ADVANCES | N NUTRI ENT ALLCMﬁg%E? FOR MAXI MUM LEAN GrowTH | N

C. T. WH TTEMORE*
SUMMARY

Genetic selection for growth rate, feed efficiency,
and | ean neat content has resulted in the necessity of, and
financial benefit from feeding higher levels of better
quality diets to ?enet[cally |nproved_p|gs. | ndependent of
the presence o disease and inadequate nanagenent
productive rate can be limted bel ow genetic and nutritional
potential by environnental effects; especi al |y anbi ent
temperature and density of stocking.  This paper attenpts
quantitative description of the relationships involved in
these aspects of pig nutrition.

DESCRI PTI ON OF PROTEIN GROMH

The potential daily rate of protein accretion (Pil may
be descgibed (Wittenore et al. 1988) as B.Pt.log.(Pt/Pt)
where pt i s protein weight at maturity, Pt is current

rotein weight, and B is the growth rate paraneter.

rotein weight at time t (Pt) is Pt.exp(-exp(-B(t-t*))).
The point of inflection occurs at tx da§§’ and (Pt.B)/e i's
the maxi num growth rate. ‘Val ues for appear to be 4o0-
45kg for inproved hybrid p|%s, while B (the growth rate
parameter)is in the region of 0.010, or possibly higher.

. . . . A
Selection for increased rates for Pt will increase Pt

A '~ . ; .
(pt & 300P%) and the signoid growth curve, when noving to
the | eft consequent upon a steepening of the weight/time
slope, wll inevitably also increase in the ultinmate val ue
for weight. The value for time at maturity wll not
increase at the sane rate as the value for weight at
maturity. The use of a CGonpertz function does not
materially alter the view that over the usual range of
nutrient unlimted growth in-slaughter pigs (30-90kg |jve
wei ght) a single value for pr can bg an adequate wor king
descriptor. Current estinates of Pr are probably in the
ranges of 120-140, 140-160, and 160-180g respectively for
castrated males, fenales and entire nales of inproved
ﬁenotype& Great grandparent stocks in nucleus breeding
erds will have protein deposition rates in excess of these.

The CGonpertz function is, however, a better description than
a single working value for it deals nore effectively wth
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protein deposition at higher |ive weights. This is
especially inmportant now that inproved genotypes nmay have a
greater mature size and therefore be used nore efficiently
at increasingly higher slaughter weights.

FEED INTAKE

Wiittenore et al (1988), using the form Mximum fresh
feed intake (kg) = a + b X Age(days), suggest, for pigs
between 21 and 140 days of age, respective b and a val ues of
0.033d and -0.486 for entire nales, 0.029 and -0.263 for
females, 0.035 and -0.396 for castrated males. Repl aci ng
Age by Live Weight (w,kg), for pigs grow ng between 5 and
8 8 | i've weight, respective b and a values were 0.046 and
0.347 for entire males, 0.043 and 0.411 for females, 0.048
and 0.416 for castrated males. It is usual for the feed
I ntake of castrated nmales to be 10-15% greater than that for
entire nales and fenal es. Subsequent to around about 90kg
l'ive weight and 150 days of age, the previous shown |inear
response appears to reach a plateau around which food intake

oscill ates. The average height of this plateau was
reported as 4.0kg for entire nales, 3.6kg for females, and
3.8kg for castrated males. During the 1 near phase of feed

i ntake response to increase in age or |ive weight, achieved

maxi mum feed intakes were rather higher than the 3.ow°-¢2MJ

di gestible ener%y (DE) proposed (anmongst others) by ARC

é_l 81); but rather simlar to 0.14w°-7°kg feed, although of
| fferent shape.

| NFLUENCE OF TEMPERATURE ON FOOD INTAKE

- A mgjor factor |limting attained food intake is
environmental tenperature; or, nore correctly, the extent
to which the anbient tenperature (T) is above the critical
tenperature ch). Critical tenperature nay be estinated
as; Tc = 27 - 0.6H. This is proposed as appropriate for
EZ)I gs of 10kg or nore, where H nmeasures the heat output (M)

eaving the body in consequence of the total of the

met abol ¢ processes. Wth increasing growh rate, or
mai nt enance requirement consequent upon ?reat er body size,
the value of Hwll rise and Tc consequently fall.

Newy weaned pigs of 5-8kg Ilive weight have a

articular “demand for a warm environnent. This 1s not only
ecause theK are smal | ; after weaning young pigs grow
slowmy and heat output is restricted to being little over
mai nt enance. As a rough approximation, for every 100g per

day of extra growh the critical ter&perature of young
gr ow n% pigs is reduced by about 1°c. 5kg pig wll lose
Into the environnment around 2M] of heat per day at zero
growth, 3.5MJ per day when grow ng at 200g daily, "and about
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5MJ per day when growi ng at 400g daily. One 5kg pig
grow ng at 400g Eer day will create nore heat than two 5k?
pigs growi ng at 50g per day. The anbient tenperature o

roons for the reception of newy weaned 5-8kg pigs should be
about 28-30°c. As growth rate picks up followng the post-
weaning trauma, the anbient tenperature can be progressively
reduced. PIES wei ghing 20kg and gromnn%)rapldly at rates
approaching kg per day are likely to be confortable at
around 18°c, and not above. The negative reIat|Qn$h|P
bet ween environmental tenperature in excess of the critica

tenperature and feed intake will cause appetite reduction in
young grOMAn?_p|gs, and consequent deterioration in feed
conversion efficiency, growth rate, and ease of managenent.

In a study of North American pigs, Smth et al (1988)
measured the daily feed intake of pigs between 26 and 108kg
as, Daily feed intake (kg) = 0.404w°-*s. G ven prevailing
anmbi ent “temperatures,ranging from 4-29°c under conmerci al
conditions, these authors estinated the negative effect of
tenperature upon feed intake to be, Darly feed intake
(kg/W(kg)) = 0.047 - 0.0007(T-Tc). In this study (T-Tc)
ranged from -14°c to +16°C. The equation suggests that for
each °c above the critical tenperature food intake is
reduced by about 0.7g per kg pig |live weight. Equi val ent
val ues of 1.0g per kg live weight per °c above critical
tenmperature can be interpolated fromthe data of N chols et
al (1980). These values are a little |ower than the 2.5%
reduction per °c proposed by C ose and Munt (1978). A
wor ki ng value of 1g voluntary feed intake reduction per °c
above critical tenmperature per kg of pig |ive weight appears
to be reasonable (Hsia, personal communication).

The influence of excess environnental tenperature upon
voluntary feed intake and subsequent growth and effjciency
in both young and growing and finishing pigs i$§
consi der abl e.

| NFLUENCE OF STOCKI NG DENSITY UPON DAILY GAIN

~ Experience under commercial conditions consistently
i ndicates a negative relationship between stocking density
and growth rate in pigs. The rel ationship appears to be
particularly strong In young and newy weaned p|P&
Attenpts to quantify this relationship under controlled
conditions have often shown a weaker response than m ght
have been expected from conmercial experience. This is
probably resultant from experimental conditions allow ng the
exam nation of stocking density alone, as a single factor;
whereas under commercial conditions any stocking density
effects would be likely to be exacerbated by associated
factors such as incidence of disease.
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Under research conditions the experinents of both
Kor negay and Notter (1984), and of Edwards et al (1988),
show a clear, positive relationship between space allowance
inthe fattening pen and pig growth rate.  Space allowance
may be satisfactorily expressed as a function of wWeight°-s7.
Where area (m®) per pig equals kw°-°7, if k = 0.018 there is
only sufficient space for the pig to lie on its sternum if
k =20.025 there is sufficient space for the p|P toliein a
normal recunmbent position. M ni mum space al'l owances for
pi gs housed on fully slatted floors u_suallxo approximte to
the lying space plus ' 25% in total giving k<0.031.

Edwards et al (1988) neasured the growth rate of pigs
on fully slatted floors from 25-85kg. romtheir data nay
be interpol ated response to increasi n? space allowance in
the form M = ak®, where Mis the multiple of the weight gain
achieved in conparison to k = 0.025, and where a = 1.89 and
b =0.173. his relationship is likely to be effective
over the range of k = 0.018 to k = 0.050.  The stocking
density that I's consistent with optimum econom c perfornmance
Is unlikely to be that associated with maxi num daily gain.
Most authorities would estinmate that for pigs housed on
ful I?/ slatted floors optimum econom c stocking density is
l'i ke Y to be within the range k = 0.027 to k = 0. 035. But
calculations of optima within this range nay fail to take
into account the additional benefits obtained from enhanced
rowth rates in newly weaned pigs in the weight range 5-
0kg. Such benefits are the 1ncreased healthiness and
vigour of rapidly growing newy weaned pigs kept at reduced
stocking density, and nore rapid throughput of pigs. The
responses cal culated fromthe work of Edwards et al (1988)

are in accord with those fromthe review of TKornegay and
Notter (1984).

GROWTH RESPONSES OF @ GENETICALLY IMPROVED PIGS TO NUTRIENT
SUPPLY

Genetic selection for lean tissue growh and agai nst
fatness has resulted in strains of inproved hybrid
sl aught er-generation pigs with inproved weight for age, a

| oner degree of maturity at slaughter, inproved efficiency
of feed use and enhanced |ean neat content. | npr oved

genotypes may be described in terns of their potential for
the daily deposition of body proteln (pr).

_ Dietary protein needs relate to the requirenents for
mai ntenance (n) and for protein retention (Pr).  These are
best expressed in terns of balanced am no acids or ideal
protein (1P, ARC 1981). Total ideal protein (I P,f)] rr_a?/ be
calculated as; IP.(g/day) = D.CP.F.V.v where D is the ileal
digestibility of ce, F is the feed intake, V is the
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bi ol ogi cal value of the protein (i.e. the balance of the
amno acids in dietary protein in conmparison to the bal ance
of amno acids in ideal protein) and v is the efficiency of
transfer and retention into body tissue of ideal protein
absorbed from the intestine. | f " IPn + IP-. = IP,, (IP, can
be estimated as 0.004pt, where Pt is the total body protein
nmass), then 1P, = IP. - IP, = Pr, the daily rate of protein
retention. This relationship will hold until pr = %%, the

pl ateau for genetic potential, when excess IP will be
deam nat ed.

The concentration of dietary protein to be provided
depends particularly upon the values D and V fromthe aspect
of supply, and the value of Pr from the aspect of demand.
The higher the value for % in consequence of the extent of

enetic inprovenent, the higher will be the requirenent for
letary |P.

Dietary DE concentration can be given from direct
determination, or calculated from chem cal conponent s
(as,for exanpl e, bﬁ use of the equation of Mrgan et al
(1987); DE (MJ/ kg D = 17.5 - 0.015NDF + 0.0160IL +
0.008CP - 0.033asH). DE supply (MJ/day) is n.DE.F, where n
is the diet dry natter concentration.

~ Energy available to be netabolised (M) may be
partitioned to growh and retained in fat or |ean tissues,

or used for work. Energy for maintenance (E.) isS nore
likely to relate to the protein mass than_t he whol e body,
and E, = 1.85Pt°-72 has been proposed. Energy needed foor

protein deposition (E..) conprises the energy retained in
protein (23MJ/kg) and the work needed for protein accretion
(estimates for which range from 10-45MJ, possi bly dependent
uPon degree of maturity, total body protein mass, and rate
of protein accretion, Wth an average value of about 21MJ/kg
suggest ed by ARC).

Energiy not ‘being used for maintenance or protein
rowmh wll be partitioned to fatty tissue accretion (Lr).
nergy retained in fat is around 39MJ/kg and the work
requited for fatty tissue accretion is about 14M3/kg.  Even
when ener?y I's inadequate for E, + Es. there is some mnimm
| evel of fatty tissue accretion essential to normal positive
growt h. This mininum expressed as a proportion of the
protein retention (Lr:Pr) seens to range between 1.2 and
0.4, depending upon sex and the ‘extent of genetic
I nprovement by sel ection against fatness. A further drain
upon energy suPpIy is “that for cold thernogenesis;
0.12w°-75(Tc-T), Tc being a function of heat output (H) as
expressed -earlier.
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At levels of amno acid (Ip.), and energy (Mg ) supply
less than required for maintenance, naximm protein
retention,  essential fatty tissue = growth and cold
t hermpgenesis, |ean growh potential will not be realised
(pr<P?) and efficiency of food use will be less than
opti mum At levels of supply in excess of that required
for these functions, the animal will fatten with detrinmenta
consequences for carcass quality and efficiency of feed use.

Ani mal's of inproved genotype with |lower Lr:Pr ratios and
hi gher values tfor p¥ wll| require, and effectively utilise,
enhanced | evel s of nutrient supply. Under ad |ibitum

feeding conditions the rate of pig growth relative to the
optinumw || depend upon the bal ance between the genetic
pogﬁptlal for lean tissue growth and the voluntary feed
| nt ake.

Cuide diet specific } 0

a s for genetically inproved
hybrid pigs are given in Tab J y 1

i on
e 1.

TABLE1L  Cuide diet specifications for genetically inproved

hybrid pigs*

up to up to up to

15kg 30kg 100kg
Crude protein 220-270 220-250 180-220
Crude fat 50-120 50-100 20-70
Crude fibre 10-30 10-40 20-80
DE (MJ/kg) 15-17 14-16 13-15
Lysine*¥* 14-18 13-16 10-13
Ca 11-15 11-10 8-10
P 9-11 9-10 6-8
Linoleic acid (approx) 20-50 10-50 6-20
Lysine (g/MJ DE) (approx) 1.0 1.0 0.80
DE:CP ratio (approx) 1:16 1:15 1:14
* Individual diets should vary according to the

circunstances of the unit, the %enetlc qual ity of the
pig, the nunber of different diets acceptable,” and the
econom ¢ cost/benefit. These diets are set to
represent the higher levels of diet quality.

**  Relative to |ysine (1.00), the required proportions of
essential amno acids are about: . histidine 0. 36;
i soleucine 0.57; leucine 1.14; nethionine + cystine
0.57; tyrosine + phenylalanine 1.00; threonine 0.64:
tryptophan 0.14; valine 0.71.

| LEAL DI GESTIBLE (AVAILABLE) AM NO ACI DS

~ It is being suggested that diets should be conpounded
to ileal available amno acids rather than total am no
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aci ds. Conpounding to ileal digestible amno acids can

Inprove diet tormulation accuracy and efficiency, but, as a
general technique, it may be prenature.

A diet made of known fornulae of tried and trusted
feed ingredients will, provided there is no unreasonable
variation in nutrient content of an individual ingredient,
result in a predictable and repeatable response in terms of
gromﬁh rate and carcass quality for any given pig type.

uch information is often sufficient knomﬁque for etfecélve
di et conpoundi ng. But analysis for crude protein (N X
6.25) allows freedomfromfixed formula |ngred|ent§7 mhble
satisfying a given crude protein specification. ariaol e
formulae may be used as relative prices of |ngredlﬁpts
fluctuate; hence the devel opment of least-Cost | et
formul ation

_ The growth and carcass quality responses of pigs to a
wi der range of feed ingredients show crude protein to b egg

unreliable predictor; the crude protein of sone

i ngredients being nore eff|C|entI¥ utilised than that of
others. ~ This i s consequent upon differences; (i) in the
digestibility of the crude protein, and (ii) in the amno
acid conposifion of the crude protein, . The digestibility
of crude protein is a nmjor deternminant 1nfluencing

variability in the response of pigs to diets of simlar
crude protein specification, and greatly added precision in
feed formulation is achievable by specification on the basis
of digestible crude protein (Table 2).

TABLE 2 Di gestjbili&y coefficients for crude Pprotein in
sone pig feedstuffs.

Crude protein Digestibility Digestible

(g/kg) of crude crude
protein protein
(g/kg)
Fish meal 650 0.90-0.95 600
Ex soya bean meal 440 0.85-0.90 385
Barley meal 110 0.75-0.80 85
Rapeseed meal 360 0.50-0.70 216

Information on dietary essential am no acids increases

the efficiency of diet formulation becayse account can be
taken of feed ingredients of equal crude protein content

having proteins of differing amino acid quality. For
example, fish and soya protein have nore |ysine than barle
or sunflower protein, while barle rotern has nor
tryptophan than maize protein. Table 3 shows the |ysine

and threonine concentrations of some typical f eed
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ingredients and exenplifies how, particularly in the case of

| ysine, protein qualities can differ.

TABLE 3 Total crude protein  content of some  pig
feedstuffs, together wth the concentrations of

the essential ~ dietary amino acids |ysine and
threonine in the protein.

Crude protein Lysine in feed Threonine in
in feed (g/kg protein (g/kg feed protein?t

feed) protein) (g/kg) protein)
Maize 90 27 38
Barley 110 32 35
Fish meal 650 74 46
Ex soya bean meal 440 62 42
Rapeseed meal 360 55 44
Ex groundnut 500 36 26
T The range of threonine concentrations in protein
is narrower than the range of lysine
concentrations.

_ That the pig industry should have managed for so |ong
with diet specifications and feed |n?red|ent anal ysi s based
on crude protein and total lysine alone is at first sight

surprising until it is realised that protein supplenents
have tended to cone froma highly conservative range;, fish,
soya and wheat by-products. Priotein supplements wth | ower

di?estibility values, or with particularly poor amno acid
bal ance, were sinply considered as inappropriate for pig
di ets. Wth a conservative range of feed ingredients in
the diet formulation, digestible crude proteinin the diet
Is a constant proportion of the crude protein, and the amno
acid balance of the final diet is satisfactory once any

shortfall in lysine (the first limting amno acid) has been
made good.

~The term "digestibility" as used in digestible crude
protein refers to the crude protein disappearing between
Ingestion and faecal excretion.  Values ftor digestibility
of crude protein at the termnal ileumare usually about 8%
| ower than faecal digestibilities (over 43 feedstuffs,_ Il eal
digestihility of crude protein = 0.92 (£0.08) Faecal
digestibility of crude protein). = If this relationship were
to be constant, no greater precision would be achieved by
using ileal rather than faecal digestibility values, but it

I's not constant and varies between feed ingredients (Tables
4 and 5).
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TABLE 4 Ratio of ileal digestible. amno acid: ileal
digestible crude  protein (average of 43

feedstuffs)?*
Ileal digestible amino acid
Ileal digestible crude protein
Isoleucine 1.06
Lysine 1.02
Methionine 1.20
Threonine 0.95
Tryptophan 0.95
* Methionine is alnost twice as variable for this
character as the other am no acids. In the case

of maizethe ratios for |lysine, threonine and
trylpttoF?han are 0.88, 0.94 and 0.92. For feather

mea e ratio for lysine is 0.72.

TABLE5 Ileal digestibility of some am no acids in some
feedstuffs (values nostly from few neasurenents
only)

Protein’ Lysine Methionine Threonine Tryptophan

Barley 70-80 70-80 75-85 65-75 70-80

Wheat 70-80 70-80 75-85 65-75 70-80

Maize 70-80 70-80 75-85 65-75 70-80

Wheat middlings 40-65 40-70 30-50 40-50 50-60

Maize gluten

feed 40-60 ' 50-60 57-70 40-55 30-40

Ex soya bean

meal 75-85 80-90 80-90 75-80 75-80
Rapeseed meal 40-60 50-70 60-80 50-70 50-70
Meat & bone
meal 40-70 50-70 60-80 50-65 40-60
Fish meal 80-90 85-95 85-95 75-85 70-75
1 In general ileal digestibility of crude protein is
about 8% lower than faecal digestibility of crude
protein. Interesting exceptions are rapeseed

meal (12% lower), corn gluten feed and corn gluten
meal (16% lower), wheat middlings (17% lower), and
meat and bone meal (14% lower).

The available am no acids system only increases the
accuracy of precision of feeding if correct values exist for
feed ingredients as used in each diet fornmulation at the
time formul ated. \Where each of the factors in a reducing
chain, from crude protein _throu%h to avail able am no acids,
requires to be characterised by a fixed value, then no
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increase in precision can result from the reductionism In
such circunstances the available amno acid system nerely
represents a device wth the (false) a{)ﬁearan_ce of
technol ogi cal advance. Only if the links in the chain are
variable, and only if the extent of the variation is known
and only if dependable values are available to describe that
varitation, wll reducing crude protein to available am no
acids inprove the precision of pig feeding.

~There remain the twin problemns: (i) difficulties in
the identification of target nutrient demand for the daily
suppl y of available amno acids, and thereby difficulties in
the definition of a diet supply specification, and (ii) lack
of accurate documented measurenments of available amno acids
for many feedstuffs, and variation between neasurenents nade
thus far for many feed ingredients. However, feed
conpounders are devel opi ng met hodol ogi es for estimating
aval l able amno acids for pigs fromassays using other, nppre
conveni ent, species. Wiilst in vivo studies wth live pigs
cannul ated at the termnal ileumwT| remain the datum for
the measurenent of available amno acids in feedstuffs, 'nore

rapid predictors for —available amno acids, including
chemcal apalysis, wll come  forward. ht [ ? al so
reasonabl e to assune that variation between batches of known

feedstuffs in their available amno acid content will be
predicted by sinple linkages to readily anal ysable total
crude protein and total amno acid content.
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