

sows. Therefore, lactation treatment did not seem to influence the number of pigs weaned 

by first parity sows. 

The length of the WEI is an important factor influencing sow productivity. Weaning 

of the sow is related to an increase in LH concentration and LH pulsatility (Einanson and 

Rojkittikhun, 1993). The length of the WEI is influenceci by sow body condition at farrowing 

and weaning, as weU as the amount oftissue mobilized during lactation (Mullan and Williams, 

1989; Yang et al., 1989; Steming et al., 1990; Koketsu et al., 1996). Sows that have lost 

iarger amounts of body weight have extendeci WEI (Einarsson and Rojkittikhun, 1993). 

Weaning-to-estrus intemals for gilts and first parity sows are presented in Table 1 S. 

Gestation treatment and lactation treatment had no effed on WEI of gilis and first parity sows 

(PM.05). The absence of lactation treatment effect on WEI may be due to the fact that both 

lactation treatments resulted in a restriction in feed intake during early lactation. Koketsu et 
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al. (19%) fwnd that aier(ly -dion durin8 M o n  decmased LH pulsatility and cxtended 

the WEI. 

The interaction of lactation8puity on WEI was signifjcant (Figure 10). The diffiience 

in length of  the WEI between lactation trcatrnents was smltler and reoponded in a diffient 

rnanner for e s t  parity sows than for gilts. The WEI of gilts and nnt p a r i i  sows that had 

received the control treatment (Ic) during lactation wae similar. However, g i b  reponcied 

differently than sows to the pattern (Ip) treatment during lactation. Gilts that had received 

the pattern treatment in lactation had longer WEI than tirst parity sows o f  the same treatment. 

Interpretation ofthese m l t s  leads to the conclusion that lp feeding of gilts more negatively 

aEected the WEI than did this feeding strategy for first parïty sows. Koketsu et al. (1996) 

found that restriction of energy intake during the fint week of a 21-day lactation, adversely 

affected the WEI. Average daily feed intake of gilts during the first stage of  lactation was 

3 .O8 1 0.10 and 2.87 & O. 10 kg for Ic md lp lactation treatments, respectively, while ADFI 

was 3.14 * 0.10 and 3.38 & 0.1 1 kg for first parity sows, Ic and Ip, respectively. 

The 3-way interaction of gestation treatment*lactation treatment*parity was also 

significant (Figure 1 1). Gilts nsponded differently to the combinations of gestation-lactation 

treatments than first parity sows. In particular, the combination of Cp resulted in a lengthened 

WEI for gilts relative to fim par@ sowsWS The other treatment combinations did not produce 

these divergent effects between the two pantia. Treatment combinations Cc, Pc, and Pp 

resuited in similar WEI for both gilts and first parity sows. The extended length of the WEI 

due to gestation-lactation treatment combination Cp does not agree with data conceMng 
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backfàî, weight, and body protcui and lipid loss during lactation, and the relationdiip between 

body condition and WEI discussed earlier. These tesults indicatt that 105s ofbackfat and 

body lipid stores xnay not bc u important in the nguhtion of resumption of atnu pst- 

weaning. 



Factor WEI ( d m  

Gestation Trt. 11s 

C 8.06*0.66 
P 7-35 * 0.64 

Lactation Trt. 

Gest . *Pari@ ns 

Lact. *Parity 

-- - - - -- - 

Gest. *Lacte *Parity P = 0.0355** 
Cc O 7.67 1.23 

1 7.78 k 1.27 
Cp O 12.28I1.27 

1 4.50 * 1-50 
Pc O 9.08*1.32 

1 5-67 * 1.37 
Pp O 9.06*1.19 

1 5.60*1.23 
Values are LS means * SEM. 
ns = non-significant, PX.05. 
'parity O (giit), parity 1 (first parity sow). 
bmeans not presented for these non-signifiant effects. 
**See Figures 10, 1 1. 



Figure 10. Lactation trcatment*@ty interaction for WEI of gilts and first parity sows 
(LS means + SEM). 
'diBerent leuers indicaie that the Merence between treahnents in these tiw penods 
are not the same @<O.OS). 

1 

Parity 

Figure 1 1. Gestation treatmenPlactation treatment*parïty interaction for WEI 
of gilts and first parity sows (LS means + SEM). 
'dinerent letten indicate dinerenœs in the k n g b  of the WEI (PUl.05). 



REPRODUCTIVE PERFORMANCE OF EARLY-WEANED GILTS FED 
DIFFERING PATï'ERNS OF FEED INTAKE 
DURING GESTATION AND LACTATION 



To study the effêcts of f d  in- patterns during gestation and lactation on 

reproductive paiornwa, 18 Cotswoid giits were randomiy assigneci to one of two gestation 

treatments and one of ~ U O  lactation treatments. Throughout gestation, control gilts (gC; 

n=10) were fid at 1.4 times maintenance do', and the pattern group (gP; n=8) was fed in four 

stages based on body weight at d 1. d 30, d 60, and d 90. D u ~ g  an 18-day lactation each 

gestation group was fiirther divided. and control gilts (ic; n+) were fed od libitum, and the 

pattem group Op; n=8) was fed in three stages based on body weight at d 1, d 6, and d 12. 

Average daily feed intake (ADFI) during gestation did not diner FO.05) between 

treatments. Gestation treatment C consumed more feed in early gestation and overd 

(P<0.05). Aithough the patterns of backfàt and body weight change were different @?<O.OS), 

there were no ditfierences between treatments by d 109. Gestation treatment influenced da* 

nutrient retention (P<0.05) but did not affect percent nutrient retention, semm urea nitrogen 

and progesterone (P.) (P>O.OS). 

ADFI and total feed intake d u ~ g  lactation were not affected by gestation or lactation 

treatments (PX)-05). Lactation treatment did not result in differences in materna1 weight, 

backfat or body composition at weaning. Patterns of body protein and lipid utilkation 

differed (P<0.05). Treatments did not alter mean or baseline LH concentrations, pulse 

freguency, weanllig-tozstnis interval, and ovulation rate 0 . 0 5 ) .  Gestation feeding method 

resulted in gP gilts supporthg improved piglet growth rate in late lactation, a greater increase 

in P, concentration pst-weaning, and 45% more noma! corpora lutea than gC gilts (PcO.05). 



INTRODUCTION 

Nutrition during gestation and lactation, and the interactions between feed intnke 

levels during these periodr. piay an important d e  in the reproductive pedormance ofthe gilt. 

Previous research demonstrates the importance of nutrition during pregnancy and lactation 

in order to meet the requirements for litter growtb, milk production, and subsequent 

reproductive performance (Cole, 1990; Ashworth, 199 1 ; Tokach et ai-, 1992; h d a l  et uL, 

1996; Noblet et al., 1997). The nutnent requirements for tme growth occurring in the gilt 

and the additional requirements necessary to maintain production at a satisfactory level during 

the reproductive cycle, result in a unique situation with respect to the young sows 

susceptibility to the effects of inadequate nutrition on reproductive performance. 

Nutritional influences on the metabolic state of the gilt during one stage of the 

production cycle WU influence successive stages (Coffey et ai-, 1994). Feed intake during 

gestation and its influence on maternai body composition affects voluntary feed intake and 

performance during lactation (Noblet et al., 1990; Einarsson and Rojkittikhun, 1 993), and 

post-weaning reproduction (Koketsu et al., 1996; Zak et al., 1997a). A sparing effect on 

nutrient requirements due to catabolism of body reserves of lipid and protein complicates the 

assessrnent of feed intake requirements fiom one stage of the reproductive cycle to the next. 

Current sow feeding programs generally do not account for individual sow 

requirements. As a result, féed intake of young sows is often insufficient to maintain matemal 

body condition, milk production, and piglet growth, while providing the additional nutrients 

needed for matemal growth. 
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Mequate lad in& during I d o n  rffccis body lipid and protein reserves and is 

associated with ducec i  litta growth duMg the lactation period (Bnndemuhl et &, 1989), 

prolonged WEI @oumid et d, 1994), and reduad subsequent litter sise (Kirkwood et aL, 

1987b)- 

The objective of this experiment was to modify the feed intake pattems of gilts to 

refiect the changing maîernal d pi* requirements throughout the reproductive cycle, and 

to asses the effkcts of these aitered feed intake pattems on reproductive pertormance using 

rnetabolic, endocrine and production data- 



MATERIALS AND METHODS 

Experimental Design 

Experiment II was performed at the Animal Science Research Unit (ASRU) located 

at the University of Manitoba, Fort G a q  Campus. Twenty-four Cotswold giltr (175 d.yr 

of age) were used in one expriment conducted during gestation and lactation. Each gilt was 

randomly assigned to one of two gestation treatments baxd on initial @re-breeding) body 

weight. At fàrrowing, each gestation treatment was fùnher subdivided based on gilt weight 

i mmed iatel y post-farro wing, and gil ts were randoml y assigned to one of two lactation 

treatments. The length of the lactation period was 18 days. 

Animal Housing: Gestation 

Gilts were housed throughout the  pre-breeding and gestation periods in individual 

pens in two rooms with eight pens (1 -2 m wide x 2.4 m long) and 16 pens (1 -2 m wide x 2.4 

m long), respectively. Each pen had an individual feeder and waterer. All rooms used during 

the gestation phase of the study had 1ight:dark cycles of 10: 14 hours d u ~ g  the breeding 

period, and 12: 12 hours during gestation. Room temperatures were set at 20°C. 



Gilts were weighed upon urriwù in the ASRU and this initial weight was used to 

randody asign than to a gestation treatment, and to allocate them to Regu-mate (Hoechst 

Canada Inc-. Agriculture Divisioq SK) treatment groups as describeci below. The güts were 

then randomly assigned to  par^ in one of the two rooms 

During the pre-breeding period gilts were f d  2.5 kilograrns (kg) of a 16% cmde 

protein diet once daily. Animais were randomly assigned to one of four groups for Regu- 

mate administration to synchronize their estrous cycles. Al1 gilts received 7.5 millilitres (ml) 

of Regu-mat@, administered using a drench gun, as a top dress with 25% of their daily ration 

for 14, 16, and 18 days (groups A, B, and C&D, respectively). Gilts wen given Regu-mate@ 

at 0800 h and the balance of their daily feed allotment one hour later. Beginning on d 12 of 

Regu-mat@ treatment, the gilts were observed twice daily for signs of estrus using a boar as 

well as visual observation. Gilts were bred twice by artificial insemination with Cotswold line 

30 mixed semen at first estnis following Regu-mate9 withdrawal. The first insemination 

occurred when back pressure elicited a strong standing response. The second insemination 

occurred approximately twelve hours later. The day following the second insemination was 

designated as day one of gestation. 



Experimentd Treatmcnts: Gestation 

A 13.5% crude protein, bariey-bd, pcileted cornmerciai dry sow ration (as Li 

Experiment I) (supplied by Landmark Feeds) was fcd to gilts once ddy (0800 h) fiom the 

first day of gestation (d 1) to the day of fhowing (Table 1). Chromhm oxide was included 

in the diet at 1 g kg-' as an indigestiile marker d u ~ g  periods of feces collection. 

Gestation treatments differed in the assigned pattern of feed intake of the gilts. 

Treatment 1 (Control) (gC) gilts were fed at 1% of their body weight plus 0.7 kg of feed 

(Aheme, 1 W2), which was approximately 1.4 times their maintenance requirement, 

throughout gestation. Feed intakes were adjusted for changes in body weight at the end of 

each stage to maintain feed intake at a constant proportion of body weight (Table 1). The 

control treatment was designed to meet NRC (1988) requirements for pregnant gilts. 

Treatment 2 (Pattern) (gP) gilts were fed in four incrernents during gestation with 

each stage being adjusted for gilt body weight (Table 1). Treatment 2 was designed to 

provide the same average f d  intake over gestation as Treatment 1 (1 -4 times maintenance). 

The stages were designed as follows: Stage 1: 1.1 times maintenance (d 1 to d 30 of 

gestation), Stage n: 1.3 times maintenance (d 3 1 to d 60 of gestation), Stage III: 1.5 times 

maintenance (d 61 to d 90 of gestation), and Stage N: 1.7 times maintenance (d 91 to 

farrow). The first two stages were designed to fa11 below NRC (1988) feed intake 

requirements for gilts during gestation. The final two stages exceeded NRC (1988) 

requirements. 
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Day one body weights were useû to caldate gestation feed intakes for the first stage 

(d 1 to d 30). AU gilts were weighed at the end of cach stage and these weights wae used 

to detennine fecd intake for the subsequcnt stage. Maintenance r e q u h e n t s  for gestation 

were calculated using Equation 1. 

Equation 1 : Feed intake (maintenance) = B W t 46 1 W kn 4.75 

DE content of diet (kcal kg-')*4.18 kJ kcal-l 

Maintenance intakes were dculated using metabolic body weight, a maintenance energy 

allowance of 46 1 kl of digestible energy (DE) kg4-" (Jindal et ai., 1996), and the digestible 

energy content of the diet. This maintenance requirement was then multiplied by the 

corresponding fktor for each stage to calculate f d  intake- To convert metaboiiible energy 

(ME) of the diets to DE, a factor of ME = 0-95DE was used. Gestation feed intakes were 

calculated using body weight rounded up to the nearest decimal place and grouped within a 

two kg weight range. The gilts received their assigned feed intake for that entire gestational 

stage. Any feed not consumed by the following moming feeding was weighed back and 

recorded, 

Production Data: Gestation 

Gilts were weighed using a portable scde (Gascoigne Pig Weigher, Gascoigne 

Readings, England) and had P2 baclâat measurements taken at the last rib, 6.5 cm fiom the 

midline (Renco Lean-meateP, Remo Corporatio~ Minneapolis, MN), on d 1 of gestation 

and at the end of each stage (d 30, d 60, d 90 and d 109). 
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Commari<ig on d 30 of the ctprsnnS u l w  (Reg-Tonc8)@enco Corporation, 

Mimeapotis, hfhi) was used to c o h  pregnancy- Nine gdts that were not c o h e d  

pregnant by uttrasound and retumed to estrus a h  21 days were rebrd. Subsequently, six 

gilts were detennined not pr-t and were removed fiom the expriment. On d L04 of 

gestation one giit aborteci ha iitter of 12 pigkts. IThaefore, data from this gilt was inchdeci 

until d 90 of gestation. 

Metabolism Data: Gestation 

Data on nitrogen and energy metabolism were collected at the end of each stage of 

gestation during a 48-hour collection period. The metabolism trials were staggered because 

there were only eight crates for 24 animals. Therefore, the collection periods commenced 

between d 5 to 8, d 25 to d 28, d 55 to d 58, and d 85 to d 88 of gestation. AU gilts received 

the dry sow diet with chromium oxide added for five days pnor to movement to  the 

metabolism crates. The gilts were then placed in the metabolism crates one day in advance 

of the collection period- 

Metabolisnt Crate Desigr1 

Eight metabolism crates (1 -7 m length x 0.8 m height x 0.37 to 1.1 rn adjustable 

width) were located in a third room with temperature and lighting conditions as previously 

described. Each crate had a feeder and waterer. The crate flooring was plastic coated 
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expanded metai (Tendernova~, Minneapoiis, MN). Removable stairiless steel troys were 

located beneath the flooring of the cnte for urine coilection. The tnys sloped towud the 

fiont of the aatc and a plastic s t o p c d  wu loc~ted at the de- part of the tray to fircilitate 

urine flow h m  the tmy. Screens were mounted on fismes to fit the inner dimensions of the 

tray to reduce fecal and f d  contamination of the urine. 

Excreta Collection 

At 0800 h on the first day of coUection the crates were thoroughly sprayed with water 

to remove any fecal and féed material. The crates were then allowed to dnp dry. 

Eighty ml of 1 M sulfùric acid was added to the tray prior to the start of each 

collection period. Urine was collected into pails by straining through cheesecloth (4-ply, 

grade 50, Veratec Inc. Graphic Arts Products, Wapole, MA). Total unne volume and weight 

was recorded. Urine was collected in this manner twice daily at O800 h and 1700 h. U M ~  

from the two-day collection period was pooled for each gilt and stored in individual pails in 

a Wdge at 7OC. Four representative samples were mUected in 20 ml vials corn each gilt urine 

pool at the end of the 48-h collection. The vials were stored in a -20°C fieezer until analysis. 

Fresh fecal samples were d e c t e d  twice daily t hroughout the 48-hour period and 

imrnediately placed in plastic tieezer bags and fiozen at -20°C until analysis. Al1 fecal materid 

collected over the two-day penod was fieeze-dried, mixed, and a representative sample was 

taken for each gilt. Fems and urine samples were later analyzed for dry matter, nitrogen and 

energy content. 



Blood Sample CoUection: Gestation 

Shgie Mood samples were taken nom each gilt five houn after f d i g  (1300 h) on 

d 1, d 30, d 60, d 90, and d 109. The gihs were resuained using a wire nose mare- Blood 

samples were obtained frnm the jugular vein using 20-gauge, 1 '/i inch single-sarnple nedies 

(Vacutainer, Becton Dickinson and Company. Frankün kdces, NJ) and collected into 10 ml 

Vacutainer tubes for semm colidon (Vacutainer, Franklin Lakes, NJ). Blood samples were 

stored ovemight at SOC. The following moming the samples were centrifigeci at 1500 g for 

3 0 min (CR3000, Jouan Inc., Winchester, VA) and the serum was separated, placed in glas 

Mals, and frozen at -20°C until analysis. Gestation samples were analyzed for semm urea 

nitrogen and progesterone. 

Animal Eousing: Lactation 

Gilts farrowed in individual farrowing crates (1.5 m width x 2.4 m length). The 

farrowing room held ten crates- Each crate had Tendernova- flooring and individual feeders 

and wateren. Piglets were provided with heating pads (Stanfield, Osborne Industries Inc., 

KS) located on one side of the crate and did not have access to creep feed during lactation. 

Lights in the rooms were on continuously and room temperature was maintained at 23OC 

during lactation. 
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Two to three days a f k  fmowing, gilts and liners were moved to pens located in an 

adjacent room. Each pen w u  1.8 m width x 2.4 m length with an individuai féeda and 

waterer and Tendemovam flooring A d o n  of pen railing was attacheci to perpadicu1.r 

waüs in the bock coma of each pen to f o m  a creep area. A heat lamp was hung behind the 

partition for the piglas. 

Experimental Treatmenb: Lactation 

When farrowing was complete, each gilt was weighed and assigneci to one of two 

lactation treatments. Gilts were assigned to lactation treatment in order to equalize the 

distribution of gestation treatment across lactation treatment. Therefore, al1 wmbinations of 

gestation-lactation treatment were represented. 

Dunng lactation al1 gilts were fed a 16% crude protein, barley-based, peîieted 

commercial nursing sow ration (as in Experiment 1) (supplied by Landmark Feeds). 

Treatment 1 (wntrol) (lc) gilts were fed ad libitum. On d I of lactation od libitum 

gilts were given an amount offeed equal to their final gestation stage daily feed intake. Wall 

feed was consumed, extra fgd was added each &y in 0.5 kg incrernents to ensure cd libifzîm 

intake. In this way a small quantity of feed was always present in the feeder. 

Treatment 2 (pattern) (Ip) gilts were fed in three stages during lactation (Table 2). 

Each daily ration was split into two portions and the gilts were fed &ce daily at 0800 h and 

1600 h. The stages were designed as foUows: Stage 1: 1.9 times the maintenance 
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requirements (d 1 to d 6 of lactation), Stage II: 3.0 times maintenance (d 7 to d 12), and 

Stage III: 4.1 times maintaience (d 13 to d 18). Lactation feed intakes were caiailated using 

Equation 1 based on a maintenance aiagy allowanœ of 46 1 W kgm (Imdd et aL, 1996) and 

using the digestible e n a ~ y  content of the diet. Giit weight taken at the end of each q e  was 

used to caldate metabolic body weight. Lactation stage feed intakes were cllculated ushg 

body weight rounded up to the nearest decimai place and grouped within a two kg weight 

range. Feed intakes were recorded for both treatments for the entire lactation period. Feed 

not consumed by the following moming was weighed and recorded. During the post-weaning 

penod al1 gilts were féd 2.50 kg of feed daily at 0800 h. Gilts were observeci twice daily for 

Production Data: Lactation 

On d 109 of gestation, giIts were moveû into the farrowing crates. Gilts were induced 

with two ml of Lutalyse@ (intrarnuscular, im) (Upjohn Company, Animal Health Division, 

Orangeville, ON) at approximately 1400 h on d 114 of gestation. Eighteen h following 

Lutalyse0 administration (at 0800 h the following moming) gilts received two mi of oxytocin 

im (Vetoquinol Canada Inc., Joliette, P.Q.). 
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Gilt Production Dal;a 

Giits were weighed (Scaie: Hiquai Manufkturing Ltd., MB) f i er  fmowing and at 

the end of each lactation stage (d 6, d 12, anâ d 18). PZ bac& meanirements wcre ncorded 

on d 6, d 12, and d 18 of lactation. Lactation weight and backfat measurements were used 

to determine gilt body composition fiom prediction equations (equations 2 and 3) 

(Whittemore and Yang, 1989). 

Piglet Prahrction Data 

At b i  piglets were weighed and given an identification number using a felt rnarker. 

Records at birth included: tirne of birth of each piglet, total bom, total born alive, stillbom, 

and number of mummies. AU cross-fosterhg was done within 24 h of birth. Al1 piglets were 

weighed using a bucket placed on a scaie, 24 h d e r  birth, and on d 6, d 12 and d 18 of 

lactation. Piglet birth weights were assigned to their biological mother. Weaning weights 

were assigned to the foster mother. Preweaning mortdity and the number of piglets weaned 

were recordedi Piglets were weaned from the sow before 1000 h on d 19. 



BIood Sample CoUection: Lactation 

Pust-fmowing BI& ~ p k è s  

Single blood wunples were taken nom sows aAer fmowing by juguiar venipuncture 

ushg the method described for b l d  saxnple collection during gestation in Experiment II. 

Catheterizuiion Procedwe 

On d 5 of lactation, gilts were cathete~ed for senal sarnpling to take place over the 

coune of lactation. Catheters were placed in the central or lateral ear vein. This 

catheterization technique allowed for the repetitive blood sampling necessary for reproductive 

hormone analysis. Two gilts were not catheterized due to poor ear veins. 

Gilts were restrained using a wire nose snare for the duration of the catheterization 

procedure. The ear and back of the gilts neck were shaved. An elastic band was placed 

around the base of the gilts ear to raise the ear vein and the ear was then swabbed with 

aicohol. A 14 gauge, 3 inch thin-walled needle was inserted into the central or lateral ear 

vein. Once the needle was in the ear vein, the catheter tubing (vinyl70: ID 1 -00 mm, OD 

1.50 mm; Dural Plastics & Engineering, Australia) was slotted through the needle until the 

tip reached the vena cava. One metre of catheter tubing was used. The length of tubing 

required to reach the vena cava (approximately 0.5 rn) was marked pnor to insertion. The 

14 gauge needle was rernoved by sliding it f?om the tubing. A blunt-end 19 gauge needle was 

placed in the end of the catheter and a PRN adapter injection cap (Becton Dickinson, Utah) 
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was used to  close the end of the &ter by scrrwing it ont0 the blunt needle. Catheter 

patency was tested using hcpuinusd dine (100 units ml"). A gauze square was taped o v a  

the exit paint ofthe catheter. nie artaior portion of the catheter wu sccu~ed to the car and 

neck usuig 2.5 cm white tape. Livestock giue (Ag-Tek CemenP, Kane Enterprises, SD) wu 

spread dong  the path of the catheter, and EIastopIastQ tape (three inch width) was used to  

cover the catheter and white tape. The catheta w u  sccured to  dow for m o ~ m e n t  of the 

ear, head, and neck of the animai. The catheter was then threaded into a Whiri-Pak? bag 

through a small hole cut at the bottom and the bag was glued to the back of the neck using 

Livestock cernent. White and Elastoplastd tape were used to cover the Whirl-pak? with an 

opening at the end to allow access to the catheter. White tape was used to cover this opening 

when the catheter was not in use. Catheter patency was maintained by flushing catheters 

twice daily with saline and fiI1ing the length of tubing with heparinUed saline (100 u ~ t s  ml-') 

when not in use. 

Serial SampIing Techttiqre 

Lacfation &mples 

Serial blood samphg paiods duruig lactation w r r e d  on d 6, d 12 and d 18. Blood 

sarnples were taken at 15-minute intervds for four hours starting at approximately 1400 h. 

Five mi of blood were drawn off and discarded before every sample to ensure that the sarnples 

weren't contaminated with hepannized saline. Ten-ml blood sarnples were taken using 

syrïnges and the blood collecteci was immediately placed in glass test tubes, covered with 
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parafilm, and storeci in a bash of cool water- Between blood sunpiing ui tds ,  3 mi of 

saline was injected into the catheter and the injection cap was r e p l d .  At the enâ of the 

collection period, 2-3 ml of hcparinized saline wu injected into the catheter and di blood 

samples were placed in a 4T cool m m  overnight, The following moming the sunples wae 

centrifiged and separated as descn'bed for gestation- 

Posi-weanïng &ampies 

Blood samples were taken every meen minutes during a 3 hour sarnphg period 

beginning at 1400 h on the day of weaning- At estrus, blood samples were coliected fiom 10 

remaining catheterized gilts at 15-minute intervais for four houn. 

Estimation of Ovulation Rate 

Approximately 5 - 10 d d e r  retuming to estrus following lactation, the gilts were 

slaughtered to obtain their reproductive tracts. To estimate ovulation rate, the number of 

corpora lutea (CL) present on each o v q  were counted. The total number of CL (lefi plus 

nght ovary) gave an estimation of the number of ova shed. The number of normal CL @Uik 

to purple in colour, solid, vascular appearance) were also counted excluding cysts and 

abnormal CL. Appearance of the CL, as well as numbers of ovulation stigma, foUicfes, 

corpora albicans and cysts were noted. Five gilts that showed no visible signs of estrus were 

slaughtered at d 15, d 20, d 30, and d 38 after weaning, respectively. 



Aaalytid Techniques 

Feed Anaiysis 

A subsample of esch diet w u  analyzed for nitrogen, energy, and dry matter. Feed 

samples were ground in a Tecator cydotec 1093 sarnple miil (Hoganas, Sweden). Dry matter 

content was daaMned after drying samples in a vaanun oven at 105OC for 24 h. D y  matter 

and nitrogen content (Kjeltec Auto 1030 h l y z e r ,  Hoganas, Sweden) were detennined 

according to the Association of Official Analytical Chemh (AOAC. 1990). Gros energy 

was determined using an adiabatic oqgen bomb calonmeter (Parr, mode1 124 1, Moline, IL). 

Fecal Analysis 

Al1 fecal samples collected were fkze-dried (Virtis Consol ZSLL, The Virtis 

Company, Gardiner, NY). Freezedned samples were ground fiom each collection period for 

each gilt. A subsarnple of fecal material was taken from each gilt during each penod and 

analyzed for dry matter, Ntrogen and energy content according to the AOAC (1990). 

Urine Anaiysis 

Unne sarnples were removed from the freezer and thawed at room temperature. 

Samples were filtered (#541 Whatman filter paper, Whatman International Ltd., Maidstone, 

England) and mixed. 



140 

To determine the nitmgen content of the uMe sunple. fi& urine was used. The 

AOAC (1990) methoci for nittogen d-on wpr used except that two ml of  sample 

pipetted into a protein tube. 

To detamine the aiagy content, 50 mi of previously fiozen urine w u  added to two 

grams of Alphacel (ICN Biomedicais, Inc., Aurora, OH) in a petri dish and stimd to 

completely dissolve the A l p w  in the urine- A blank was dm prepared and run at the same 

tirne using 50 ml of distilled water and two gram of Alphacel. Samples were placed in the 

fieeze dryer for 48 hours at 45°C. Dned samples were ground using a mortar and pestle, 

transferred to plastic vials and stored in a dessicator until analysis. Pellets weighing one gram 

were made of the urine-alphacd mixture. Gros energy was determined by the AOAC (1990) 

method and corrected for the alphacel bfank. 

Hormone and Metabolite Analyses 

Blood Urea 

Semm samples nom d 1, d 30, d 60, d 90, and d 109 of gestation, fmowing, d 6, d 

12, d 18 of lactation, weaning (d 19), and estrus were analyzed for urea nitrogen 

concentrations using a standard kit (Procedure No.535) fiom Sigma Diagnostics (St. Louis, 

MO). 

Urea concentration was measured without deproteinization of the samples. Twenty 

microlitres (pl) of serum was used to determine urea concentration. Standards ranged in 

value f?om 15 - 75 mg dl-'. Samples. standards and controls were read at 540 nm within 20 



141 

minutes of removal fiom the watcr bath. Intraassay coefficients of variation were 9.6%. 

The interassay coefficient of variation was 3.3%. Blood urea nitrogen concentrations were 

expressed in mg dl-'. 

Progesterone 

Serum samples from d I, d 30, d 60, d 90, and d 109 of gestation, fàutowiag, d 4 d 

12, d 18, weaning, estrus, and five days folowing estms were analyzed for progesterone (PJ 

concentrations using solid-phase radioimmunoassay (Coat-A-Count progesterone kit, 

Diagnostic Products Corporation, CA). l%labdled progesterone was used as the tracer with 

counts of 7OOOO cpm and maximum binding of5 52.00 %. The standard curve range was 0.1 

to 40 ng ml-'. The method requued 100 pl of standard or semm ample pipetted into anti-P, 

coated tubes. One ml of tracer was added to each tube. Tubes were decanted after 

incubation for three hours at room temperature to isolate the antibody-bound P,. 

Radioactivity was meauireci by a gamma counter (LKB Wallac 1282 Compu Gamma 

Universai Gamma Counter). Nompecific binding of the assay was 5 1.50 %. The sensitivity 

of the assay was 0.09 ng d' at 9% binding. The intraassay coefficients of variation were 

3.16 %, 5.15 96, and 3 -82 %, for assays 1, 2, and 3, respectively. The interassay coefficient 

of variation was 5.56 %. Progesterone concentrations were expressed in ng ml-'. 
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Ltlfeinizing H i o n e  

S m  m p k s  from fàrrowing (singie samples) and M d  samplcs nom d 6, d 12, d 

18 of lactation, wcaning, anâ estrus wac anaiyzed for luteinizing hormone (LH) 

concentration. Smples were wlymd at the University of Sasktchewart ushg RIA 

foilowing the method desaibed by Kingsbury and Rawlings (1993). Double-antibody RIA 

was used to detamin LH ananntion in 200 pl &quo& of rerum The initiai antibody wu, 

raiseci in rabbits against bovine LH at a diiution of 1 :40000. The second antibody w u  sheep- 

anti-rabbit gamma-giobulins. Iodinated bovine LH was used as the tracer with 13 000 - 18000 

cpm in 200 pl. 

Sensitivity of the assay was defined as the concentration of the lowest standard 

dEerent f h m  zero and was equal to 0.06 ng d l .  The intraassay and interassay coefficients 

of variation were 518.1 1% and 25.23%, respectively. Luteinking hormone concentrations 

were expressed in ng ml-'. 



Equations Used in Determiaiag Nubieat latakt and Retention 

Ail caiculations are expressed on dry mana bask a d  per dry. 

Energy Intake &cd) = ((Energy in fad (kcai g-')*dry matter intake (8)) 

Energy exmted in feces &cal) = (fecd energy &cal g-P8weight of féces @)y1000 

Urinary energy (kcai) = 
((total volume (ml)*urine energy (kcal gD')*urine dry wt (g))/sample volume (ml))l2 

Energy Retention(%) = --lu- - - )*IO0 
energy intake (kcal) 

Nitrogen Intake (g) = (Nitrogen in feed (%)*dry matter intake (g)) 

Ntrogen excreted in feces (g) = (fecal nitrogen (g)*weight of feces (g))/1000 

Nitrogen excreted in urine (g) = (total volume (ml)*urinary nitrogen Cg ml-')Il2 

Nitrogen Retention (Yo) = (nitropen - f e e ) *  100 
Ntrogen Uitake (g) 

Statistical Analysis 

Experiment II was analyzed as a completely randomized design during gestation (main 

effea: gestation treatment), and as a two-way factorial design during lactation (main effects: 

gestation treatment and lactation treatrnent) using the General Linear Mode1 of the Statistical 

Analysis System (1986). The level of significance was defined as Pc0.054. A trend was 

defined as P=O.OSS - 0.08. 



Gestation 

Gestation Model: yii=p+g- +% 

Where: 

p = mean. 

g, = gestation treatment effect, i =1 to 2. 

e, = error. 

To test for the effect of gestation treatment durhg gestation, average daily feed 

intake, sow weight and backfat, serum urea Ntrogen, nitrogen and energy retention, and P. 

were analyzed as split plots. Repeated measUres analysis was used with the gestation mode1 

and included the effects of stage of gestation (day), and the interaction of gestation 

treatment*day. The effect of gestation treatment was tested using sow within gestation 

treatrnent as the error term. When signifiant interactions occurred, contrasts were employed 

to determine differences between treatment groups over the .  

Total feed intake for each stage of gestation, as well as sow weight and backfat 

change during each stage of gestation, were analyzed as a completely randomked design. 



Lactation 

Lactation model: ys=p+g+lj+&-++ 

Where: 

p = mean. 

g = gestation treatment effkct, i = 1 to 2. 

= lactation treatment effkct, j = 1 to 2. 

gl, = interaction of gestation treatment and lactation treatment, ij = 1 to 4. 

es = error. 

To test for the effkcts of gestation treatment and lactation treatment dunng lactation, 

average daily feed intake during lactation, sow weight and baclaat, prdicted matemal body 

lipid and protein composition, average piglet weight, serum urea nitrogen, LH, and post- 

weaning P, were analyzed as split plots. Repeated measures analysis was used for the above 

variables. The repeated measures model included stage of lactation (day), the interactions of 

gestation treatment*day, lactation treatment* day, and the 3-way interaction of gestation 

treatment*lactation treatment*day. The effects of gestation and lactation treatments were 

tested using sow within gestation treatment*lactation treatment as the error term. When a 

significant interaction occurred, contrasts were employed to deterrnine differences between 

treatment groups over time. Differences between means existing at the start of lactation 

were defined using Bonferroni's test (P<O.OS). 
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Total f d  intake during each stage ofkation, sow weight and bacffit changes and 

maternai body lipid and protein changes during each stage of lactation, as weiî as WE& litta 

size at birth and weaning, and ovulation rate were analyzed as two-way fâctorids. 

Prediction equations (Whittemore and Yang, 1989) were used to estimate total body 

protein and total body lipid of the giits during lactation. The 8 for protein and fit are a .90 

and 20.80, respediveiy. Body weight and backf'at rnmwurrents were used fbom the 

beginning and end of lactation. 

Equation 2: Protein (kg) = -2.3 + 0.19 live weight - 0.22 PZ; 

Equation 3 : Lipid (kg) = -20.4 + 0.2 1 live weight + 1.5 P2; 

Energy (kcai d") and nitrogen intake (g dl), and energy (kcal bl) and nitrogen (g b') 

excreted were calculated using equations reported previously. These values were then used 

to calculate energy retention and nitrogen retention for the end of each gestation stage. 

Luteinizing hormone pulsatility and baseline concentrations were deterrnined by the 

method of Evans et aL (1994). Senai sarnples for each gilt fiom each sampling period (ie. day 

of lactation) were analyzed separately. LH peaks were characterized as any point(s) greater 

than 3 standard deviations above the mean for that gilt. Baseline concentrations were defined 

as the average LH concentration when al1 points greater than 3 standard deviations had been 

rernoved. 



RESULTS AND DISCUSSION 

Gestation 

Gestation Feed Intakt 

Average Dai& Feed lnf& 

Giit average daily feed intake (ADFI) is presented in Table 16. There was no effect 

of gestation treatment on ADFI during pregnancy (P>O.OS). This result confirms the desired 

feeding strategy as the treatments were designed to provide qua1 gestational ADFI. 

The interaction ofgestation treatmentestage of gestation was signifiant (Figure 12) 

reflecting the imposed patterns of feed intake due to treatment. The difference in ADFI 

between gestation treatments was greater in early and late gestation, and srnaller during rnid- 

gestation. Control (gC) gilts fed at a constant proportion of their rnetabolic body weight 

throughout gestation consumed more feed than Pattern (gP) gilts dunng the first two stages 

of gestation. ADFI was similar for gC and gP treatment groups from d 61 to d 90 of 

gestation. During the final stage of gestation, gP gilts had higher ADFI than gC gilts. 

Total gestation feed intake 

Control gilts consumed more feed than gP gilts during the fint two stages of gestation 

(P<O.OS) (Table 17). Differences in total feed intake due to gestation treatment were not 

signincant during the periods from d 6 1 to d 90 and h m  d 9 1 to farrowing (P>O.05). Feed 



Table 16. Gestation ADFI (kg) ofgüts 

Average DaUy 
Factor F d  ht.d (kg C') 

Gestation Trt. ns 
C 2.24 0.03 
P 2-18*0-O3 

Stage 

4 2-88 * 0.02 
Values are LS means SEM. 
ns = non-significant, P>0.05. 
"d within columns, means with udike superscripts differ, Pc0.05. 
'Stage= gestation divided into 4 stages: 
Stagel = d 1 to d 30, Stage2 = d 3 1 to d 60, Stage3 = d 6 1 to d 90, Stage4 = d 9 1 to farrow. 
%S means are average daily feed intake for each stage of gestation: 
Stagel = average daily feed intake fiom d 1 to d 30, stage2 = d 3 1 to d 60, etc. 
**See Figure 12. 



di to d30 431 tod6û d61 md90 d91 t o h w  

Stage of Gestation (ci) 

Figure 12. Gestation treatment*sbge of gestation interaction for ADFI of gilts 
(LS means +SEM). 
'different letters indicate that the diarerenœ between treatments in these the  periods 
are not the same (Pa.05). 



Table 1 7. Total feed intake (kg) of gilts during each stage of gestation 

Stane of Gestation 

Factor d l  tod30 d31 tod6O d61 tod 90 d 91 to farrow d 1 to f a m w  

Gestation Trt, P = 0,0001 P = 0,0001 ns ns P = 0.0325 
C 61.77*0,76 64.29 * 0.74 68.70 * 0.98 61 ,O6 * 2.65 255,82 * 3.98 
P 48.34 * 0.85 56.8 1 * 0.83 69.71 * 1.10 66.99 * 2.97 24 1.86 * 4.45 

Values are LS means i SEM. 
ns = non-significant, PXl.05. 
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intake during the period 6om d 91 to parturition was not affécted by gestation treatment 

(PX.05). althwgh the intention was for the gP treatment to consume more feed during this 

stage. Totai fced intake during pregnancy was significantly Inected by gestation treamient 

(P<0.05). Control gilts consumecl 13.96 kg more feed than gP gitts, although total fced 

intake was designed to be equal for the two gestation treatments. The total number of days 

fiom d 1 ofgestation to howing were 114.90 0.92 and 11325 * 1.02 days for gC ud gP 

gilts, respectively. Although the length of the gestation period did not differ (EW.05) 

between treatmuits, cornparison of ADFI and total feed intake for the difl'erent stages of 

gestation indicate that length of the gestation period may have iduenced total feed intake. 

Treatment diierences were consistent when camparing ADFI to total feed intake results for 

the first three stages ofgestation. However, examination of the final stage of gestation shows 

that ADFI was greater for gP gilts. Total feed intake values for this period were not 

significantly different indicating that the shorter gestation length of the gP gilts resulted in 

total feed intake during the final stage of gestation below expected levels, and a reduction in 

total feed intake during gestation. Lower body weight of the gP gilts dunng mid- to late 

gestation may also have contributed to the reâuction in total feed intake. 



Body Composition 

Backjiat 

Giit P2 bacKat measurements during gestation are presenteâ in Table 18. Imposeci 

pattern of feed intake did not a f k t  PZ backfat levels (P0.05). The level of bacffit depth 

at parturition (mean, 17.2 1 0.32 mm) wu lowu than the recommended level of 20 mm for 

gilts (Yang et al,, 1989; Alterne and Williams, 1992). The ADFI of 2-24 * 0.03 and 2.18 

0.03 kg d-' for gC and gP aatments may have been inadequate to achieve the target baclaat 

levels. As well, variability associated with the masurement of backfat may have precluded 

the observation of treatment effects during individual stages of gestation (MuIlan, 1991). 

Gestation feed intake of 3 kg d-' was recommended by Yang et al. (1989) to achieve target 

backfat depth at fmowing. Changes in backfat depth are shown in Appendix S. 

Weight 

Gilt body weight is show in Table 18- There was no effect of gestation treatment on 

rnean gestation weight during pregnancy (Pû.05). Due to the lack of dserence in ADFI and 

total feed intake during gestation, differences in mean weight due to gestation treatment 

would not be expected. 

The interaction of gestation treatment'day of gestation was significant (Figure 13), 

reflecting the eEea of treatment feed intake patterns on matemal weight gain. There was no 

difference in matemal body weight between treatments gC and gP on  d I of gestation. The 
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Table 18. Oüt PZ backfât (mm) and weight (kg) during gestation 

Factor P2 Brrclbrt (mm) Wcight (kg) 

Gestation Trt. ns ns 
C 15.85 0.59 152.19 * 2.68 
P 16.20*0.67 146.64 * 3 .O 

Values are LS means SEM. 
ns = non-significant, P>O.OS. 
"d within columns, means with unlike superscripts diffet, P<O.OS. 
**See Figure 13. 
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differences behueen treatments on d 30, d 60 md d 90 of gestation were greater than the 

initial dinerenceerence Body weight did not d i a  betwecn treatments on d 109 of gestation. The 

pattern of weight gain of the gib during Md- ta late gestation was dependent upon 

treatrnent. The diffkence in weight between treatments increased as a result of e greater rate 

of weight gain by the gC group during mid- to late gestation. From d 90 to d 109 of  

gestation, the gP treatment i n c r d  in waght to attain a urnilar weight at d 109. The 

significance of the interaction coincides with the administered patterns of feed intake, and is 

similar to the relationship b e m  gilt weight gain and gestation feed intake reported in 

Manuscript 1. Values for gestation weight change are presented in Appendk 6, and illustrate 

the pattern of weight gain by the gC group and weight loss by gP güts in early gestation as 

show in Figure 1 3. Since the requuements of reproductive tissue and fetuses are low during 

t his period of pregnancy (Close et al., 1984; Noblet et al., 1997) it is reasonable to assume 

that the feed intake of the gP group was insufficient to support maintenance and matemal (or 

true) growth. Dunng the second stage of gestation both treatments gained sirnilar amounts 

of weight (P>O.OS). The final stage of gestation (d 90 to d 109) resulted in gP gilts gaining 

more weight than gC gilts ('<O.OS). The shifi from weight loss in eariy gestation to weight 

gain by the gP treatment may help to explain the relatively slow increase in weight of this 

treatment before d 90 of gestation Over the entire gestation period, there was no difference 

in weight change (gain) between treatments (PO.05). The increase in weight dunng 

gestation of approximately 50 kg agreed with the matemal plus reproductive gain of 45 - 60 

kg suggested by Verstegen and Den Hartog (1989) and Aheme and Williams (1992). 



Figure 13. Gestation treatment'day of gestation interaction for gilt weight (LS means 2 SEM). 
'diBTerent letters indicate that the diaerence between treatments in these time pends 
are not the same (M.05). 
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Nutrient Retention 

Values of mean daiiy nitrogen and enagy excretion in feces and urim are shoam in 

Table 19. Energy and nitrogen r d e d  pcr day arc dso presented. 

Energy 

F e d  energy ametion was inauenced by gestation treatment, with gC giits excreting 

more energy in their feces than gP giits (pcO.05). Urinary energy excretion tended (P=û.06) 

to be greater in gC gilts than gP güts. The amount of energy retained per day was greater for 

gC gilts than for gP gilts (P<0.05). 

The interaction of gestation treatmentaday of gestation had a significant effect on 

energy retention (Figure 14). A difference in energy retention between treatments existed on 

d 5 of gestation (P4.05), with gC gilts retaining more energy per day than gP gilts. The 

dEerence between treatments on d 90 of gestation was smaller and not the same as the initial 

dEerence (d 5). W e  energy retention ofthe gC gilts remained at a relativeIy constant level, 

gP gilts continued to retain increasing amounts of energy as gestation progressed. The 

pattern of energy retention of the gC treatment was consistent w-th the administration of the 

feeding level for this group. Maintaining feed intake at a level of 1.4 times the maintenance 

requirement resulted in a uniform level of energy retention per day. Several studies (Close 

et al., 1 98 5 ; Noblet and Etienne, 1987; Noblet et ai., 1997) report a decrease in energy 

retention with pregnancy when gilts are fed at constant levels (due to an increase in metabolic 
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body weight and thereforc an UIcreast in the maintenance aiergy requirement). The 

adjustment of feed intake at the start ofeach stage (based on metabolic body weight) for gC 

gilts resulted in a constant Ievel of energy retention. The pattern of energy retained per day 

for the gP treatment group reflects the hcreasing levef of fad intake times maintenance 

during gestation. 

Nitrogen 

Mean fecal nitrogen (N) excretion per day was also affecteci by gestation treatment 

(P<0.05). Control güts had Y gha fecal N excretion t han gP gilts dunng gestation (WO.05). 

Dum and Speer (199 1) f o n d  that fkcal N excretion increased as daily N intake increased, 

and with progression of pregnancy. 

Mean daily unnary nitrogen excretion was not signi ficantly affected by gestation 

treatment, day, or  their interaction. Increased unnary N excretion with an increase in N 

intake had been reported in Eome studies (DUM and Speer, 1991). However, urinary nitrogen 

excretion in this study was highly variable. Mean daily N retention was not significantly 

altered by gestation treatment. 

The interaction of gestation treatmentLday was significant (Figure 15) and illustrates 

an initial digerence (d 5) between treatments in nitrogen retention @<O.OS) as observeci for 

energy retention in Figure 14, with gC gilts retaining more N per day than gP gilts. The 

interaction between treatment and day can be explaineci by a steady level of N retention 

dunng pregnancy by gC gilts, while gP gilts exhibited a sharper incrwe in N retention 
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beyond d 30. As a result, the d i f f i c e  in N retention between treatments on d 90 of 

gestation was not the same as the Uutial diEtfcnce (d S), with the da* N retention d u e s  of 

gP güts increasing above the gC group. The pattern of incrcase obsaved in N retention of 

gP gilts is supporied by DUM and Speer (1991) who found that the pattern of N retention 

increased with an increase in f d  intake. Niigcn mention values during pregnancy in this 

experiment were in the range of 10 - 16 g &' nported by Everts and Dekker (1994). 



Table 19. Daily fecal and unnary nutnent excretion during gestation 

-- -- - 

Fccal Energy Urine Energy Energy Fccd Urine Nit- Nitmgen 
Escrctcd Escreted Rctaiacd Nitrogen Escrcîcâ Rcrriacd 

Factor (kcrl d") (kcal d-') (kcal d") ExcWed (L a? (L a') 
(g &') 

Gestation Tn. P = 0,0061 ns (0.0564) P = 0.003 1 P = 0.03 16 ns ns 
C 2519.36h72.26 191.25&8,34 5674.25 * 136.55 12.65 0.48 18.19 I 0.89 17.48 * 1.10 
P 2181.73 * 78.93 16607 * 8.96 4971.52 * 119.16 10.97 0.53 16.01 * 0.99 15.37 * 1.20 

90 2636.10 140.15 18 1.98 * 14.27 63 14.50 * 146.52 13.50 * 0.75 16.49 * 1.31 2284 * 1S8 
Values are LS means * SEM. 
ns = non-significant, ifM.05. 
" within columns, means with unlike superscripts âiier, P4.05. 
4Values arc means calculated fmm total collection over a 48-lu period. 
*See Figures 14, 15, 



Day of Gestation (d) 

Figure 14. Gestation treatment*day of gestation interaction for daily tncrgy retention of gilts 
(LS means 2 SEM). 
'different ktten indicate chat the dincrena bcnuocn treatmcnts in thes time penods 
are not the same (P4)-05). 
'denotes a sigdicant clifference between tteatmcnts within day 0 - 0 5 ) .  

30 60 

Day of Gestation (d) 

Figure 15. Gestation treatment*day of gestation interaction for daily nitmgen retention of gilts 
(LS means 2 SEM). 
'different Ietters indicate that the differencc between treatments in these time periods 
are not the same (PcO.05). 
*denotes a significant dieerenœ between tmtments within day (P<0.05). 
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Table 20. Nutrient utüizption by güts during gestation 

- - 

Energy Nitrogen 
Factor Retrined (96). Rttaind (%y 
Gestation Trt. ns ns 

C 67.55 1.08 35.85 * 2-07 
P 67.79* 1.18 35.19 * 2-27 

Gest . *Day 

90 69,10* 1.80 42.78 * 3 -2 1 
Vatues are LS means * SEM. 
ns = non-significant, P>O.OS. 
'Values expressed as percent of nutrient intake. 
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Percent Enetgy mdlviaogen Retention 

Nuîrient mention e x p r d  as a percent of nutrient intake is prescnted h Table 20. 

Gestation treatment, day and their i n t e e o n  had no effect on energy or nitrogen retention 

as a percent of nutrient intake (PW.05). Therefore, the significant dinerences in E and N 

retention (daily values) (Table 19) can be explaincd by treatment differences in daiiy feed 

Serum Urta Nitmgen 

Cataboiism of amino acids fiom exogenous and endogenous sources results in 

elevated serum urea N concentrations (Eggum, 1970; Cai et al., 1995; Chen et al, 1995). 

In this experiment, semm urea N levels during pregnancy were not infiuenced by gestation 

feed intake pattern (P0.05) (Table 21). 

The obsefved increases in nutrient retention, gain in weight and backfat and the lack 

of treatment-induced differences in mean body condition, nutrient retention, and semm urea 

N levels indicate that the gilts in both treatrnents received sufficient nutrients during gestation 

to support satisfactory pregnancy gain. 



Table 2 1. Mean semm u m  nitrogen (mg dl03 of giits during gestaîion 

Urea Nitrogen 
Factor (mg 

Gestation Trt ns 
C 14-58 0.38 
P 15-16 0-44 

Gest. *Day 

P 1 19-42 0-64 
30 14.49 * 0.64 
60 13.27*0.70 
90 IS.16*0.70 

109 13.42*0.70 
Values are LS means SEM. 
ns = non-significant, P>0.05. 
* within columns, means with unlike superscripts differ, PCO.05. 



Gestation treatment had no e&xt (psO.05) on mean semm P, concentration duruig 

pregnancy (Table 22). Nutritionaiiy-induced dinerences in P, concentration may a&ct 

reproductive perfôrmance of the gilt. That possible P,-mediated negative effkcts on embryo 

NNival occur in the very euly stages ofprcgmmcy (ridai et a', 1996; 3iu>del et d, 1997). 

Due to the schedule of blood coilection in this experirnent, differences in ~ a w n  P, 

concentrations due to gestation treatment, and potential infîuences on metabolic clearance of 

P, were not investigated. 

AU giits exhibiteci a sharp rise in P, concentration by d 30 of gestation and a decrease 

in concentration between d 109 consistent with the pattern of secretion desaibed by Dyck 

et al. (1980). 



Tabk 22. Mean semm progestcrone (P.) (ng mi-9 ofgilts during gestation 

- -- 

Factor P, (mg ml-') 

Gestation Trt, ns 
C 15.25 * 0.84 
P 14.44 O.% 

--  - -- - - - - - - 

Gest. *Day ns 
C 1 1.42*1.28 

30 19.96 k 1.28 
60 2 1-40 1-28 
90 17-68 1.28 

109 15.78*1.37 

Values are LS means * SEM. 
ns = non-signifiant, P>O.OS. 
" within colurnns, means with uniike superscripts differ, P<O.OS. 



LACTATION 

Lactation F d  Intake 

Average Dai& Feedlnfak 

Average M y  feed htake (ADFI) of the güts during lactation is shown in Table 23. 

Gestation treatment did not ntluence ADH during the lactation period (pzO.05). In a study 

by Cromwell et ai- (1989), additional febd fiam d 90 of gestation to farrowing, resulting in 

inaeased totai gestation féed intake. did not infiuence ADFi dunng lactation. The influence 

of pattern of feed intake d u ~ g  gestation on feed intake in the subsequent lactation has not 

been extensively studied. Treatment similarities in feed intake during pregnancy, and the 

absence of treatment diserences in sow weight or baclaat depth at d 109, may explain why 

the negative relationship between gestation and lactation feed intake was not observed in this 

expenment. Although total gestation feed intake of gC gilts was 13-96 kg (5.8 %) greater 

than total feed intake of the gP group, this increase in feed intake was probably insufncient 

to promote a decrease in subsequent lactation feed intake. 

Mean ADFI during lactation was similar for both lactation treatments (PXI.05) and 

ADFI increased with the progression of lactation for both treatments (P<O.OS). The 

interaction of lactation treatment*stage of lactation was signifiant (pcO.05) (Figure 16). 

Giits that were allowed uù libitum access to feed from the start of lactation Oc) had higher 

ADR in early ldon than gilts that were rrsaicted in feed intake (Ip). resulting in a greater 
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difFerence between treatrnents in the ht stage of lactation. Thk level o f f 4  i n t h  of the 

d libitum group was rnwilMed throughout lactation. In contrest. Koketsu et ol. (1996.) 

chaninaued féed intlke pattems of Irictating sows and found that higher fced ùitake during 

early lactation w u  rssoQIted with the occurrence of drops in f d  intake in I.ct.tion. 

Decreases in feed intake during the lactation paiod were not rssociated with cd libitum 

feeding dwing this trial- Moses et IrL (1987) found that sows fd ad libihrm fiom d O of 

lactation had low f d  intake following parturition and reached maximum f d  wnsumption 

by d 3 of lactation and consurneci 10 % more féed during the lactation p e n d  than sows which 

were restncted (where ad libitum intake was attained by d 6 of lactation). The difEerence 

between lactation treatments (c and p) during the first stage of lactation (d 1 to d 6) was 

greater than the dEerence between treatments duhg the period fiom d 7 to d 12 of lactation. 

ADFI of the Ic and Ip lactation treatments was the same in mid-lactation, which wouId 

indicate that ad libitum intake was approximateiy 3.0 timeJ maintenance. The imposeci pattern 

of féed intake of Ip giits is reflected in Figure L 6, with the difference between treatments for 

the final 6 d of lactation greater than the previous dinerences. ADFï of lp gilts increased 

throughout lactation, resulting in higher ADFI for Ip gilts during the last stage of lactation 

compared to the ad libitum group. 



Table 23. Lactation ADFI (kg) of güts 

Aven* Daily 
Factor F d  I a t a  (kg &3 
Gestation Trt 

- - 

Lactation Trt. ILS 

C 4.40*0,18 
p 4.33 0.18 

Gest.*Lact LU 

C c 4.41*0,21 
p 4.35 I0.25 

P c 4.39 *0.29 
P 4.32 0.25 

Gest-*S tagee ns 

Lact *Stage P = 0.0001 ** 
c 1 4.20 0.26 

2 4.57 0.26 
3 4.42 I0.26 

Gest. *Laci,*Stagee SIS 

Values are LS means SEM. 
ns=non-sigdïcanî, P>0.05. 
" within columns, means with unlike superscripts differ, P4l.05. 
dStage= lactation divided into 3 stages: 
stage1 = d 1 to d 6, stage2 = d 7 to d 12, stage3 = d 13 to d 18. 
'means not presented for these non-significant effects. 
%S means are average daily feed intake for each stage of lactation. 
**See Figure 16. 



6.0 -- 
5.5 -- a 

h 2 5.0 --  b 

E: 4.5 -- 
2 4.0 -- 

3.5 -- v-.-,.v.. A.. 

3.0 -- 
2.5 -- 
2.0 1 1 1 r 

Stage of Lactation (d) 

Figure l6.Lactation treaIment*sîage of lactation interaction for ADFi ofgilts (LS ~rieans+~SE.M). 
'dinerent leitem indicate that the diaerenœ between veaunenu in these time priods 
are not the same (P4I.05)- 
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Total Feed lntake 

Total feed intake during -ch stage of laartion is presented in Table 24. Pattern of 

feed intake during gestation had no significant e f f i  on total feed Uitake d u ~ g  any stage of 

lactation. Research demonstrating a sienificant negative relationship beîween gestation and 

lactation f d  intake had high ADFI thughout gestation @ounnad, 1991) or ad libitum f d  

intake during late gestation (WeIdon et aL, 19943 reoulting in d-ieretlce~ in total gestation 

feed intake between treatments. Yang et al. (1989) found that the relationship between 

gestation feed intake and lactation feed intake was very weak for gilts. 

Lactation treatrnent significantly influenced total fwd intake during the first stage of 

lactation. The restricted feding pattern (Ip) resulted in a 34 % (8.61 kg) reduction in feed 

consumption compared to ad libitunr gilts oc) from d 1 to d 6 of lactation (P<O.OS). Both 

lactation treatments consumeci smilar total amounts of fgd during mid-lactation (d 7 to d 12) 

(PO.05) .  The third stage of lactation (d 13 to d 1 8) resulted in ad libitum gilts consuming 

25 % Iess feed (8.69 kg) than gilts fed at 4.1 times their maintenance requirement Op) 

(PKO.05). Total febd intake for the entire lactation interval was not affected by lactation 

treatment (P>O.05). This is in contrast to work by Moser et al (1987) who found that for 

a 28-day lactation period, restrided sows wnsumed 10 % less feed than ad libitum sows, and 

that this difference was approximately equal to that seen during the period of restriction. 

However, in this study the restriction in feed intake was not as severe as in the experiment 

carried out by Moser et al. (1987) where sows were restricted to 0.45 kg on the day 

following parturition with daily increases of 0.91 kg until ud libifum intake was reached on 



Table 24. Total feed intake (kg) of gilts during each stage of lactation 

- - - - 

Stane of Lactation 

Factor d 1 tod6 d 7 to d 12 d 13 to d 18 d 1 tod 18 

Gestation Trt, ns ns ns ns 
C 21.13 * 1,47 26.60 * 0.97 3 1 .O3 k 1.9% 78.77 * 2.94 
P 20,64* 1.74 26,96* 1.15 30.74 k 2-35 78.34 * 3.48 

Lactation Trt. P = 0.0023 ns P = 0,0143 ns 
c 25.19*1.61 27.42 I 1 .O7 26.54 * 2.17 79.15 k 3.22 
p 16.58I1.61 26.14 * 1 ,O7 35.23 2, 17 77,% * 3.22 

Gest , *Lacte' ns ns ns ns 
Values are LS means k SEM. 
ns=non-signifiant, P>0.05. 
'means not presented for these non-significant effects. 
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d 6. The diaerence between Ic and Ip total fbd htake duririg the finai stage of lactation (8.69 

kg) is approxhatdy quai to the dinaaice krwsai restncted and cd libitum ul lmi ls  in early 

lactation (8.6 1 kg diffaence). 

Body Composition 

B a c w  

Mean P2 backfat measurements for lactation are shown in Table 25. Gestation 

treatment, lactation treatment, and the interaction of these main effects had no signiftcant 

effect on mean PZ backfat level during lactation. Gilt backfat at the beginning of lactation 

was sirnilar for both treatments and with the common lactation treatment feed intake levels, 

differences in mean P2 bac& depth would not be expected. 



Table 25. P2 b a c m  (mm) and weight (+kg) of güts during lactation 

Factor Pt Bacldrt (mm)' Weight (kg) 

Gestation Trt. ns ns 
C 15-81 *0.81 162.83 3 -64 
P 16-62 *0.98 160.29 4.25 

Lactation Trt. ns ns 
c 16,09*0.90 165.00 * 3-98 
p 16-35 * O 3 9  158.12 3-94 

Gest . *Lact. ns 
C c 15.44* 1.01 

p 16.19*1.26 
P c 16.74*1.49 

D 16.51*1.26 

Gest. *Dayd 

Gest.*Lact.*Daf ns ns 
Values are LS means * SEM, 
ns=non-signifiant, P>O.OS. 
" within columns, means with unlüce supehpt s  differ, P<O.OS. 
'means not presented for these non-significant effects. 
'PZ values on do of lactation = actual measurements taken on d 109 of gestation. 
**See Figure 17. 
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Weighr 

Mean body wàght of giîts during Lctrtion is prcsented in Table 25. S M a r  to the P2 

backfat measurements, the effects of gestation treatment, lactation treatment and th& 

interaction were non-sigdïcantt 

The 2-way interadion of lactation treatment*day of lactation was signincant (Fi- 

17). An initiai dinaaice in gilt weight ôetween wrtments existed a the start of W o n  (d 

O). Gilts assigned to the ad libitum lactation treatment (Ic) were heavier (P<O.OS) at the start 

of lactation than gilts that were to be fed at a restricted level Op). The initial diSmence 

between treatments continued throughout lactation, and the dserence between treatrnents 

was greater in mid-lactation than the diennce between treatments on d 18. Although the 

difference in weight betwem treatments on d 18 of lactation was the sarne as the initial 

difference, mean body weight of the two gestation treatments did not appuv to be 

significantly different at weaning. The Ic treatment maintained weight during early- to rnid- 

lactation, foliowed by a deaease in body weight during the 1s t  stage of lactation. Gilts that 

received the Ip treatment exhibited a similar pattern of weight change during early- to mid- 

lactation and seemed to maintain (or gain) weight during the final stage of lactation. 

Weight change during lactation is presented in Appendix 8. Overall, lactation treatment had 

no effect on gilt weight change fiom farrowing to weaning (PHl.05) and weight losses of8.77 

* 2.55 and 3.69 2.47 kg (lc and lp, respectively) did not exceed the maximum of 10 kg of  

lactation weight loss cited by Aheme and Williams (1992). 



Day of Lactation (â) 

Figure 17- Lactation treatment*day of lacîation interaction for gilt weight 
CS means 2 SEM). 
'dinerem letters indicate that the dinerena ktween treatments in these time p e n d  
are not the same (P<O,OS), 
*denotes a signifiant dinecence benmen treatments within &y (P4.05). 



Bo@ Protein 

Predicted maternai body protein content is presented in Table 26. Gestation 

treatment, lactation treatmmt, and theu interaction did not significantly afféct body protein 

content (PX.05)- 

The interaction of M o n  tre9anerit8day of lactation wats significant, and the pattern 

of change in maternai body protein content is ilhistrated in Figure 18. The predïcted body 

protein content of gihs at the start of lactation differed between treatments (P<O.OS), with 

gilts assigned to the od libitum lactation treatment beginning lactation with higher body 

protein content than Ip gilts. The difEerence between lactation treatments increased by the 

end of the second stage of lactation (d 1 Z), and the difference at weaning was smaller than 

the previous differences. Figure 18 shows a relatively constant level of body protein d u ~ g  

early lactation and a subsequent decline in protein kvels to d 18 of lactation for ad libitum 

(Ic) gilts consistent with the constant level of feed intake and increased demand by the piglets 

in late lactation (Patience, 1993). Restricted op) giits lost body protein until late lactation and 

displayed an increase in body protein levels to weaning. 

The consistent level of body protein reserves rnaintained by control (Ic) gihs during 

lactation reflected the pattern of ADFI. The pattem of feed intake of Ip gilts is aiso evident 

in materna1 body protein levels during lactation. The differences in body protein between 

treatments are similar to the differences observed for gilt weight during lactation. Whittemore 

and Yang (1989) cite a strict relationship between matemal body protein and weight. 



Mean predicted materd body lipid content during lactation is presented in Tabte 26. 

There was no effect of gestation treatment, lactation treatment, or their i n t e d o n  on 

predicted matemal body üpid (PMl.05). 

The interaction of lactation treatment*dsy of lactation was sigdcant for predicted 

m a t d  body lipid content (Figure 19). Lipid content on d O of lactation was the same for 

both treatments. The difference in body lipid content between treatments at weaning (d 18) 

was simïlar in magnitude to the initial diSerena (d O), but the direction of response of the 

lactation treatments had changed. A d  libitum (lc) gilts had larger lipid stores than Ip gilts 

during early- to rnid lactation and maintained these levels early in lactation. However, their 

body lipid resems declined to d 18. Restriction of feed intake during early lactation Op) 

resulted in utilization of lipid reserves beginning immediately after farrowing until late 

lactation. However, Ip gilts rnaintained body lipid levels during the final stage of lactation 

compared to ad fibitmt gilts. Change in matemal body lipid reserves is presented in 

Appendix 10. There was no effect of lactation treatment on totd lipid loss during the 

lactation period (P>O.OS). 



Table 26. Predicted maternai body protein and üpid content (kg) of @ts during lactation 

Factor Body Protcfa (kad Body Lipib (ka4 

Gestation Trt CIS l l ~  
C 23-09 t 0.66 37.64 * 1-65 
P 24.39 I0.80 38-11 *2-00 

Lactation Trt. ns 
c 2S.40*0.74 
P 24.07 *0.73 

r u  
h w  (O) 24.97 0.24 

6 24.97 0.21 
12 24-58 0.22 
18 24.43 * 0.22 

Lact. *Day 
c O 

6 
12 
18 

Gtx*Lact.*DayS t\s LIS 

Values are LS means SEM. 
-non-significant, P>0,05, 
* within mlumns, muuis with uniilcc aipcrscripts Mer, P4.05. 
'means not presented for tiiese non-significant tffects. 
bprediction equations of Wbitternorc and Yang (1989). 
* *See Figures 18, 19. 



Day of Lactation (d) 

Figure 18. Lactation treatment*day of lactation interaction for predicted matemal body protein 
content of gilts (LS means 5 SEM). 
'different letters indicaie that the dineence ktween treaunents in these tirne penods 
are not the same (P(0.05). 
*denotes a significant Merence be-n treatments within &y (Pc0.05). 

Day of Lactation (d) 

Figure 19. Lactation treatment*day of lactation interaction for predicted matenial body lipid 
content of gilts (LS means 2 SEM). 
.different letters indicate that the difference behveen treatments in these time periods 
are not the same (P4.05)-  



Piglet Wtight 

Gestation treatmcnt, lactation treatment, and theu intenction did not sigdicantiy 

afféct mean pigk weight duhg the iactation period (Table 27). The interaction of gestation 

treatment*day was of lactation was significant (Figure 20). The difference in average piglet 

weight between treatments was the sarne on d O, d 1, d 6, and d 12 of lactation The 

difference in average piglet weight between gestation treatments was larger on d 18 than on 

d O, through d 6 of lactation. Average piglet weight from gilts that had received the gP 

treatment during gestation increased at a greater rate dunng late lactation, and these piglets 

were heavier at weaning, than piglets fiom gilts that were fed at 1.4 times maintenance (BC) 

during gestation. Pattern of feed intake (Aheme, 1996) and particularly additional feed 

intake fiom d 90 of gestation (Cromwell et al., 1980) increased birth weight and rnay 

influence postnatal growth. Nutrition during rnid- to late gestation may infiuence marnmary 

gland development in the young sow (Weldon et al., 1991). The period from d 75 to d 105 

of gestation is the period of growth of mammary tissue, specifically milk secretory tissue. It 

is possible that the increased level of feed intake of gP gilts during this time affected 

mammary gland development and subsequent milk production and piglet growth. As weU, 

muscle fiber number development of the fetus occurs during mid- to late gestation. 

Specifically it is the number of secondary muscle fibers that are responsive to matemal 

nutrition @wyer et al.. 1994) and that may have potential effects on postnatal growth. 



Table 27. Piglet weight (kg) during lactation 

Factor MW Pi- Weigùt (k& 

Gestation Trt. PS 

C 2.94 *0.13 
P 3.13 I0.15 

Lactation Trt. 

- - - -- - -- - -- 

Gex *La= ns 
C c 3.18*0.18 

p 2.71 *0.18 
P c 3.17I0.23 

D 3.08 * 0.20 

&st*Lact*DayL (1s 

Values are LS means SEM- 
ns=non-simcant, PIl.05. 
* within mlumns, means with unlike superscripts difier. P<0.05. 
'means not presented for these non-significant effects. 
**Sec Figure 20. 



Day of Lactation (d) 

Gacation <rrarmeat8dsy of lactation interaction for pigkt weight (LS means 2 SEM). 
'diBerent letters iidicate that the diaerenœ between treatments in these time prie 
are aot the sanie (PG.05). 



Gilt litter ske at birth and at weaning is prcsented in Table 28. There was no 

of gestation treatment on iinr size at bbth (totai bom or bom dive). Feeding 2.5 kg b1 

versus restriction to maintenance (rpproximately 1.25 kg dg') for 10 d in eady gestation had 

no effect on litter size at birth in a study by Dyck et al. (1991). Embryo s u ~ v d  (and litter 

she) was not decreased by feeding gilts 2.5 kg d" during gestation in the study by Dyck et 

aL (1991). In contrast, Ji& et al. (1996) found that f d i g  gilts greater than 2.5 kg b1 (-2 

thes maintenance) compareci to 1.5 times maintenance (-NRC recommended levels) caused 

a decrease in enhyo SUMA in early gestation. Average daily feed intake for the gilts in this 

trial in early gestation (d 1 to d 30) was 2.06 0.02 and 1.61 * 0.02 kg dot for gC and gP 

treatments, respectively. Rernilts of this study suggest that feed intake in early gestation was 

not high enough to cause a decrease in ernbryo s u ~ v a l ,  consistent with the  observed 

similarity in total litter size at birth. 

The number of pigs weaned was not Sected by gestation treatment, lactation 

treatment, or their interaction (D0.05). Cromwell et al. (1 989) found that additional feed 

in late gestation, although resulting in increased piglet birth weight, did not result in increased 

survival at weaning. A previous study by Pettigrew (1981) impmved piglet s u ~ v a l  at 

weaning by feeding supplemental fat to the sows in late gestation. However, suMval was 

only improved if average survival fkom birth to weaning was less than 80%. The lack of 

response to additional fetd in the study by Cromwell et al. (1989) may also be due to the 
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Table 28. Gilt litter sïze at Firth and weanhg 

Factor Total Born Boni Alive Wtrned 

Gestation Trt. ns ns ns 
C 8.40 1.01 8.30 * 0.99 7.83 * 0-83 
P 8.W* 1.20 8.00 * 1.19 8.33 0.98 

Lactation Trt. t e  

C 

D 

Gest.*Lact. t+ ** ns 
C c 7.17 1.28 

P 8.50 * 1.29 
P c 8.67 1.49 

P 8.00 1.29 
Values are LS means * SEM. 
nmon-signifiant, P>0.05. 
**Lactation treatment not included in the mode1 for variable born dive- 
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relatively high slaiivr1(84%). Pigiet d v a i  to waning in this trid (gr/.) nuy dso e x p b  

the absence of treatrnent effects on liner size at weaning. 

Serum Urea Nitrogen 

Mean semm urea nitrogen values are presented in Table 29. There was no e f f i  of 

gestation treatment, lactation treatment, or their interacti*on on semm urea nit rogen 

concentrations during lactation (P0.05) .  Serum urea nitrogen did increase for al1 gilts corn 

the day of fyrowing (ci O) to d 6 of lactation (P<O.OS), and remained high until weaning. The 

increase in serum urea nitrogen concentration for al1 sows early in lactation supports the 

concept of amho acid catabolism during lactation associateci with mobilization of body 

reserves (Nelssen et al.. 1985). However, distinction between altered semm urea nitrogen 

levels due to exogenous or endogenous sources is not possible in this experirnent, and the 

increase in urea levels may be due to feed intake levels. 



Table 29. Mean saum urea nitrogen (mg dl-') ofgiits during lactation 

Factor U r u  Nitrogen (mg dI-') 

Gestation Trt. ns 
C 16.08 *0,71 
P 17.69 *OB7 

Lactation Trt. 

- -- - -  - 

P = 0.0003 
fmow (O) 14-07' * 0.69 

6 17.27~ I: 0.65 
12 18t44b*0,62 
18 17.'7tjb 0.62 

Gest. *Da$ ns 

Lact . *Daf ns 

Gest. x Lact. x Day' ns 
Values are LS means * SEM. 
ns=non-significant, P>0.05. 
* within columns, means with uniike superscripts differ, PeO.05. 
'means not presented for these non-signifiant effects. 



Luteinizing Hormone 

Luteinking hormone secretion is a key component in the m m  to estnis .tta 

weaning (Koketsu et aL, 1996), and nutrition during lactation can alter LH profiles (Tokach 

et al., 1 992; Zak et ai., 1997). 

Mean semm LH concentration and pulse fkequency are presented in Table 30. 

Gestation treatment had no &ect on mean LH concentration, LH baseline concentration and 

pulse fiequency of samples collected d u ~ g  the 4-h sampling period (PX.05). 

The effècts of lactation treatment and the interaction of gestation treatment*lactation 

treatment interaction were also non-significant. Mean LH concentrations and LH baseline 

concentrations were the same on dl sampliig days during lactation and on the day of weaning 

for all gilts (P>O.OS). However, on d 1 post-weaning, mean LH concentration was higher 

(P<0.05) than concentrations on d 6 and d 12 of lactation, but was not significantly difFerent 

from d 18 and the day of weaning (d 19). Shaw and Foxcroft (1985) noted a significant 

increase in LH concentration in a 1 2 1  petiod after weaning. The lack of treatment-induced 

dserences in LH profiles treatment may be due to the short sampling intervol utilized in this 

study (4 h). Tokach et al. (1992) proposed that the 6-h sampling period used in their study 

was insufficient to observe a post-weaning rise in LH secretion. The small sarnple size of this 

study may also have contributed to the lack of observable differences in LH concentration or 

pulsatility. 



Table 30. Luteinizing Hormone (LH) concentrations (ng ml") and pulse fiequcncy ofgh 
during lactation and the pst-weruùng period 

MCM LH LH badine' Pulst 
Facîor h g  m m  (mg mi-l) Frc~lu-eV' 

Gestation Trt. ns IU as 
C 0.46 *0.07 0-44 * 0-07 0-23 0.07 
P 0.35 * 0.10 0.35 0.10 0.03 0.10 

Lactation Trt- ns ns ns 
c 0-44 0.07 0.44 I 0.07 O. 1 1 * 0.07 
p 0.36*0.09 0-35 O. 10 0.15 * 0-10 

Gest. *Laa.*Day" ns 11s ns 
Values are LS means SEM. 
ns=non-signiticant, P>O.OS. 
" within columns, means with unlike superscripts differ, P<0.05. 
%neans not presented for these non-significant effècts. 
'd I pw = day 1 pst-weaning. 
'LH baselhe: average LH concentration when points >3s.d. removed. 
$ulse fkquency = number of pulses in 4-hr. sampling period. 
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When LH data wu analyd as a two-way fàctond, a significant &éct of lactation 

treatment was ob- on d 6. Mean LH c o d o n  on thk day was higher for rd libiium 

gilts (O. 19 ng mP1) than for rcstrided giltr (0.06 ng dl). LH badine concentration wrs ais0 

significantly affected (0.18 ng ml-' versus 0.05 ng ml" for lc and lp gilts, respectively). 

Koketsu et oL (19%) found th energy restriction during any week of lactation reduced LH 

secretion d u ~ g  the lactation period. Alterations in LH concentration and puld1ity as eady 

as d 14 of lactation were associateci with the length of the WEI (Tokach et al., 1992). 

However, no treatment effêcts were obsaved for LH profiles dunng the remaining mpling 

penods or for WEI during this experiment. 

The length of the WEI, particularly for gilts is influenced by feed intake in lactation 

and loss of weight and backfat depth dunng the lactation period (King and Williams, 1984; 

Mullan and Williams; Dounnad et a/. , 1 994). 

The WEI was not significantly aEected by gestation treatment, lactation treatment, 

or their interaction (PW.05) as illustrateci in Table 3 1. Loss of body protein and Lipid during 

lactation, as well as the absolute levels of these constituents at parturition and at weaning, 

influence the WEI (Vesseur et al., 1996; Cosgrove et d., 1997). The relative losses of 

matemal body reserves of lipid and protein during lactation and their levels at weaning were 

not different in this experiment. 
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Factor WEI (d) 

Gestation Trt. ns 
C 10.77*2.38 
P 9-75 2.98 

Lactation Trt, ns 
c 11.85*2.72 
p 8-67h2.66 

Gest. *Lacta ns 
C c 14.20 2-91 

p 7.33 3.76 
P c 9.50 4.61 

p 10.00 3.76 
Values are LS means SEM, 



Ovulation Rate 

Ovulation ra!e and the numkr of normal apparing corpora l u t a  (CL) arc presmted 

in Table 32. Ovulation rate wu not sienificantly r&cted by gestation treatment, lactation 

treatment, or their interaction (PzO.05). Monnation relating lactation fad intake to 

subsequent ovulation rate is not consistent. Aheme and Williams (1992) in a nMew of 

research fïndings state that ovulation rate is not influenced by lactation feed intake. King and 

U'iarns (1984) found no signifiant difference in ovulation rate due to lactation feed intake 

when cornparhg od f'ibiîzun versus testricteci lactation feed intake (2 kg bL). Conversely, Zak 

et aL (1997a) found that feed restriction irnposed for a one week penod in late lactation, or 

for the fïrst 2 1 days o f  a 28day lactation, resulted in a lower ovulation rate compwed to sows 

fed ad libitum throughout lactation. 

Gestation treatment did have a signifiant effect (P<O.OS) on the number of normal 

CL. Gilts that were fed an increasing pattern of intake (gP) had 45 % more normal CL 

counted at slaughter. Follicular imprinting resulting nom changes in nutrition d u ~ g  late 

gestation (Cosgrove et ai., 1997) or lactation (Zak et al., 1997) may affect ovulation rate. 



Table 32. Ovulation rate of güt9 

Factor Ovuiation Rateb Number of normai CL' 

Gestation Trt. ns P = 0.03 19 
C 18.50 * 1.39 14.03 1.55 
P 22.17* 1.74 20.33 * 1.94 

Lactation Trt. ns ns 
c 20.00 * 1.59 16.70 1.78 
D 20.67 1.55 17-67 1 -73 

Gest. *Lact. ns ns 
C c 16.00*1.70 12-40 1.90 

p 21.00*2.20 15.67 * 2-43 
P c 24.00*2.69 21-00 3.00 

p 20.33 2-20 19.67 * 2.45 
Values are LS means SEM, 
ns = non-signifiant, P>O.OS. 
'Ovulation rate deteminecl 5- to 10-d post-estnis. 
btotal number of CL counted (normal + abnormal). 
'total number of normal CL counted. 



Post-weaning Progesterone 

Progesterone concaitntions from samples collecteci post-weaning are pnsented in 

Table 33. The pattern of f d  intake in gestation influenced P4 concentration pst-weaning 

(PG.05). Oüts that were fsd at a castant levd with respect to metabotic body weight d u ~ g  

pregnancy (gC) hrd lowerp, vaiues pst-weaning than gilts f& at i n d n g  lenis  of feed 

intake (gP). Lactation treatment and the interaction of gestation treatment *lactation 

treatment had no effect on post-w-ng P, concentration (P>O.OS). Progesterone 

concentrations at weaning and on the day of estrus were not different (PO.05). However 5 

days post-estrus (dspe), P, levels had increased significantly for al1 gilts. 

The interaction of gestation treatment'day post-weaning is iiîustrated in Figure 21. 

The àiierence in P, concentration between gC and gP treatments on the day of weaning was 

small and the same as the difference between treatments at estnts. The difference in P, 

concentration between treatments on dSpe was greater than on prevîous days. The increase 

in P, concentration h m  the day of weaning until5 days following ennis was greater for giIts 

which had received the gP m e n t  Hgher concentrations of progesterone on d5pe for the 

gP group are in agreement with the gestation treatment effect on the number of normal CL, 

although there were no differences in ovulation rate. Feed intake during late gestation may 

influence the subsequent ovulation (Cosgrove et al., 1997) by influencing the development 

of preovulatory follicles (Zak et al., 199%). 



Table 33. Mean post-weanïng progestaone (P.) (ng w') of@u 

Factor Pr (mg mp) 

Gestation Trt, P = 0.0155 
C 3.53 * 0.53 
P 5.75 *OS4 

Lactation Trt. 11s 

c 4.44 *0.42 
p 4.84*0.62 

Gest- *Lact. ns 
C c 3.44*0.51 

p 3.61 *O-92 
P c 5.43 0.68 

p 6.08 *0.83 

D ~ Y  P = 0.0001 
wean (w) 0.55' 0-62 
estms (e) 0.28' 0.58 

d5pec 13 .Ogb 0.68 
- - - - - -  

Gest. *Day* * P = 0-0237 
C w 0.11*0.58 

e 0.19I0.82 
d5pe 10.27 1-08 

Lact. *Da9 ns 

Gest. *Lact. *Da9 ns 
Values are LS means * SEM- 
nu-non-significant, P>O.OS. 
* within colurnns, means with udike superscripts differ, P<0.05. 
'dSpe= 5d post-estrus 
dmeans not presented for these non-significant ecects. 
**See Figure 21. 



wean estrus d5pe 
Day Post-weaning (d) 

Figue 2 1. Gestation treatment*day post-weaning interadon for gilt scnun progesterone 
(LS means + SEM). 
'different letters indicate that the Merence û e m n  treatmiuits in these tirne periodr 
are not the same (P<0.03). 



GENERAL DISCUSSION 

Modification of the fecd ïntake panau of gilts and fim parity sows duhg gestation and 

lactation improved aspects of oow reproductive pdonnatlce- Gilts respondeà dinerently than 

fht  parity sows to the altered pattems of- intake during gestation and lactation in Speanc 

cases. In addition, the reJponse to fad intake patterns may have been influenceci by genotype 

of the sow. 

Gestation 

The feed intake patterns during gestation resulted in similar ADFI for both treatments in 

Experiments 1 and U, while total feed intake differed between treatments in Experiment II 

only. 

M o d w g  the feed intake pattern in gestation to provide stepwise increases in feed intake 

(gP) did not result in improved weight or backfat depth at the end of gestation. The 

experimentally Unposeci patterns of feed intake altered gilt and sow body weight and backfat 

thickness during the individual stages of gestation, and these fluctuations in body condition 

reflected the changing nutrient supply. Early work by Cromwell et al. (1980) showed that 

gestation weight gain was infiuenced by total feed intake rather than pattern of feed intake. 

Subsequent research has contirmeci that increased total nutrient supply positively ztfTects 

weight gain (Young et al., 1990; Xue et al., 1 997b). 
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Data from the fkst arpaiment indicatg that first parity sows nsponded to feed intake 

patterns as expected in tams ofwei& gain Gilts however, exhibited a lower rate of weight 

gain throughout pmgnancy whcn receiving treatment gP in Experiment 1 and II. The n u o n  

for this d m  weight gain evm when técd intake was increased above the level of the gC 

group is unclear. Patrops the higher requirements for growth of the gilts resulted in a poorer 

response to increased feeding levek in late gestation following f d  rdc t ion  in d y  

pregnancy- The variability associated with bacHat measurement may explain why gestation 

treatment effets on backfat depth were not observed in either experiment. 

Nutrient utilization was not improved by altenng the pattern of feed intake in pregnancy. 

DifEerences in nutrient retention between treatments dunng gestation in Experiment II were 

induced by the différent patterns of nutrient intake. However, when nutrient retention values 

were expressed as a percent of nutrient intake, treatment differences were not signifiant. 

Therefore, nutnent utilization by gilts was similar at diffenng levels of intake. The absence 

of treatment-induced differences in nitrogen retenticn in Experiment II are supporteci by the 

treatment similarities in serum urea nitrogen concentration. 

Gestation treatment did not influence serum P, concentrations during pregnancy in 

Experiments 1 and 11. Nutritionally-mediated changes in P, concentration, and possible 

influences on embryo survival ocair in early gestation (Jindal et al., 1996, 1997). The periods 

of blood sample collection in Experiments 1 and U (d 1 and d 30) would not allow for 

observation of possible treatment-induced changes in P, concentration as related to embiyo 

sunival and subsequent litter size. 
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Restriction of feed intake in e d y  gestation foliowed by a gradua1 inaease in intake as 

pregnancy progresseci (gP), improved some aspects of@ performance during the lactatjon 

period as wdl as subsequent rrpductivc pafiormance- Beneficial dfcds of pattern-fding 

(gP) duMg gestation, included an improvement in the number of piglets bom aiive to gilts 

and larger litter size at weaning in Experiment 1. Pattern-féeding during gestation did not, 

however, result in a greater proportion of pigiets bom dive or weaned by first pPnty sowr in 

Experiment 1 or güts in Experiment II. Mautaining gilt feed intake at a constant level t ima 

maintenance (gC) in Experiment II resuited in poom piglet growth in iate lactation and lower 

weaning weights, compareci to  piglets fiom gilts that had received treatment gP. Subsequent 

ovulation rate was not infiuenced by the adjustment of feed intake during gestation and 

lactation in Experiment ïI, however, the number of nomai corpora iutea were greater for gilts 

which had received the pattern treatment during gestation (gP), and this dmerence was 

reflected in a greater increase in P, concentration post-weaning. 



Lactation 

Cornparison of the lactation portions of the two experiments d l  not be made due to thc 

diierent feeding levels osDoaated with the lactation control treatment groups. 

Average daily feed intake during lactation was not infîuenced by gestation treatrnent in 

Experiments 1 and II. ADFI and total acd intake during the lactation period Merd between 

lactation treatments in Experiment 1. These mesures of fêed intake were greater for the Ip 

treatment than the k treatment group during the lactation period. In contrast, ADFI and total 

feed intake were not affected by the pattern of lactation feed intake in Experiment IL In both 

experiments, the Ip treatment consumeci more feed dunng the final stage of  lactation (d 13 to 

weaning) than the Ic treatment group. Specifically, feed consumption of the lp treatment in 

Experiment I was greater in mid-lactation, which may have contributed to the greater total 

feed intake o f  this treatment during the lactation period. Lactation treatment differences in 

feed consumption between the two experiments are due to the feeding regimen associated 

with each experiment. The control treatment was fed at true ad libiluni intake in Experiment 

II, while c sows and gilts in Experiment 1 were assigned to a full-feeding system during 

lactation. 

Evaluation of parameters relateci to body condition during lactation showed that there 

were no ciifferences in body weight or estimatecl levels of materna1 body protein o r  lipid at the 

end of lactation due to lactation feeding level in Experiments I and II. It is possible that the 
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vaiability aSSOciated with bsdâat meamtement and the smaiî sample site for each treatment 

combination in Experirnent II resulted in the Iack ofresponse to f d  inuke pattern. 

However, in Experiment I, gestation f d  intake pattern as weii as the interaction of 

gestation treatment*lactation matment, nsulted ui diffaences in body condition at the end 

of lactation. Pattern-feeding during gestation (gP) resulted in greater baclrfit loss during 

lactation. Conversely, maintainin8 f d  intake at a constant level times maintenance (gC) 

during gestation reailted in greater utilization of body protein resmres during lactation. The 

combination of féeding at a constant level times maintenance during gestation (gC) and full- 

feeding during lactation Oc) resuited in larger backfat and lipid losses during the lactation 

period, and consequently the lowest levels of baclâat and body lipid at d 17 compared to the 

other treatrnent combinations. BackEit depth during lactation was maintained and lipid loss 

was decreased thmugh feeding at a constant level tirnes maintenance during gestation (gC) 

followed by the pattern treatment Op) in lactation. Backfat loss was evident in the other 

treatrnent combinations during lactation, but was not greatly afFected by the pattern of feed 

intake during lactation when gilts and sows were fed at increasing levels times maintenance 

during gestation (gP). 

Serum urea N concentrations during lactation were not afected by pattern of feed intake 

during any stage of the reproductive cycle in Experiment iI. 

Gilts fed the c level dunng lactation weaned more piglets than gilts restncted in feed 

intake dunng lactation, while lactation treatment did not seern to influence the number of 

piglets weaned by first panty sows in Experiment 1. The number of piglets weaned by gilts 
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in treatment gP rmy be a dcction ofthe greater litter size bom alive of this treatment group. 

The number ofpigfcts weancd in Experiment ï I  wu not affecteci by fced imake patterns of 

the giits during gestation or lactation. 

In the second expehmg  LH concentdon Md puisatiiity were not affected by treatment 

during gestation or lactation. However, badine and mean LH concentrations on d 6 of 

lactation were higher for gilts that were fcd dlibitum during the  fint stage of W o n  thon 

for gilts that were restricted to 1.9 times maintenance during this time period. 

The length of the WEI was not altered by pattern of feed intake during gestation or 

lactation in Experiment II. In Experiment 1. the WEI of gilts was prolonged for the Ip 

treatment during lactation cornpared to first parity sows o f  the same treatment. The e f f i s  

of gestation treatment and lactation treatment interacted to alter the length of the WEI. The 

treatment combination Cp resulted in an extended WEI for gilts relative to first parity sows. 



CEAPTER 6 

SUMMARY CONCLUSIONS 

Results of the two studies Udicate that m d i n g  the fted intake patterns ofyoung sows 

improves some aspects of reproductive performance. Specifically, altering the pattern of 

gestation feed intake to provide increasing levels of feed times maintenance with the 

progression of pregnancy, improvcd litter size boni dive, litter size at weaning, and pigiet 

growth during late lactation for güts, but not for first parity sows. The number of n o d  

corpora lutea present on the avaries of gilts following the post-weaning estrus was greater 

for giits that receivd the pattem (gP) treatment during gestation. Alterhg the pattem of feed 

intake dunng lactation did not result in improved piglet growth or post-weaning sow 

reproductive performance. 

Recommendations to improve the level of lactation vo lun tq  feed intake can be made 

based on the observed differences in ADFI and total feed intake between treatments at the 

commercial facility. The feeding met hod currently employed resul ted in significantl y lowix 

lactation feed intake than the pattern feeding method, particularly dunng late lactation. In 

situations where feed intake is restricted in early lactation (such as Experiment I), pattern- 

feeding during lactation may increase lactation feed intake. 

Feeding gilts and first parity sows the combination ofNRC recommended levels dunng 

gestation (C) and altering the pattern in lactation (p), nsulted in improved body fat resewes 

at the end of lactation. However, the benefits of increased body fat resrves during lactation 

were not realized in ternis of reducing the length of the WEI. 
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Further research is suggested to: 

1) compare the pattern-feeding mcthod (gP) utüized d u ~ g  gestation to industry standard 

gestation feed intake levds for the pregnant sow. 

2)  assess the impact of modified feed htake patterns on sow performance in successive 

parities. 

3) refine the nutrient requuements of the young sow, specifidy energy or protein 

requirernents, with potential development of phase-feeding types of systems to more closely 

match the requirements of the sow with the stages of the production cycle. 
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Expenment I: 

Appendix 2. Weight change (kg) of gilts and first pady  sows dunng each stage of gestation 

- - -- 

Stage of Gestation 

d l  tod30 d31 tod60 d61 tad90 d 91 ta d 109 dl tod1û9  

Gestation Trt. P = 0.0104 ns ns P = 0,0196 ns 
C 15.65 0.76 17.10 * 0.73 2 1 ,O5 k 0.77 16.89 * 0.93 70.03 1.44 
P 12.80 k 0.78 16.19 0.75 22.19 * 0.79 2040 * 0,93 71.19* 1.43 

Paritj P = 0.0001 ns ns ns IIS 
O 11.84 * 0.75 16.83 * 0,72 22.55 * 0.75 17.80 * 0.90 68.84 * 1.38 
1, 16.60*0,79 16.46 * 0.76 20.70 k 0.80 19.10 * O.% 72.38 k 1.49 

Gest. 'Parity nsb 
C O 

1 

P O 15.37 * 1 ,O4 67.25 * 1.99 
1 17.00 * 1.08 75.12 * 2.06 

Values are LS means * SEM, 
ns=non-significant, P>O. OS. 
parity O (gilt), parity 1 (first parity sow). 
bmeans not presented for these non-significant effects. 



Experiment 1: 

Appendix 3. P2 bacwat (mm) and wcight (kg) changes of gilts and 6rst parity rows during 
lactation 

PZ Blckîat Cbm* (mm) W w t  Cbrrnpc'(kIs) 

Factor dOtod17 d0to d l 7  

Gestation Trt. P = 0.0320 
C -1.08*0.31 
P 92-03 + 030 

Lactation Trt 

ILS 
O -1.76 0.29 
1 -1-33 *0.32 

Gest.*~act.*Parityb ILS 11s 

Values are LS means SEM. 
-non-sigdcant at FW.05. 
Wty 0 (gilt), panty 1 (first pari@ -W. 
bmeans not presented for these non-significant cffects. 
'adjusteci to 174 lactation length. 



Experiment 1: 

Appendbc 4. Predicted maternai body protein and lipid changes (kg) of gilts and 6rst parity 
sows during lactation 

~ Y P - - W @ @  Bady Lipid Cbuige (kg) 
Factor dOtûd17 dOtodl7  

Gestation Trt P = 0.0265 IU 
C 01-48 0-19 -3.6 1 & 0.59 
P 4.88*0,18 4.5 1 0.56 

lactation Trt. as Ils 
c -1.19 * O. 19 -4.67 0.58 
p -1.17 0.19 3.45 0.57 

Panty P = 0.oooI Nb 
O 4.62 * 0.18 -3.86 0.55 
1 01-74 I: 0.20 -4.26 * 0.60 

Gest. *Laa. Nb 
C c 

P 

Gest*Lact*Parityb ILS ns 
Values are LS means * S E M  
ns=non-significant at P>0,05. 
parity 0 (gilt), parity 1 (first parity sow). 
bmeans not presented for thest non-signincant effects- 



Experiment II: 

Appendix 5 .  Gilt PZ backfat change (mm) duting each stage of gestation 
- - -  

Stage of Gestation 

Factor d 1 tod30 d31 tod60 d6t tod90 d91todlû9 d1tod109 

Gestation Trt. ns ns ns ns ns 
C 2.10 * 0.41 0.90 * O. 59 0.10 i 0.57 O, 19 * 0.38 3.44 A 0,47 
P 1 .O6 * 0.46 1 .O * 0.66 1 ,O0 * 0.64 0,67 * 0.44 3,08 * OS4 
Values are LS means * SEM, 
ns = non-signifiant, PXl.05 

Experiment II: 

Appendix 6. Gilt weight change (kg) duhg each stage of gestation 

Stage of Gestation 

Factor d 1 tod3O d31 tod60 d61 tod90 d90tod109 d l tad109  

Gestation Trt. P = 0.0009 ns ns (0.0569) P = 0.0012 ns 
C 7.09 * 1.34 12.46 1.27 15.50 * 0.85 14,39 * 1.12 50.39 * 3.47 
P -1.08 * 1.50 11.44 * 1.41 18.12 * 0,95 21.29i 1,28 49.34 * 3,93 
Values are LS means SEM, 
ns = non-signifiant, P>O.OS. 



Experiment II: 

Appendix 7- Gilt P2 backfàt change (mm) during each stage of lactation 
- - .. - - - - - - - - -- . - - 

Sm* d Lactatioa 

Factor d 109 tod6 d 7 t o d l 2  d 13 to d 18 d l W t o d 1 8  

Gestation Tn. IU as IIS lis 

C 0.34 0.40 91-42 0.63 4-58 * 0.74 -1.95 0.82 
P ~.00*0.52 4-98 0.68 01-08 0.84 -2.00 1.1 1 

- -- - - - - - - - - -- 

Lactation Trt, P = 0.0245 M I I ~  11s 

c 1-02 *o.JO -1.50 0.63 -1 -42 0.72 -1.95 I 1.02 
p 4.69 I 0.42 4.89 0.68 -0.25 * 0-84 -2.00 0.93 

p -0.25 *0.60 -1.12 0.89 0.33 * 1-18 -1.00 * 1.40 
Values are LS means SEM. 

Experiment II: 

Appendix 8. Gilt weight change (kg) during each stage of lactation 

- -  - - - - -  

Stage of  Lactation 

Factor d O t o d 6  d 7 t o d l 2  d 13 to d  18 d o t o d  18 
- - - -  - -  pp 

Gestation Trt, ns ns CIS ns 
C -2.69 * 1.43 -1.62 2.11 -2.34 2.26 -7.41 2-34 
P 0.94 1.64 4.35 * 2.53 -1.62 2.68 -5.04 2.67 

Lactation Trt, P = 0.033 1 11s P = 0.0158 lis 

c 1.75* 1.57 -2.9 1 2.34 -6.84 2.18 -8.77 * 2.55 
p -3.50 1.52 -3.06 2.34 2.87 * 2.48 -3.69 * 2.47 

Gest*Lact, ns lis 11s 11s 

C c -0.50*1.92 -1.48 * 2.70 -4.68 2.86 -8.20 A 3.12 
p -4.87 2-14 -1.75 * 3.3 1 0.00 3.50 -6.62 * 3 -49 

P c 4.00 * 2.48 -4.33 * 3.82 -9.00 4.04 -9.33 I4.03 
p -2.12*2.14 4.37 * 3.3 1 5.7 5 3.50 -0.75 3.49 

Values are LS means SEM. 
ns=non-signifiant, P>O.OS. 



Experiment 11: 

Appendk 9. Güt body protein change (kg) d u ~ g  each stage of lactation 

Body Pmtcia Chmm (kg) 

Factor dOtod6 d7îad12 d 13tûd 18 dOt0d18 

Gestation Trt. P = 0.0142 IU ns lis 
C 4.50*0.22 4-16 0.44 4.13 0.54 4.85 0.45 
P 0.56 *0.29 4.62 0.47 4-01 * 0.62 4.43 0.6 1 

Lactation Trt. P=O,OlIS 1u P = 0.0473 CU 

c 0.56 +0.28 4.22 * 0.44 4.99 0.54 4.84 I 0.56 
p 4-51 * 0.23 4.57 0.47 0.85 0.62 -0.44 0.5 1 

p 4.35 10.33 4.61 *0.61 1.13 0.88 4.29 0.77 
Values are LS means SEM. 

Experiment II: 

Appendix 10. Gilt body lipid change (kg) during each stage of lactation 

Stage o f  Lactation 

Factor d O t o d 6  d 7 t o d  12 d 13 to d 1% d O to d 18 

Gestation Trt ns 11s 11s 11s 
C 4.66 * 0.81 -2.65 1.14 -1.16 * 1.14 -5.38 * 1.20 
P 0.62 1.04 -2.29 * 1.24 -1.90 1.31 -3.% I 1.63 

Lactation Trt. P = 0.0227 I ~ S  P = 0.03% 11s 

c 1.73+1.01 -2.86 1.14 03-56 * 1.14 -5.37 I 1-50 
p -1.77 * O 3 5  -2.08 * 1.24 0.50 1.32 -3.98 1.38 

G&*Lact. ns IIS ns (0.0761) 11s 

C c 1.40 1.08 -3.56 1.32 -1.48 1.3 1 -4.87 1.60 
p -2.71 I 1.20 -1.73 1.87 -0.83 1.86 -5.89 I 1-79 

P c 2.05 * 1.70 02-16 1.87 05-64 1.86 -5.86 * 2-53 
p 4.82*1,20 -2.42 1.62 1-83 * 1-86 -2.06 * 2-07 

Values are LS means S E '  




