ADVANCES IN NUTRIENT ALLOWANCES FOR OPTIMUM PRODUCTION IN
BREEDING SOWS
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SUMMARY

_Components  for nodels to sinulat responses of
breeding sows to nutrient regine are avajﬁé%le ang agéquate

for the construction of a first generation of enpirica
nodel s. Nutrient allowances for optinum production are
best derived by use of such nodels.

INTRODUCTION

Recommendations for the |evel and conposition of food
al | owances for pigs are best founded on the dynamics of
animal response to nutrients rather than on rigid chosen
val ues purporting to elicit optimm performance in all
circunstances. The recognition that optimm animal
ﬁerfornance regUIres a flexible approach to nutrient need
has led toward a definition of pig response to nutrient
|nPuts by SCA (1987). One of the nost effective neans of
defining nutrient response is through sinulation nodels, and
such have been constructed with some degree of gsyccess:
Black et al (1986) in particular having al so presenteg sone
novel elements Of a sinulation nodel for the breding sow
Recently, the body of information concerning the nutrition
of the breeding sow has been considerably enhanced by Bl ack
and Wlliams and their colleagues in Australia, by the
Shinfield group in UK, and by the data collected by Yaeé and

Eastham since 1985 in Edi nburgh. This review wll
concentrate on the contrlbutlo% that can be made by\¥he

| atter data set.

Field trial results are rarely presented in a form
that allows their generalisation ~ for use as node

conponent s. Mre frequently results frommany trials are
accunul ated,  stacked, ~and "overall . regressjon responsef
produced. The statistical and biological validity o

conbining experinental results in this way has, however, to
be questioned and it may be nore informative to pursue the
ossibility of nodelling sow response using data sets which
ave allowed the construction of effective regression
relationships within the confines of a single set of
environmental vari abl es. Such data sets are not common but
those from Edinburgh (Eastham et al(1988); Wiittenore et al,
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(1988); Yang et al (1989)) may now offer a realistic
approach to empirical response prediction nmodelling in the
breedi ng sow. \Where not otherw se stated, the regressions
used below are from vang et al (1989).

ASSUMPTIONS

(a) Sow live weight at first conception is around 125kg.

(b) P2 backfat depth for sows at first conception is around
15mm.

(c) The genotype used is an inproved hybrid.

(d) A cereal/soyal/fish diet of 13.2m3 DE and 162g CP per kg
fresh weight is offered throughout breeding life.

(e) Gowh to maturity is at a rate conducive to efficiency
of food use and of reproduction. Yana et _al (1989)
found this to be in the r_e%| on of maternal conception
to conception |ive body weight gains of 35, 28, 23 and
18kg for parities 1,2,3and 4 respectively, although
| ower val ues may be acceptabl e.

INTERVAL BETWEEN WEANING AND CONCEPTION

The weaning to oestrus interval is frequentI?/ | onger
in primparous than nultiparous sows ; typically after
parities 1,2 and 3, 20, 10, and 7 days.

Low feed intake in lactation will |engthen the weaning
to oestrus interval especially in primparous sows but also
in multiparous sows . The subject has been effectively
reviewed by King (1987). Xcessi ve V\Bltght | oss and
excessive fat loss wll be conducive to an exfended weani ng
to mating interval. Both the absolute levels and the rates
of reduction of level of protein and lipid reserves are
mPI icated by King in his review = King (1987) gives the
foll ow ng regression equations for primparous Sows;

weani ng to oestrus interval(days) = 28.1 - 0.28(MJ
DE/day in lactation)

weani ng to oestrus interval (days) = 32.5 - 0.032(g
CP/day In lactation)

weaning to oestrus interval (days) = 38.6 - 0.63(kg
body |ipid at weaning)

weani ng to oestrus interval (days) = 81.5 - 3.58(kg
body protein at weaning)
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weaning to oestrus interval (days)

: _ 7.3 + 0.39(kg
live weight loss in lactation)

weaning to oestrus interval (days)

: , _ 9.4 + 0.59(kg
body lipid loss in lactation)

weaning to oestrus interval (days)

_ _ 9.6 + 3.44(kg
body protein loss in |actation.

Yang et al (1989), for prini parous sows, present:

weaning to oestrus interval (days) = 26.6 - 1.28
P2(mm) fat depth at weaning

weaning to oestrus interval (days) =49.1 - 0.23 live
wei ght (kg) at weaning

weani ng to oestrus interval (days) = 25.5 - 0.12 total
28-day [actation feed intake (kg

confirmng the propositions within the review of King (1987)
that both body weight and fat changes in lactation have
dramatic effects wupon the propensity to re-breed after
weaning the first litter. In the experiment of Yang et al
(1989) 1mm of P2 was equivalent to 3kg of total body I1ipid
I'n primparous sows; using this conversion the propositions
of both Yang et al (1989? and King (1987) with regard to

body fat are similar.

Wiile the nodern literature (in contrast to earlier work) is
clear in its view of the influence of absolute |evel, and
the rate of change of level, of fat and body wei ght upon
weaning to oestrus interval, there is less data relating to

mul ti parous sows and the position is nmore equivocal; nmany
workers denonstrating little or no effect. VWere there iS5
an effect it is invariably weaker in nultiparous than
prim parous Sows. But it is also likely that those females

most liable to re-breeding problens w1l already have been
culled fromthe herd in consequence of prim parous phenomena
and wll not be resent In a nultiparous data set.
Wiittenore et al (1983) found for nultiparous sows

weaning to conception or culling interval (log,, days)
=1.5- 0.004 live weight (kg) at weaning

weani ng to conception or culling interval )log,, days)
= 1.2 - 0.02 p2(mm) fat depth at weaning

or, in nmore sinmple form

weaning to conception or culling interval (days) = 14
- 0.4 P2(mm) fat depth at weaning.
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For all parities there is also a negative effect of litter
Si ze upon weaning to oestrus interval. The effect of
litter size is, presumably, also nediated through influence
upon the absolute levelS and rate of change of body fat
stores and maternal |ive weight during lactation. Yang et
al (1989) present __

weaning to oestrus interval (days) = 2.7 + 0.56 nunber
of piglets in sucking litter

Rel ati onshi ps between days from weaning to oestrus and
the body weight and condition of the sow are clearly only
effectively denonstrated in the form of |inear equations
over a limted range of values for X Sows are most
unlikely to ret-urn to oestrus in |less than 4 days after
weaning, and it would also be erroneous to presune that
there are no adverse consequences of over-fatness for re-
breeding efficiency.

FOOD REQUIREMENT IN PREGNANCY

(a) Maternal fatness (P2) requires to be incremented in

pregnancy (i) to supply the need for Iipid catabolism
In the forthcon1n%)lactat|on and (ii) to majintain
adequate levels of P2 backfat at the tine of weaning.

(b) Maternal |ive weight requires to be increnented in
pregnancy (i) to supply the need for lipid and protein
catabolism in the forthcomng lactation and (ii) to

all ow maternal body tissue growth to maturity.

(c) Change in P2(mm) backfat depth in pregnancy = -9.3 +
0.036 total pregnancy food intake in pregnancy.

(d) Change in live weight (kgg in pregnancy = -27.2 + 0.215
total pregnancy food intake in pregnancy.

By use of these equations, responses in P2 fatness and
in maternal live body weight to various |evels of pregnancy
food intake can be predicted. These equations represent
efficiencies of conversion and may be taken to apply in
other circunstances than the confines of the experinent in
which they were neasured, although the efficiency wll, of
necessity,” include costs of environnental variables such as
cold thernogenesis. The coefficients suggest 28kg food to
be required for a 1mm increnment of P2 backfat depth and
4.7xg food for a I kg increment of maternal |ive body weight
gain.  The latter efficiency of food use in pregnancy (5:1)
Is famliar, while equivalent coefficients for pregnancy
food intake-of 0.042 ?for P2) and 0.182 (for live welght)
were neasured by Wittenore et al (1988).
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MATERNAL FATNESS AND BODY WEIGHT CHANGE IN 28-DAY LACTATI ON

(a) Change in P2(mm) backfat depth = -0.283 - 0.265 (P2(mm)
backfat depth at parturition + 0.037 total lactation
food intake - 0.497 nunmber of piglets sucking.

(b) Change in maternal |ive weight (kg) =-3.8 - 0.150
maternal weight at parturition + 0.362 total |actation
food intake - 3.33 nunber of piglets sucking.

These two nmultiple regression equations address the
ross consequences upon sow fat stores and |ive weight of
%I) the availability of those stores, (ii) the nutrient

supply fromfood, and (iii) the lactational demand.
PROTEIN REQUIREMENTS IN LACTATION AND PREGNANCY

Conventional w sdom as forwarded by the Agricultura
Research Council nutrient requirenent re onnendgtions 8f
1981 suggests about 800g crude protein ((ﬁ? per day to be
adequate for lactating sows, and a diet of 15% CP, if eaten
at 6kg daily, wll supply this. Feed intakes of gilts are,
however, commonly only 4.5-5.0kg daily, .and in hot
environments no sow may eat nore than 4kg daily. It is
further the case that inproved hybrid sows wll have a
greater |actation demand for nutrients than used to be the
case for uninproved sows.

In the Edinburgh experiments the body conposition of
the sows was analysed and it was found that CP intakes of
9509 per day in lactation were consistent wth maintenance
of sow body protein |evels. But sows given only soog CP
daily lost, 'in the course of the 28-day |lactation, about
12kg of fat and 7kg of protein. | f the efficiency of
utilisation of crude protein is taken to be 504, then %4k
CP dietary equivalent, or 500g daily, was being contribute
by the sow from her body tissues in order to satisfy
| actation demand. Thi s reiggnse woul d suggest a tota
dietary requirenment of [,000gy daily;  rather higher than
previous estimates, and consistent with a sow yield of _10kg
of mlk daily rather than the ARC standard of "around 7kg.
One thousand ‘grans crude protein daily would be supplied In
a diet of 16.6%CP if the sows were to be eating 6kg of feed

daily.

Cal cul ation of the requirements of crude protein in
pregnancy, based primarily on the needs for sow body tissue
mai nt enance and growth of "the foetal load in utero, suggests
a daily intake of a nere 180g CP to be adequate; and this
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has led to proposals that dietary CP concentration can be
| ower in pregnancy than in lactation. While this case
appears self-evident, account nust be taken of the |ower
| evel of pregnancy feed intake in comparison with that of
lactation, and also of the evidence from the Edi nburgh
experinents that, unless lactation feed intake is in exceSs
of 6kg daily, then substantial quantities of protein may be
lost fromthe body tissues of the sow during |actation. I'n
addition, it seens that protein |oss fromthe sow's body can
al so continue after weaning; body protein equilibrium not
bei ng achi eved instantaneously. Sows were found to 1lose
between 0.5 and 3kg of protein in the 14 days post-weaning.

_ It may be concluded that protein savings in pregnancy
diets may be | ess than sometinmes believed. Car cass
composition studies at Edi nbur?_h showed sow body protein
?al ns to be around 25kg between first mating and weaning the

ourth litter. This suggests that in addition to the 180g
or so needed for foetal growth and body mai ntenance, the
diet may need to supply additionally for sow body growth
at the rate of 5kg per pregnancy, and another 4kg for
possi ble rehabilitation of |actation |osses, making 9kg in
all; or at 50% efficiency about a further 180g of dietary
CP per day over the whole of the pregnancy. Wth a daily
i ntake of 2.5kg of diet in pregnancy, this would fOI nt to a

diet crude protein concentration in the region of 15%
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