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PREDI CTING THE RESPONSES OF SOAS TO NUTRIENT | NTAKE
CONSEQUENCES  FOR  REPRODUCTI ON

W H CLCSE
SUMVARY

From know edge on nutrient utilisation, aspects of energy and nitrogen
met abol i sm and body conposition, a model has been devel oped using factorial and
enpirical ﬁrocedures, to assess the responses of sows to dietary nutritiona
inputs. The nodel is iterative and ﬁred|cts changes in body weight and body
conposition of the sow as well as the products of conception during pregnancy
and mlk production during lactation. The predictions from the nodel provide
a good fit to nuch of the independent enpirical data that has been used to
val1date it. It may therefore be used with reasonabl e precision to measure the
response of sows to dietary nutritional manipulation, to estimate nutrient
requirenents and to assess the consequences for reproductive performance when
nutrient intake fails to neet netabolic needs

| NTRODUCTI ON

One of the nost effective ways of determining the nutritional requirenents
and responses of farmanimals is by sinulation nodels where the animal is
represented by a series of mathematical equations |inking genetic, metabolic,
nutritional, physiological and environnental phenonena.  Several have been
described and aﬁplied with reasonabl e success for a variety of farmaninals;
for exanple, the growing pig (Wittemore and Fawcett, 1974, 1978; Maughan
et al., 1987), the sheep (GII et al,, 1984) and the dairy cow (Baldwin_get al.,
1987a,b). The devel opnent of these nodel's is dependent upon sufficient data
being available on dynamc aspects of both energy and nitrogen nmetabolism
especially the relationship between the input and outBut of nutrients, the
efficiency of nutrient utilisation for the various netabolic processes wthin
the body and body conposition. It is only recently that such information has
beconme available for the sowto allowintegration into a sinmulation mdel to
describe andpredictani mal responses, for exanple, pregnancy (Wllianms et al.,
1985, Dourmad, 1987), | actation (Mullan et_al ., 1989; Noblet et al. , 1990)

and)during a reproductive cycle (Black-et al., 1986, whittemore and Morgan
1990).

Mdels may operate at different levels; sone are enpirical and based on
whol e-ani mal prediction equations devel oped from experinental data sets,
whereas others are mechanistic and deal with individual processes within the
animal. Mechanistic models operate at a |ower |evel of organisation, are nore
flexible and can predict responses over a w der range of circunstances than
enpirical ones. This paper describes such a model, the Shinfield Sow Mdel
whi ch has been devel oped to establish nutrient requirements and to predict
ani mal responses over a wide range of nutritional, managenent, hushandry and
envi ronnental inputs.

DESCRI PTI ON OF THE MODEL

- Certain assunptions have to be nade, especially when creating a nodel
which is to apply in a wide range of circunstances, as occur in practice. The
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present nodel is aimed at imtating the responses of different types of sows
under various management procedures and so its basic assunﬁtion is a healthy,
reproductively-mature female pig. Energy and protein intakes are specifically
considered in the nodel, but It is assumed that other nutrients, such as
vitamns and mnerals, are adequate for optimum productivity. Certain
metabolic criteria, constants and conversion factors are enployed within the
c?lc%lati%?ﬁ and these will be highlightedwhere appropriate in the description
of the nodel .

The model operates on the factorial principle that dietary nutrients may
be partitioned between the requirenents to maintain the animal and to deposit
tissue (protein and fat) either in the maternal body or products forned but
subsequently lost fromthe body , that is, in the conceptus tissue, and as
mlk. A simlar approach is taken by arrc-rcory (1990) which deals nainly with
the energy requirenent of the pregnant sow.

For convenience, the model is split into two sections. one part deals
with pregnancy, the other with lactation, although it is designed to run the
two consecutively in order to follow an animal through each reproductive cycle
Lack of information has made it inpossible to nmodel the response of the sow in
the post-weaning period but it is assuned that her body weight and conposition
at mating are simlar to that at the previous weaning

TABLE 1 Abbrevi ations used in the description of the node

W weight of sow, kg
FEED amount of feed, kg
DE digestible energy content of feed, MJ/kg
ME metabolisable energy intake, MJ/d
MEm maintenance energy, MJ/d
PROT crude protein content of feed, g/kg
NI nitrogen intake, g/d
NRmax maximum nitrogen retention, g/d
NR nitrogen retained, g/d
P protein deposited, g
F fat deposited, g
LEAN lean tissue deposited, g
PE energy required to deposit protein, MJ
FE energy required to deposit fat, MJ
DWR weight of total gravid uterus, g
DER energy content of gravid uterus, kJ
DPER protein-energy content of gravid uterus, kJ
Tc lower critical temperature, °C
TDIFF difference between environment temp and Tc
FDIFF fat utilised for heat production, kg
LMEm lactation maintenance requirement, MJ/d
MILK energy requirement for milk, MJ/d
MEMILK ME requirement for milk, MJ/d
TER total energy requirement, MJ/d
ES/ED energy surplus/deficit, MJ/d
DNI digestible nitrogen intake, g/d
NL obligatory nitrogen loss, g/d
NRMILK nitrogen requirement for milk, g/d
SN nitrogen surplus/deficit, g/d

SP protein surplus/deficit, g/d
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Pregnancy

This part of the model follows the progress of the animal from mating
through to farrow ng, assuming a gestation period of 112 days, and Fi % 1
illustrates the major steps needed to predict the changes in weight and body
conponents of the sow from the information provided.
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Fig. 1. Flowhart for pregnancy nodel

(i) Nutrient intake The basic iry)ut.s to and outputs fromthe nodel are
presented in Table 2. Energy (Me) and nitrogen intake (NI) can be cal cul ated
fromthe basic information provided on the digestible energy (De) and crude
protein (Prot) content of the feed:
. ME (MJ/d= (DE (wskg) X FEED (k?/d)) x 0.95 (1)
(This assumes that the conversion factor from ME to DE is 0.95)

. NI (g/d) = (PROT (P/kg) x FEED (kg/d)) +6.25 (2)
{This assunes ?hat 6.25 g of crude protein provides 1 g nitrogen}

TABLE 2 Inputs and outputs of pregnancy and |actation model

Inouts

1. Initial body weight at mating or post-farrowing (kg)

2. Quantity of feed (kg/d)

3. Digestible energy content of feed (MJ/kg)

4. Crude protein and lysine content of feed (g/kg)

5. Litter size

6. Growth rate of suckling piglets (kg/d)
Outputs

1. Total weight gain of sow during pregnancy and lactation (kg)

2. Maternal weight gain (kg)

3. Maternal lean gain (kg)

4. Maternal fat gain (kg)
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(ii) Protein deposition The nodel first calculates the rate of nitrogen
retention of the animal. However, not all the nitrogen consumed is retained
and there are various factors which will [imt the anmount of nitrogen actually
available to the sow. Therefore, the nodel uses the linear-plateau response
illustrated in Fig. 2 to predict the anount of nitrogen actually retained
within the body. The nodel therefore assumes a maximum potential for nitrogen
retention, Nmmax, of 16 g/d for an aninal of 120 kg body weight (WIIians
et al., 1985). Above this body weight, wNrmax iS reduced by 0.05 g/day per kg
increase I N bodv, wei ght.

NR

0.75

A B e NRmax
yau
1

Fig. 2. The relation between the intake and the retention of nitrogen during
pregnancy. For a 120 kg sow, MR,,, = 16.0 g/day at an intake of 50.0 g n/day

The actual nitrogen retained (vr) by the animal is converted to the anount
of protein deposited (PL, agai n using the conversion factor 6.25. Deposition
of [ean tissue can then be calculated on the basis that protein constitutes 23%
of lean tissue (AFRC, 1990; Shields and Mahan, 1983).

(i1i)  Energy partition The nodel assunes that dietary energy can be
partitioned into conponents for naintenance, for protein deposition and for fat

deposi tion

The anount of energy required by the sow for maintenance is given as
. . ME, (MJ/d) = 0.43 x W (kg) 975 (3)
This remains constant throughout pregnancy.

The energy requirement for protein deposition (PE) is calculated on the
basis that each 1 kg of protein contains 23.8 MJ, and that the energetic
efficiency of protein deposition is 0.6

PE (MJ) = (0.0238 x P (g)) + 0.6 (4)

The energy requirement for fat deposition (FE) is calculated by
subtracting the sum of the energy requirenents for maintenance and protein
deposition fromtotal ME intake

FE (MJ) = ME - (MEm + PE) (5)

(iv) Fat Deposition The ?uantity of fat deposited (F) is calculated on the
basis that the energetic efficiency of fat retention is 0.8 and that each 1 kg

of fat contains 39.7 M :
F (g) = (0.8 x FE (MJ)) + 0.0397 (6)

(v) Body weight gain Overall body weight gain is the sumof the anount of
lean and fat deposited, having been corrected for increnents in both ash and
gut fill (ARC, 1981).
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(vi) Partition of tissue gain The prediction of total gain represents the
response of the aninmal throughout pregnancy and takes no account of the extent

to which body tissue changes during pregnancy or of the partition of the gain
into maternal or conceptus conponents. Hence the nodel has been made
Iterative, calculating body gain during each 14-day period. By ijncorporatin

into the nodel the equations of noblet et al. (198g) to predict the gromf% 09
the products of conception, it has also been possible to determine both the
total and net body gain of the sow.  These equations relate to the rates of
energy and protein content of the conceptus tissue and take into account
variations in stage of gestation, [litter size and feed intake.  Since the
wei ght and energy and protein content of the conceptus tissue are known, the
wei ght and conposition of the maternal tissues can be calculated by subtraction
fromtotal body weight gain and conposition. an illustration of the extent to
which the body weight and |ean and fat content change during pregnancy is

presented in Fig. 3.

(a)
Weight (kg)

0 10 20 30 40 50 60 70 8 90 100 10
Day of Pregnancy

[ jMaternal weight KX Reproductive tissue I

(b)
50 Change in Composition (kg)
1

0 10 20 30 40 S0 60 70 80 90 100 110 120
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| —— Fat change —+— Lean change —*— Maternal Change '
¢ |

-

Fig. 3. \Weight change and conposition of change during pregnancy for an aninma
receiving 2.0 kg/day of a diet containing 13.0 mMJ DE'kg and 160 g Cp/day
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(vii) Environnental considerations The nodel assunes that the animal is in
‘a 'confortable" environment, that 1s, within its zone of thermal neutrality.
However, it is possible to include environmental variations into the nodel.
Thus the nodel requires information on environmental tenperature, w ndspeed,
and basic housing conditions, such as the absence or presence of bedding and
group- or single-housing, in order to calculate the animal's |ower critical
tengeraé ure (Tc) and hence establish whether extra thermoregulatory heat is
produced.

The first step is, therefore, to calculate the critical temperature for
a normal animal:
Tc = 23 - [(ME x 1000 - 430) = 80] - [(w -120)] (7)
WO.75 60
23°C represents the critical tenperature 'of a 120 kg sow at its maintenance
energy intake of 430 kJ ME/kg body weight®-7% per day and each 80 kJ ME/kg body
weight®-75per day increase in ME I ntake reduces Tc by 1°c. Simlarly, Tc is
redu)ced by 1°c for each 60 kg increase in body weight above 120 kg (C ose,
1987).

This calculation of critical tenperature allows for the variation
associated with both energy intake and body weight. For fat aninmals, with
high internal insulation, Tc is decreased by 2°c whereas for thin animals, wth
Boor. internal insulation, it is increased by 2°c. The provision of straw
eddi ng reduces the Tc by 4°c conpared with a cold concrete floor and above a
wi ndspeed of 20 cm/sec Tc is increased by 1°c for each additional 20 cm/sec
i ncrease.

If the environnental tenperature is within the zone of thermal neutrality
then no changes to thermal demand or in body conposition will occur in relation
to the environmental circumstances. However, if the animal is kept below its
calculated critical tenperature then heat output is increased and if energy
intake is constant, less energy will become available for retention within the
body. It is assumed that heat output increases by 18 kJ ME/kg body
weight®-75per day per each 1°c below Tc and that this occurs solely at the
expense of fat deposition (O ose, 1987). Thus,.

FDIFF = (TDIFF x 18 x Wx%-75) + 39,7 (8)
where miff IS the difference in tenperature between that of the environnent
and the critical tenperature of the sow.  The value of rFpiff nmust then be
subtracted fromthe value for the previously calculated value of fat deposition
(F) to give the rate of fat deposition in environmental conditions where the
animal is kept below its critical |evel.

Lactation

The lactation nodel uses the information predicted by the pregnancy nodel.
Alternatively, new information such as body weights and litter size can also
be used. A lactation length of 3 or 4 weeks is assumed.

~ Aflowchart to describe the genesis of the [actation nodel is given in
Fig. 4, and is based on the recent publication of Mmullan et al. (1989%.
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Fig. 4. Flowchart for lactation mouei

(i) Nutrient intake Energy and nitrogen intake are calculated as for the
pregnancy nodel .

(i1) Energy During lactation the requirements of the sow are to maintain
herself, to produce mlk and to deposit tissue in her maternal body. The
mai ntenance requirenent for lactation is 540% hi gher than that for gestation
(NRC, 1988) and so the equation becomes :
LMEm = 0.47 X w75 (9)
The e requirement for milk is found by calculating the growth of the
litter (fromrates of tissue accretion in piglets) and estimting the energy
content of mlk required to sustain this growth. The ener%y avail abl e for
maternal tissue deposition, or nobilised fromthe body, is then calculated as
the difference between total intake and that required for maintenance and milKk
production (Mmullan et al., 1989).

iii) Protein, fat and w.sWeight change The gain or loss of nitrogen
r;])rote| n) by the animal is calculated in a manner sinilar to that of energy.

e energy requirement for protein deposition is then subtracted fromthe
energy available for maternal retention to calculate the energy available for
fat retention and hence the gain or |oss of body fat. The conversion factor
used to calculate lean and fat and total body weight change are simlar to
those previously described during pregnancy.

VALIDATION OF THE MODEL

Once the equations have been formulated and integrated into the nodel it
is inportant to validate the performance of the nodel and to determine whether,
conpared to a real situation, it accurately predicts animl responses and
performance in as wide a range of circunstances as possible. However, to test
Its accuracy mdegendent data nust be available which has not previously been
used to devel op the nodel.

~ One set of data available was fromexperinments recently carried out at the
Uni versity of Nottingham by zhu and Col e (unpublished). This work covered the
nutrition of multiparous sows and involved several experinental designs.
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One trial. conpared two different feeding patterns during pregnancy. The
total energy for all sows was the same according to their mating |Iveweight,
but one set of animals was fed at a constant |evel, whereas the other was given
a reduced anmount up to day 84 and then given at a higher level for the
remai nder of pregnancy. lgure 5gives a graphical representation of the
results, conparing observed weight gain with the predicted val ues.
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""" Predicted /"
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190" . .
0 20 40 60 80 100 120

Day of pregnancy

Fig. 5. Conparison of observed and predicted body weights during pregnancy
fromthe experinments of zhu and Col e (unpublished)

another trial included |actation responses; the actual experinment was

designed to investi?ate how feed applications in fregnancy affected voluntary
feed intake during lactation but the data provided can be used for validation

of the lactation part of the nodel. The conparison bhetween the observed and
predicted values of the body weight of the sows for the treatnents are

presented in Fig. 6.
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Fig. 6. Comparison of observed and predicted body weights during lactation

from the experiments of Zhu and Cole (unpublished)
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Both rigs. 5 and 6 show that the nodel accurately predicts the body weight
'changes of the sows and hence may be used to neasure the response of the animl
to dietary nutritional manipulation as well as to calculate nutritiona
requi rements

PREDI CTI ONS

- Froman accurate nodel it is possible to predict the changes in body
wei ght which will occur over a period of time with various inputs

Thus Table 3 shows predictions for a gilt which weighs 120 kg at mating
and is given 2.0 kg/d of feed containing 12 My DE/ kg and 150 g cp/kg. Wth a
constant feed intake both Me and NI remain the same throughout gestation, but
there are significant changes in the rate with which lean and fat are deposited
(or rmobilised) as pregnancy progresses; values calculated are shown in the

tabl e.

TABLE 3 Predi cted changes in body weight of a gilt, 120 kg at mating, given
2.0 kg/d of feed containing 12 my DE/'kg and 150 g crude protein/kg

during pregnancy

DE 24.0 MJ/d

ME 22.8 MJ/d

NI 48.0 g/d

Days 0-14 15-28 29-42 43-56 57-70 71-84 85-98 99-112 Av.
MEm, MJ/d 15.6 16.30 17.0 17.7 18.4 19.1 19.7 20.3 18.0
NR, g/d 13.0 13.9 14.7 15.3 15.3 15.3 15.3 15.3 14.8
P, g/d 81.3 86.6 92.0 95.6 95.6 95.6 95.6 95.6 92.2
PE, MJ/d 3.2 3.4 3.6 3.8 3.8 3.8 3.8 3.8 3.7
FE, MJ/d 4.0 3.1 2.2 1.3 0.6 -0.05 -0.7 -1.3 1.1
F, g/d 80.3 61.9 43.4 26.3 12.3 -1.7 -21.8 -40.9 20.0
Total gain OVERALL
kg/14d 7.3 7.4 7.5 7.5 7.3 7.1 6.7 6.5 57.1 kg
Maternal gain

kg/14d 6.1 5.6 5.7 5.5 5.0 4.4 3.5 2.6 38.4 kg
Lean gain

kg/14d 5.0 4.8 7 5.1 5.2 4.9 4.5 3.9 3.3 36.6 kg
Fat gain

kg/14d 1.12 0.85 0.6 0.34 0.12 -0.09 -0.41 -0.71 1.8 kg

An advantage of nodelling is that a series of predictions

can bhe made

whi ch involve only one change in input, or several changes. This allows
conparisons to be nmade of different conditions with relative ease. For
exanpl e, Table 4 shows the predicted response of animals of different body
wei ght and at variable or constant feed intakes in pregnancy. The results are
presented in graphical formin Fig. 7
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TABLE 4 Predicted changes in body weight and body conposition of animals
of various body weights fed at different levels during pregnancy

i ght changes for a gilt, 120 kg body weight at mating given a diet
containing 12 M/ kg and 150 g cpxkg, at various levels of feeding

Feed Intake DE NR Lean gain Fat gain Maternal gain
kg MJ/d g/d kg kg kg
1.5 18.0 10.9 25.9 -9.4 16.5
2.0 24.0 15.3 36.6 1.8 38.4
2.5 30.0 16.0 39.1 13.0 52.0
3.0 36.0 16.0 37.5 24.7 62.2

Viéi ght changles of sows of different body wei ght given 2 kg/d
|

of a diet containing 12 M DE/ kg and 150 g Cp/kg
Mating DE NR Lean gain Fat gain Maternal gain
Weight kg MJ/4d g/d kg kg kg
120 24 15.3 36.6 1.8 38.4
130 24 15.1 35.7 -0.1 35.6
140 24 15.0 34.7 -2.1 32.6
150 24 14.8 33.7 -4.1 29.6

(a) Constant body weight at mating
Weight Gecin, K¢
80,

1
709

16 18 20 22 24 26 28 30 32 3¢ 36 38 40
DE fntake. MJ/d

(b) Constant feed intake during pregnancy
Weight gcin, kg
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|
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Mating welight, kg

Fig. 7. Predicted changes in body weight and body conposition of sows during
pregnancy
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MODIFICATIONS

The model as it is currently devel oped, concentrates on the intake of
crude protein and energy, and the affect these have on body weight changes and
conposi tion. It is becomng increasingly important to |ook at the body
reserves of an animal and it would be useful if the model could include a
prediction of, for exanple, backfat change for the sow over the reproductive
cycle as an indication of change in fat status. There have been several recent
attenpts to relate the backfat measurement of the animal to its energy intake
wei ght change or body fat content, and the results fromthese studies will |ead
to a prediction equation which could be included in the model (Harker and Col e
1985; whittemore and Yang, 1989).

Currently, protein is considered only as crude protein intake. The actua
quality of this protein will be equally, If not more inportant and, therefore
some consideration of amno acid pattern of the protein fed could nmake a
significant inprovenent to the accuracy of the nodel. Thus lysine will be
considered within the nodel and the 'ideal protein' concept will be applied to
zi\ggf)ss the essential amno acids relative to lysine intake and retention (ARC

Qther nodifications which are currently being considered include :

the option to vary the maximum nitrogen retention to take into
account the different potential for protein deposition associated
with different genotypes;
sone appreciation of voluntary feed intake of the sow, especially
in lactation;

- the inclusion of creep feed for Piglets;

- the removal of some piglets before others during lactation to
al low split weaning techniques to be applied
consideration of the weaning to re-mating period to conplete the
reproductive cycle

1t woul d al so be useful if the nodel could be applied reciprocally, in
order to ask questions. For exanple, the nodel could be asked to 'find the
nutrient or feed intake required to produce a specific body weight gain under
certain conditions. However, by making the nodel more conplicated it can
sonetines make it less useful as a tool since it requires nmuch nmore information
whi ch may be inappropriate or, indeed, unavailable. However, if the accuracy
and suitability of the nodel can be inproved in sinple ways then a nore
marketabl e tool of considerable potential to the industry will be produced in
the longer term

suMmMARY AND CONCLUSI ON
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