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 ABSTRACT | ) |
. . ' Av’

. A three- d1mens1ona1 graph1ca1 enfng;-;;;;1t1on model was

_ deve]oped relating protein and 11p1d retention in growing pigs (45 to

- 75 kg) to dietary\energy,intake'and environmental temgerature; The

model.can be,used to'predict-anfma1 heat prodnction at each feeding

leveT;'neutrel environmental temperature at each feeding level and

incremental energy conversion efficiency over a range of feeding

levels and environmental temperatures.

a .
*

’ To validate the model predictions a feeding tr1a1 was undertaken
'-to determine the effects of low temperature on rates of prote1n
'retent1on and weight gains in growing-finishing pigs (45 t0'80 kg).
-Two.groups of eight individually-caged pigs (female, Yorkshire cross)
were expo§ed alternately for 15-day periods t6'21° and 6°C

'Half the pigs in each group had ad L1b1tum access to the: rations whilek
the other half were restrICted to 100 g/k(gO 75 of feed 1ntake per

unlg metabolic body weight. From- regressions of 11vewe1ghtnversus.'
time for the last 10 days'of,eacn period, low temperature (600):

.was found to reduee average‘daf1y gain by 2.3% per OC nelow fhe

rate of 792 g/d measured at 210C, .Fron nitrogen balance data,

protein retent1on rates were found to decrease by 1.2% per O

below the rate of 149 kJ/(d.kg0- 75) measured at 21°C The

ratio of proﬁein gain to‘total Qeight gain-nas, on average, 25%_]argerL
- at 60C, compared to that measured at 2106,'indicat1ngeieanen
grnwth at low temperature.

. - o - . E | "\
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.A comparison 0 the resu]ts of the feeding trial with the vaiues
predicted by. the e ergy ‘partition model indicate protein gain, protein |
gain/totai weight gain .and average daily. gain values obtained in the
feeding trial were within 5% while estimated'lipidldeposition rates

*were within 21% of the nmdei predicted vaiues.'

'hhi]e exbosed to the lower temperature(60¢), the
digestibi]ity of ration dry matter, energy, and nitrogen(78 2% 77.0%,
- 74.7%) was significantly 1ower %han when pigs were exposed to 210¢
(80.8%, 79.9%, 79.4%). Increasing body weight from 45 to 80 kg had no
effect on digestibility. Although restriction.of feed consistentjy
resulted in higher digestibiiity'vaiues»for dry matter; -energy, and
nitrogen, as compared to the ad Libitum fed'pigs,ffeed level etfect_

did not reach statistical significance,

" From bi-daily weighings, estimates of transitory~body weighg‘ |
'changes were obtained for restricted ﬁed pigs at each abrupt
‘temperature changeover. with each temperature decrease( 21° to
6°c) fhere was a temporary loss 1in body weight of 4143, However
with each temperature increase (60 to 210C), body weight
increased 4t0 8% Estimated changes in yé(ght of gutfill were derived
from weight of feces collected during the five days after each
temperature changeover FOr restricted fed pigs.. These values were
| ~highly correiated(r—o 92).with the transitory weight changes. \

;-Regression analysis indicated changes in gutfi]] cou]d be responsib]e |

- for about 55% of the observed weight changes.“
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‘ SECTION A

-INTRODUCTION

EA

: Oven the .past two decades, the relationship in growing hogs between

level of feeding and their performance at low temperature has been

(4

intensively researched (Sorenson, 1961; Seymour et al, 1964; Holmes and

r

Mount, 1967{ Close et a1,'1971; Close,1971; Fuller and Boyne, 1971, 1972;

Verstegen et al, 1973; Verstegen-and van de; Hel, 1974; Gray and McCraken,

1974; Mount, 1976; Close and Mount, 1976a, 1976b, 1976c; Verstegen et al,

1977). Bésical]y.the problem is that growing hogs kept at low temperatdres

reduce tneir efficiency of feed conversion, viz.‘moné‘feedkis required per

unit.weight gain. Where restricted‘feeding is used, this is manifest .in

. : o ,
reduced-weight gains; where pigs are fed.ad Libitum, feed consumption

1ncreases conciderably (Verstegen et g],‘1977).

S!Bdies concerned with the effects of cold on animals usua]]y refer

"to the concept of the' zone of thermoneutrality (Mount, 1974): a range ofl

\

temperature within wh1ch the rate of heat output of an animal of given
(nregcnibed)'age;vsize (weight), physiological state and level of feeding
is unaffected by changes in ambien% temperature. Whether or not heat

output is étrictly constant is less important than the fact that heat

.

output is minimum relative to temperatures either above or below this

zone, Therefone, in order to maximize productive wnrk,‘anima1§«5h0u1d be

S

mainfained within this temperature range. The temperature that marks the

lower bound of the zone of thermcneutrality is known as the lower critical

-



4]

-

temperature. Below this-temperature the animal is obliged to use feed

energy to elevate its rate of heat production so that-its body heétiﬁ

content is consistent with the metabolic and. physiological functions

" needed to sustain Tife. Consequently pigs housed at low temperature

convert feed to body gains less efficiently.

Besides the importance df feed convergion efficiencj,_produceré are‘
a]sq encouraged economically to produce gfgs with.a miﬁimum of‘excess |
carcass fat. In the United Kingdom, suégested rates fbr feeding growing
piés are based on thiwizing feed conversion efficiency and carcass .
quality (A.R}C.,‘1967)._CTeaf1} then, as a decigfon-making aid in the

evaluation of feed and shelter requirements for growing pigs, the concept

of the zone df thermoneutrality may be of 1imited value since it takes no

‘account of possible changes in composition of tissues in the growing pig

exposed to Tow temperature. Therefqre the fo]]owing review of the
1{terature is concerned with the fundaMenta]s of'energy utilization by
growing animals aﬁd the concepts of thermoneutrality, paying particular
attention to energy utilization by growing pigs and the effects of

exposure to low temperaturé,' -



. SECTION B
REVIEW OF LITERATURE

Energy Uti]izétioh
"Energy studies are concerned with the determination of relative food
values; with the influence of various environmental factors,vmethodsfof
feeding, and combinations of nutrients upon food utilization; and with the

efficiency of. various animals as converters of food energy." (Maynard and

P
¢

Loos1i, 1965).

A1ihough all matters quoted above influence prdddction efficiency of
growing pigs, this review gives particular cons{deration tb the efficiency
of pigs as converters of food energy and the influence of the thermal

environment on energy losses from growing pigs. »

Not directly referked to in the aboVé qQote are'theyéomblei
biocheﬁica].transformations toﬁmon to all living Qrganisms) coi]ective]y,
‘ca11ed intérmediary.metabo]ism. The stochiometry of.these transformations
is'centrq1 to animal produqtioh efficiency and a]thouéh practitaI feeding
g methods require little knbw]edge of intermediary metabolism some
introduction tolthese concépts is'desirab1e_fof the.dgve]opmeht of thig.

thesis;'



Intermediary Metabolism

Durfng‘combustion fuel e]ectrons at high energy level are
transferred to oxygen at a lower energy 1eve1, resu]ting in the products
water and carbon d]ox1de together with the release of energy in the form
of heat. For example, burning one-mole'of g]ucose‘wi]] yield 6 moles
C02,6 moles Hp0, and 2800 kJ of heat; burning a mole of pa]mitate
will y1e]d 12000 kJ of heat together with 16 moles C0, and 16 moles

Hy0. In animals, feeds are a]so oxidized; the eventual products of
combustion (C02.vH20§ in the an1ma1 are precisely the_same_as if

the metabolite were burned. However, the release of the chemical-bond

energy in the animal is very carefuldy controlled through a great many
distinct intermediaég‘steps. ChemicaT-bond energy from netabo11tes (feed
constituents absorbed into the body such as carbohydrates amino acids,
11pids) are chem1ca11y ‘transformed via an energy. currency unit such as
Adenosine~Tri- -Phosphate (ATP) for subsequent use in, for example, -
biosynthetic work and transport of ions. Large numbers of enzymes play an

essential role in this controlled release of energy.

Just as dlfferent types of fuel differ in their heats of combustion,

' various types of metabolites differ in their theoretica] yield of. high

energy chemical bonds such as in ATP. Where carbohydrates and 11p1ds are

utilized by non-ruminants, about 85 55 of metabolized nutrients are
required per mole of;ATP,formed.(Milligan, 1971). However, because of the

need for deamination, ATP yie]d from prote1n may be 10 to 20% less. Energy
7 (

harnessed in the termina] phosphate bond of ATP can be used to carry out
“chemical work in the body such as maintenance of vital physiolog1ca1

- functions and production of new tissgeSﬁ

/

‘
/
/
S/
/

it



Research has outlined the probable biochemical mechanisms for the
synthesis of new tissues from precursorstder1ved from ingested feeds.
‘Because of ‘the importance of tissue proddction in growing animals, the

term " nutritional efficiency " arises. Nutritional efficiency is the
ratio of\the total energy"contained in newly produced tissues to the total
energy input comprising the.energy of.thetindfviduaT precursors and the
energy ]1nk1ng them together. On this oa§1s the theoretical'produCtion
eff1c1ency of prote1n from 1nd1v1dua1 amino acids would be about 89%,

while the,synthes1s of paimitate from acetate precursors wou]d be Tess

efficient at about 71% (Milligan, 1971). ' ‘

Studies with whole animals however, have indicated ac tual ndtritiona1
efficiencies to be in the order of 10 to 20 % lower than m1ght be expected
from theoret1ca1 pred1ct10ns. Add1t1ona1 energy costs not considered in -
predrcted biosynthetic pathways such as transport of_nutrients used ;n\\
synthesjs; amino acid modiffcations, protein turngver and maintenance of
ion gradients, coqu account for this diecrepancy (Mi]]igan, 1971).J

Fortunately the assessment of the energy. needs of animals does not
require consideration of the intermediary energy transfornations.‘The
energy sum of . the 1ntermediary tranSformationS is equivalent to the heat
of’ combustion of the 1ngested fuel less the energy losses 1n the feces,
‘ur1ne and combustib]e gases (Law of\Hess) This d1fference, in growing

animals, is apparent as heat energy and energy retained in the body and is

referred to as metabo]izab]e energy

-



Obviously, energy retained is of more interest in animal production

than is heat 1oss. However, the fate of heat energy incident to

metabol1sm is of vital importance to homeotherms, including farm 1ivestock ‘

and poultry. A1l or a portion of this heat loss is needed to ma1nta1n a
re]at1ve1y constant body heat content when the animal is exposed to
»var1ous ambient temperatures. Indeed, in very cold regions, additional
insulation"must be provided to animals in~the form of buiidings,

Knowledge of rates of heat production by an1ma1s is 1mportant to the sound
design of such shelters. Therefore 'some of the basic princ1p1es of heat

t

loss and animal thermal balance are d1scussed in the next section.
. Heat Loss and Animal Therma]vBalance

The necess1ty of contr0111ng heat production (Qm) and heat |
lToss (Q¢) such that body temperature is confined within narrow limits .
is a matter of surv1va1‘to homeothermsz:0ver time, the fol]owing balance

must be preserved:

i

Qm ‘ Qt 'ooocc..o-o 1

Often, however before reaching the point where surv1va1 is in question
1ess severe environmental cha11eges can cause discomfort and diminish » N
production.‘These sub-]ethal stresses are not reflected in Equation 1, but

may be of practical importance.
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Methods for the identification and definition gf acute or chronfc' |
thermal stresses in livestock and poultry, have been\xought by many“h,
researchers and have been d1scussed in reviews by Burton and Edho]m 1955;,
Blaxter 1962; and Mount, 4968) Figure 1,

l

taken from these references,
schematically represents a sect1on of an animal trunk and serves as a

usefu] model for rev?éw1ng the pr1nc1pa1 avenues‘of heat 10ss from
animals. '

Start1ng from the body core, nomina]]y at temperature Tb, and
fo]low1ng the outward transfer of heat to the environment, there is f1rst
a s1gn1ficant temperature gradlent to the membrane surface (e. 9. skin or
respiratory tract t1ssue) at temperature Tg. Under warm conditions,
the b]ood may carry much of th1s “body heat to very near the membrane
surface, thus minimizing the re51stance of "body t1ssues to heat flow and
acce]erating heat - 1osses by 1ncreas1ng skin temperature. Under cold
".conditions the blood flow to the membrane surface nmy be severe]y

restricted (vasoconstriction) and heat loss is- m1n1mized since the outer

t1ssues are able to provide resistance to{heat,f1ow, Heat transferred to
the membrane surface will be a function of surface area (A) and

v

temperature grad1ent between the coﬁe,and the surface at temperature
Tgs that is,

‘ Qt = A Hk (Tb- Ts) REEYX) 2
4*: ‘ ' .

where the heat transfer coefficient, Hy, can be(regarded as a variable

which, to an extent, can be controlled by the animal



Symbols: * o |
T, . ambient temperature Q,, total heat e,, air vapor pressure
Tss' v surroundmg surface tempe;ature Qs - sensible heat \f air velocity

" Tog - Outer surface temperatufe Q,, latent heat : '\
Te, - skin temperature : - Q,, convective heat
Ty, body temperature Q,, radiative heat

SOV MWWERY

Surrounding’ Surfaces - T '
Tq
> ‘Qr
Incoming e
’ shortwave 7@
radiation "\ -

' Cut -away
Section: of
Pig Body

Figore 1.  Schematic depicting the transfer of heat from the animai body to the
o surrounding envir ment. -



-~

'i At all membrane surfaces such as the skin and respiratory tract
tissue, there is usually some evaporation of moisture. This isothernal
avenue for heatV]oss is related to the change in state of water and is
~ referred to as latent heat loss (QL) to be d1st1ngu1shed from sens1b1e
heat loss (QS) which requ1res temperature gradient. Tak1ng an extreme
case where ambient temperature would happen to be equal to body
_ temperature}"1atent heat losses must account fully for all metabolic heat
production‘af body temperature is to,remain constant. In all cases the -
~following baiance must hold true:A‘ -

Y

Q- QL+ 'Q§ Ceevevesese 3

Sensible Heat Loss. | - S o =

Referenée to Fiéurepl indieatesla layer of ha%r providing insulation =
or resistanCe to heat transfer. from the skin surface to the air. For- some-

- animals, such as the'pig;'1itt1e‘pr'no such'insuTation existg. However,
wnere present, hair’tends to entrap air throuéh which‘heat"must be
conducted. The'resistance to heat f1on will be proportiona] to the

~ temperature gradient from the skin surface to the hair outer surface at

temperature Tog; that is,
Qs = A Hp ((Tg - Togheoooo 8
;Again within 11m1ts, the animal can control the heat transfer

'coefficient Hpy» by bristling (pi]oerection) of the hair coat and

increasing the volume of entrapped air or by behavjoral changes. If §1ven .
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time for'adaptfon we1ght of hair coat can be increased substant1a11y by

new growth (Nebster, 1969)

Normally, sensible heat is transferred from the animal outer surface
to the surrounding environment by radiation (Qr) and convectfon
(Qc) in proport1ons determined by the air temperature mean rad1ant

'temperature and- re]ative air movement such that:

QS=Qr+Qc O.‘lt.o.t.‘:S
Both modes of heat transfer are complex and areﬂgoverned by_different ,

Taws.,

'Nhere temperature differences extst between a surface and a f1u1d.
'Vheat 1s sa1d to be transferred from the body to the fluid by convection.
Actually heat is conducted across a thin boundary 1ayer of stagnant fluid
which adheres very close]y to the surface. ‘The th1ckness of this fi]m,
and. therefore its insulation value, decreases as f]uid movement against
the surface 1ncreases. From theoretical deve10pment the convective heat
transfer coeff1c1ent HC, can be shown to vary d1rect1y 1n proportion

to the veloc1ty, V ,and" 1nverse1y in proportion to the d1ameter D, for

cylindrical objects, as follows:
He = Constant( V3 Dy y ) +..6

values in the }1terature for the exponent "a" usua]ly range between 0 4

and 0.6. Therefore, H. xaries 1nverse1y with the diameter so that the
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coefficient would be smaller for the main body as opposed tolone of its
‘limbs; Thus the convective heat losses per unit area can be expressed in
terms of H. and the temperature grad1ent between the outer surface

(Tos) and the air at temperature Ta, as fo]]ows
{ | ‘ |
, Qc= HC(TOS - Ta) eeee 7

By v{rtue of its absolute temperature (T, in ©K), a body

emits heat as electromagnetic waves according‘to}thfs relationship:

R

| 0 = EPTd ieiineniinnnns. 8
| ‘ where E = emissivity o
P = Stefan - Boltzmam constant _ T

>

On.the basis of the length of wave, a distinction is made between solar
, radiation (short-wave) from the sun, and infrared radiation (1ong-wave)

from surroundings objects. =

Net radiative heat transferred illustrated in Figure 1 via
long-waves, is the difference between that going out to and that coming 1n‘

from the surrounding environment:
Qr = EOPT4OS - ESSP T4~SS -..9

, where Eo and ESs = em1ssivity of animal outer surface and

: surrounding surfaces: takes account of
configuration of 2 surfaces, their relative
size, and inclination with reéspect to each
other. .

a
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Tg = mean temperature of surrounding

LS

surfaces

Sensible.heat transfer from the model outer surface may now be expressed

by-snbstituting-Equation 7 and 9 into Equation 5;
QS ‘=‘HC(ToS-Ta) +EOPTOS4 - ESSPTSS4 .-........10
This ‘form of Equation 10 is jngonvenﬁent and is usually 1inearized.. This

approximation invol?es the substitution of T65=Tss*(Tos-T S)
and the use-nf the first two terms of the binomial expanej;E:>

N

Qs = HelTos=Ta) + 4EQPT3sq(ToeTss) + PTAGS(ES = Egg ) .unll

Usually Eo'anq Ess Can be assumed to equal 1 and the expression.
 simplifies to: | o |

&

Under confinement conditions the temperature of the surrounding surfaces
' may often equal air temperature and the two coefflcients can be added 50
give a combined heat transfer coeff1c1ent Hcr' such that the form of

Equatfon 7 is maintained. Otherwise,ﬁEquation 12~ind1cates that as T,

~
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~tends to deViate from T4, more weight must be given to the radiation
heat 1oss component | |
®
Two factors mitigating the above senSible heat 1osses are changes in
| posture which may effect exposed body area ', and heat’ gain from incoming
soiar radiation. For standing animals conductive heat losses to the ground
are small and are normaliy neg]ected Under outdoor conditions, 1ncident
soiar radiation may be substantiai and shouid be added to metabolic heat ‘
production. s | | | \§\, |

‘ - B
- . R S "
B - . . ) ? : N v
’ . - . 3 . S

, . : <
Latent Heat Loss. '

. : ) ;_k\~
"As mentioned prev1ously, evaporative heat: loss is the major physical

. mechanism for heat d1551pation at. high ambient - temperatures. Evaporative

heat transfer princ1p1es are Similar to those for sensible heat transfer -
except the dr1v1ng force—Ts the vapor pressure gradient between the
‘membrane surface (es) and the air (ea) o

///Vi QL = A'HL‘éS'- ea) ---o-ooooo 13 “i

’

-

vThe evaporatig&,heat transfer coefficient (HD) has properties similar
: to those already described for the convective heat transfer coefficient

(He)e
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It should be pOinted out that the accurate. de&ermination of variabies
bV///h as Hh, T¢s and To, is in practice, very difficult.
Temperatures,/as they are symbolized here wouid be. averages of numerous’

measurement{ - 7 : : e T

Total Resistance to Heat Loss.

ct

Tota] heat transfer from an animai will depend partly on the
magnitude of the individuai heat transfer coeff1c1ents described above.
Each re51st nce to heat fiow contributes to the overail reSisfance vaiue

“according t:\t:i\very same Brinc1pies used 1n suming electrical
re51stances. Sen51ble versus, iatent heat transfer or radient versus
convective heat transfer are anF]ogous to reSistances in para]]ei tissue '
reSistance and hair coat resistance are ana]ogous to e]ectrica] i

: re51stances 1n sertes. Overall H va]ues can be checked in the ca]orimeter |

‘ by measurement of Qt» Ta». Tb and A and solving for H. ,4

| The above theoretical review of some basic heat transfer princip]es,
) 1ndicates how heat loss is a function .of vapor pressure and temperature
"gradients between the animal body and the env1ronment. The magnitude of
hrithese gradients will depend on the rate of heat production by the aniha] |
and the env1ronmenta1 pﬁdperties such as air temperature, air ve]ocity,
‘eair relative humidity, and mean radient temperature. At what point/;hen
:does a particuiar anima] experience environment stress? = ;,/’

o,

2
/

The: need tomthetmoregulate imp]ies the existence of a sensory system

s

with feedback contro] to various thermoregulatory mechanisms.v Hhether or:

/
< :
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not a particular environment is stressful can be determined only in vivo

by appropriate measuremeqt of physiological strain?fhat‘indicates the
degree of effort requir;d formaintain therﬁa] balance. Efforts have been

3&?* made to combine the variab]es affecting heat balance into one parameter

/ that ?efiectS‘the net‘thermél impact of the fnvirdnmen;. wheré humans are

concérned, the objective is to determine zones of‘cpmfort while such

studies on‘]irestbck are aimed at\Bptimi;ing productivity. Examp1es7of

both systehs are described below. They are quite similar in thét both

establish points.of equivalent heatk1oss; however the approaches are quite

different.

 Wind Chill Index.

\

The Wind Chill Index'(Sipleﬂéhd Passel,1945), developed by measuring
‘the freezing time of water in a plastic cylinder, indicates the comb1ned
coollng effect of air movement and air temperature This index descr1bes .
convective hgjt 1osses part1cu1ar1y the ef ;:fof variables V and

Tas-as discussed prev1ous1y in Equation 6 and 7:

Qc = KV Dal(TOST) R U
\ . B

13

While there is no b1o]og1ca1 basis for suppos1ng that the heat loss
rates from a cyl1nder is ana]ogous to those from an1ma1s, ‘the pred!cted
relative effects of air velocity and air temperature on heat loss are
‘credible as they were measured'mechanicafly. Al though dereiOped for‘humans

_ffgxpo;ed to sub-freezing temperatures, the system may be calibrated for any
E: species and have been used for cattle (Petritz and Brokken, 1974'

)

Christenson and Milligan. 1974).
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Critical Temperature. R

The.Wind ChiN Index.simp1y illustrates the development of a measure
oftenvironmenta] stress without.the use of animals. More specific to the
problem of optimizing pig productivity at low temperature is the critical
temperature method, which is based on energy balance studiesowfth pigs.

£
S

Figure 2 depicts schemat1ca11y the re]at1onsh1p between rate of heat
production and env1ronmenta1 temperature as ‘typically observed in
ca]or1metr1c stud1es on 60 kg pigs fed twice ma1ntenance (th) (Holmes and
Close, 1977). The b1pha$1c nature of heat Toss rates in reappnse'to
"temperatuheuchange may be noted. The're;ponse;of the'gloping left hand
portion of this;curve ts analogous to'the expected heat loss from ah
I1nan1mate object maintained at body temperature. when extrapo]ated to its
;downward limit at ambient temperature approximately equa] to body
~ temperature (dotted line), the thermostatic demand would vanish to zero.

, However,.the‘actual "biological" heat loss line break§‘horizoﬁta11y at a
point known as the .Tower critical temperatUre correspond1ng to the
minimum rate of_heat production from metabolism. Heat loss w1th1n this
zone of thermomeutrality is contro?]ed ch1ef1y by evaporat1on of water as

~ shown. fdashed line).

The heat loss rate at temperatures below the lower critica]
temperatureiis of particular interest.? At this temperature all phys1ca1
- means available -for res1sting heat loss have been utilized. Any reduction

.ln temperature, below the critical temperature, must be accompanied by a

]
e e i



Hesat Production, MJ per pig‘per day

+
Total Heat Loss
Lower
. Critical
T - Temperature
Sensible Heat Loss
<« Zoneof
. Thermoneutrality
/
/
/
/
/
5 //‘
/
/
? W
or' /
/.
VARS
/ .
. . y
Evaporative Heat Loss _ // :
______________________ 5
0 2 3 . N
-1 0 _ 10 20 30

-Air Temperature, °C

_ Figure 2. A diawammatic represantation showing the relation between air temperature |
and the components of heat loss in the pig, for a pig 60 kg liveweight with
an ME intake of 2 X Maintenance(from Holmes and Close,1977).
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proportionate increase in heat produg:ion if bo&y temperature is to be |
maintained. This additional heat production is entirély sensible heat és
may be nofed in Figure 2;nevaporat1ve heat losses at‘temperatUres below
the critical temperature, are constant and réf]ect mainly respiration
losses. Any.additiona) heat producfion above the tﬁermonedtfa] heat
production must be at the expénse of chemical energy ingested in the feed.

Therefofe, if pigs are fed a Festricted amount of feed, the potential

energy -available for productive work wi]l,be-dimfnished. However, if lower b

Critica] temperature can be estimated, addition feed allowance can be made

to enable the animal to Cope with the extra heat requirements at low

&

temperature.

J
. \ _ /\'
A listing of estimated'lower_critical temperatures of pigs was:

.devised by Verstégen and Curtis (1978). First consideration is inen to

factors affecting heat production level as determined from calorimetric

experiménts, energy intake, body weight, and group size (Taple 1). These

critical températures listed in Table lzafe.limfted strictly to sti]T-air,

‘concrete floor conditions, where mean radiant temperature is equal -to air

temperature (i.e. calorimeter conditions). :

The next task is to delimit the information in Table 1 to permit{

estimation of lower critical temperature under the range of enviromental
- conditibns_found in practice. Temperature adjustmeht factors, based

mainly on the work of Mount (1976), have been compilied by Verstegen and .

Curtis as shown in Table 2. These-factors can be used to adjust the lower

critical temﬁeratdres in Table 1 to suite a particular set of




TABLE 1. LOWER CRITICAL TEMPERATURES(C) IN SINGLE PIGS AND GROUPS
' * OF PIGS OF VARIOUS BODY WEIGHTS(kg) FED AT MAINTENANCE
(M = 420 kJ/(d-kg-75), TWICE M, AND THREE TIMES M(FROM
VERSTEGEN AND CURTIS;1978).

Kind of Animal ‘ Weighf,kg . 1‘ Feeding Level

M M 3M.

Baby pig(single) 2 7 31 29 . 29

(group) . 2 . 27 24 24

Growing pig(single) 20 26 21 7

e (group) 20 24 ‘ 19 15

Finishing pig(single) 60 25 20 16
(group) 60 , 23 - 18 13

Finishing pig(single)100 » 23 . 19 1k

. (group) 100 S22 17 12

Sow(thin) - 140 25 20 1h

(fat) - 140 ; 23 ‘ 18- ' 12




TABLE 2. CHANGE IN LOWER CRITICAL TEMPERATURE (°C) FROM CALORIMETER
‘ CONDITIONS FOR PIGS KEPT AT VARIOUS HOUS ING, MANAGEMENT,
AND CLIMATIC CONDITIONS(FROM VERSTEGEN AND CURTIS, 1978) .

Condition ~Specification | Weighf Change in Lower
o (kg) Critical Temperature

Windspeed,m/s

0.2 Andividual pigs - +h
0.5 . : o ' - ' +7
1.5 " - o +10
0.45 . Group of 9 - - ho : +1.5
Floor
o o . ¢ .
Concrete vs straw at 107C » piglet - +8
Concrete Vs straw at 30°C . neo +2
Straw ~ Group of 9 ; 35 - -hb
Concrete Slats " o 35 , B
~ Wet surface t 35 : +5 to +10
“Draught
draught - . insulation ‘ - +6
draught _uninsulated(winter) - +8
no draught ininsulated(winter) - +i

no draught uninsulated with straw

Radiant Temperature

°

+1% individual . piglet . -1
 reflective group . TR )
wall and Celling ‘ .

=3



' environmenta1 conditions. Having estfmated the lower critical

temperature, the necessary extra heat product1on requ1red to ma1nta1n body‘
.temperature can be determ1ned for any sub- 1ower cr1t1ca1 temperature and
vextra feed allowed accord1ng to the rates shown in Table 3 (Verstegen and -

© Curtis, 1978).
_Feed Energy Evaluation

This sectfon:discusses some approaches to evaluation of feed energy
4and animal feed energy requ1rements. The basic goals in assigning energy:
ifva]ues to feeds are twofold on one hand to assess the relative ability of

different feeds to furnish energy for body processes and t1ssues, on the
‘other hand, to permit estabiishment of the energy_requirements for given

v types of an1ma1 production processes (Maynard and Loosli, 1965). In
add1t1on to supp1y1ng .sufficient energy for maintenance and synthetic
;work the diet must supply reduced compounds such as amino acids and
certa1n vitamins which are not oxidized. Such compounds as may be
incorporated into new tissues, for example, constitute a significant part

of the animals energy requirement.

The underlying premise for the estab11shment of most feed energy |

- systems is that any recognition of 1osses in metabolism in evaluating a

| ‘particular feed is better than a purely physical statement of the feed
we1ght or gross energy value (Maynard and Loosli, 1965). Intuftfve]y, one
might expect that the 1ntroduct10n of some “"biological® factor in

computing the feed energy value would be advantageous,. in view of the many
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TABLE 3. EXTRA HEAT REQUIRED PER °C COLDNESS BELOW THE LOWER CRITICAL
TEMPERATURE ( kJ/(d-0C) AND EXTRA MEAL EQUIVALENT(g/(d.°C) TO
COMPENSATE FOR THIS EXTRA HEAT.(MEAL ME = 12-13 kJ/g) (FROM.
VERSTEGEN AND CURTIS,1978). ) ' :

i

-
e

-

Kind of Animal =~ . Weight =~ _Extra Heat Meal Equivalent
- . kg . kJﬁ(d-OC) " g./(d-%)
— \ — ~ — ,
baby pig . 2 Y L
growing pig : T R
-individual ‘ 20 : 163 : 14
-group ' 20 160 .13
-individual 100 430 - 36
-group 100 L17 35
sow (thin) 140 - 710 59

sow (fat) 140 ‘ 4o8 34
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d‘different species of livestock and poultry and the nide range of
_»physiological states whicn depend, for exampie, on_physical environment,
maturity and reproductive status. Figure 3 i11ustrafes the classical
energy balance concept forvan anima],-starting/with the heat of combustion
in the consumed feed, less var1ous energy losses from an1mals, such as )
heat, and f1nwshing with the energy output in’ production Severa]
pract1ca1 methods for measur1ng feed energy have evo1ved and each accounts

for certa1n of the losses. c1ted in Figure 3.

5_ Appérent ngestibﬂe Energy.

One-significantdloSS which torresponds to the consumption of a11f
| feeds, particularly roughages, is feca1 energy loss. Apparent dfgestible
energy (DE) of a feed represents the energy of the 1ngested feed less the
energy of the correSpond1ng feca] losses. DE va]ues,can be determined’by
 bomb calorimetry."DE is used commonly in America (N.R.C, 1973) and the
r‘United Kingdom (A.R.C, 1967) as a basis for recommending'enérgy intake

requirements for pigs.

~ Total Digestible Nutrients.

Feed energy can also be expressed in terms of total digestib]e

.

‘ nutrients (TDN). TDN values, in ki]ograms can be assigned to rations
using average digestion‘coeffic1eﬂts for protein fat, and carbohydrates,
_ together with proximate ana]ys1s data for individual feed constituents..,‘

_By this method of assessing energy va]ue protein‘and rbohydrate are - -
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_ ° Heat inqremem

. Gaseous:
Fecal ’ - [ products of . Heat of
energy ' _ digestion o fermentation (HF)
Gross . _ . - Uri R L
energy : L - Urinary . .
intake{(GE) — : . " energy Hgat of
nutrient
. metabolism
Apparent ‘ ‘
- digestible S .
energy (DE) -
’ _I— Metabolizable
energy (ME)
L Net energy

Figure 3. Energy distribution in body proc;asses(Maynard and Loosli,1965}.




A4

25
.g%ven energetical]y"QAUiva1ent weight whije fét isvincreased by a factor
of 2.25 fo account:for its h{ghef éﬁergy vaiue. In giving proteinfand x
carbohydrate equal weight, the TON QYStemainHerent1yaccounts for urine'

energy losses(Maynard and Loos1i,1965).

1

\

Metabo]izab]e,Enefgy.,

The use of metabolizable energy~(ME)'sh0u1d be theoretically more

~ precise than DE or TDN_in eva]uation'df the}eqeréy content of particular,

feeds. In addition'to accounting for fecal energy losses, ME also
accounts for energy losses in the urine and qombustible gases. Thefefore,
ME is a measure of the energy value of a feed in terms of its potential

for metabolic work.

In‘pigS;vcombustible'gas Tosses are small (about 1% of gross eﬁefgy
intake, Versteéen et al, 1973) and normally are neg]ected. A]so,-for»many
common?rationﬁ, urine energy lossés seem to be fairly constant at.ﬁbout Q%
of the gross energy ihtake. For these‘reasons, and because ME»va]ﬂés,have
not been determined for many feeds, the DE system is used widely as a

basis for recommending energy requirements of pigs. The ME system has

"been used with success in determination of feeding requirements for cattle

howevef, mainly due to the higher losses of combustible gases in ruminants

(A.R.C. 1967).
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"~ Net Energy.

The net energy (NE) system, wh1ch orlg1nated in Germany and has been .
adopted by many European countr1es takes another major conceptua] step in

that feed energy is expressed in terms of the f1na1 product 1 MJ of NE

,fed will produce an add1t1ona1 1 MJ of t1ssue energy in a growing an1ma1

Thus all the energy 1osses discussed in the prev1ous feed energy systems,

. p]us heat energy 1oss due to metabo]1sm are accounted for 1n th1s system.

" The NE system is based on experimental work which demonstrates the

lineafity‘between ME intake and energy tetention (Nehring etyal,’l960),

Ects this very important finding whiCh;priginated from studies“

‘SvAny'significant non—finearity would mahe necessaﬁy the |

fheed energy values. according to 1eve1 of feeding, whtch would

;*derab]e inconvience : : S o \1:

%ng established this linearity between energy 1ntake and energy

; fn a series of feed1ng trials were undertaken “to compute

‘ fon coeff1cients for both pure nutr1ents and common feedstuffs.

: rezression equations were developed for pigs, based on the ration

proximate analysis as the 1ndependent var1ab1e as fo]]ows :

NE,J = 10.03Xq+ 32.23Xp+ 0.04Xg+ 13.67X4(#530kd)..15
' phere:,xl= g, digestible crude proteint’

‘Xzé.g,-digestible crude fat;

X3= g, digestible crude fibre;

X4= g, digestible nitfogenwfree‘eXtract.
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anre 4 A schomatlc of the. lmoar enorgy reuntuon modol used by

. Nehring et al (1960) for the dovolopment of the Not S

Enorgy foodmo sy:um
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A strong resemblance to the TDN system will be noted with the main N
/
difference in the. relatively lower net. energy value given to protein than

. carbohydrate (10.03rvs‘13.67). - , ' f
e There are several pojnts of interest ariSing from these discussions
not the least of which is the lack of accounting in any of the . feed energy
systems for effects of thermal environment Prior to addressing this
'problem Qhowever, attention should be given é; the fundamental
‘relationship between ME intake and energy retention by . growing animals
speCifically the linear energy retention model which was basic to the
'develOpment of the NE system (Figure 4) Indeed whether the efficiency
‘of conversion of ME to product is a }Qnear or' non- linear function of ME
intake the concept of partitioning ME intake has important 1mplications ,
in ration formulation studies as/ ev1denced by the NE system. Moreover
such a model should be useful tp farm. building engineering studies where
empirical models predicting animal heat losses are very 1mportant.

/

/
-/

“Energy Partition Models.'// -

.
while the’ actual mechanisms for the control of growth are not
. understood fully R empvrical measures of growth, such as body weight or .
iisize. are obtained easily. Consequently, certain indicators of normal
‘ performance of feeding pigs have evolved _For example, growing pigs

i usually convert rations such as barley and soybean meal to meat at a ratio
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'.1ipid deposition rates are stochiometrically related, and hence an -

29
of about 3 to 1 by weight, wh§1e,producers expect growiné'pigsifed ad
L1b1tum "to reach market weight (about 90 kg) in about 160 days. Such a

view of productivity in pig product1on, however, is 1ncomp1ete.

;The development of the structural and functional elements in the
grow1ng pig are not reflected in an empirical measure such as body weight.
Earﬁy stages of growth are marked by re]ative]y rapid growth of bone and
nervous tissue. At a 1ater stage of deve]opment up unt11 puberty, the
emphasis 1s on muscle growth whi]e towards maturity, there is an
increasing tendency to store fat on]y Figure 5 (Fow1er 1968),
cumulative model 1nd1cat1ng the typical course of these deve]opments.‘
BeCausetthere is an economic penalty to the pig producer for carcasses
eontaining excessive fat, pigs generally are s]aughtered shortly before
puberty so as to achieve the optimum amount of lean tfssue grdwth.

In view of the 1mportance of lean tissue growth the prediction of
prote1n and 1ipid retention rates (body carbohydrate content_is sma11 and -
normally is neglected (Maynard and Loosli, 1965)), for a particular energy
intake woulq be”desirab]e.‘ Conceptually, this has been done in two ways.
One view suggests that theee is a maximum rate of protein retentfon for a
particu1ar animal at a particular age, regerdless of enefgy intake. Any

&;surp1LSvenergy, beyond that required io meet the'Qgily max imum protein
deposition quota, isfconeerted to fat (e.g. see Whittemore and Fawcett,

1

1976). : ‘ o .

<
n

-

'Another~concept advanced by Black (1974) sugges§§?that protein and

*
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Figure 5. Partition of metabolizable ehergy in the growing pig on unrestricted feeding.
" (From Fowler,1968)..
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increase ip feed energy input must be accompan1ed by a proportionate
’Qincrease 1n.prote1n and 1ipid deposition. Although the 1atter concept
;seems more COmpatfble with the finear energy reténtion model shown in
Figure 4, technically it 1s very difficult to prer or disprove
principaj]y because of the variability in measuring protein deposition
rates in pigs. o
f ‘ ,

~ Fowler (1978) has proposed an energy partition model for pfgs along
the same lines as that developed for sheep'by B]gck (1974) where energy
intake has been partitioned into its various functions of maintenance,.
pnbtein and 1%pid deposition (Figune 6).  This model predicts the
composition of gains at thermoneutra11ty and is 1mportant for several
reasons. F1rst1y it has a conceptual value in re]at1ng various growth
attiv1ties.to\energy intake; second]y it is of pOtent1a1 pract1ca1 va]ue
for development nf ration,formulatTQn methods for pigs, such as along the
NE 11nes; thirdly it has potentia1 practica] value in the design»of"farmmi
buildings where pred1ctive models of heat output are useful. Certain]y the
influence of temperature on the composition of gains shou]d be- considered

in light of this basic model.
Effecfs of Low Temperature

Numerous studies concerning the effects of 1ow temperature on the
compos1€10n of body gains in pigs, have been‘ﬂmde but the1r results are
inconclusive, Fuller and Boyne (1971, 1972) scaled up the level of feeding
" for each reduction in temnefature (239, 139, and 5°C) to

/

achieve similar rates of gain and found carcasses of pigs grown at Tow
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‘témperaturelcontained a sma]]ér proportion_of prdteih and a higher
prdportion of fat;g,However by,adjustfng feed intaké‘gq a "common" rate,
they4conc1hded that:reduced growth rate due tq cold resulted in no change

: !
~in body composition.

Verstegen et al (1973)‘studied protein and 1ipid rentention and
weight gains in groups of pigs fed at different levels at temperatures of
89c (39, 45 g feed/d;.kg) and 209C (45, 52 g fged/d,kg).

Treatmentsnhad no-e;fect on weight' gains or pﬁotein deposition rates.

- However, ét the 45 g feed level the 80C pigs deposited‘30% less fat

than the 200C pigs. .They suggest a poss1b1e‘subst1tuttoh of Qater for
._fat‘in tissue‘gains‘to account for the absence_of any éffect of

temperature on weight gains.

Clése and'Mount (1976) found that protein retehtion in pigs kept at
109C and fed thyée,;imes maintenance (3M) was reduced ?y 12% and fat
rétention by 19% compared to rates measured in pigs kept at 200C, At
.a}feeding level of 2M, protein retantidﬁ again w&s reduced byvabout 12%
but fat retehtion was reducedvby about 50%. At a feeding level of M,
prétein and fa£ rétention raies were unaffected by the Tow tgmperature,of
100¢, _ | | |
S

Gray and McCraken (19743 found that a éhange in temperature from
2%? to 150C caused a reduction 1n'prote1n deposition rates in pigs
of 9% compared to a fat deposition rate reduction of 30%.
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Although the resjffsiof the above studies suggest that fat debosition |
rates may resﬁohd.more eo changes 1in %bmperature than do protein
depos{tion rates, the r95u1t}are highly‘variable 1nd1cating that level of
feeding is c]eer1y a major complicating factor. Having seen a model |
(Fow]er,1978)'whiqh predicts the effect of feed‘energy intake on the
lcompositioﬁ of body gainseinfihe gfowjng.pig kept-at thermoheutea1
temperatures a question that now must be asked,fs‘how can this model be
extended to‘predict‘the chpOSitien_of body gains in pigs>kept at low

temperatures?
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SECTION ¢ R \

- . Thesis Objectives

To-extend Black and Fowler's energy partition mode]é refating protein
and lipid deposition rates in the growihg pig to energy intake level to

include the influence of ambient temperature. -

To validate the extended'model through comparison with currently
ava11ab1e information as we]l as against the result of a feeding

tr1a1 des1gned Spec1f1ca11y to test the protein deposition aspect of the

"‘mode]

Modelling Rationale

: Mode]s are used wide1y in agr1cu1ture. The fo]]ow1ng relationship may

/

~

"be regarded as a s1mp1e examp1e
3 kgFeed = 1 KgPig ...eeeor.. 16

This‘model is used da11y by hog growers. Thé fact fhat it isrnot
absolutely precise does not underminé its usefulness; indeed, to burden.
this equatibn with various correction factors would serve no purpose. In
this e*ample, minor‘refingmehtsxgan and shodld be left to the discretion

‘of the user.

Beyond the 1mpq:tant need for simplicity and flexibility in any

‘model, the exact format also must be considered carefully. Should the model
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be méthematica],,physical, graphical, or some other form? The answer to
thishquestion will depend on- the nature of fhe prob]em'as well as on the A

known preferences of other workers in ‘the field.

Finally, the combleted model Should be vaTidated. This can be. done-
eXperimenta]]y and/or through comparison with current]y'availab1e

information.
Thesis Format.

“For the information contained in the remainder of this_thésis to be
readily accessible, the contents are divided into several sections. A

brief explanation of format, therefore,'is included at this'poiﬁt.r

Following this Section C, containing the statement of objetfives,:the
theéfs material. is $eparated into three gections, each digtinét anﬁ in a
format one would expect of a scigntific}pub]ication.'_Each section
cohtain;_its own introduction and review, resu]ts,iandidjscussion; The |
sections appear as follows and cor;espond to the technical papers noted in

parentheses. - o 3 .

Section D: development of an energy partition model. relating protein
and lipid gains in growing\pigs to energy intake and ambient temperature

(Phil1ips and MacHardy, 1979). °

Section E: a feeding trial conducted to test the protein deposition
aspect of the model (Phil]ips‘et-al,'1979).
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Section F: add1t1ona1 findings from the feed1ng tr1a1 perta1n1ng to
~d1gest1b111ty of - nutr1ents and temporary weight changes not ref]ected in

the model (Phillips et al, 1979).
Section G; concluding statements on the main findings>0f the thesis. :

. Notes included in all sections refer to the Tocation of'appended '
infbrmatide desirab]e.for inclusion in a thesis but not appropriate for
: sc1ent1f1c journal pub11cat1on Fo]]dwing’the Bib]iography, appendix
material is provided in three sections A. Experimental Procedures; B.
Raw data,frpm the animal exper1ment;;C. AnaTysTs of variance jab1es;
~Units of Measure

All data are reported in SI units. Energy is expressed in Joules. '
Feed and hog scales were calibrated in pdunds but data were converted to
- kilograms (kg) at the close of the exper1ment. Temperature was recorded

in degrees Farenheit but converted to degrees Celcius (o).

Protein has been assumed to have a-heat of combustion of 23.5 kd/g
and fat to have a heat of combustion of 39 kd/g (Whittemore and Elsley,
1976).

The concept of metabolic body size (e.g. body weight to the expOﬁent
| 0.75, Kleiber, 1961) is used commonly as a basis: for cbmpéring adult
animals of’dffferent speéies and size. A]thoughsuhc1eer whether fhis

exponent is ‘an appropriate adjustment for younger animals such asrthe
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growing pig, this concept has béen used by 6ther researchers (Fuller and
Boyne, 1971, 1972; Close and Moﬁnt, 1976; Verétegen et al, 1973) to
express ratés of ehergy_and protein retention. In thi§ thesis; therefore,
rates of retention Qf energy, protgin, and. 1ipid, have been expressed'pek

| kilogram of body weight to the 0.75 exponent.



SECTION D

A MODEL

| Introduction
In the sciences of nutrition ahd‘meat production, growth.ceh be
measured conven1ent1y in terms of the accumu]atIOn of energy. In animals,
this energy is predom1nant1y in prote1n and lipid. A]though there are man.
dimensions to growth the re]at1onsh1p between energy reta1ned as protein
.and fat (fat is about 85% 11p1d) is of. maJor 1mportance in the formu1at1c~
of rat1ons gherefore, empirical mode]s descr1b1ng energy retent1dn versus

_energy intake are the basis of ratfon formulation.

BTexter k1962) has reviewed .the c1ass1ca1 linear energy balance

) mode]s used for pred1cting energy retention Kielanowski (1965) used
T1near statistical’ methodslpo part1t1on heat output arising from'growing.
animals into the energy oxidized‘fdr maintenance, protein deposition, and
1ipidfeeposifion. More recently, Black (1974) and Fowler (1978) have
~developed mode]s‘in which ehergy'intake has been partftioned'into protein,
‘lipid, and heat enecgg, -The ﬁode1 for pigs shown in Figure 6 predicts the
. response of p;otein-ahd'fat depositiqn rates to increasing metabblizéble'

energy intake (Fowler, 1978).

Studies with sheep (Graham et al, 1959) and pigs (Close and Mount,
1970) have shown that, with exposure to lower temperatures, animals that

~were in the zone of thermoneUtra11ty, where bodyvheat production rate is -



~energy 1ntake.‘Any intake energy 1ncrement‘above‘Em,,atu '

40
_Jf feeding, must 1ncrease heat production rate 1n order
‘}mperature. At the Tower limit of the thermoneutra]

‘e lower critical temperature (see Figure 2), ME which

. mightiia 4 f;n used for the production of new tissues is diverted instead

}5d heat output thus resu]ting 1n reduced growth (Ho]mes and

{;ve findings are usefu] but give no- 1nd1cat1on of the effects

of low tef irature on the compos1tion of body gains- in growing pigs. This

‘sect10n 1s'concerned with the exten51on of the present]y avai]ab]e Fow]e“

. model to predict rates of prote1n and lipid retention and heat loss from -

-osed to Tow env1ronmenta1 temperatures.v

Development of Low Temperature'Mode1

Starting with the basic Fowler model as shown 1n Figure 7, 'the

changes in 1ntake energy uti]izat1on induced by 1ower1ng the environmenta]

'temperature are shown in Figures 8 9, and 10,

The biochemical reactions associated with the maintenance state

“result in heat production. This heat is utilized by the pig to'maintain o

body temperature through’the environmental temperature'range usually

.referred to as 'the zone of thermoneutraIity « The: lower temperature

11mit of this zone for a hog at maintenance feed intake is p]otted as .

Tg in Figure 7, whi]e En indicates the maintenance metabolizab]e
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temperatures at or above Tgs resuits in the dep051tion of protein and
' iipid and the additionai sen51bie heat ‘increment. reieased by the
biochemicai reactions assoc1ated with this production. The marginai
efficiency of energy retention is 70%, as ii]ustrated in Figure 8 where o
approx1mate1y 70% of the ‘incremental- energy 1ntake above Em appears as
production (protein and lipid) and 30% as hpat. At environmenta] o
temperatures above To, tne heat 1ncrement wou]d be diSSipated to ‘the
surroundings. By coro]iory, this heat 1ncrement can be used to offset body :
heat losses, enabiing the pig to maintain normal body tempbratures at
env1ronmenta1 temperatures ‘below Tye This s assuming the heat
increment at temperatures beiow To, is lost entireiy as sensible heat |

as was indicated in Figure 2.

In order to maintain body temperature at ambient temperature T, llower
than Tos the maintenance heat output (Ep) must be increased by an
amount AH as shown in Figure 9, The intake energy 1eve1 EL 1s of
particular 51gn1f1cance, 51nce 1t represents the iowest energy intake that _\(
wiii prov1de AH totai]y from the senSibie heat assoc1ated with - '
production. At energy 1ntake ievei Ec; no- productidﬁ takes place and
the 1ncrement AH must be made up entirely by the pig dﬁt?ctiy converting
1ntake energy to sen51b1e hea;. This reaction shquid take. piace with a
‘heat conversion eff1c1ency of 100% and is referred o in Figure 9 as the
| thermostatic heat 1ncrement. At energy ‘intake leveis between Ec and
EL, a portion of AH s made up by the sensibie heat associated with
A production, NIth the remainder provided by the direct conversion of energy

'intake.
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The shape of the product1on envelope in F1gure 9 shou]d be compared
L4

to that in Flgure 8. At energy -intake 1evels above EL there is no

dlfference,'i.e. the\efficiencies of intake energy utilization are the

» same. Below E| the enve1ope in Figure 9 is sharply modified. In

particu]ar, decrements.in energy intake resuft in‘decrements in production
at:a ratio of I:l. In other words, reduc1ng energy 1ntake below E|
results in sharp reduction in product1on. 3

The energy reta%ned, as shown 1n Figure 8 and 9, can be partitioned
into 25% protein and 75% lipid based on the measurements by Close and |
Mount'(1976c)as shown in Tabie 4. Close and Mountfs oata-suggeSt the

proportion of protein to lipid may increase slightly above these values at

low energy intake, but quantitatively, -the lipid protein ratio will be of.

less importance. F1gure 10 is a mod1f1cat1on of Figure. 9 to illustrate th
part1t1on1ng of energyﬁreta1ned over a range ‘of energy intakes at

temperature T lower thqn Toe Figure 10 predicts the results

illustrated in Table 4, that the proportion of protein to total energy

‘retained is consistent over a range of temperatures.

© Clearly, withqthe addition of ca]ibrated~cooroinates Figure 9 apd 10

“could be used d)rectly as mode]s to re]ate environmental temperature,

) energy intake, and energy retained. . | P

Using the results of Close and Mount (1976b)for thermoneutral

' 3
maintenance heat production (420 kJ/d.kg0-75), latent heat production

(ZOOka/q.kgo«75)«and'margina1 efficiency of energy retention(0.7),

‘numbers may’be:aésigned’to the energy»scales sen51b1e heat production

(Qg) can be computed, and T0 may be computed as follows:

't

Pl



TABLE 4. RATIOS OF PROTEIN ENERGY RETAINED TO TOTAL ENERGY
' RETAINED AT VARIQUS TEMPERATURES AND ME LEVELS AS
MEASURED IN GROWING PIGS(FROM CLOSE AND MOUNT,1976).

Approx. ME Témperaturéj °c ,
Level . S .

kJ/ d-kgd-75 5 10 15 21
950 0.46 0.41 0.32  0.33
1450 0.26 0.24 0.25 0.24

1700 - 0.26 0.24 0.25 0.23




45
TO = Tb - IQSWO.75/ A . seececssssseseas 17

Taking the insulative value (I),df a pigs surface layer as 0,003
m2d°C/kJ (Fd]]er.and Boyne, 1972), body weight(W) 45 kg, body
temperature(T,) 399C, and body surface érea;iA(mz) = 0.0754.

w0-656(Ke11ey et al, 1973), and substituting‘in'Equation 18:

To ={%9°c - (0.003 m2dOC/kd)(220 kJ/d.kgO-75)(45 kg)-75}= 26.1 9C ...18
0.0754 w0.656

Since Tg values for pigs of 60 and 75 kg can be shown to be
approximately the same, 269C may be used in a‘model'covering pigs of

this weight range, ,

gStartingvfrom To at 269C, the'temperatufe scale can be
ca]ibréted by selecting a'temperafure below T, and'calcu1ating'thé
incremehta1 sensibTe heaf loss from the pig between 26°C‘and the
sé]ected temperature (e.g.about 275 kJ/(d.kgO-75) at 109c). This
‘heat loss increment is added to Em On the intake energy s&a]e, and thé
intercept with the 459 11ine can‘be picked off and 1abe11ed as the
selected temperature. Noting that the heat loss increments are direétly
proportional to the tempgrature differential between the se]eéted

temperature and 269C, a temperature scale may now be plotted.
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;igure 11 was constructed usjng these calculations as a general model
reféting environmental temperature, energy:intake, and enefgy retention
»for‘pigs weighing fkom 45 to 75 kg. (In the interest of amplifying the
scale, energy levels below maintenance have been omitted.) To permit
general usé of Figure 11, for any temperatures shown, an overTay;
partitioning energy retained into 25% protein and 75% 1ipid ,has been

. . - - ﬂ-
included in the rear cover of this thesis. A sample problem illustrating

the use of Figure 11 and the overlay has been provided in Appendix Al.

ThiS'deé] indicates that Tow temperqfure increases heat outpuf.
Therefbre, to'maintain thermoneutral protein and 1ipid_rétent16n rates at
1ow temperatﬁre , energy intake must be incfeaﬁéd. This could be
acﬁomp]ished in practice byvincreaéing the-enehgy to protein ;étio of the

existing feed.
. validating the Model

Most of the literdture'on 1dw temperature effects refers to the
inf]uehce of temperature on the efficiency of feed utilization.
Recognizing thﬁtvfeeding efficiency can'be readily calculated from the
model at any temperature and feeding level, a compar1son of predictive
results from the model with recorded experimen;a] resy]ts becomes é

straightforward matter,

The locus of points E. and E; from Figure 10, for ambient
ne o =L L

temperatures 26°C down to 50C, are shown as two straight lines in’



FIGURE 11 IS FIRST FILMED ALONE,
'THE OVERLAY IS THEN PLACED ON THE CHART

AND BOTH ARE FILMED TOGETHER.
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Figure 11. The above diagram can be used with acetate overlay(rear cover) to predict lipid and protein

retention in growing pigs(45 to 75 kgq)

over the range of temperatures shown.
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Figure 12 Recalling from ear11er d]SCUSSIOﬂS that increments in ME
intake between Ec and E; are retained as energy -in the body at a
~ratio of 1:1, predicted marginal eff1¢1ency of energy retent1on between
the chand'EL Tines should be 100%. Reference to F1gurs\10 also
“will establish that ME increments in the region above line E. in
Flgure 12 are reta1ned in the body with an eff1c1ency of 70%. Ptgs are
norma]ly maintained in this zone and are ‘producing heat beyond their
thermostatlcArequ1rement.

Superimposed on Figure 12 are marg1na1 efficiencies of energy
retention from three stud1es reported in the ﬂiterature (Fu]]er and
Boyne,1971,1972;vc1ose and Mount,r976; Verstegen et a1,1973), for pigs at
various temperatures, computed over the increments in ME levels used (see
sample calcu]ation,in Appendix A2). Temperatures shown in Figure 12 are
- as quoted from each source and no attempt has been made to correct for
varytng condltions such as air movement and floor conditions (i.e.
effective temperature).. For example, air movement levels were‘above_‘

- normal confinement values (abput 25 cm/s;Hahn,1976) in the experiment of';e
Fuller and Boyne (1971, 1972), and probably temperature cou1d be scaled °
down from 230 130 and 50C to about 200, 109, and

19¢, "to represent effective temperature at 25 cm/s air movement.

The margina] efficiency zones pred1cted from Figure 11 compared quite
we]l with the reported marginal efficiency va]ues shown 1in Figure 12..

Therefore, the model warranted testing in a practica] feeding trial.

L —



) e ~ SECTION E
FEEDING TRIAL: PROTEIN DEPOSITION VEIGHT GAINS

Introduction

The current economic structure of the pork industry emphasizes the
productionJZf iean pigs. In addition, the conversion of feed energy, in
| excess of maintenance requirements into fat, represents an energetic cost

per unit gain over three times that for lean tissue weight gain
(Whittemore and Eisiey, 1976) Therefore .methods of ration formuiation
and feeding which can achieve leaner growth are deSirabie
Linear‘modeisgpartitioning energy intake into protein and 1ipid
energy have been developed for sheep (Black, 1974)‘and pigs (Fowler,
'1978) - The prev1ous section extended the Fowler model for pigs ‘to 1nc1ude
the effects of low temperature.,whiie the energy retention properties of
the model compared qui te weii with the results of severa] reported N
experiments by other researchers, the partitioning of energy retained.by
fixed proportions into protein and lipid was based on one study by Close
and Mount (1976). Since not all studies have reported reduced protein
retention rates in pigs exposed to Tow temperatures (Verstegen et ai
1973), a feeding trial was undertaken to test the protein deposition

;
J

aspect of the model. J \\

Experiments to determine the 1nfiuence of low temperature and feeding

level on su__;iﬂerformance have been designed several ways. Perhaps the '
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simp]est.is to expose a given group of pigs tb Qn]y‘one plane of nutrition
and'one temperature regime in a given expérfment_(e.g. Verstegen et a!,
1973). In other designs reSeerchers have exposed pigs to~one temperature
regime but heve changed the plane of nutritfoh durihg the sthdy perf66/
(e.qg. C]oee et al, 1971).‘Sti11 other designs have exposed pigs to a
censtant plane of nutrition but with consecutire'temperatures in a given
experiment (e.gT Holmes end Mount,1967). A]thohghythefbest‘Epproach-is not
clear, the Tatter study (Holmes and Mount,1967) cohtains a forthright
statement regarding. the limitations of the consecutive temperdture
. design: | |
" In Experimehts 1 and‘5 the rate of gain immediately
following the change from 20 to 9 C was less than that_oecurrihg
before and after (see Figure 4). Within the timetiimits of the

"experiment it is doubtful whether steady retes‘hadvbeceme ”
estab11shed fo110w1ng the change of environmental

cond1t1ons, ...A comparison of ga1n rates at the different

amb1ent temperatures is therefore not mean1ngfu1 "

This admission appears serious andvlater researChers were quick to-peint'
-out the shortcomihgs of this design (Verstegeh et‘a],1973).-However a

_c]ose examinatien of Figure 4 in-Holmes and Mohnt(1967), suggests thet the'
design used did indeed estab11sh steady rates of ga1n but not until about '

5 days after the temperature change.



considered as one study period However the number of animais required
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Since Hoimes and Mount (1967) did not measure protein retention

" rates, the adaption of their consecutive temperature oesign to test the

protein depos1tion aspects of the model was considered worthwhiie. This
afforded the opportunity of probing one step further, that 1s to
quantitativeiy distinguish between the chronic effects of 1ow temperature

and the acute effects induced by temperature change. Such additional

information wouid be vaiuabie and worthwhiie as a secondary obJective to a

L feeding triai

Protein retention rates  are measured during feeding tria]s on pigs,

'by either the s]aughter technique or the nitrogen baiance method. Some

experiments have used both methods (Fuller and Boyne 1971 1972 Nieison

- 1970). The slaughter technique is the more accurate of the: two ‘methods

and is particuiariy usefui when the entire growth of the animal is to be

“when using this method couid become” prohibitive where numerous consécutive

short study periods are de51red. Fuller and Boyne have shown that

-although the nitrogen balance method tends to'overestimate protein

deposition rates compared to the siaughter technique,. resuits are quite '

satisfactory where reSponse to treatments is of interest, Therefore the

: nitrogen balance technique was used to estimate protein deposition rates

- for pigs exposed consecutiveiy to two temperature regimes.‘
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Methods

Emperimental Gesign.1

'

VA doub1e;reversa1 designed experiment with four periodS'(three
.changeovers) was used to determ1ne the effectsof 1ow temperature on rates
of protein depos1t1on and we1ght ga1ns 1n growing f1nish1ng pigs (45 80" kg}
| body we1ght) Two groups of eight individually- caged pigs (fema]e
Yorkshire X)yuere exposed alternately for 15-day periods to 69C (Room
1) and 210C-(Room 2) as Shown in Table 5;}_The'1ast 10 days;nfthin'
each period (divided into two eqUa1 subperiodsa, were measured to_obtain

the steady-state or chronic'response of growth to energy intake and

o temperature. ‘Results of - the acute effects of the three abrupt temperature

lchangeovers on body weight, assumed to be 1nc1uded unthfn the first five

days of each period (Subperiod 1), have been reported in the next chapter.

Slxteen Yorkshire X gi]ts were obtained from the Un1zersity of
'A]berta Swine Research Unit. The pigs varied in weight between 25 and 40
kg on the day of de11very (May 23/78) to the experimenta] faci]ities at
‘: the Department of Agr1cu1tura1 Engineerfng, El]erslie Research Station,
The " p1gs were divided random]y into two groups and the mean weights of
veach group were computed to ensure they were: simflar (Group 1 31 9 kg,
_Group 2, 31. 0 kg). Group I pigs were numbered 11 to 18 ‘and were: placed in
Room-1; Group 2 pigs were numbered 21 to 28 and were placed 1n Room 2.

'; Feeding treatments were 1mposed immediately with.Pigs 11_to 14 and.21 to
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| TABLE 5. EXPERIMENTAL DESIGN SHOWING THE ORDER IN WHICH GROUP 1
AND 2 PIGS WERE EXPOSED TO TEMPERATURE TREATMENTS.

‘ il L4
. -
Group 1 = .. i:-‘ Group 2 .
.. . Restricted Ad Libitum Restricted Ad Libitum
Period . (Pigs #11-14) (Pigs #15-18). (Pigs #21-24) (Pigs #25-28)
- ‘ ' o ‘7‘:‘ ) -i : . Xk
1 6% T . 21%
. . B C :l . -
2 % 6°¢C
3 6°¢ ~ 21%
. /
4 21% . 6%

*  Room l,témpefatufe_GOC
** Room 2 ;emperature'219C
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24 receiving restricted amounts of feed, as detailed below, and Pigs 15 to
18 and 25 to 28 had ad Libitum access to feed. Both rooms were maintained

at 21129C (ambient temperatures) for the first 23'days; until June 15,

while the pigs adjusted to the experimental routine, During this time,

referred to as the "Preliminary Adjustment Program", the pigs'became ;

.accustomed: to theAprocédure of being moved from one room to the other.

Thg experimental progrgm was}commenced at 16:00 h on June 15, and ended
exactly 60 days later at 16:00 h, August 14.. Gréup 1 started the
experimental program in Room l(cdld) and finished in Room 2(warm). Grouﬁs
were changed to the bpposite,rooms at thé end of each period, that is, o;

June 30, July 15, and July 30, at 16:00 h.

Individual rectahgu]ar éages (1.52 X 0.42 m) with expanded metal
walls, placed directly on sloping (3% to the rear of the pigs) floors,

were used. to house pigs in both rooms (Figure 13). Sixteen cages were

" placed in each room allowing a vacant cage between éach pig. Incandescent

lighting was provided 24 h/d.

?eeding

From the time of arrival at the experimental facility, pigs were fed

increasing amounts of feed, adjusted every other day, accofding to their

metabolic body weight ( W0-75, Kleiber, 19%1). Half the pigs in each
'group were offered pelleted rat?;(;ad Libitum{ while the other half were
restricted to 100 g of feed (as fed basis) pef day per unit metabolic body

: wéight, j.e.: .
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Daily feed, Restricted Pigs = (100 g) ( N0-75 (kg)) ..19

Feeding tables for restricted-fed pigs are listed in Appendix A3. Feed was
offered at 05:00 and 16-00 h each day. Spilled feed was returned to the
feed bowl and feed not eaten at the end of each subperiod was we1ghed, and

the amount deducted from that given during the subperiod. .

Ration formulations, based mainly on barley and soybean meal, are \y
ehown in Table 6. Daily feed aliquots were composited for each subperiod,
'ground, and analysed for dry matter,total n1trogen, and total heat of
combust1on. Pigs were changed from Growing to F1nlsh1ng ration at 55 kg

~ body weight as normally done under commerc1a1 conditions.

Water was provided ad Libitum in individual water bowls.

Collection of Feces and Urine

. o2 8 e el B o et g

‘During the nreliminary adjustment p%ogram, fecal matter in.and about & :
the cages was scraped up daily; pens were not washed down. Therefore, a |
small residua] of fecal matter accumulated in cracks and corners of the
cages. In order that th1s residuel of feces remain at a constant level,

‘cages were scraped c]eqn in the usual manner only at the commencement of

the experimental program.

|
1
i

,/




,TABLE 6. RATION FORMULATION.
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Constituent

Growing Phase

Finishing'Phase
{pigs 55-85 kg)

Barley
Wheat
Soybean Meal
Salt
Calcium Phesphate
. Calcium Carbonate
Vitamin-Mineral Premix

Tbtal

(pigs 35-55 kg)

500
315
150
5
10
10
10

845
o
- 120
5
10
IO'
10
1000




L
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i
Cages usuelly_wefe inspected each hour between the hours CS:OO‘and

+ 23:00 ‘each.day and feces from egch pig were removed from the cagevfloor

"and stored in blastic pails. _Mest of the pigs kept their pens very clean

but .a few animals‘were messy.ahd woh]d Iie or 51£ in the feces.' A short |

i

test was conductedcin which 453 g of wet feces from a messy pig was

~collected short]y after defecation, and wefghed The sample was then

returned to the floor under the pig. At‘the end.of 30 minutes the pig_ had'

wa]ked, sat and lain in the feces samp]e; The floor was then scraped up
and the sample reweighed at 435 g (4% 1oss) The actual loss of feces
during any one period should not exceed this since such losses do not

accumulate.

At the end of each five-day subperiod, the accumu]ated feces from

: each pig were weighed mixed, and a fraction (usually 25% by weight) was

dried (609C for 24 h), ground, and analysed for total.nitrogen, dry
matter, and total combustible energy (TCE). See below for analytical

procedures. .

~ -Bladder catheters'(Bérch, Foley type) were implanted in all pigs
_(cathefer implantation procedure described in Appendix A4) to transfef
urine via 2:m'(10 m I.De) flexible tubfng to co]iecting bottles
containing sufffcieht HC1 (100;to 200 m1 of 0.1 N) to maintain urine pH
‘below 5. Composite subperiodrsamples for each pig (10% aliquots) were

" retained (stored.at 59C) and analysed for total nitrogen,
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Liveweight Measurement and Changeovers.

Pigs were wefghed 1ndiv1dua11y every other day, to the nearest 250 g,
on hog scales located in each room. Catheter transfer tubes were coiled
and tied to the tail of each pig (catheter assemb]y weight about 250 g).
Any fecai droppings paseed during weighing were returned to the
.eppropriate paii. After‘weighing tubes were uncoiled‘and returned to.the
collection vessels with no loss of urine. |

Occasionally, the weighing could not beimaee, however, the bi-daily
schedule of feed adjustment was maintained by linear eXtrhpo1ation of the
weight records for eech_pig. This precedure also was used on the
fourteenth qay of‘eech period since the pigs were weiﬁﬁed out on day 15 at

the changeover,

During changeovers, at 16 00 h on day-15 of each period, p1gs in Room .
1 were moved to Room 2 and vice-versa, Catheter assemblies were coiled as
expl)ined above and p1gs were moved individually between rooms (about 75

m) in a small wagon. This operation was completed. in abqqt 45 min. - f

<

Analytical Methods

Total nitrogen of feed, feces and urine was determined using the

official "ImproVed KJeldah] Method" as per Section 2.049, ADAC (1975)
Crude protein was ca]culated as Total Nitrogen multiplied by 6 25 as per
Sectfon 2. 016 AOAC (1975).




61
~ One gram samb]es of feed and feces for dry matter determination were

ground and dried to constant weight at 110°C (about 4 hours).
Total combust1b1e energy content of lg samples of feed and feces was
determ1ned us1ng a Parr Ad1abat1c Bomb ua1or1meter (Parr Instrument Co.,

Mo]1ne, 1, U.S.A.).

Measurement of Protein Retention

~The nitrogen ba]ance techn1que was used to estlmate protein

~ deposition rates for each p1g during each subperiod (5 days) a$ expressed

in the fo]lowing equat1on
Protein Retention = 6.25( N Feed - N Feces - N Urine );... 20

Nitrogen balanfe”megsurements were each five-daybéubperiog.

~

_ Energy Intake
Metabolizabfe energy intake(MEf;was computed for each subperiod as

follows:

ME = TCE Feed - TCE Feces - TCE Urine ......... 21

‘Ufine'energy was calculated by assuming that 45 kJ was lost hdth_each gram

of urine nitrogen (Nhittemore and Elsley,‘1976);‘*No a]lbwance was made

-

for combustiblé gases.
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Physical Environment

Average}subperiod temperatures and relative humidities were compUted‘
from recording hygro—thermographs (Belfort Instr, Cos) piacedvin a vacant -
cage, 30 cm1above the floor fn each room; ‘Instruments were ca]fbrated
?_'with a:mercury thermOmeter. Va]ues at 06'00“ 12;00' 18:00, and 24:00 h
.each day of the subper1od were used in ca]cu]at1ng subper1od mean |
temperature and. re]at1ve hum1d1ty (i.e. 20 read1ngs) |

_Air speeds w1th1n the zone of occupancy were measured by a hand held

anemometer that uses a hot-wire probe (S1erra Instruments Ca11forn1a)

P

Statistical Analysis
The statistical model used to analyse the variatdon’in measurements
is shgwn in Table 7. Period X Group variation fas used to determine the

~significance of temperature treatments. L

Analysfs of variance and treatment means were ca]cu]ated us1ng -
Agricul ture Canada Stat1st1ca1 Library Programs 3022 and 5199

respectively. Mfssing data were handled using the covar1ance method.



© TABLE 7. STATISTICAL MODEL USED TO ANALYSE TREATMENT EFFECTS.

Source

Degrees of Freedom

Groups (G) -

Feed(F)

Groups x Feed i
Hogs/Groups x  Feed

__________________________________________

" Periods(P) .

~Periods
Periods
Periods
Periods

x Groups(Temperature)
x Feed .
x Groups x Feed
x Hogs/Groups x .Feed

e e . e 58 e Um e s mA MR S e s e e v G G e em En G W TR S AR Y Gy S GRS D N ap e e

a, ﬂegrées of
b, degrees of

freedom for Periods.

freedom -for Changeovers."

63
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Results

)

"Average subper1od temperatures and relat1ve hum1d1t1es for Room 1 and
Room 2 are shown 1n Tab e 8. Comparing the mean temperatures for the
entire experiment the tQp room were 15 Cent1grade units apart (Room 1,
6.20 C, std.  dev. 2.4; Room 2, 21.3%, std. dev. 2.8). Re]at1re

humidity in Room 1 was pr}ctica]]y constant‘at 100 % whilexthe average for

© Room 2 was 59% (;td de&' 4.0%). Mechanical problems w1th the Room 1

refr1dgerat1on unit caused slight]y warmer temperatures than de51red

during Periods 1 and 2. The temperature difference between  rooms howeuer

remained fairly constant. \ir movement. was found to average 25%15 cm/s at

any given location within the cages.

The moisture cond1t1on of the concrete f]oor beneath the p1gs varied
w1th each pig, rang1ng from dry to contlnually wet. However for most p1gs
the floor was usua11y dry, even in Room 1 where the re]ative humidity was

high

Journal of Animals

The experiment was dééﬁ%ned to contain 192.observations(16 pigs X 12

" subperiods), of which 123 were obtained. The balance were missed for

these‘reasons:}lz.observations were missed at the beginning of the
experiment beca%se of problems with bladder catheter imp1antat10n, Most

catheters were implanted during Subperiod 2 of Period 1 and nitrogen



TABLE 8. 'AVERAGE AIR TEMPERATURES (°c)
- (¥ RH ) AT PIG HEIGHT IN ROOM 1

- AND SUBPERIOD.

AND RELATIVE HUMIDITIES
AND ROOM 2 BY PERIOD

Period Subperiod

«

Room 1. Room 2
% std. dev. 3 R °C  std. dev. I RH std.dev,
1 1 7.9 256 =99 219 1.2 52 5.9 .
o2 6.4 1.67 =99 22,1 2,33 57 4.6
3 8.8 228 =99 239 2.17 56 7.4
2 1 . 6. 1,89 =99 23.0 2.17 56 8.0
2 . 5.8 1.28 >99 18.9 2.28 60 6.4
3 1.7 0.89 =99 19.8 2.28 67 8.7
3 152 172 »99 19.9 2.78 60 5.4
2 6.0 1.72 =99 214 2,17 59 k.9
3 " b9 1,00 =99 21,6~ 2,67 .62 10.5
4 1 bh 11 =99 192 2.56 56 5.5
2 5k 117 ">99 22.4  1.89. 56 8.1
3 S 57 1hh »99 20,9 3.17 63 6.5
Ekperimental Meaﬁ ; |
133 >99 21,3 1.56 59 4.0

6.2
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' balances for those pigs were commenced at 16:00 h on the day of
1mplantat1on. Rather than dlscardlng this n1trogen balance data gathered
during the remainder of Subperlod 2 these data were added to the five
days nltrogenkbalance data~obtained in Subperiod 3, The'number of days in =
- Subperiod 2 which were added to Subperiod 3 are shown in.parentheses in |
the}feed table at the beginning‘of Appendix Bl. A1l other feed‘values
given are baSed on five days; | |
Animal healthvproblems were the cause of the remalninggiissing'
observations Some of the health problems arose because of the-
experlmental man1pulat1ons. Inctuded in Appendlx A5, is a summary Journal‘
for each p1g. Rectal prolapses were respon51ble for the Toss of several
'observat1ons. Shortly - after the experlment commenced the 1n1t1al Plg 14
'had to be d1scarded along w1th all the’ results collected for her. She
'was replaced immediately and records for Plg 14 begin at Per1od 2.' lonard
_ . the end of Period 1, Pig 25 had a rectal prolapsel sﬁ% was discarded and
not replaced. Pig 13 prolapsed during the middle of Per1od 3 but she
. Arecovered after a tlme‘and was retained in the experiment; Pig 21
prolapsed. ggth 3 days left in the exper]ment. During Per1ods 2 , 3, and
4, catheters were removed whenever the rectum showed signs of. protrusion.
Minor heal th problems were responsible for the rest of the missing data. - b

‘Four observatlons were lost due to plugged catheters, two due to

hemorrhag1ng in the ur1nary tract and one due to dlarrhea.

In‘this'e;perlment, Subperiods 2 and 3 were assumed to contain the

steady-state effects of temperature treatments. When results from
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Subper1ods 2 and 3 were poo]ed entries existed.for 59 of the p0551b1e 64

Per1od X P1g ce]ls (92%) Therefore, va]ues used in the~ana1ys1s of

‘ var1ance for-steady—state variables are pooled values from Subperiods 2

and 3. Further comments pertaining to the method of analysis of 1nd1v1dua1'

var1ab1es are 1nc1uded in their respective sectlons.

' In view of the health problems discussed above, only‘effects

stat1st1ca1]y s1gn1f1cant at the 99% level of probab11ity (hereafter

denoted **) have been- reported

Feed and Energy Intake
. - . -

The average'daily feed consumption by the Group 1 and Group Z,ad
Libitum-fed pigs.(lll 5 g/(k90;75)) was about 11% (%%) more than that
consumed by the Group 1 and Group 2 restr1cted fed pigs (98.5
g/(d. kgO 75)) (see Table 9 for summary , Appendlx Bl for raw data, and

Appendix C1 for Ana]ys1s of Var1ance (AOV)) The exper1menta1 mean total -

| »combust1b1e energles of the grower and f1n1syer rations were very similar .

(15 8 MJ/kg, std. dev, 0. 23 vs 15.9 MJ/kg, std. dev. 0. 15, respect1ve1y)

as were the average protein concentrat1ons (16. 2%, std. dev. 0 72 Vs

e, 15 4%, std. dev. 2. 11 reSpect1ve1y)

€2).

Mean ME intakes for each treatmentﬂcombination are shown in Table‘9
The mean ME intake of the restricted pigs was on average about 90% (**)

of the ad L1b1tum fed pigs (raw data in Appendix B3 and AOV 1n Appendix ‘

. 9




TAB&F 9. EXPERIHENTAL RESULTS FOR EACH- TREATMENT COMBINATION(MEAN OF h (3)
PIGS): A, FEED INTAKE, (AS FED BASIS), g/(d-kg" 5, B, METABOLIZABLE
ENERGY INTAKE,. kJ/d-kg-75; C, AVERAGE DAILY GAIN,g /d; D, MEAN

BODY WEIGHT, kg;E, PROTEIN DEPOSITION RATE, kJ/d kg

GAIN/TOTAL GAIN g /9 .

75;F, PROTEIN

'G[_J: 1

ﬁGroqgr 2

‘ v o - Period
Period Code Restr:cted Ad Libitum Restrccted Ad L:bitum Mean
1 A 99.3 ©128.0 101.3 115.0 11.7
B 1177 - 1408 1239 1386 . 131
e 391 654 782 741 659
D 45.2 49.5 53.2 . 51.0 © 50.2
E 113 (3) 131 84 . 135 . 1163
F . -0.216 - 0.157 0.093 ¥ 015 0.1512
2 - A 97.8 - 116.5 99.0 100.7 103.7
: "B 1202 1404 1159 1168 1238
o 742 844 489 538 . 661
) 56.2 62.0 59.1 -~ . 57.1 58,7
CE 168 192 . - 110 86 (3) 1422
F 0201 0.229 -§§, 0.207 0.145 - Q1992
3 A 99.3: 103.3 96.8 99.% . 99.7
B 1178 - 1218 1193 1225 1204
c 406 485 ‘747 <914 646
D 61.5 69.5 69.7 - 63.4 66.6 -
: c 143 (3) 0 133 164 . - 188 °(3) . 156b
- F 0.329 -~ 0306t - 0227 . 0.198. . 0.262b
b A 96.8 107.5?? 98.8 119.3 04,7
B 1201 1309 1181 1409 1266 -
C 650 - 917 , h97 662  ,683
D 70.6 81.9 §§7 ©73.8y7 (3) 75.7 °
E 126 131 18 144 . 1293
F 0.220 0.179 0.255 w0236 0.220b
"""""" 'T'f“?“““""““"‘""f"‘T"""""""""%"“""’""“"""‘ )
Feed X & 98.1a 113.8b . 98.92 " T109.1b .
Groups B 11912 - 1335b° “119338 © 1304b
C 568a 741D - 6298» 716b |
D - 59.1 65.7 6h.5 . 60.5 .o
E 139 147 RIEI 138 .
. F 02y 0.210 S 0.196 - 0.181 .
Periods X Groups - . 6°c SR 21°C‘
(Temperature) _ & ——
' A 99.13 112,80 98.22 109.6°
B 11742 1301b - 12092 .- 1331b-
C kY46 - 585b 730 .85k -
D 60.5 - 62.5 62.4 - 6k.6
E 121 124 136 162 -
F 0. 252 - 0.211 0.186 . 0. 189 .
. Mean of T 516a ' 792b
Ad Lib - D o0 61.5 . 63.5 :
- And E 1232 1hgb o
Restrlcted F o 2322 o 187b ’

]

. a b.c Heans in the same fow or- column, with different letters
o are sngnlficantly dlfferent(‘“) ~ ‘

.

s

/
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Liveweight Gains and Mean Period Weights

The experimenta]emean daily gain for all piés, based on least-squares
lineer regression on the 1iveweight.measurement§ for Subperiods é'and3,
was 663 g i‘lﬁeweight records are included iﬁ Appendix B4). ﬁeah daily
gains for each treatment combination are shown in Table 9. The chronic
effect of low tempefature(GQC) was to diminish average-daiiy’gain by
18.4 ¢/d.OC or 2.3 %/ocvbeiow the rate of ‘792 g/d weight gain' |
measured at 210¢ (Raw data in Appendix BS and AOV in Appendix C3). ’
The average dai]y gain based on the difference over 60 days of the mean
starting weight (44.6 kg)'and finishing weight (81.5'kg), was 607 g. The

effects of temperature change on liveweight, as measured over the first

five days of each period, are reported in the next chdpter.

",Meah~period ]iveweights for eachvfig, were computed from the same
vatues used in computing the regression coefficients of daily weight gain,
’and mean period liveweights are shown in Table 9 (Raw data is ‘shown in
. Appendix -B6). Metabolic body weights, used to express ;other results such.
. as protein depositioiirates. were ccmputed from these values to the 0.75

. - power.

. . \ ) o |
Increasing feed intake increased daily gain by 10,3 g/d per extra

gram of feed over the‘reétricted fee&ing rate of 100 (g/d.kg°-75).




growth (**) at Tow temperatures (raw data in Appendix B8 and AOV shown in

- 129 kJ/(d.kg0+7%) white Period 3 rate was higher at 156
" kd/(d.kgO- 75) when the pigs averaged 67 kg body weight. The effect of

70

Protein Retention.

_ Protein retention was analysed statistically using the mean of

Subperiods 1 to 3 and also using the mean of Subperiods 2 and 3 only (raw

4 data in Appendix B7 and-AQV's included in Appendix C4 and C5). Since the
. subperiods included made no difference to the statistical outcome, protein

retention values for each period are based on the mean of all data.

Although protein deposition rates averaged 14% higher for the ad

"Libitum fed p1gs than the restricted pigs feed level and other feed

interactions did not reach statistical significanée. Based on the avefage
feed“consumption low temperature (690C) was found to d1m1n1sh prote1n
retention at a rate of 1.73 kJ/(d kg .%), or 1. 2%/°C(**) below

the rate measured at 21°C (149 kJ/(d.kg0- 75)) (AOV  shown in .

Appendix C5). Protein retention rates for‘each treatment combination are

summarized in Table 9.

The'coﬁputed ratio of protein gain to total weight,gain (P/G), was

~ higher at 69C (0.232) than at 219C(0.187), fndicating leaner

~

Appendix C6). P/G ratios for each treatment combination are shown in

Table 9.

Protein accretion rates for Period 1 2, and 4, were not S

s1gn1f1cant1y different (Student-Neuman Kuels test P<0. 01) and averaged

e
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periods 9ﬁfthe‘P/G ratio was similar to that for protein retention. The
P/G ratio for Period 3 (0.262) was higher than the rémainfng periods which

averaged 0,190,

Discussion

Without the necessary heat productioh to maintain body tempepéture,
the pig would become hypothermic and die eventuélly. In order to/meet_the
extra heat demahds at 1ow temperatufe, feed energy that otherwise may be
fnqorporated into new tfssue must be oxidized instead to produce heat.
Therefore prolonged exposure of the pig to low témperature will result in.
a reduétion in growth rate, or mqré specifically, diminished rétés of
protein and lipid retention.

| In Section D, thesehconcgpts were»deve]opea into a 3-dimensionaT
model capable of predicting prbductibn of protein and lipid over a range

, /
of temperatures and energy intake levels. Since 1ean\tissue'productfon is
- a fundamental concern in thé development of effective methods of feeding

piQs,Afurther-tests were conducted to establish the protéin,deposition

aspect of the model.

The protein deposition response of the model to increaSing enérgy
intake was supported substantially by the experimental results. Reference
to the model using the energy intake levels shown in Table 9, prédfcts a

10% increase in ME intake to result in a protein retention rate increase’
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of about 20% at 6° and 21°C. The actual average increa§e.1n

protein retention rate~for.the ad Libitum fed pigs, as combared to the
restricfed fed pigs, was slightly less at 14%. However, because of the
anima];variabi]ity encountered, this increase in rate of brbtein retention
was not significant, Therefore, in compar%ng'temperature effects, féed
levels have been pooled simply by averaging the energy»intake values for
the restricted and ad Libitum fed pigs (1238 at 60c; 1270

kd/(d.kg0+79) at 210¢). '

Daily increments in mass of lean‘ti§sue, fat, bone, and gutfill, fn
the growing pig, all.constitute what is ta]led‘1iveweight. In the
production of s]aughter,p1gs,‘perfdrmance is mbst often associated with
. 1iveweigﬁt gains. Also of importance is the néed to produce pigs with a
-minimum Qf exceés body fatf Table 10-compares severa]yimportant |
performance parameters7for growing pigs exposed to 69 and 219cC, aSj

 predicted by the model and as determined from this study.

Prdtéin, in Table 10, has been compared directly by aséuhing the
energy'content of profein to be 23.5 kd/g (A.R.C., 1967). - The efffciency
of uti]i;ation of ME ;or the production of protein is eipfessed in the
ratio ME/Prbtein Retention. Both pérameters can be compared directly and
agree very closely (2%). The remaining three compafisbn§, Daily‘Gain,
Protein Retention/Dai]y Gain, ahd Lipid Retention;nhave-been made’
,\1ndirect1y by«éssuming ;he'mean energy content of tissues retained by a 60
kg pig to be 19.4 kb/g (Hdlmesvand Cldsé, 1977) and by alloﬁing 10% of .

average daily gain for ash-and gutfill (Verstegen et al, 1973);‘1 )



"TABLE

,PREDICTED RESULTS( FROM SECTION D).

10. COMPARISON OF FEEDING TRIAL RESULTS WITH MODEL

e

*

v

t

Values in kJ/d»kg°'7§)(i5) as read from Flgure-ll,'

Estimated values,see text.

ratio of feeding trial value to model predicted value.

C b

}

- Temp, ME lntake . Variable Model Feediﬁg Trial
oC  kJ/d-kgO0- 0.75 ' ‘ " Trial {Model
6 1238 Protein Retention,kJ/d* kg0 75 125% 123 0.98

ME/Protein Retention 9.9 1041 1.02.
‘Daily Gain, g/kg®-75 240" 23.0 0.96
Protein Retention/Daily_Gaih' 2227 232" 1.05 .
Lipid Retention ‘ 355% 2797 0.79
21 1270 Protein Retention, kd/d. kg0 72 150% 149 0.99
ME/Protein Retention ' 8.5 8.6 - 1.01
Daily Gain, g/kgo'zs ‘ 3&.7/ 35.4 1.02
Protein Retention/Daily Gain ~.18h/".187 1.02
Lipid Retention Lss* 469" 1.03
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Using these values, 'the model predictions of protein and‘]ipid

' R L e

energy gain can be converted into an equivalent daily gain in body weight

as foi]ows{

~ {Gain) (0.9) = vanergy Retained)/(19.4'kd/g) veees 22

. The predicted daily weight gains at 6° and 21°c_are within 4% of = ;
,those values‘determined from this study, bdtn 1ndfcating exposure to the
“Tow temperature reduced'dafly gainqﬁy about‘33% By converting protefn
energy to ma;s, Protein/ Dally Gain ratios predicted are seen to be within-
5% of those measured Both 1nd1cate low temperature (6°c) 1ncreased

the proportion of protein in da11y gain by about 20%

The last item to be compared in Table 10, Lipid-Retention, has been
"f : ~ _ : S »
.estimated from the results of ;his study simply Ey’regrranging Equation 23
as follows: B ‘

¥
{ M . - . . * .
Lipid Retention = (6ain)(0.9)(19.4 kJ/g) - (Protein Retention) ..23 !

¢

Although these 11p1d estimates areQnecessarin more'Speculative than the

" other protein related parameters. they neverthe]ess do come surprisiéynaig
_ \ oy 5

close (+3% and -21% deviations at- 210 4nd 6°C, respective]y) to:
those predicted by the model. Since fat contributes to body weigh{}~1

21% deviation may seem at odds with the good agreement (within 4%) already
<l SRR TR SEER TR AR NIEL e 900¢ ‘ . _
. ; . |

®
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ed for daily wefght ?ain. However, the energy va]ue per gram of tfssue

is mudh higher for fat than for a unit weight gain

Therefore, from the resuTts'of.this study, the model has proven .
capable of predioting the protein deposition reSponse of growing{pigs'
exposed to-lowntemperature. Further.testing will be'needed to;establish
confidence in the mode1 beyond the Vimits tested'by thfs feeding“tr1a1
especially for pigs substantia]ly different from 50 kg and exposed to
temperatures other than. were used in the pre;ent.trial
’ | ~¥ . :

Feeding trials udll be reguired to estab]ish confidence in the lipid .
. deposition aspect of the mode] however 1nd1rect estimates-suggested
‘predicted lipid deposition rates may be within 21% of actual rates, at the
energy 1ntake 1evels used

Thetintroductton,to:thts section referred toian earlier study by
Holmes and Mount(1967)\using a eonsecut1Ve temperature design.-They
, observed unusually low rates of gaih if growing pigs during the first five
days fo]lowing a temperature change from 20 to 99C and suggested that
this transfent effect ! could be due to the net result of changes in body
' water and fecal output f. while this section has focussed on the |
s}eady -state response of pig»growth after five days at low temperature.'

“the next section examines the pigs weight reSponse during Subper1od 1 1n

. .order to quantiﬁy possible transient effects. Some awareness of temporary :

_effects is needed or the usefulness. of this or any, model may be

-gbrought fnto quest1on.



! - © SECTION F S
_FEEDING TRIAL: WEIGHT AND DIGESTIVE RESPONSE TOACUTE COLD

Introduction

Meat producinglonimalﬁ'expOSed.to Tow temperature may be forced to

~ Convert proddctive feed:erergy into‘heat in order that body‘cemperature be
maintained. As 1osse§ of heat energy cannot be regdined, some weight is
"oermanently lost, onless the efficiency of‘tissue production after
»‘ceésation of co]d,strecs canlbe showh to increase. So'far there 1s'no:
evidence_of'this. | |

. , .

The abore remarks are from an energy balance v1ewpo1nt However,
fieldwork and research to: determine.the effects of 1ow temperature on
.)11vestock performance often is based on liveweight data as this is what
~interests producers. Although such work is useful research has indicated
that the use of Tiveweight data when studying Tow temperature‘effects-may |
~lead to false conclusions. Beyond‘the permanent tissue losses discussed |
above, stodies_by Young;(1975) and Degen and Young (1979) indicate there
are -also temporary body weight losses assoc1atedQWith the anima]S
' phyéioiogicél‘adoptation to a new temperature regime. These 1osses are -
distinct_from~energy'b51ance cohsiderations and may.jnVo]Ve, for example,
:body water'contentv(YOUno,ﬁ1975).'Nhen 9016 stress 'is removed, the énioall‘
regains jt”s4previoos‘physiologica1,s;ate, including tneibod} weight that
was lost tehporar11y. | o | | |
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o POSSibiy these temperature induced temporary weight changes are
actuaiiy the net “result o; severai physioiogicai responses to stressful
situations(Ho]mes and- Mount 1967). For example, research on,coid-exposed
sheep receiving a constant‘amount of feed has shown:a reduced retention
time of digesta at low temperature,'together with a reduced digestibiiity
of feed'(Kennedy'et‘ai,A1976).‘ These findings indicate a change in
‘gutfi]\ which would necessariiy,atfect 1iyeWeight.
' Co 4

o

The resuits of the feeding‘triai described invSection E, provide'an
opportunity to further examine the magnitude of temporary weight changes
in.cold- exposed pigs, and the reduction, 1f any, in digestibiiity of feed
. nutrients during cold exposure in order ‘to determine whether any

correlation exists between the two responses.
& Methods

. As described in Section E a feeding tria] was conducted to measure
the steady- state gains in body weight and protein during exposure of
growing-finishing pigs to 6° and 21°C. For this purpose vaiues
| measured during the Tast 10 days of each 15-day period were anaiysed and

Apresented In view of the questions posed in the introductory part of

this Section- concerning thperature induced temporary body weight changes,

a further investigation of the resuits of the feedin%ggriai paying
particular attention to weight gains or 1ossés during the five days

’7

e

o )
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_immediately after the temperature change (Subperiod 1) would be

appropriate,

In addition to providing detai] on experimenta] and cage design,
reference to Section E will provide a description of the methods used- for
feeding, weighing, ca]cu]ating the average daily weight gain, and
co]]ecting the feces and urine. Additional data from” the feeding trialv

were ana]ysed as fol]ows:

(a) Digestibilities of energy, nitrogen, and dry matter were ca]cu]ated

.-according to the ‘equation:

% Digestibi]ity = (( Intake - Feca]nLoss)/Intake)(IOQi‘...;..23

&
I

- 9‘1‘77;" : " .
Data from Subperiods 2 and 3 were pooled for statistica] analysis to
'determine whether temperature or feeding 1eve1 had any effect on

R

-digestibility of energy, nitrogen or dry matter.
o ag
) &

| o o 4 o |
(b) From bodyweight records, EStimates of temporary qeight changes during
Subperiod 1 were ca]culated from the weight regression equations
"estab]ished for the last 10 days of each period $Subperiods 2 and 3). The
| tintercepts of these regressions immediately at the start and finish. of
each period were used to determine the expected'body weight at each
_ changeover. During the course of the experiment there were three .

_changeovers (Periods 1 to 2; 2 to 3 and 3 to 4 ). Any. difference between
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_ intercepts at each changeover'has regarded'as the total temporary change -
in bodyweight. This procedure ( simiiar to that used by Young //;

(1975)) integrates the graduai changes in body weight which actuaiiﬂ take

place over several days

(c) The effects of temperature on steady state digestibi]ity of energy,
nitrogen nand dry matter were analysed using the statistical mode]
described in Section E. . The same ‘statistical modei was used to determine
the significance of changeovers on body weight; however, the degrees of

.freedom were modified to vaiues shown in Table 7

7 Results and Discussions

Animal Health and Climatic- Environment |
'L;‘ R ' o - B
Details on temperatures, relative humidities, air movement, and
- animal health have been presented in Section E. |
< Y o . : -
Feed Intake and Nutrient Digestibility .. o LN

The feed actual]y consumed by the ad Libitum and restricted fed pigs,
as weii as the digestibiiities of energy, nitrogen and dry matter for

each treatment combination, are summarized in Table 11’(raw data in

Appendix Bl and B9). The absence of any effect of age on digestibility of

energy, nitrogen and dry matter in this experiment s supported by'other'
‘studies on pigs of similar weight (Nieison 1970 Ful]er and Boyne 1971 N
| 1972; Thorbek, 1975) (AOV in Appendix 7, €8, and c9) R

T

S SN L b i
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TABLE 1. SUMMARY OF DIGESTIBILITY RESULTS. A. FEED INTAKE, g/d-kg0-75

- (As FED BASIS) B. DRY MATTER DIGESTIBILITY % C NITROGEN
DIGESTIBIL|TY »%3;D. "ENERGY DIGESTIBILITY %, ‘/

Per}od Code’ . ,Crodp 1° - o Gfo@p 2 "~ Period
| - Restricted ad Libitum ,Restricted' ad Libitum Hean
T A 99.3 ~ 128.0 - 101.3 115.0 112,38
B 79.5 . 75.6 82.0 - 80.0 C 793,
¢c * 77.6 - 68.7-. 78.6 77.7 . 75.5
D- 79.4° , 7h.4 82.4 79.6  78.9
2 A 97. 16.5 99.0 . 100.7 103,75
B 81,4 - 80.3 - 78.2 S 767 79.3
C 80.0 77.3 - 75.3 721 7604 |
D 80.5 78.6 . '~ 77.0 75.3 78.0 #
3 A 99.3 103.3 96.8 9.3  99.7° |
B 78.9 (. 79.2 . 80.4 80.6 79.8
c 77.6 - 75.2 81.6 . 80.0 78.6
- b 77.6 77.0 79.6 9.7 78.5 -
KA 96.8 107.5 98.8 119.3 104, 7b |
B 80.5 80.5° 78.7 78.4  79.6
C 80.9 78.2 76.3 74.2 77.6
D 80.0 78.7 77.7 77.1 78.4
’, Feed X Groups : : | . o
A o981 4138 98,9 109.1
B -80.2 © 78.9 79.8 . 79:1
C . 79.2 48 S 78.0 1 76.1 |
< b 795 T2 792 78 -
Period X Groupé 6% ‘ o \‘, 0% - Pl
. (Temperature) S - o R -
‘ A 99.13 112,85 98.23  109.6C
B . 78.98 77,58 g1.1b o gogb
“ . 76.72 - 7263 . 80.3b 78,40
D 77.9° -~:w'76{oa'-:“~f, 80.6b - - 79;zbf~

‘ a b,c Means in thgssame row or column wsth different letters are.

o significantdy different(**) S e e EE

;'}’,fgk"

-
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For all pigs exposed to 6°C, the average digestibilities of dry |
't‘¢matter energy, and nitrogen (78 2 77. O 74.7%) were Significantly lower
"(**) than for pigs exposed to 210C (80 8 79.9, 79 4%) (Appendix c7,

‘C8, C9). Studies on several spec1es “including pigs, have reported
reduced;apparent digestibilities of energy,'nitrogen,'and dry matter'at '

~ Tow temperature (Graham et al,'I959;"Fuller and Boyne 1971, 1972; Young
. ) , ;

-and Christopherson, 1974; Kennedy et al,1976). Some results for animals |

of comparable size t0'the'pig have been’included in Table 12/”~Tﬁe/rates

Vof reduction in digestibility associated with reduced ambient temperature f%ﬁﬁ'

| \observed in this study (about 0 25%/°C), are in accord with those

4

g

RN /

[ listed. o o

Although the pig does not’ rely on microbiah activity for digesfion as
'_does the ruminant, a reduction in digestive retention time nevertheless
mightereduce the effectiveness of the nutrient extractioniprocess, for
“example, by:reducing exposure time tp‘digestive enzymes.AThis’typegof -
'reSponse_could be of adaptivefsignificance in view of the increased
requirement for;more‘easily‘digestible material.duringicold where ample‘f
feedis;available. | - | B |
e

Restricted feeding conSistently resulted in higher digestibility of

energy, nitrogen and dry matter as shown in Tables 11, However feed

level did not reach the chosen level of statistical significance (raw data

A

in Appendix B§ and AOV s in Appendix c7, C8 C9) Graham et al (1959) ;'¥

found that increasing feeding level from maintenance to 1. 5 times
”maintenance reduced energy digestibility in sheep.,Fuller and Boyne (1971
1972) found no. change in- digestibility of energy with increased feeding .

b

G

LI

™ . .



TABLE 12.

8

BN

L_SUMMARY OF DIGESTIBILITY RESULTS FROM OTHER'
Low TEMPERATURE STUDIES ‘ :

"~ Study,Nutrient
1

Témperatufe

Change in Dig. .
.per-.voc ' ;

+ Graham_ et al(1959)JsheQ5 |

Energy

8%¢

_Fuller and Boyne (1972) ,pigs:4OC

239¢

‘:230t4"

Ehergy
Nitrogen 7 5

. Young and Christopherson

YT'(197Q) calves:

Dry matter

- 80.9%
82,2

i
2.9
0°c

'83.0%
83.6

02
Q.08

Kegnedy et al(1976) sheqp
’ Dry matter ‘
Organtc Matter o
EE Nltrogen [N
: ThlS studzr~ e :
i Dry matter e

.‘Energy

- ' Nitrogen- e

45.0

47.7
- '57.0.
N §35‘7
18, 2.
77,0
4.7 7

0.10% .T;' LAy ,TE

. 0 16 . /”‘. : ’l—v;’
Coar o [T
10.00. Lo / ’

Y

I’

|

\
;L
Pty o
1
'x\ .»
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level in piés, over a range of temperatures. At low temperatures (5°

and 139C), however, nitrogen digestibility fell with increased 1eve1'
of feeding; at 239¢ feeding level had no effect on nitrogen
digestibility. Peers et al (1977) kept growing pigs at either maintenance

or 3 times maintenance feeding leve) at about 219, and found no

change in digestibility of dry matter, energy, or nitrogen.

W

IR

/ Since Gunningham et al (1962) have shown that concentration of
dietary crude fibre can have considerab]e effect on digestibility of gry

matter and nitrogén in pigs, one might expect a wide range of findings in

the literature. The results of this study, although negative, do indicate

consistently higher digestibility values for nitrogen, energy, and dry

matter, for pigs restricted to about 88% of ad Libitum intake, on a

bariey~soybean meal based ration, . (
?

-
-

L

Weight Response to Acute Cold - v.

i
o

Temporary bodyweight changes were ‘calculated from 11vewe19ht records

for each pig at each changeover and are listed in Table 13 as gains (+ kg)

or losses ( ky). As average feed consumpt1on for the ad Libitum fed p1gs

LLE higher at 60C than at 21°C (AOV in Appendix Cl), only the

weight changes for the restricted pigs have been discussed in the

remainder of this .section.

The weight record for Pig No. 24 is shown in Figure 14 indicating the

nature of the temporary:body weight changes with each abrupt change in

” - 4



8L

"8T-9THT-LTBL-GL -1 s61d 103 A{aAi3idadsas

- o . . ejep bulssiw ¢ Buw
a\b[' Y
\;M.—.I-mE.m.—l.-mE O.N.I.M.,—IQN.NU.Mw—I #..J.m.N.mE.O.O O.#.@E.R.M.N.m NHMQ .u3
97 1- " L°1- £z 1°S "6yd IM ueay
S “--#009 01 | T mmmmmmmmcoooe e - TlT O 9 mmemmmme 64y @injesadway
, L d .
m.Ol.mE.M.OI.mE m.N.m.Oaw.O.N.OI w.—,l.M.Ol.mE.@.Pl N.,—I.OE..:.MI.m.NI ‘eleq "IM
9'0- - L0 AR b Z- "Byy tIm uesy
, el IolT 03 9 mmmmmmeo - L 309 03 1T —=-memome- "B4) v4njesddwey v
m._-.N.mm.q.m-.mE hoh-"07€-"£70-27€-  yz-‘9°Zz-670'C7"1 Bw'9r1‘6'0-‘9'z _BI1BQ "IN
‘ 8- L2- _ L0- L1 "Byy rIm uesy
‘ . -~ 309 ©3 _N-:.unu. uuuuuuuuuu =T mmeeeecs J0lZ O} 9 mmmee -—---"bYyy aunzesaduws
) wniiqi7 pe P21214359y wniiq(y pe p210143say
: = Z dnoug ; | dnoug .

"3INOIONYHD Y3IL3IV SAVQ IAI4 ONINNE SIId 40 (BA)LHDIIMIAIT NI JONVHI AWVHOAWIL €1 378yl

-

o



- 85
temperature. As‘temgerature was stepped‘down (219C . to 69C) Pig 14
weight decreased 4.4 kg;'as temperature was stepped up (69C to
21°¢) weight increased 2.5 kg; and during the last.changeover down to
69C again there was a weight lcss of 2.0'kg..These values can bg_fonnd
in Table 13. Considering the. average of the restricted pigs only,
exposure to 60C from 210C resulted in an average temporary weight
Toss of 2.3 kg (std. dev. 2.44). Within 5 days of being‘returned to'A
210C, the entire 2.3 kg (std; dev. 0.52) was regained (Appendfx Cl0).
Thesg-results are relevant to pigs from about 40 to 80 kg.
" ’ ,
The temporary welght changes shown in Table 13 are qu1te 1ndependent
- of. the reduced bodyweight ga1ns noted in Section E Further reference to
F1gure 14 can c]arwfy th1s point. By extrapolation of the expected course
;‘of we1ght gain for Period 1 (219C)( dashed Tine) to the end of Perjiod 2
‘ (6°C), po1nt A represents the expected we1ght had no cold stress been
applied. The d1fference between points A and B, in this case 3.6 kg,
represents the permenant loss in we1ght due to 15 days at 1ow temperature,
The rate of loss, about 250 g/d compares very c]ose]y to the difference
in average daily gain for the 6 and 210¢ pigs-noted in Table 9 (280
g/d). The difference between points B and C represents a retrieval of
weight temporar11y lost when the pig was exposed to 60¢.
Although there is little information in the ]iterature'oh this aspect
of cold stress in pigs, a report by Hicks and webster(1968) prov1des
supporting evidence in that measured feed conversion efficiencies (un1ts‘

'feed/un1ts gain] at constant feeding 1eve1 for the.7-day period after

exposure to 50C, were 6 times higher than at 200C. This may have
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-ar1sen from temporary 1osses 1n bodywe1ght The study by Hormes and

Mount(1967) 1nd1cated a welght Toss in grow1ng p1gs of about 2. 5% of body

| weight w1th1n 4 days of - chang1ng from 20 to 9°C A]so Young(1975)
‘ found exposure to Tow temperature caused temporary bodywe1ght losses of up

to 5% of body weight in cattle body f1u1d shifts were cited as a poss1b1e 3

adaptive physiological response which might be- detected in, liveweight.
After eight days cold exposure in reStricted fed sheep; Degen ‘and
Young(1979) found bodywe1ght reduced 7% and rumen f1u1d vo]ume reduced by {
over 1 L. | |

.I

From the results of this study, as we]] as others mentioned above,

one might reasonably suspect a change in the volume of digesta to be at

1east partly responsible for the observed temporary body weight 1osses;q

Assuming th1s to be the case, the temporary change in bodywe1ght can be'

" measured 1nd1rect1y as described Jn the subsequent sect1on.

\

Correlation of Digestive and Bodyweight Response to Acute Cold
Considering the throughput of a digestive tract in steady-state where
feed dry matter intake-is at constant rate (r), then fecal dry matter
output will be some . fraction of ‘intake (k.r). If the digestive tract
contains an amount of digesta, W, then it's retention time, R, equals- the

quotlent N/r. Assuming this re]at1onsh1p is true, a reduct1on in R, as

seems to ‘occur at low temperature must result in reduced w, 1f r remains

constant. The difference between steady-state initial and final values

LN

for W represents a reduction in digestive amount AW, and as a

consequence, a loss in liveweight of the same”amount.' Furthermore, the
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. : R , ]
need to change W undoubtedly will be manifest in the rates of fecal

voutput, k.r, shortly after the temperature change.

i

The‘change in W for the pigs in this experiment has beén determined
by subtracting the actua]nwet‘feca1~m§tter during Subperiodfl from the
| expectéd wet fecal matter for Subpériod¢lq.-Tﬁé Togic. used for computing
the expected we't feca] matter is based on adjusting tﬁe wet féta]'hatter
for the previous subpériod upward, or BBwnward,'in ‘proportion to any
change fn feed intake. If there is more wet feca] matter than expgtted N
‘1? assumed to be decreaswng and the 11vewe1ght of the pig 1s presumed td
be reduced by the difference Aw. If there 1§ less wet fecal matter. than
expected, then.the revérse is true. ' |

Each part1cu1ar element of. the calculation mentloned above is shown

[EA

1n deta1ﬁ in Append1x A6 The resuTtant we1ght changes, AN kg,are shown in

&

Table 14. Based on' the mean 2: the restr]cted pigs, exposure to 60C
from 210¢ reZultéd in an average weight loss of 1.06kg (std. dev.
0.88) during ?ire days, while the returr t5~216Q regqlted in anh
average gain in weight of 1.83 kg (std. dev: 0.90) (AOV in Appendix C11).
| i '///‘

Therefore on the basis of this exper1ment temperatﬁre induced
change in digestive volume may account for about half of the temporary /”’f
11vewe1ght changes observed regress1on analysis indicates 55% The

correlation coeff1c1ent for the Group X Per1od means’ ‘of QW _and the

'temporary we1ght change for the restricted p1gs 1s 0 92 1nd1cat1ng a-very

close - relatlonsg:;\\\\ ' N |
| ' v S s | '  mxe
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| ~ SECTION G ° '
L " SUMMARY AND CONCLUSToNS

A review of the literature indicated  the estimation of 1ower critical ”
temperature can be -an -important dec1s1on -making aid in pred1ctﬁng energy
losses in _pigs expfsed to low temperature However, to date, rat1on
formulat1on methods have made-no allowances for temperature perhaps in
part, because the effects of 1ow temperature on body gains was nat well

understood

A model -that predicts the effects of Tow temperaturezon composition
of body gains was developed. The model was compared_against results from -
the literature and a feeding trial was carried out to test the protein

|l

deposithn aspett of the-model. While the model -should receive further

- testing, both the above validity tests confirmed that low temperature

_ reduces rate of tissue gain in pigs in a predictable manner.

.

The model a1‘:so serves as a predictor olE‘E heat output rates, ‘as\related
to level of feeding Such information should be of value in the design of
she]ters for %fow1ng pigs, particularly if more North Amer1can plg
producers adopt restricted feed1ng methods to 1mprove feed conversion

efficiency and conserve energy.

.Results of the feeding trial were as fo]]ows*
1. D1m1n1s§ed weight galns, and protein gains, were observed -in full fed

and ré;tr1cted fed pigs kept at low temperature but the monetary 1osses



N . : . -9
a .. Q ~ B
associated with reduced weight gains may be offset to some extent as there
was an increased proportion of protein in the daily tissue gain ‘of pigs

kept at Tow temperature

2. Exposure of pigs to low temperature resulted in a.reduction in
digestibility of energy, nitrogen, and dry matter, of apprOXimateiy

>
one quarter of one percent per Centigrade unit below 210,

7 -

o

3. Abrupt temperature changes caused temporary changes in body weight. On
average a reduction in temperature from 210 to 60C resuited in a
‘temporary weight 1oss of about 4% of body weight. Five days efter being
retirned to 21°C this loss was regained entirely. These temporary |
changes may be due,in part, to changes in 9“tfill;\ Although gutfi]] was
not measured directiy, some indirect eVidence was presented as support for
this pOSSibie exp]aination. '
- .
4, Feed restriction resulted in no improvement in digestibility of

nitrogen, energy, or dry matter as compared ‘to ad Libitum. feeding
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APPENDIX AL
SAMPLE PROBLEM USING MODEL

Find the daily protein and lipid gains and heat outputs in a
50 kg growing hog housed at 200C and 89C and fed 2.1 kg/d
of a ration containing 11 MJ/kg of metabolizable energy.

- Determine energy intake rate per unit metabolic body weight:

Energy Intake = (2.1 kg)(11,000 kJ/kg)/(50)0-75
=1220 kJ/(d-kg0-75)

- Referring to Figure 11 find protein and Tipid gain corresponding
to 200C at ME intake 1220 as follows:

Place the 450 1ine of-the overlay on the 450 1ine of
Figure 11. Keeping these matched, adjust the horizontal line of the
overlay to correspond. to 200C on the temperature scale on the
right of Figure 11. ‘

Note the intersect of the horizontal line of the overlay and
line Z of Figure 11 corresponds to feeding level EL» while the
horizontal line of the overlay intercects the 450 Tine at the
critical feeding levelfgc.r :

The production zone is now bounded by 4 Tines: 1. the right
margin. of Figure 11, 2. the 450 1ine, 3. the hori%ontal line of
the overlay between E. and E|, and 4. the Z line of Figure
11 to the right of E| . ‘

The protein and lipid gain can now be read off between the
appropriate lines directly above the feeding level 1220
kdﬁ(d.kgo-75) and heat-output can_be computed by difference:
140 kJ/(d.kg0-75) i .e. 112 g/d
420 kJ/(d.kg0-75) j.e. 202 g/d
660 kJ/(d.kg0+75) i.e. 12,4 MJ/d

Protein
Lipid
Heat Output Rate

- This procedure can now be repeated to find protein and lipid gain
at 80C and feeding level 1220: . :

Keeping the 450 line of the overlay matched with the 450
Tine of Figure 11 slide the overlay upward until the horizontal
line of the overlay crosses 89C on the temperature scale at the
" right of Figure 11.

“Following the procedure outlined above, the protein and 1lipid
gain can now be rea8 off between the appropriate lines directly
above 1220 kdJ/(d.kg0-75):

Protein
Lipid
Heat Output Rate

125 kJ/(d.kg0+75) i.e. 100 g/d
370 kJ/(d.kg0-75) j.e. 178 g/d
725 kJ/(d.kg0-75) ji.e. 14.7 MJ/d

nou u
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APPENDIX A3, FEED TABLES, lbs. ‘ . : },-_
Pig Weight Daily Feed °
7%, 3,1t
76, : 3,14
t 77, 3,17
TR, 1.20
79. 1.23 N
Rig ' 3,26 : :
81, 3.29 : .
B2, 3.32 - : -
B3, ‘ 31,38 ' ' '
R4y, 1.39
A5, 1,uUp
" BA, . - 3,48
870 3.‘.'18’
Ba, ! N 3.51 : ' ' g
B9, 1,54 ot
90, ' 3,56 ' *
91, 1,59
Q?. 3..02 . ‘ =
Q1, . .65
Qu, , 1,68
0s, ‘ 3.7
96, 1,74
Q7. 3.77
. QB. xoa\) R »
. a9, 3,83 N
' 100, 1.86
101, 1,89 /
1nd, 3,94
1““! 3'97
108, 4,00
1ubk, 4,04
107, 4,06
s 1OR, o W,09
1()0. ao‘l
11N, U,
111, U1
112, 4,20
113, - 4,23
114d,. Hy,20
115, 4,28
116, = 4,81
117, ‘ 4,34
118, 4,37
119, 4,40
120, u,u2
12, 4,49
122, 4,48

1123, L, .51
124, ' 4,53
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APPENDIX ~ A3.”. FEED TABLES(CONT'D), Ibs.

Pig Weight

125,
126,
127,

R,
e
130,

131,
132,
133,
134,
135,
136;
137,

138,

139,
tan,
ij‘o

142,

14,

Yuag,

1d5,
1“6.
a7,
LYK,
149,
150,
151,
152,
153,
154,
155,
196,

158,

159,
160,
lb]c
162,

163,

164,
165,
166,
167,
1h8,
169,
170,
171,
172,
173,
174,

4

Daily Feed
4,56k
4,59
qlb?
4,64
1467
4,70
4,72
4,758
4,78
4,80
4,83
4,86
4,89
4,91
4,94
4,97
4,99
5002 '
8,08
5.07
S, 1

. 8.12
515
5.18
8.20
.23
8,26
5.28
5,11
‘5,38
3,36
5.39
S.41
§.44
8,10k
5,49
5,51
5,54
§.57
8,59
8,62
LY/
5.67
S.609.
8.72
5,74
$,77 .
5,79
g,432
§.84

101



o .

\ 102

. . \l
APPENDIX A3.) -FEED TABLES(CONT'D)\ 1bs.

Pig Weight Daily Feed \’
175, §,R7 .
17h, ) . R.QC S
177, 5.92
178, ‘ . 5,95 o
179. 5,97 . Lo
180, o 6,00 i :
181, ’ 6,02 :
182, &.08 %
143, ’ 6,07 _ .
1RU, ' 6,00 Coe S,
185, 6,12
1Re6, . LRE
187, 6.17
| KR, . 5,19
169, 6,22 , Y :
190, 6,24 } L
191, 6.27 ‘
192, 6,29 ~
oz, 6,32 -
194, 6,34
19%, 6,37
1Qn, . 6,39
197, b, U2
198, . b UU
!QQ. , ) 6.“6 N !
2000 6-‘10 . o °
- 200 A,S4U .
203, 6,56 . : _ o
204, 6,59 ' B ‘
208, \ 6,61
206, 6,63 (
2”7. 6.06
208, R 6,68
219, 6,71
210, 6.73 ' )
211, . - 6,18
212+ 6,78
213, b,
214, ; 6,83 .
215, : h,8% !
21.60 '6087
217, ‘ . 6,90
218, 6,92
219' : 6.‘75 ' - o .
220, - 8,97 £
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2. Pig secured in sling about 1,m above floor..

APPENDIX A4

Catheter Implantation Procedure (about 15 minptes)

t

1. Pig removed from cage to lab in édjacent building.

3. Posterior area of pig'Washed»with'disinfectant.

¢

4, Dis1nfect1on of hands and equipment (speculum, wire). .

o

5. Lubr1cate wire and 1nsert catheter; -~ R

6. Insert 1ubr1cated speculum in vagina to observe urethra.

7. Remove catheter with the-support wire from the stérj]e wrap.
8. Dip catheter tip in sterile lubricant.

9. Slide catheter up urethra

lO.-w1thdraw support wire and check that ur1ne is f]ow1ng. |

li. Inf]ate catheter with 25 cc tap water.

12; Connect 2 m f]exib]e 10 mm I.D. tubing to catheter out]et.

13. Secure the catheter—tub1ng connection to ta11 with adheswve tape.

14, Return pig to ‘cage.

103
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APPENDIX ‘A5
“dJournal of Individual Pigs

A. Events common to all pigs,

A

Time © Date . Remarks

12:00 23 May Arrival of pigs at experimental site.
16:00 - 31 May ' Switched groups between rooms.
16:00 9 June Switched groups between. rooms.
16:00 - 15 June Start of experimental program.
20:00 28 June - 3 cc Penicillum 6 to all pigs.
16:00 30 June End of Period I. C

20:00 10 July .3 cc Penicillum G to al} pigs.-
16:00 15 July End of Period II.

16:00 29 July 3 cc Combiotic to all pigs.
16:00 30 July End of Period I1I.

16:00 14 Augt - End of Period IV.

B. Individual Pig Journals.

Pig Time Date Period Subperiod ' Remarks

1 16:00 21 June

| 2 Catheter Implanted.
16:00 15 July\- 2 3

Catheter removed; rectum

: protruding.
16:00.20 July 3 2 Catheter Implanted.

12 . 16:00 20 June 1
16:00 28 June 1

Catheter implanted..
Catheter removed; rectum
protruding. :
16:00 10 July 2 3 Catheter Implanted.

W N

Catheter implanted. -

Catheter removed;rectum protruding.
Catheter implanted. : :
Catheter removed;rectum<protruding.
Catheter implanted.

13 . 16:00 23 June
16:00- 1 July
16:00 5 July
16:00 10 July
16:00 9 Augt

“ -

20PN
W WM — Mo

14 16:00 20 June

: Catheter ihp]anted.
7:00 25 June 1 :

Prolapsed rectum;pig and data ‘
discarded. ‘ ‘
12:00 28 June “New pig:'No. 14,

16:00 1 July 2. 1 Catheter implanted,

VN —
w N

—

Catheter implanted. :
Catheter removed;plugged for 6.
hours.

16:00 4 Augt 4 1 Catheter implanted. -

15 16:00 23 June
- 16:00 27 guly 3

w o

apa e e



\d/

16

17

18

21

22

23
24

25"

26
27

28

16:
:00
16

16

16:
.05

16

16+

©

- 16:
“13:
. 16
16
16:
20:

16:
16:
06:
" 16:

16:
16:

16

16:

06

16:
- 16:
~16:

16:
:00
16:

16

" 16:

16

Time -

00
00
00

:00
:00

00

00
00

:OO
:00

00
00

00

00

00

00

00
00

:00

00

+00

00
00
00
00
00

00

:00
16:

00

21
27

21
10

10

24

10
25
11
22
22
10
20

10

15

28
22
10
20

20
15
25

22
12
20

Date Period Squeriod

June
July

Augt

June

July |

July

June
July
July
July
July

Augt

~June

June

July
Ju]y

June

July
July
JUne
June
June

July
July

June

July -

July

June
July
July

1%

June

LW N b= 7

B WN NN = — NN W

—

N N e

NN -

LW N b

A

N W R

w N ’
‘ LW W RN = N

w N

N w N

W w N

fu—vy

N

D wr

Catheter

Catheter
Catheter

Catheter
Catheter

-Catheter

‘Catheter

Catheter

" Catheter
‘Catheter

Catheter

Catheter
Prolapsed rectum p1g d1scarded

Catheter

-Catheter
- Catheter.
Catheter

~Catheter
- Catheter
‘Catheter

Catheter

Pro]apsed rec tum; p?g d1scarded

Catheter

Catheter
" Catheter

Catheter

" Catheter

Catheter

Catheter
Catheter

_ Catheter

Remarks

implanted. "

removed blood in urine

1mp1anted

1mp1anted

removed; rec tum protrudlng

implanted.

ﬁmplanted

1mp1anted

removed; rectum protrud1ng

Implanted.

removed; rectum protruding,

implanted.

1mp1anted.

implanted.

removed; rectum protrud1ng

implanted.

implanted.’ .
removed; diarrhea.

implanted,

1mp1anted

1mp1anted

removed; blood in urine.

1mp1anted

implanted.

removed; p]ugged for 12 hrs.

1mp1anted

implanted.

removed; unknown alipent.

1mp1anted

i

-

1

J’
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© & APPENDIX B.

RAW DATA

Section-,

1.

2.

Feed Intake (g/subpgriod,,g/ d-kg0-75 by
subperiods and pooled for each period).

Ratfoﬁ Type; Feed'Analysis (protein;dry Maitér,
total combustible energy); Nutrient Intake ,
(protein, dry matter, total combustible energy).

. Digestible Energy Intake ( kJ/d, kJ/d-kg0+75 by

subperiods and pooled for each period). '
Metabolizable Energy Intake ( kdJ/d, kJ/d-kg0-75 py

“subperiods and pooled for each period).

Fecal Analysis (g partially dried/subperiod), partially
dried moisture content,total combustible energy); Fecal
Loss (total combusible energy,dry matter),

‘Urine Loss ( litres, total combustible energy),

' Liveweight records for each pig.

Period average daily gains, g.

?

PeCi?dAavgrage bodyfweight, kg.

Fecal Protein ( %, g/d).

Urine Protein ( %, g/d).

Protein Balance ( g/d, kd/d, kd/d-kg0.7> by
subperiods and pooled for each period). .
Protein Gain/Total Gain ( by subperiods and pooled for
each perfod). - '

o : ' &
Dry Matter,Energy,” and NitrogenDigestiblity ( % by
subperiods and pooled” for subperiods 2 and 3). ‘

Page .

108

109

112
113

114

116
117
118
118

118

119
119

121

122

107
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o~

i ’ — FEEDY OM/3uBPERIND . _ 5
11 12 13 TIPS 15 e - 17 18 21 22 23 24 2% 26 27 28
8097, aa2y, “.6—5%, .-:o_w, 7693, 11330, H%oj 10120, 8912, 9140, 7756, 9489, TI8T0, 11060, ftun0, 9910,
o(?hou. booe, 3540, =%, dias, 95e6, 7792, 10310, 1990, Se79, s?u,. 10156. 12660, Seus, 7?”. \‘s-no.‘
» : (2) ., () (4) (%) (1) (3) 3) (3) 3) (3)
8584, =94, 9udo, =39, 10930, 12510, (1900, 13820, 10190, 10080, 90%8, 10420, -90: 9930, |ioso,A\‘05k0.
§1r7». ar20, 9471, "Be23, §178p, 12860, 10250, 12900, 10410, 104S0, 9222, 11220, -99, 100’)0..12900, 10000,
9838, 1031w, 10040, 9349, 12510, 10060, 13750, 14270, 1040, 10570, 9340, 11080, =99, 1820, 12736,' 10190,
10330, 109an, 10510, .Wm, f1e1n, 12150, {3250, Hno._lnnoj: 10910, 97);. 11800, =99, 11740, 11160, 11!'1q.
B ) 10580, 11250, 10850, 10250, 17620, 12040, 13170, 18000, oa-xoq‘. 11280, 10310, 12350, <99, 920, b710, 13090, :
10700, 11260, 93, 1039, jo2n0, 10520, 7u50..1se!n, iov'oB.} 11690, 8090, 12990, <99, 7090, 3620, 9780,
% noeu.'n‘aoo. =99, 107CA, 10840, 5150, 1uso, 17760‘: 12140, {2160, (1000, lfuso.' =99, 10970, 11200, 12860,
. 11520, 12088, - «qq, 11200, 13690, 13860, 16800, 178560, 12400, 12480, 11519, 13630.. -9 . 10020,\&::70; 1«100."
izno.Jaano. =99, 11850, taoko, 1is30, 15620, 162070, 12640, 12610, 11550, 13950, =99, 14940, 1025}1 100, -
, 1291¢, 13240, 10360, t230n, ”“0_.'.‘”;0. 1@{70,‘””300, =99, (2850, 11950, 14280, -99,-”030, 10430, 1&(0. '
' -99., missing data ‘ TN
' * denotes where feed consumed is based on some value other thin . ’
five days
. FEED cnwsu-vrxow,cwnn-xc,vsci . .
3
. 1 12 ve 1S 18 17 18 21 22 23 24 2% 2 2 28
v, 0, : n. 0, ’ kR 0, 0, [N 0, 0, 0, 0, 0, 0, 0. 0,
0, 98, 0, 0, o, 0, 0, “e1, 0, 'o. 0, e, 1!1'. 0, 0. o,
100, 0, 100, B. 138 13T, 24, 129, 103, g02,  10p, 101, 0, 102, 132, 9s,
A, 0, 0. b9, 119, 1o, 0. 105, 0, 9T, er, ey, 0. 91, 119, jo1, ~
9%, 0, 97, 9%, 126, LA 0. 17, 98, LI 0, o, 0, Té, 117, 103,
101, ioz. 0, 102, 1y, 113, 118, 129, . .o, 10-1. 102, 102, o, - 0, .:0)‘.' 0, .
e, ea, 0. @ *9. 105, t0e. 118, 0, %4, e, 93, 0. 0, 0. 0,
9, 9, a, 9, -'s. 92, . 60, 1ys, 0, ey, Ta, T, o, 0, 0, 88,
180 10 ey Crn, 0. o Prae, ann, w02, gor, o1, o1, 0. 9T, 02, 13, - ) &
"// 9, 92, n, 92, [N 0, 119, 115, es, f ", .7, Ve, R se, ' 120, 113,
7, e, ", A, tte. 107, 1giL 107, qou, 99, 9y, 98, o, 121,  12e, 128,
102, jor, . ., 102,  1ou, - -1o%, 101, . 98, o, 103, 1o1, 101, 0, 119, (28, {30, -
0 .I missing data ‘ ’ I
) SR ‘
’ FEED co~su~arxou,c‘w‘mv.nc,rs (#erlod Means ) .
S . ,
, - ) — - :
o2 13 14 15 e 17 T qs 1 22 23 2% 26 21 28 :
100, - e9,- 100, o, 138, 131, 12a, 113, 103, o2, 102, 98, 13f  qo2, 432, 9s,
Ces, tez. 07, s, 121, 110, 118, 117, 8, 9w, 100, 99, 0. 87, 13, 102, i
‘xoo, v, ‘0. 9, .7, %", oS, 122, 102, o, %0, 97, o, °w, 02, ",
e, ey, L 9, '197. 190, illl.\ 108, ", 9, ", ", T o, yos, 125, fae, ‘ ;
’ 0., missing data ' ", . g
) . !
!



Appendix 82

_ SUB<PERIDD. RATION TYPEL GaGROWER,F= FINISHER, Mo BOTK G AND F

1" 12 gy 14 15 16 1 18 21 22 23 24 25 2 r a8
G G ¢ G G G " 6 G G G 6 4 ¢ [

6 G G G ¢ G F. G G G- . ¢ [ E ‘¢

G P ¢ / " G " F F " c 4 ' " " G

G A G 4 G ; [ ¥ r F r A F F 4 4

" 4 S 4 G 4 F H F [ c 3 13 3 3

~F F 4 LR Mo F ¥ 4 4 r [ L4 L4 3 < M

f. ¥ P F * F F F r F ’ f 5 ’

s ¢ F £ 4 v r f ¥ F f F 4 '

¥ F Fo F F F 4 r ¥ F F F 4 4

4 F F F 3 3 4 F r F 4 ',r ’r f

r p £ 12 F ’ r ’ ) £ F ° F F F

F F ¥ Fv F F’ F F F ¥ F ¥ F f _F

7
PROTEIN FRACTION OF FEED .
1n* e 13 14 15 1s 17 18 21 22 .2 24 25 2 27 28
0.1742 0,1782 0,1742 0,0 0,172 0,1742 0,1762 0,1669 0,1742 0,1742 0,1742 0,1742 0,1742 0,1762 0,1742 0,1742
0,733 0,1633 0,1633 0,0 0,1835 0,1633 0.1633 0,1669 0,163} 0,1633 0,1633 0,1581 0,1633 0,1633 0,1833 0,1533
0.1S67 8,0 0,188T 0,0 0,196 0,1587 0,149% 0,1208 0,1204 0,1349 0,1867 0,120 0,0 0,1495 0,1495 0,567
0.1538 0,138 0.1538 1, 1538 0,1838 0,1338 0,1146 0,1106 0,1148 0,114 0,1538 0,1146 0,0  0,1146 01146 0,1538
0,100 5,1536 0,1800 0, 1088 0,165 0,1536 0.1536 0,1338 0,1536 0,156 0,1656 0,1536 0,0  0.1536 0,1536 0,1856
0/1807 0,1807 17,1807 0,1600 0,180 0,1807 0,1807 0,1807 0,1807 0,1807 0,1600 0,1807°0,0 10,1807 0,1807 0,1600
0.1608 0,1648 0,1648 0, 1ba8 01648 0,148 0.1548 0,1648 0,1648 0,1648 0,1648 0,1648 0,0.  0,1648 0, 1488 01688
0.1682 01,1682 0.0 0,1882 0,182 0,1882 0,1682 0,1682 0,1682 0,1682 0.1682 0,1682 §,0 0,1682 0,1082 0,{682
0.1855 0,16%5 0,0 0,1655 0,1655 0,1655 0.1655 0,1655 0,1655 0,1655 0,1655 0,1855 0,0  0,1855 0, 1855 0,655
01874 0,1874 0,0 0,1676 60,1674 0,16%a 0.1674 0,1674 0,1674 0,187 0,1874 0,1674 0,0 T o.1674 0,170 0s1670
0,1504 06,1904 o',é 0.1504 0,1%00 0,1504 0,150a 0,1%04 0,1%04 0,1%04 0,1%04 00,1504 0,0 60,1504 0,1504 o“soq
D.1661 0,1861 0,1661 0,1661 0,166t 0,1661 0.1661 0,1681 0,0  0,1661 0,1661 0,1661 0,0  o,1684 0.1861 0,161
0., missing data - ; i M ,
ORY MATTER FRACTION OF FEED & :

1 121 14 15 te 1Y 18 21 20 2 6 28 2 27 . 2
0,869 0,869 0,869 0,0 0,869 0,869 0,869 0,869 0,854 0,869 0,880 0,869 0,869 0,889 0,060 0,008
0,807 0,867 0867 0.0 0,887 0,867 o,uark 0,863 0,867 0,887 0,867 0,867 0,867 0,867 0,867 -o,éov
0,87a 0,0 0,878 0,0 0.87¢ 0,8%a 0,869 0,864 0,664 0,809 0,870 0,864 0,0 0,869 0,869 o,e?h.
0,880 0.880 0,880 0,880 o0,A80 0,880 0,875 0.87S 0,873 0,875 0,880 0,87% 0,0 . 0,875 q,878. 0,880
0,888 0,887 0,888 0,888 0,888 0,887 0,887 t0,887 0,887 0,887 0,088 0,887 0,0 0,887 0,887 0,888
0,808 0,888 0,888 0,588 0,888 0,888 0,888 0,888 0,858 0,888 0,888 0,888 0,0 ‘0,888 0,885 0,888
0,888 0,868 0,868 0,808 0,868 0,868 0,068 0,888 0,868 0,868 0,868 0.868 0,0 0,868 0,888 0,808
0,807 0.§67 0,0 0,847 0,887 0,067 0,867 0,067 0,087 0,867 0,487 0,867 0,0 0,847 0,0:7 0,867

'+ 0,859 0,889 0,0 0,899 0,859 0,889 0,859 0,859 0,859 0,859 0,089 0,859 0,0 0,839 0,850 0,8%e
0,858 0.0%8 0,0 . 03888 0,658 0,858 0,858 0,858 0,038 0,856 0,888 0,858 0,0 0,858 0,058 0,088
0,674 o.8%4. 0,0 0,87 0,87a 0,87¢ 0.87¢ 0.874 0,478 0,874 0,874 0,874 0,0 0,878 0,874 0,474
0,072 0,692 0,872 0,892 0,672 0,072 0,872 0,872 0,0 0,872 0,472 0,872 0,0 0,872 0,872 0,872

0., missing Jan
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R ‘ - Appendix B2
« . e £
i\* " FEED PROTEIN, (M/DAY ’ e”

(} 4 <

“ - - o ‘

1 12 13 w15 e 1r a8 22 3w s a7 28

282, Joa, 299, 0, 268, 3oy, ay?, 338, 310, 318, 270, 338, afa, lo's.' 399, M4,

o, 2y, 0. . 0. 0r o0, 3es, 0. 0, 0, 322, s, 5, 0, 0.

S TVRYPTYS o3, !u; 139, 328, 287, 286, 283, 261, 0, 301, 389, 298,

L 'uo,b 200, 29y, ées, S 3e2, 3%, 235, 2%, - 239, w0, 284, 297, b, 231, 2%, 308,

318, iy, 32, 31e,  4ia, Y28, w22, @d8, 321, 32S, 31, 347, o, 280, M, 337,

313, 3es, 380, 317, 3t2, 439, aye, “sv1, 30, 39a, 3y, «2e, 0. w24; @03,  3e2,

39, 1y, 3%s. 338, 380, 1es, uya, 529, 37, 312, 340, 407, 0, 317, 221, 31,

. 360,  tve, 0. 3S0, 3e¢3, 3%a, 2si, S28, 383, 393, 212, 437, 0. 239, 122, 129,

- T ses, s, o. 354, 389, 225, uei, %89, 402, 402, 3es, 84S, 0. 383, 171, a2e,

386, a0y, 0. 37s, usls. asy, se2, S8, 417, a8, 385,  4el, L6, 3%, S18, aTa,

X !70.-'( 389, n, 3%s, @23,  ay0, 4v0, &%, 380, 378, 347, 420, 0, ua9, 4d9, - aBs,

29, qag, jag,; LRI @10, Yad, “ra, uv‘k, 0, 427, 3Ny, LR XIS 0, a8, sas, Sas4,

0., miul[nq data
A 2 ~ !
FEED DwY WATTER,GM/DaAY

T 12 13 U 15 16 17 18 21 27 28

1407, 1S3a, 1894, 0, 1317, 1989, 2082, 1799, 1380, 1988, 1122,

J _ 0, 187, 0. ., 0, a0, 0, 17s0, 0, 0. 7 0. 1768, 2195, a, 0, 0,

o, 6. 1577, _ 0. 18%8, 2139, 1900, 2354, 1va3, 17io, 15%2, 1879, 0. 1691, 2189, 1626,

1608, L””: 1067, <1814, 2073, 2263, 1794, 2238, 1822, 1829, 123, 1%e4, 0, 1762, 2273, 1760,

1747, 1A30, 1783, 1660, 2222, 189e, zuv_. 2931, 18%6, 187S, 16es, 200%, ' 0, 1387, 2258, 810,

. 1835, 193s, 1067, 1760, 2082, 2188, 2353, 2808, 19ie, 193A, 1728, 209, 0, 2085, 1982, 2009,

1837, 1983, 1875, 1779, 18w, 2085, 2286, 2788, 1eeB, 1958, 1790, 2j4u, 0, 1670, 1185, 2272,

L1888, 198, 0. 1803, 1769, 1824, 1292, 2721, 1889, 2027, a0y, 2252, 0, 1229, 628, 1698,
1900, 197a, 0. 1838, 1842, 117, 25as, 3088, 2088, 2089, 18%0, 2311, o, 1885, 192a, 2209, .
1977, Z048, 0. 1922, 2309, 234, Egu. 3013, 2138, 21a2, 1978, 7%, 0, 1822, 2885, 2830, ;

2152, 207, o, 2071, 2438, 2383, )ﬁg{so. 2046, 2209, 2208, 2019, 2438, 0, 2812, 2041, 2814, .

2292, 230e, 1007, 21%e, 2190, 2330, 2889, 2995, 0, 2201, 2084, 2490, 0, 2551, 2085, 2887,

0., missihg data



111

,§;:9
< \ )
Appendix B2
b ¥ ,
GROSS ENERQY IN FEED, Cal/Gw

L NN L A L S LS T TR R T I

3123, 312y, w123, 0, 3723, 3723, 3123, 375, 3723, 3723, 3123, 3723, %y2y, 3r2y, a3, 372y,

ITha, 3rye, 3744, b 3Trel 3Tya, 3Tie, . 3783, 3744, 37y4, 31e, 3725, Svie, 3714, 3716, 3714

379y, 0, 3793, "o 3793, 3793, 3785, 177a.' 3770, 378%, 3793, * 377, 0, 3785, 3785, 1793,

3812, 3812, 1812, 3812, 3812, 3817, 38ys, 3515,“3315, 3818, 3812, 3815, 0, 3815, 3a15, 3812,

3800, 37aa, Y800, 3A3A, 3ASB, 37au, 3784, 3784, 3784, 3784, 3838, 3784, 0, 3784, 3784, 3833,

3735, 3735, 3735, 375a, 3760, 3735, 3735, 3735, 3735, 3738, 3800, 3735, 0, 3735, 3735, 137150,

3820, 3Aazn, 3820, 3820, 3820, xaao,\'saéo, 3820, 3820, 3820, 3820, 3820, v, 3820, 3A20, 1820,

360‘6. ELIT v. 380e, 3806, 3Bee, 3B0A, 3806, 3806, 3808, 3806, 3806, 0, 3806, 380, 3806,

381S,  3ags, 0. RIS, 3815, 381w, 3815, 3815, 3815, 181, 3845, 3815, 0, 3815, " 3815, 3815,

814, 3844, e 3814, 3814, 3814, SMU: 38414, 35.1‘4. 3834, .381u, 3814, O, 3814, 381y, 3834,

3840, 3a4p, ' 9. 3840, 3840, 3840, IMuO, 3840, 3840, 3A40, 38uo, 3840, 0,- 38u6, 3auo, 35«0.

3847, 3M47, 3847, 38uv, '35u7. 'sauv, 3847, 3847, 0, 3847, 3847, 3847, 0, 3847, Ygu7, 384T,

0., missing data
» &
FEED ENERGY, KJ/DavY

1 12 13 14 15 R RL A T 1 2% w28 2 21 2

25201, 274ry, 26794, n, 23944, 35204, 37287, 31599, 27738, 2m448, 241up, 30156, 36945, 3436y, 315606, 30844,

' 0, 28257, n, Con, 0, 0, 0, 32348, 0, n, 6, 31702, 39308, 0, 0, o,

2065], n. 2A504, n, 339%, ;asQl. 34380, 42995, 3174s, 30955, 28015, 3uaise, 0. 30895, 39015. 29325,

29054, 308ve, 3nia, 27480, 37501, 40983, 32691, 41142, 33201, 33329, 29389, 35784, 0, 32117, w1430, 31868,

1253, 32631, 31A95, 29997, 4038, 33817, 43u87, asiu2, 33089, 13037, 300%, 35683, 0, 24730. 40270, 32695,

32255, 34035, 32817, 3106A, 3s3ey, 37938, 41373, a93eb, 33691, 3u06s, 30910, 3o84S, 0, 38658, 34847, 35457,

33787, 35927, 3uu90,. 32734, 33915, 38354, 42059, 51288, 30690, 3s023, 32925, 3I94u0, 0, 30722, 21429, 41803,

Junas, 35827, 0, 33059, 32485, 334¥3, 23705, aoeil. 34300, 3y19%, 2STay, 43332, 0. 22559, 11518, 31118,

35274, {esu.. 0. 34126, 34572, 21696, 4T72s6. SeT0b, 38719, 38782, 35083, 42897, 0. 34987, 35721, 41019,

3e732, 38421, 0. 35711, #3651, 435S, 53567, 55990, 39729, 39793, 36700, 44097, 0, 33862, 49326, 45149,

39518, 41091, 0, 38041, US13o, 43736, Sotaa, 32263, 40STT, aousy, 37078, waTey, 0, 47961, 52166, 51685,

41520, 42581, 33319, 39751, 39684, 4297, as89u, avess, 0, 41327, 38432, 4592, 0, 47051, sza}o. 52680,

0., missing data
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” Appendix éz
NTGESTIALE ENERGY ,nJ/ D8y ;
1 L 13 ta 15 16 17 18 21 22 23 24 2% 26 27 28
T T T oo o o e e '
/ 0, 20947, U, A, 0, 0, 0, fvloa. 0, 0, 0, 27005, 29831, 0, 0, 0,
21084, 0, 2420q, 0, 26181, %1088, 26401, 28621, 25859, 25508, 22393, 2Tun0, 0, 2u2us, 084, 22800, -
24900b, 0, 0, 2310A, Yob91, 3341y, 0, 323583, 0, 26014, 21989, 27230, O, 24916, 31udl, 24938,
25360, 0. 25447, 25471, 32489, 28323, 0, 33606, 26392, 26047, 0. o, 0, 19550, 30814, 23023,
24938, 26A3e, 0. 25786, 29742, 32336, 31840, 34988, 0, 2600m, 2304y, 28220, 0, 0, zeo’}l,‘ 0,
v, 276u0, n, 26196, 26ATs, zﬁkzx,. 31985, 395%q, 0, 29495, 27166, 33877, ' 0, 0, 0,
27106, 27936, Go 250028825323, 25926, 18480, 37102, 0, 30004, 20573, 32758, 0, 0, 0, 24752,
26643, 28194, 0, 26692, °. 0, 36223, 43245, 30518, 3avou, 28343, 3u4sST, 0, 27905, 28898, 31780,
31064, 32037, N, 296ua, G 0, 44012, 4u008, 30977, 31160, 28703, 33858, "0, 25575, 38354, 3Juy?3,
32ub6, 3248y, U, 31579, 36183, 35301, 35752. 40830, 31330, 32192, 28635, 3uaul, O, 38762, 40543, 38809,
33019, 351?3,‘25505, 31379, 30385, luuoé_ 15399, 3890, 0, 32254, 29820, 36015, 0, 35812, <0898, 39736,
0., missing data
DIGESTIALE EN[RGV,KJ/DA-V-KG,7S
1 12 13 148 15 16 IJ 18 21 22 23 24 25 2¢ 27 28
v, e, 0, ", 0. 0, 0. 0, 0, 0, 0, 0, 0, 0, 0, 0,
0, . 1128, 0. 0, 0. 0, n, o8, "o, 0. 0, 1256, 1537, 0, 0, 0, ‘
1232, 0, 133s, 9, 1osJ, 1697, 1377, 1383, 1188, 1293, ‘122, 1274, 0. 1247, 1mus, 1262,
1220, 9, 0, 1188, 1549, 1550. 0. 1321, 0, 1208, 1156, 1173, - 0, 1206, luuq, 1257,
1242, 0, 1225, 131n, 1639, 1221, 0. 1375, 1233, q210, 0, 9, 0.  94b, 1415, q1e1,
1221, ‘1291, 0, 1326, 1502, 1500, 1617, 1511, 0, 1208, 1211, 121s, 0, 0, 1223, 0,
G, 1239, 0, 1237, 12%3), 1300, 1291, 1499, 0, 1228, 1243, 1283, 0, 0, 0, 0,
1200, 1222, G, 1180, 1181, 1134, 746, 1368, 0. 1208, Y4y, 1228, 0, 0, 0. 1085,
1219, 1242, 0, 12s0, 0, 0, lues, 1594, 1277, 1278, 1288, 1208, 0. 1239, 1311, 1392,
1226, 1224, 0. 122a, 0, 0, 1563, 1443, 1222, 1232, 1211, 1194, 0. 1037, 1a%, 1359,
1282, 124, S0, 1290, aey, 1389, 1utl, 1339, 123e, 1263, 1208, 1214, 0, 1572, ys7s, 1s4S,
1303, 1268, 1233, 1291, 1231, 1388, 12%7, 1209, ¢, 1266, 1249, 1270, 0, 14S2, 1!59. 1580, -
0., missing data
. [od
DIGESTIRLE ENERGY,KJ/0DAYaKG, T8 (Period means) . p
1 §2 13 14 15 1; 17 18 21 22 23 24 23 2¢ ‘ar H
1232, 1126, 133, 0. 1684, 169V, 1377, 1130, 1388, 1293,. 12e2, 1265, 1537, 1247, g74s, 1202,
1228, 1231, 1225, 1278, 1583, 1424, 1417, 1402, 1233, 1209, 1183, 1195, 0. 1076, 1381, 1209,
12%0, 224, 0. 1226, 1217, 1217, 118, 174, 1277, 1282, 1187, 1280, 0, 1239, 1311, 1239,
1270, 1248, 1233, 1270, 1349, (3¥S, fey0, 1330, 1229, 1253, 1223, 122e, 0, 1353, 18%1, 1495,
o, -

missing data -
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\ Appendix B3
o
METABOLIZABLE ENERGY,XxJ/DAY «
&

11 12 13 1a 15 e 17 18 21 22 23 24 28 26 27 28

0. 0. o a. e, 0. o, o, o, s e o, o o, o o,

n,o19821, 0. 0, 0, 0, 0, 18619, 0, 0, 0, 26068, 28312, 0, 0, . 0,

20011, 0, 23494, n, 25104, 29547, 25519, 27982, 25785, 2uuoA, 21224, 20810, 0, 2)20e, 32S4s, 22009,
23837, o, 0, 22076, 29810, 31900, 0, 316¢s, 0, 2u973, 21021, 26515, 0, 24173, 30267, 23928,
24513, 6, zuAho; 2uuBA, ;\s.u.’zsuso, A, 32847, 25558, 2475y, 0, a, 0, 18807, 29413, 22153,
24188, 2597%, 0, 24556, 28586, 31487, 30179, 35907, 0, 24827, 21902, 27212, 0, 0, 25347, 0,

0, 268%3, 0, 25029, 25%53! 28457, 30795, 38325, 0. a8%us, 26315, 32683, 0, ’o'.‘ﬁ\ 0, 0,

26243, Jobal, 0, 73701: 260Ru, 2ubSy, 17321, 18606, 0, 28642, 19635, 31538, o, 0, 0, 23985,
2564, 27370, 0. ?scsq; 0, .0, 35164, 4738, 29462, 29%42, 27225, 33207, 0, 27106, 28000, 30872,
29914, 30802, o, 28309, 0, 0, w2357, 42211, 29629, 29722, 27667, 32619, 0, 2451, 36889, 32892,
31149, 31223, 0, 30131, 3umts, 3u09}.'3nxeo_ 39227, 30133, 30458, 2763y, 33i0s, 0, 17282, 38872, 37443,
31670, 31698, 253A7, 2«1&5_ 28839, 33080, 33524, 35072, 0, 30279, 28612, 3ussuy, 0, 34227, 39342, 38100,

0., mis¥ing data :

METABOLIZABLE ENERGY ,KJ/DAYeKG,?S o

11 12 13 1u 15 o R ANY 21 22 23 24 2% 26 27 28

e, 0, e, 0. 0. 0, 0, 0, o, 0, 0. o, IR 0, 0, 0,

0. 108, 0. 0, e o, o, 880, 0, o, 0, 1212, 148, 0, 0, 0,
1169, 0, 129, o, 1547, 1613, 13$i. 1323, 1302, 1237, 119e, 1233, 0. 1193, 1sbe, 1218,
n;a, 0, n, 1138, 1495, 1480, o, 1292, 0,6 §160, 1Y0S, lu2, 0, 1170, 1390, 1206,
1202, o, ‘1xou. 1259, 1583, 1180, 0, 1342, 1%, 11%0, 0, 0, 0, 910, 1351, 1117,
1184, . 1211, n, 1263, fua2, 1u93, 1370, 14se, ‘q,w 1153, 1151, 1172, 0, 0, 11k, 0,

0, 1is6, o 1182, 1209, 1285, 1245, 1413, 0, 1189, 1204, 1225, .p. 0, 0, 0,
1201, 11e8%, v, 1122, ||}i. iovs, Y00, 1313, Q, 1192, 898, 1182, 0, 0, 0, " 1051,
N4, 119y, n, 1210, 0. 0, w21, 1539, izss. 1236, 120, 7|5us. 0, 1204, 1270, 1353,
lle{, IR AN 'o; 1168, 0, 0, 1iso4, 1384, ‘lltﬂ. llbb; \1}07.‘ 1150, 0, 999, l;!l. 1308,
1230, 1193, 0., laun, ly{u. 1382, 1355, 1dse, 1188, 119%, Ji1ee, 11e7, 6. 1512, . 1514, 1487,
1250, 1211, 1179, 1224, 1189, 130y, 1190, 1180, - 0, 118A, ‘1207, 1230, 0, 1388, 1521, 1515,

0., missing data
" WETABOLIZABLE ENERGY,KJ/DAYeXG,TS .

1 12 13 14 15 18 1 18 u 22 2 2 25 26 27 28
1169, 1008, \Z'e. 0, 1587, 1613, 1331, 11024 1302, {231. 1196, 1222, 1468, 1193, 1s6s, 12186,
1484, 1211, 11%a, 1219, 1507, 13v3, 1370, (367, 1%, {i1%4, 1128, 1157, e, loio. 1302, t1e},
1187, 1ive, 0. 1171, tles, itsy, 1122, 1821, 1233, 1204, ‘tiie, 1217, 0, 1204, 1270, 1202,
1220, 11ea, 1179, 1210, 122, 1321, 1350, 1213, 1178, 1183, 1is0, 1182, 0, 1300, 1489, ‘1437,

0., missing data



g

e

FECES, GH/3UB-PERTOD (Pastally dried)

1t 12 13 1u 15 ,_.‘ﬁi 17 18 21 22 23 2u 28 26 27 28
T s e e w9 weel lan, eee, .99, .99, w99,  eee,  wee.  oee. 99, w9,
) =99, 2141, =99, -9, .99, -w.,\\.w,/ 37%7, =99, <99, -;n. 1483, 2817, =99, =99, .99,
2812, =99, 194y, -9%, 3084, 197y, déia_ 4155, 1814, 257s, 2608, 2214, .99; 3284, 2540, 29s7T,
1197, 1526, jus0, 1274, 1923, 2232, 1840, 2341, 2130, 2050, 2068, 2322, .W', 1923, 2722, 2141,
124, 1800, 1923, 13uy, 2280, " 208s, 2480, 13139, 1869, 2068, 134 1;70, “99, {415, 2703, 2685,
i‘l"l.. 2080, 1880, 1542, 18R, {740 2812, 364?, 2120, 2268, 2232, 243y, 99, 1720“. 234y, ;°°.
2030, 232, 2010, 1887, 1972, 2uz8, 2808, 3260, te60, {860, 165s, loub, ~99, 1720, 10%0, 2310,
1884, 2172, =99, 2212, 19%¢, ioza_ 1eg2, 3430, 1780, 1996, tduu, 2udu, =99, t220, 50, 1820,
2390, 22%9, -99. 202%, 19%0, 1100, 3000, 3820, 2275, 2228, 1960, 2)7%, =99, 1965, 1870, 2490,
1560, 1738, <99, 1775, 2240, 2380, 2625, 13320, 2405, 2325, 2185, 2820, =99, 2280, 2970, 29490,
1955, 2335,  -9q, 1868, 2400, 2290, 2620, 3060, 2530, 225%, 2300, 2770, .99, 2455, 150, 3360,
2374, 25uo; 1A95, 2310, 2530, 2400, 2840, 2940, =99, 26470, 24t0, 2790, -99, 3090, 3300, 3530,
-99., miﬁsing data .
ORY :‘AYTEH rnlc‘?ln& UF FECES /‘ .

T 12 i LI S L L L ) 2 23 26 27 28
0,0 0,0 0,0 0,0 0,0 0.0 0,0 040 0,0 0.0 0,0 0,0 0,0 0,0 0,0 0.0——~
e.0 0.918 0,0 Ual Aun 040 0,0 0,863 o.o‘ 0,0 0,0 0,878 0,907 0,0 0,0 0,0
0,972 o, 8,910 0,0 0.971 0,874 0,950 0,84 0,950 0,97 0,937 ‘0,848 o,h .o}aso 0,907 0,982
0,972 1,000 1,000 0,913 0,975 0,88p 1,000 0,875 1,000 0,92¢ 0,966 0,959 0,0 ‘0,964 0,953 0,840
0,927 1,000 0,Mef 0,934 0,91A (,887 1,000 0,887 0,953 0,951 1,000 i.ooo 0,0 0,937 0,914 0,959
0,942 0,991 1,000 0,9%) 0,936 0,88 0,89 0,888 1,000 0,958 0,940 0,949 0,0 1,000 0,957 0,0
1,000 0.910 1,000 0,921 0,922 0,868 0,932 0,868 1,000 0,941 0,98 0,949 0,0 1,000 1,000 1,000
0,948 o.v{o 0,0 0.985 0,958 0,867 0,95(. 0,867 1,000 0,950 0,955 0,943 0,0 0,950 1,000 0,948
0,904 0,944 A0 0,932 1,000 1,000 0,932 0,859 0,916 0,943 0,944 0,933 6,0 o,v!i 0,9 0,927
0,938 0.949 0,0 0.92% 1,000 1,000 0,910 0,858 0,927 0,923 0,935 0,935 0,0 0,906 0,937 0,931
0,960 u,9%4 0,0 0.9%4 " 0,956 0,87u. 0,951 0,874 o.;ao 0,967 0,949 0,970 0,0 0,963 0,%0 0,970
0,958 0,%p$ 0,947 0,94 0,939 0,872 0,955, o,l?g n,o 0,950 0,940 0,938 0,0 0,930 6,91! 0,944

0.0, missing data . .
.
FECAL DAY FATTER,GM/DAY - s
1" 12 13 14 15 1o 17 18 21 22 21 24 2s 2 27 28
0, 0, o, ", r, 0, 0. o, 0, 0, 0, 0, 0, 0, 0, ‘7;Tﬂ
o, ' 393, 0, 0, U, 0, 0, (YR 0, 0, 0, 260, Si1, 0, 0y o,

33, o, 282, 0, 428, 3sb, uus, 748, - 287, 31y, 0%,  37S, 0, 349, 288, 356,

233, 3o0a, 292, 241, 38, 39y, 368, 4y0, u2e, 370, 400, aus, 0, 3ITL, - 819, soz;

320, “yeo, M, 2Sv, w13, Mo, ues, S$Y, 385, 193, ‘2e8, 394, 0, 26%, 4%, 515,

403, 390, 372, 293, 380, 313, S04, ewd, 424,  a3%, 420, dei, 0, 3uq, uﬂé. o,

426, &30, 402, 48, Sea. . 422, 523, Se6, 332, 350, 3te, 33, 0, 3La. 218, “a,

356, 04, 0. 827, 375, 383, 249, S8, 3%e, 379, 27,  asY, o, 232, 130, IS,

433, e, 0, 37Y, 398, 220, S8 822, 4T, €20, 3%%,  auy, 0, Jbs, 3“7; “e,

292, 320, 0, 329, &%, MYe, 478, SYO, use, 429, 409, S27,. 0, 410, 5%71, s&7
<S15, ay, 0., 35S, 8%, w0, s3e,  SIS, 4”9, ads, W37, 837, B, 4T3,  e05,  e38,

.58, nio. ,“190, 43, avS, a9, s42, 821, 0, a0, 48y, 521,' 0, 578, 603, - sbe,

0., missing dats

114 .
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Appendix B3
'
GRN3IS ENFRGY IN FECES, Cal/GM - . .
1 12 13 14 1S 16 17 18 21 22 3 n 23 26 21 2
o, n, 0. o, 0, 0, 0, 0, 0, 0, 0, 0,
o, w08y, o, 0, 0. 0, 0. 4198, 0, o, 0, 3788, uqo9, 0, 0, 0,
4282, n, 3710, 0, 4230, 4087, w03, 338, 3867, uob'}. 412e, ieso. 0, 3899, ayes, ‘w223, 4
- w14, 0, . 0, WlIA, 42e1, aOSS8, 0, 449y, 0. 4268, G280, 4407, 0. 4aTe, uyas, < 3813,
4089, Oy 4014, 4031_ arey, a2er, 0. 4373, 4312, 427s, 0, 0, 0, 4385, 4185, 4309,
uoss, utge, ,0- 409y, uzéq. 3807, 40SS, 400, 0, u‘as{, 4218, W2ue, 0, 0, 4198, 0,
0, 4193, 0. 46w, w2v0, 4283, wlou, 4298, 0, 4198, dle0, w183, 0, 0, 0. /' o,
4uos, uiu, 0. 4387, 4361, WA, awul, “iry, o,( 43io, 428y, w2ly, 0, 0, 0, ‘ LR L
4320, a3y, 0. 439y, o, 0, 4uoy, w4ud, @312, a3a3, ©3s9, 430f, 0, 43y, aMb4,  u4us,

. 4366, waoyp, 0, 4ioog, 0. 0, 4354, 4317, 4383, ay23, 438, w34y, U, 4386, qu19, uuse,
- a3s, «€yve, 0, uilso, a2, 4416, wuos, wae9, 4372, 4397, 439y, 4ues, ) 0, 4up2, -aatu, lszl.v i
o 283, aeSa, w2ve, v, u3e2, w222, ee20, 4de7, O, 4394, 4374, 4249, 0. 43Sy, azze, uyse,

' 0., missing Jata
FECAL gnztbv,nJ/oAv ) .
~1 12 13 tu 15 e i 18 21 22 2 0 2 26 27 28
v, 0. 'S a, 0. o, . o, 0, 0, . o, . 0. 0, v, o, 0. . o,
0, 730a, 0. s, 0. 0, 0, 1si!o. 0, 0, 0, 4b%, 9e77, 0, 0. o,
SSee, 0, ulon, f. 7790, ?508, 7959, 14374, uBA7, !";. 5622, o67Se, 0. 634y, Ss28, %25,
uyus, 0. o.' 4372, s8%0, 7572, 0., ave9, 9. 731a4,” 7399, 8555, . o, 7v201, 997s, 932,
5893, 0,. b4aA, 4526, 7889, Tueu, 0, 114787 737, 739%, 6, o, 0, 5188, " 94SY, 9872,
1317, Tt9s, 0. 5281, 6635, Seel, 9533, 12379, 0, 8080, 788S, 5625. o0, . o, 8218, 0.
o, e28y; . 6537, 7039, 8833, 1oi04, 11714, 0, %28, 5759, 5763, 0, o, 0, o,
6940, T8ey, 0. 80SY, 7131, YS4e, 8245, 12351. 0, 7192, Sie8, 8374, o, o, 0, 63es,
8632, 8292, 0, Tada, [ 0, 11043, 13461, 8201, povs, 6940, 8340, , 0. o082, 6822, 92%%,
See8, 0351; 0. 6087, 0. 0, 558, 11%82, ars2, anoj, 7997, 10239, . 0, 8287, joere, 10977, .
7052, 8608, " o, eus2, 8983, Bsasd, j03e2, 11432, 9pay, spe9, 8aay, 10340, 0, 9199, 11824, 12816,
8300, 9ase, 4771, 8374, 9289, 84Y1, 10494, 10946, 0, o073, 8813, .991%, Ou 11240, 11943, 12943,

0. missing data : ‘ - r
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Appendix B3
LVRINE, LfTRES/;UNPERxon
11 12 13 tu 15 te 17 18 2 22 ‘23 20 23 26 27 28
=99,00 299,00 «99,00 «99,50 «99,0p .:9—.“00_‘“.;0_00 -99,00 -OO.OOW:Q‘:._; :.w;:oioA A.;q,'oO 99,00 «99,00: -09.707):;97.;;
15,30 lZ..I'O 4,30 =99,00 S.boA 22,80 6,20 v 5,50 n.oo' 42,70 32,10 13,70. 21,40 7._20 30,10 1'1.70
25,50 «99,00 8,50 99,100 13,40 27,20 8,60 5,50 19,80 100‘,00 ool,go 12,80 =99,00 14,10 S%,10 19,70
58,00 .99,0:-99.00 18,00 15,20 31,50 «99,00 6,30 99,00 gy,80 29,90 8,50 =99,00 6,60 24,70 25,10
45,60 99,00 20,50 {7,8p '12.00 21,70 99,00 11,00 2“.'60 31.56 «99,00 -vi.oo 99,00 17,90 27,70 21,50
46410 18,40 =99,u0 21,20 14,00 33,00 32,30 15,90 99,00 36,40, 36,10 20,90 =99,00 «99,00 31,40 ~99,00
S99.00 25,30 -99,00 23,90 10,40 23,80 27,00 11,90 =99,00 ST.80 51,40 9,30 =99,00 99,00 99,00 =99,00
13,20 21\.90 99,00 13,9890 8,76 19,80 23,90 io,xo *99,00 41,30 27,80 12,00 «99,00 =99,00 «99,00 xo‘.eo'
37.20 14,60 =99, 00 14,80 ;ep,oo +99,00- 22,10 12,10 14,60 a8, 60 B30 17,10 =99,00 10.\73 28,10 13,70
S4430 16,30 «99,00 73,00 99,00 «99,00 32,20 12,00 11,40 20,50 11,80 15,20 =99,00 10,20 u.o@n.w
79,50 15,30 =99,00 .8s,7p m.oo‘ 15,80 28,20 10,80 7,80 34,106 9,10 15,10 =99,00 17,30 35.30 13,20
67,40 18,80 22,40 49,Ap 12..10 18,707 29,00 11,60 =99.00 13,00 8,30 10,70 =99,00 12,80 37,40 14,10
"-99., missing data
uRXNIE ENERGY ,KJ /DAY

1 12 13 1 15 te 17 18 21 22 23 a2 a1 s

04y f, 0, o, 0. o.‘ 0, 0, 0, 0, 0, 0, ‘3\ 0, 0, 0,

0, 1128, |48 0, 0. 0, o, S7Y9, 0, 0, 0, 937,, 1319, 0, 0, 0,
1073, 0. Tio, 0. 1097, 1539, 882, 639, 1094, 1101, 1149, eoo",‘ 0. 1041, 1538, . 79y,
~J08 0, C. 1032, o8y, 1530, 0, To8, 0, 10401, 989, 715, 0. T4d, 1184, 008,
s27, by bus. 983, 10%s,. B8g7, 0. 819, 793, ja0e, 0, 0, 0. Te2, 3400, 870,
170, ses. 0. 1230, 1195, 879, 1pe0,. 1081, O 1179, 11au4, 1008, 0, 0, 128a, 0,
0, 981, 0. 1ter, ész. 1285, 1159, 1249, 9, 949, a8y, qo1u, o, 0, o, 0,
863, 129}, 0. 1281, 1239, t2ve, 1139, q497, 0, 1)52. 938, 1220, 0, 0, 0, 787,
996, 102a, 0. 1081, 0. 0, 10e8, 1507, 1055, yy1e2, 918, j1s0, 0, 800, a8, a8,
1149, 1238, 0, 1338, o, 0, 1855, 1797, 1348, . 1648, 10%s, 1239, 0, %24, 1aes, 280,
14T, 1260, 0, NM‘. 1308, 1208, 1592, 1003, 1197, (734, 1004, 1337, o, 1480, 1371, fase,
1349, 1429, ‘1181, 1628, 1526, jqae, 1875, 1817, 0. 1978, 1008, 1131, 0, 1585, 175, 1637,

0., missing data
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APPENDIX  B4. RECORDED LIVEWEIGHT (1bs) FOR EACH PIG. - :

- - v

o : Pig No. _
Date 11 12 13 14 15 16 17 18 21 22 23 24 25 26 27 28
May 23 64 95 68 51 61 73 82 73 74 60 82 68 .67 65 59 ¢

‘ 24 64 74 69 51 61 73 83 69 73 60 79 68 66 63 60 ©
26. 65 75 71 56 65 76 86 75 78 62 81 70 70 69 6k g
28 66 77 73 59 68 80 90 76 77 66 84 73 69 70 65 L
30 68 81 75 62 71 .84 95 82 79 67 87 77 76 74 69
June 1 71 81 77 63 73 85 99 82 83 68 90 80 78 76 72 &
3 74 84 80 67 77 88 99 85 87 70 94 8 82, 80 73 o
5 77 89 85 . 69 80 90 102 88 90 73 97 88 8L 83 77 o
7 79 92 87 .72 82 89105 91 90 76 93 91 88 8 79 3
9 83 94 90 74 86 95110 93 94 74 104 93 9] 88 82 °
11 84 96 - 91 75 90 98 113 96 94 78 106 96 93 92 8s
oo..-13..86_ 97 9% . 6_,23_193_11Z--SZ--2§__§5-119__9§__SB__SI__§Z__
15 89 101 96 izz ©97.106 121° 101 106 82 112 104 97 98 92
17 30 101 98 - €0 99 107 119 102 106 86 115 104 100 100 96
19 93 10310} 83 104 108 122 108 106 90 119 111 105 106 100
21 94 105 102 86 105 111 123 107 108 96 119 114 108 107 100
23 95 107 102 88 109 115 125 116 113 100 127 118 112 111 106
*25 97 109 104 30 112 118128 120 116 104 130 121 115 115 109
27 97 110 106 94 96 113 119 132 121 122 104 133 116 118 118 103
*29 98 112 107 9z 100 116 122 136 128 128 108 137 121 121 108
- 30 102 113 110 95 102 119 124 136 128 127 108 137 123 128 109
July -3 111 118 113 103 108 115 124 143 123 126 106 138 123 129 111
. *5 113 122 115 106 112 120126 146 124 127 107 139 124 130 112
6 116 123 121 109 112 127 130 145.127 128 111 138 120 128 114 ¢
8 120 127 122 111 115 131 135 153 128 130 110 143 125 129 117 @
10 123 131 126 114 118 132 139 157 130 133 112 147 126 134 116 2~
12 125 135 128 120 121 132 145 159 '133 134 116 149 12k 139 120 &
*14 128 139 131 122 124 136 148 162 135 137 120 153 130 142 122
15 131 141 132 123 125 139 150 170 136 137 12] 153" 130 140 125
17 127 139 132 124 120 141 153 167 138 141 126 16] 135 131 129 _
19 128 139 134 123 124 141 154 167 142 145 128 164 133 134 133 ®
21 130 140 136 125 127 144 157 175 144 146 130 170 134 130 136 §
23 133 140 137 128 130 143 156 177 148 150 130 171 136 729 138 E
25 136 143 130 131 143 150 176 151 152 132 175 138 133 142 .5
27 136 144 130 133 136 155 183 156 156 137 178 143142 147 &
*29 139 145 133 136 138 160 186 159 159 140 181 145 148 151 ¢
30 139148 133 136 143 164 187 159 160 145 |84 150 148 152
Aug 1 146.155 Th2 143 148 171 195 161 161 143 |84 151 151 152
3 152 160 145 143 150 178 200 162 161 14k 184 151 157 156
*5 156 165 148 146 154 183203 163 163 145 186 154 160 158
7 162 170 125 154 155 161 185 209 164 163 147 188 155 164 160
9 169 173 130 155 158.163 187 210 167 165 150 19] 158 168 160
11 165 173 133 160 165 173 193 213 163 167 152 192 161 170 165 -
F13 172 177 136 162 170 176 197 216 170 154 195 164 173 168
14 168,176 140 160 165 176 200 217 171 157 197 165 177 170

A

~ estimated weights used for calculating amount of feed.
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PERIOD AVERAGE DAJLY GAJN, GM/DAY{CALCULATED OVER 3SUB=PERIODS 2 AND 3

11 12 13 14 18 16 17 18 21 2 2 ue o 26 K3l ]
301, . 393, uye, =99,  TRT,  eu¥, Se0, 79, 839, eus, Tes, luai véa,  1%0, 872, %07,
25, w01, svs. Tss,  e3e.  S2B, 2w, ties,  aTe, 363, 381, T3a, 99, a0, aew,  S2s,
429, aln, =99, 370, a3y, 9%, .39, o026, 7175, 7 699, 783, 729, ~99, 816, 1002, v28,
539,  sos, 950, 602, 1017, 1099, 907,  4e9, 4a2, asy, 547, 47, <99, 02, 7va'. 587,

=99., missing d;:;
. ' ' : Appendix BS ’
PERICD KVERAGE NEIGHT,KG,CALCULATED OVER BJUB/PERIODS 2 AND 3 o

1 12 13 14 18 18 17 18 2 22 23 24 ] 27 28
“a,1 @93 4%, =990 3,7 B,3 51,3 38,5 53,5 83,3  4s,3 $9.8  S1,7 52,3 82,6 4l
55,8 S0 ST, 52,3 SB.6 60,0 83,0 Ti,1  ¥9,3 89,9 0,8 86,2 =99,0 56,7 80,8 83,7
61,1 64,9 9% 0 S8, 59,6 44,9 12,1 81,8 8,8 69,3 81,1 79,7 =999 63,6 61,8 bi,7
Tu,a 7.7 s;_o 10,4 71,8 Ya,7 8s,7 9%,3 4,8 75,0 68,1 86,5 =99,0 . 71,8 76,0 V3,7

'59., missing data ’
Appendix' B7
PROTEIN FRACTJON OF FECES
11 12 13 14 15 16 1718 21 2 - 24 23 26 ¢ 27 28
0,0 0,0 0,0 0,0 0,0 0,0 fe0 0,0 0,0 0,0 0,0 0,0 . 0,0 0,0 0.0 0,0
0,0 0.1943 0,0 9,0 0,0 0,0 0.0 0,2089 0,0 6,0 0,0 0,1621.0,2039 g,0 0,0 0,0
0,20587 0,0 0.1893 0,0 0.1981 0,174 0,2272 0,2027 0,189% 0,1655 0,20%6 0,1588 o.o" 60,1703 0,1662 0,2003
0,1642 n,0 0,0 0,161%5 0,1837 06,1708 0,0 06,2155 0,0 6,)9o¢ 0,2044 0,1937 0,0 0.2072 0,2158 0,22%6
0,189 o;o 0,2084 06,1682 0,1890 0,1908 0,0 0,2223 0,1978 0,194¢ 0.6 0,0 0,0 0,1993 0,2151-0,2128
0,1898 n,1881 0,0 0,1524 0,1941 0,1787 0,1897 0,2110 0,0  0,1974 0,2121 0,1892 0,0 = 0,0 06,2000 0,0
0,0,  0,1938 0,0 n,lebj 0.,214% 0,2033 0,213 o,zies 0,0 0,1707 6,1819 o.ivar 0.0 0,0 0,0 0,0
0,208 01,1884 0,0 0,178S 8.1972 0,2084 0.2095 0,2268 0,0 0,150 0,169% 0,1669 0,0 0,0 0,0 6.1.63
0.1851 0,2080 0,0 0,198 0,6 0,0 ° 10,2025 0,2255 0,1887 0,17a8 041093 09,1879 0,0 09,1783 o,1868 0,2027
0,182 0,1989 0,0 ‘ f,1643 0.6 0,0 0.2110 0,2133 0.2052 0,1911 0,2019 0,t860 0.0. 0,2087 O.IOOA 60,2268
0,1640 0,1806 0,0 06,1519 0,1854 0,177 0,1895 0,2035 0,1918 0,1667 0,1814 0,1899 0,0 0o,1978 0,192 0,2100
0,8874 0,188% 0,1973 0.1637 0,1777 0,1566 0.1860 0,199 0,0 . 0,1940 0,2015 0,191 0,0 0.2038 0,1983 0,2241
0.0, missing dats
FECAL PROTEIN,GM/DAY
;

1t 12 13 14 1% 16 17 18 21, 22 23 24 25 26 27 28

0, 0, 0, 0, 0. 0, 0, 0, o, o, 0, 0, 0, 0, 0. 0,
00 8%, o, o, 0. o, 0, 187, o, o, o, 8, us. o, 0. o,
bu, 0. TR 0, 87, TT, 107, 1e8, 57, s, 87, 10, 0, 10, s3, T4,

39, 0. 0, at, ", Te, 0. jot, 0, o2, 85, 90, 0, se, 117, .,
.S, 0, 8o, as, 85, ' 80, 0, “1s0, w\. 80, 0, 0, 0, s, tle, 114,
B, 1s, o, a1, BT TS WU YT T TR o, %0, e, %2, _ o, 0, 9, 0,

0, “”, o, o1, s, e, 120, 148, 0, .7, 80, 57, 0, 0, 0, 0,

17, [1 8 .. 78, . o8, 39, , J)!b. .0, 60, .y, 1", 0, 0, 0., o,

e, "”.. 0. e, . o, 0. 121, 183, e, 18, ek, s, 0, 10, ro, 108,
5T, e 0. S8, . 0. 111, 4 1e2, e, sy, ab, 10§, 0. e, g, m,

s, es.. o, S, e a1, s0r,  aps. e, 78, oo, 0. e, 120, 1sd,

70, %%, 15, T Te, 00, S, 108, 120, 0, %, - 7, 107, 0, 126, 131, 188,

0., missing data



yRINE PROTEIN, PERCENT .

it 12 13 1 15 e 17 18 21 22 2% 24 H 2 27 2e
¢,0 R ] 0,0 0,0 0,0 0_7’6.‘; Af‘;‘.;——i vOTO“’O‘._O ;:‘0’” -(;7._:“ 00 ‘0_.‘; 0.0 0:0 )
4,00 6,41 5,08 0,0 5.5% 3,70 7,30 7.38 3, 1,03 1,10 4,75 4,28 81 1,8% 1,29
2.66 0,0 5,55 fy0 5.3% 3,97 7.55 6,83 3,73 0,78 0,9% 4,83 [ 5,78 1,89 2,51
1,28 0,0 0.0 3,98 4,9 3‘.‘;3 0,0 T,80 0,00 1,73 2,25 5,84 0,0 7,82 3,33 2,79
1,26 0,0 2,18 3,00 b.3u 2,88 0,0 S,17 2.}! 2,83 0,0 0.0 040 2,88 3,51 2,84
1.18 3,23 0,0 4,03 5,93. 1,858 2,28 4,72 0,0 2.,2% 2,20 3.3% 0,0 0,0 2,084 0,0
0,0 2.1 0,0 3,48 6,38 3,89 2,98 7,29 0,0 1,14 1,18 7.57 0,0 .n,o‘ 0,0 0,0
.50 4,10 8.0 6,20 9.Me 4,52 3,31 10,00 0,0 2,29 2,3 7,06 1040 30 040 5,08
1,86 4,AT 0,0 4,08 o;Q 0.0 333 8,85  $,02 1,66 1,32 4,67 0.0 5.9 2,22 4,50
y.aT 8,26 0.0 1,27 0.0 6,0 3,57 10,60 8,20 5,65 6,20 S.,06 0.0 6,29 3,22 7,80
1,15 5,12 (/) 1,16 9,04 5,31 3,92 10,31 10,68 T.u8 7.68 6,15 040 5,9 3,09 7,68
1,39 5,35 3,60 2,27 8,76 5,37 4,49 10,88 0,0 30,55 8,43  T,du 0,0 5,60 . 3,26 8,08

0.0, missing data _ R
© URINE PRUTEIN,GH/DAY

1 12 13 14 15 18 17 18 a2 23 24 25 26 21 28
0, 0., o, 0, 0, o, o, o o, a, o, o, 0. o, o, 0,
0. 158, 0, 0. 0, 0, 0. 80, 0, 0, o, 130, 183, 0, 0. 0,
yae, - 6, . 94, 0. 1er,  2ie, 122, 8%, 132, sy, 1e2, 124, 0. 145, - 218, 110,
148, 0, 0, 143, 180, - 210, o, 98, 0, 145, 135, 99, 0. - 103, 185, 140,
115, 0. S0, 138, 1%2, ns,\ o, 114, 110, 180, 0, 0, o, 103, 19, 12!,
101, 120, o, 171, 1ss. 122, 147, 150, 0, 164, 158,  1u0, o, o, 178, 0,

0. 137, 0, 162, 132, 11, 1s1, T4, 0, 132, 118, - 11, 0, o, 0, 0,
y26, 180, 0. 172, 172, 137, 1s8, 208, U, 189, 130, ded, 0, 0, 0, 109,
138, 142, 0. v, 0, 0, 147, 209, 147, ge1, 128, 160, 0, 111, 125, 123,
160, i, 'R 16'5. [ 0, 230, 2s0, 187, 232, 1a4, 11e,; 0, 128, 204, 178,
ya3, 118, o, 201, 182,  ls8, 221, 223, 186, 24y, 139, t8s, * 0, 208, 218, 202,
187, 198, 1s1. 228, 212, 201, 260, 282, 0. 27a, 1wo, 157, . o, 220, 244, 227,

! 0.,‘ml_uinq data -
PROTEIN HALANCE,GM/DAY
.

1 2o ' s 1o 17 1802 22 23 24 s 2 27 28

0, 0. 0, 0. 0, 0, 0. 0, 0, 0. - 0. 0, o, 0, 0. 0,
‘o, an, h. 0, 0, o, . 0, 107, o, 0, 0. 1u4a, - 115, 0, 0, 0,
57, 0, lau, n, 107, lgt, 109, v, i, 8o,  Sa, o7, o, 86, 123, 114,
S Y N TORNTT ORI TY YR PR TV PR S PR L P N PR A L B AV
135, 0. 181, 120, 117, 126, 0, 185, 131,  sa, 0. 0, 0. 81, 8o, 102,
185, 199, 0. 9, ‘ns. asa,  22%, 287, 07 1ay, 58, 194, "o, 0. a3, 0,

0. 1ez, 0. 118, 133, 121, 1S3, 208, 0, 183, 181, 209, 0, o, 0, 0,
183, 117, o.‘ foo, (T .2, 33, 164, 0, taa, 93, 196, 0, 0, 0, 159,
139, 14, o, 128, 0. o,” 222, 216, 189, 183, 172, 208, 0, 182, 1ve, 201,
189, 188, 0, 131, 0. 0, 222, 191, 131, - 97, 1534, 186, 0. 133, 192,  1e3,
S T TR T T R T T T MY TP T F T P PR UL L U Y
172, the, 108, 109, 108, 168, 108, 122, 0, S7, 1a0, 21, 0, 146. 171, 159,

0,, missing data

119
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) Appendix B7 . a
PROTEIN BALANCE,KJ/DAY
N 12 13 1 1S s 17 18 2r 22 1 2y 2 23 26 27 28
o, o, 0. 8, 0. o, o, o, 0, 0, - 0. 0, 0. 0, 0, 0,
0. 1383, 0. o, 0. 0. 6. 2519, 0, 6. 0. 3376, 2712, . 0, 0, 0,
1380, o 3383, h, 2522, 2382, 2572. 182, 1)1S, 1874, 1285, 1385, 0, 2027, 2892, 2673,
2177, 0. 0. 1902, 3326, 25yu, 0, 2268, 0, 30a, 1518, 1396, o, 1125, 370, 1887,
31ed, 0. 35Sk, 3032, a1ez, 29%0, . o, .43u9, 3224, 1810, o, .o, 0. 1897, 888, 2409,
4350, ueat, "o 2132, 3u2s. S9Yy, w285, 6283, 0, 3312, 1359, u%e9, U, .0, 308e, ‘o,
0, 3338, o, 2703,° 3129, 2885, 3599, 489S, 0, 40s9, 3795, 4819, o, o o .o,
3922,3 273, 0. 2330, 2207, 21es, 785, 383, O, 3385, 21A1, asia, O, 0, 0, 318,
3272, 3428, o, 3oos, 0. o, 5214, 50T, 398y, 3830, sous, ud3S, v, u2le, 4138, 4733,
3974, . 368n, 0. 3088, o, 0. s212. ubaz, 1085, 2287, Jeoz, uled, 0. ‘3123, uy0s, 3828,
ioo'z,- 2936, 0, 2322, 3%80, ';750, 3334, 3Ju8, 274, 1557, 2927, 7 Y024, 0, 3449, 3529, 3283,
4031, 3429, 25@0, 2559, 2531, 19au, 2538, 2875, 0, 1333, 37188, 4esy, 0, 3292, w4020, 3726,
0, missing daf; .
PROTETN RETEMTION,NJ/DAYeKG,TS - v -
1 12 13 14 15 16 17 18 21 22 23 2u 23 26 27 28
0, 0, 0, 0. 0. o, 0, o, 0, 0, 0. .0, 0, 0, o, 0,
0, 3 PR VU 0. 0, 0. 119, 0, 0, 0. . 157, a1, 0. o, 0.
19, a, . 18T, o, 1%9. 130, iza, 79, Ss,  es. 3y, 7%, o, o4, qam, qus,
ter,  q, o, - 98, 188, . 119, o, 93, 0, 18, .80, &9, 0. se,. 7, e,
159, 0. 1T4L - 15s, 230, . 137, o, 478, 181, Yo% o, o, 0. %2, 81, a2,
213, 21s. o0, 120, 1se. 217, 235, 287, 0. 1se, 1y, . 197, 0, 0, 182, o,
0, . 146, 0. 128, tas, 129, s, 180, o, 189, 174, 184, 0, 0, . o, 0,
178, 129, 0, 110, 103, L1 Sé. 102, Qz 141, 160, 173, 0. 0; 0, 164,
150, 1%, 0. 142, °. n, 211, 18T, 187, 160, i8S, 181, o, 190, " 188, 207,
157, 1av, 0. 127, - 5o, 0, 188, 132, .22, 90, 1%2, (S, \0. 121, 118, 152,
122, fia. . %6, 1eS,  1es, 118, 110, 108, 58, 123, 107, 0, - 140, 137, 131,
159, a1, uo; 108, 103, 198, 90, %, o, 52,  1s9,  17%, . 0, 133, 156, 148, ,
.0, mlssing data )
¢
CPROTEIN RETENTION,KJ/DAYaKG,7S (Period Means) '
. )
a2 13 én' 18 e 11 " 1e 21 22 23 24 23 6 21 s
v, M, 17, o, 139, 130, 13a. 9, Se,  es, vy, 1S, 141, 108, 148, 148,
158, 216, 1Ti. <128, 179, 178, 235, e, 11, T, e, 33, . 0, 73, 82, 103,
162, . 139, 0. 127, 12a, 130, 129, 170, 167, 187, 183, . 180, 0, 190, 188, 18,

A= 4

tas, 130, 118, 100, 124, 182, 131, 119, 118, 87, 188, 148, . 133, 156, 1448,

0., missing data

N
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- Appendix BS
N

PROYEIN GAIN/TOTAL DAILY GAIN . °
n 12 13 14 s 18 17 18 21 22 3] 4] 23 27 28

0,0 0.0 0,0 0,0 0,0 . 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

0,0 0,186 0,0 040 0.0 0,0 0,0 0,158 0,0 0,0 0,0 ,. 0,169 0,14% 0,0 0,0 0,0
0,159 0,0 0,384 0,0 0,148 0,138 0,195 0,108 0,057 0,123 0,088 0,079 0,0 0,409 0,141 0,224
0,128 0,0~ 0,0 0,107 0,21% 0,207 0,0 0,083 0,0 0,03 0,189 0,09y 0,0 0,120 o,ozf 0,138
0,186 0.0 0,262 0,170 J.zqi 0,238 0,0 0.159 0,288 0,177 0,0 0,0 0,0 0,202 0,117 0,198

0,255 0,218 0,0 0.131 0,202 0,481 0,220 0,230 0,0 0,388 0,132 0,285 0,0 0,0 0,191 0,0

0,0 .0,340 0,0 0,311 0,308 =1,227 0,387 0,333 0,0 - 0,248 0,206 0,287 0,0 0,0 0,0 0,0
0,379 0,281 0,0 0,269 0,217 «0,93¢ o‘.ooa 0,263 o;o 0.206 -0,11% 0,269 0,0 0,0 0,0 0,172
1as 0,0 0,0 0,560 0,345 0,21% .0,234 0,220 0,282 0,0 0,223 0,176 0,218

. (
Lé18 0,0 . 0,0 0,245 0,303 0,297 0,215 0,280 0,340 0,0 = o,221 . 0,280 0,277
Llsd 0,150 0,147 0,15 0,220 0,284 0,140 0,228 0,235 0,0 0,204 0,188 0,238
181 0,106 0,183 0,119 0,189 0,0 0,125 0,292 0,585 6,0 . 0,233 0,214 0,270
N
PROTEIN GAIN/YOTAL DAILY GAIN s
\\

14 18 1e 17 018 21 22 23 24 2 26 21 a2s
0.0 0,148 0,18 0,195 0,131 0,057 - 0,123 0,068 0,124 0,148 0,109 0,16¢1 0,228
0,136 0,229 0,309 0,220 0,157 0,288 0,200 0,18t 0,179 0,0 0,161 0,110 0,168
0,352 o,.38K o,0 0,309 0,202 1,079 0,344 0,313 0,219 0,229 0,182 0,280 0,0 0,223 0,176 0,193
0,292 0,286 0,1 S.188 0,128 0,1%0 0,173 0,237 0,281 0,160 0,267 0,320 0,0 0,232 0,218 0,262

0.0, missing dats




J Appendix B9

ORY MATTER OIGESTIBILITY '

b
L
1 12 1y 14 15 18 17 18 21 22 23 24 25 26 27 28
0,0 0,0  6;0. 0,0 0,0 0,0 0,0 0,06 0,0 0,0 0,0 0,06 0,0 0,0 0,0 0,0
’ . < ‘. - * N
0.0 781 6,0 0.0 06,0 0,0 0,0 3,7 0,0 0,0 0,0 852 “T6,7 0,0 0,0 0,0

79,5 0.0 84,0 0,6 77,2 8.0 Th,a 9,5 43,3 A1,8 80,3 199 0,0 19,4 88,8 78,

85,5 0.0 ' .0 .A3.7 81,9 82,8 0,0 81,9 0,0 19,3 184 57.3 o0 19,0 17,2 194

ALY 0,0 81,8 84,9 81,4 80,5 l, 0,0 78,0 80,8 59,0 0,0 0.0 0,0 80,9 78,1 . T1,5
18,0 79,9 0 830 T 83,0 89,5 T8,8 T80 ‘o.o 7.8 78,7 18,0 0,0 0,0 77,8 0.0
0 80,5 0.3 Te.e TTi1 TN 0.0 82,1 82,5 BS.e 0,0 0.0 0.0 0.0
0L TO.3 An Te.y 1A 80,7 79,2 e, 0,0 81,3 80,3 39,7 0,0 - 0.6 0,0 79,7
ST7,2 792 o0 TS 0,0 0,0 78,0 79,6 80,0 79,9 81,0 80,8 0,0 20,6 81,0 79,
8s.2 Bu.1 5.0 82,9 0,0 0.0 83,4 B0 Fe,1 80,0 79,3 17,8 0,0 M 18,0 1.5
82,6 79.9 a0 K2.9 . 81,3 83,2 A0, 81,2 TB.3 80.2 T84 T80 0,0 81,9 18,7  Te.s

T9.8 T8, B0, 19,8 7Y,9 2.0 18,2 19,9 0.0 79,1 783 19,0 0,0 77,8 79,0 . 76,7

. 0.0, missing data : : .

)

PRY MATTER DIGESTIBILItY (Period Means)

1 [ S | 14 15 18 17 18 21 22 23 - 24 .25 26 27 28

79,5 18,4 84,0, 0,0 T7,2  B2.0 Teyu 66,6 - 83,3 81,8 80,3 82,6 Te,1 19,8 8p,8 78,1

81,7 19.9 8,8 84,0 B2.1 ag.o 78,6 78,9 80,8 78,6 1%.0 17,7 0,0 79,9 i 77,6 78,5
) N . . 4

79,0 78,8 0,0 18,7 79,5 80,3 . 78,1 79,2 80,0 1,1 81,3 82,0 0,0 80,8 81,9 79,4

82,5 80,9 80,1 818 9,5 82,6 80,7 . 80,7 78,7 Y9,7 - 78,7 18,2 - 0,0 79,0 78,9 78,9

0.0, missing dats . : \

€MERGY DIGESTIBILITY - .

i1 12 ‘1) 14 1S 16 17 18 21 22 23 24 25 H 27 28
OO.O 6.0 0,0 0,0 0,0 0.‘0 0,0 0,0 0,0 0,0 0,0 0.0 0,0 0,0 6,0 0.0
0,0 7‘;1 0,0 .0 0,0 0.0 0,0 5¢,3 0,0 0,0 0,0 85,2 79,8 0,0 0,0 0e0
79,1 0.0 82,8 0.0 TT.1  B0.s  Ta,b  eb.b Bu,6 B2.4 79,9 80,2 0,0 19,3 86,0 17,8

TS, 0.0 0,0 B4t A, B1.S- 0,0 T8 0,0 78,1 74,8 AiQ.x 0.0 7.6, 15,9 18,2
81,0 0.0 Te.8 84,9 80,4 TY,8 - 0,0 Ta, T%,6 TT,9.- 06,0 0,0 0,0 79,0 7Ye,5 - To.4

77,3 76,9 0,0 83,0 81,8 88,2 77,0 74,0 - 0,9 763 Tas Tes 0,0 0.0 Tea 0,0
0,0 Ts.9 0,6 80,0 79,2 71,5 Te,0 T1,2 0,0 81,9 82,5 85,4 0,0 0.9 0,0 0.0 ..
79,86 78,0 0.0 TS.e . 78.0. TY.S  T7.9 74,3 0,0 80,7 9.9 793, 0,0 0.0 0,0 79,5
75,5 11,5 0,0 TA,2 0,0 0.0 Teub  Te,3  T8,8 79,2 80,2 80,1 0,0 79,8 80,9 7.
80,6 83,4 0.0 - 85.0 0.0 0.0 82,2 T8, T80 T84 T8.2 16,8 0,0 5.5 77,8 15,7
82,2 19,1 0.0 83.0 80,2 80,7 79,3 78,1 77,2 19,5 11,2 Te,9 0,0 0.0 17,7 15,2

70,5 718 10,7 78,9 Te.e 80,3 7,0 M, 0,0 ‘18,0 7,1 .4 \\g,d/5l7$.| T IT.4 75,4

0.0, missing data . .

£

. '

(Period means on next page)
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Appendix B9

ENERGY DIGESTIAILITY (Perlod means)

TOL Tell Ba,0 . 0l0 Y.t B0.6  Te,8 63,0 84,6 82,0 T 82,7 75,4 T3 . ae,0 TI,¥
Bl 7819 708 840 813 Bp,s TT,0 Te 0 Y9 17.% 74,7 Ye,3 0,0 78,3 7,3 74,3
77,6 1.8 0,0 78,0 - T6,6  TY,5  Te,8  TS,%- 78,0  &0,é 80, 81,6 0,0 79,86 30,0 78,8

. . ) : . B
82,1 80.1 Te.Y 81,7, 18,4 80,5% 79,5 17,9 77,6 8,8 77,8 T7 .4 0,0 ’71,5 7.0 75,8
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76,3 4Lo Be,e 0.0 Tasa  8o.u 68,4 . 8d,8 EIR) s1.0 Te,3 o 0,0 76,8 86,3 7S,t
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78,2 84, 6,0 852 80,5 88,7 11,1 13 0.0 17,3 69,6 - 18,4 0.,0. . 0,0 76,8 0,0
9,0 753 e, t2.0 188 18, 2,4 T2, 0.0 82,0 82,3 88,0 0,06 0,0 0,0 .- §,0
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85,2 83,2 0,0 Bu.s 0,0 0.0 80,3 TS Ve, N 18,7 17,4 10,3 0.0 13,5 76,3 71,0
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PROTEIN DIGESTIBILITY (Period means)
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m2. ey e 1.2 CTeT T8 THT T 70,6 e, 82,2 83,0 0.0 80,7 81,2 18,9
85,0 0T T3 8N4 78,5 81,6 T84 TS.& ISis Y88 Te.2 6.6 0,0 15,3 14 FUIE T

. 0.0, missing data



* APPENDIX C

ANALYSIS OF VARIANCE

Section

l.

90

Feed Intake.

Metabol izable Energy Intake.

Averagé Daily Gain.

Protein Retention Rate (Subperiods 1-3 pooled).
Protein Retention Ratés (Subperiods 2 and 3 pooled).
Protein'Gafn/ Total Gain

Dﬁy'Matter Digestibility.

Energy Digestibility.

Nitrogen Digestibility.

10. Temporary Weight Change. : iR

11. Temporary Fecal Output Change.

Note:

in Appendix C. -

o <

Page
125
126
127
128
129
130
131
132

133
134
135

Only F values significant at P<0.01 have been entered
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APPENDIX Cl. DAILY FEED INTAKE, g/kg0-75. ANALYSIS

OF VARIANCE.

*

Source - of d.f. Sums of Squares Mean Square Fcalc
Yariation :
Group (G) 1 0.8237 0.8237
Feed (F) 1 2629.5088 2629.5088 27.0
"G *F 1 11.5940 11.5940
Hogs(H)/G*F 12 1170.1695 97.5141
Periods (P) 3 676.9877 225.6626
P *G 3 518.1633 172.7211
P *F 3 458.9740 152.9913
P *G*F 3 &5 - 531.4528 177.1509
P*H/G*F 31 '1559.6519 50.3114
~ Total 58 7557.3257
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APPENDIX C2. DAILY ME INTAKE, kJ/kg0-75, ANALYSIS

OF VARIANCE.

Source of d.f. Sums of Squares Mean Square Fcalc
Variation . .

Group (G) 1 847.45 847.45

Feed (F) 1 219809.76 219809.76 14,20
G*F o1 1004.74 11004.74
Hogs(H)/G*F 12 185781.71 15481.81
Periods (P) 3 '66865.21 22288.40

P*G 3 70811.58 23603.86

P *F 3 45476 .82 15158.94
P*G*F- 3 50844.09 16948.03
PP*H/G*F 31 314115.87 10132.77

Total 58 955557.24
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APPENDIX C3. DAILY GAIN, g/kg0-75

OF VARTANCE.

. ANALYSIS

127

‘Source of d.f, Sums of Squares Mean Square Fcalc
~ Yariation -
Group (G) 1 - 21930.88 - 21930.88
Feed (F) 1 219280.80 219280.80 12.86
G*F 1 16000.25 16000, 25. o
Hogs(H)/G*F 12 204477.88 - 17039.82
Periods (P) = 3 18938.03 6312.68 .
P*G 3 1078708.93 359569.64  15.42
P*F 3 41940.52 13980.17
P*G*F 3 84222.14 28074.05
P *H/G * 30 699494, 31 23316.48
Total 57 2384993.76



APPENDIX C4. DAILY PROTEIN RETENTION, KJ/kg0-75, ANALYSIS

OF VARIANCE (SUBPERIODS 1 -.3 POOLED).

Source of

d.f. Sums of Squares Mean Square Fcalc
Variation
Group (G) 1 1925.631 - 1925.631 -
Feed (F) 1 2859181 2859.181
G *F 1. 376.275 - 376.275
Hogs(H)/G*F 12 9805.852 817.154 :
Periods (P) 3 14817.348 4939.116 6.39
P *G 3 25778.248 8592.749 11.12
P*F 3 3021.091 1007.030
P*G*F 3 4209.814 1403.271
P *H/G*F 31 23948.979 772,548
Total 58 86742.4202
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© APPENDIX C5. DAILY PROTEIN RETENTION, KJ/kg0+75, ANALYSIS
Sy OF VARIANCE (SUBPERIODS 2 AND 3 POOLED) .

FCa]c

Source of d.f. sums of Squares’ Mean Square
“yariation. ' '
Group (G) 1 . 800.460 800.460
Feed (F) 1 2699.684 2699.684
G *F 1 612.446 - 612,446
Hogs(H)/G*F 12 ©12019.652 . 1001.638
periods (P) = 3 © 20679.579 6893.193 8.12
p * 3 23277.832 - 7759.277 9.14
P *F 3 2332.865 777.622
p*xG*F 3 6468.824 2156.275
P *H/G*F 31 26312.803 848.800

Total

wm
- \]
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APPENDIX C6. RATIO OF PROTEIN GAIN TO TOTAL DAILY GAIN.

ANALYSIS OF VARIANCE.

3

Source of

d.f.  Sums of Squares Mean Square Fcalc

Variation =~ - v ~
Group (G) 1 0.019796519 0.619796519
Feed (F) 1 0.004320254  0.004320254

G *F , 1 0.000182653-  0.000182653
Hogs(H)/G*F 12 0.026667532  .0,002222294
Periods (P) 3 0.090776566 0.030258855  9.41
P*@G 3 0.047067457 0.015689152 4.88
P*F 3 0.003913129 0.001304376

P *G*F 3 0.017723174 0.005907725
P *H/G*F 31 - 0.096385718 0.003212857
Total 58 0.306833001
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APPENDIX C7. DRY MATTER DIGESTIBILITY, %. ANALYSIS
' OF VARIANCE (SUBPERIODS 2 AND 3 POOLED).

Source of - d.f, Sums of Squares Mean Square Fcalc
Variation '
Group (G) 1 4.7176 4.7176
Feed (F) 1 -30.3046 . 30.3046
G *F 1 - 0.2835 . 0.2835
Hogs(H)/G*F 12 135.8619 135.8619
Periods (P) 3 1.6934 © 0.5645 ‘
P*G 3 128.9267 42.9756 8.25
P *F R 10.1041 3.3680 .
P*G*F 3 9.0415 - 3.0138
P*H/G*F 31 161.5133 ~__ 5.2101

.

[
o2}

Total 482.4466
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"APPENDIX (8. ENERGY DIGESTIBILITY, %. ANALYSIS
OF VARIANCE (SUBPERIODS 2 AND 3 POOLED).

Source of d.f. Sums of Squares Mean Square  Fcalc
Variation - ' , ’
Group (G) 1 22.8395 ' '22.8395
Feed (F) 1 215.1501 - 215,1501
G *F 1 4,7737 4.7737
Hogs(H)/G*F 12 ~ 520.0743 43,3395
Periods (P) 3 109,2151 - 36.4050
P *xg 3 472,2813 157.4271 .11.36
P *F : 3. 10.6374 3.5458 . .
P*G*F 3 67.4214 : 22.4738
P*H/G*F 31 ° & 429.5690 ' 13.8571
b S :
58 . 1851.9610.

Total




APPENDIX C9. PROTEIN DIGESTIBILITY, %. ANALYSIS
: ~ OF YARIANCE (SUBPERIODS

A

2 AND 3 POOLED).

Source o

d.f. Sums of Squares Mean Square Fcalc
Yariation'-
Group (G) 1 - 5.9846 5.9846
Feed (F) 1 178.9420 178.9420
.G *F 1 3.7174 3.7174
Hogs(H)/G*F 12 572.6138 47.7178
Periods (P) 3 - 52,3238 17.4413 S
P*G -3 328.0175 109.3392 7.70
P*F 3 - 14,0995 . 4.6998 :
P*G*F 3 70.5061 23.5020
P*H/G*F 31 '441,3679 14,2377
Total - 58 1667.5727
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APPENDIX C10. TEMPORARY WEIGHT CHANGE, kg. ANALYSIS
| OF VARIANCE (RESTRICTED AND AD LIBITUM

. FED PIGS).
Source of - d.f, - Sums of Squares Mean Square = Fcalc
Variation - ‘ | .
Group (G) 1 0.000407 -0.000407
Feed (F) 1 0.000036 - - 0.000036
G*F 1 0.0 0.0
Hogs(H)/G*F 12 9.658688 ~0.804891
Periods (P) 3 36.450757 18,225378 6.18
p * 3 73.189599 36.594799 12.40
P*F 3 . 2.480443 1.240222 )
P*G*F 3 12.356058 6.178029
P*H/G& F 31 41.282411 29.948744

: oy
58 175.418392 '

Total

)

TEMPORARY WEIGHT CHANGE,>kg..ANALYSIS ‘
OF VARIANCE( RESTRICTED-FED 'PIGS ONLY).

Source of d.f. Sums of Sqdares 'Mean Square ~ Fcalc

VYariation

Group (G) 1 30.914084 30.914084 34.0
Hogs(H)/G*F - 6 : 5.453180 0.908863 ,
Periods (P) 2 28.937920. " 14.468960 .
P*G 2. 86.808663 43.404332 19.20
P*H/G*F 8 20.339564 - 2.259952

Total 19 172.453410
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& y ‘ :
1. TEMPORARY CHANGE IN FECAL .OUTPUT, kg. ANALYSIS
OF VARIANCE(RESTRICTED AND AD LIBITUM-FED PIGS).

d.f. - Sums of Squares’ Mean Square Fcalc
1 10.0000568 0.0000568
1 0.0000013 0.0000013
1 0.0000035 0.0000035
12 . 21.4988398 1.7915700
3 1.0503513 0.5251756
3 ~31.5848757 15.7924378 . 12.0
3 - 4,5154701 2.2577350
3 1.5046077 0.7523039
31 22.4075847 - 1.3180932
58 82.5617909
‘ 3
TEMPORARY CHANGE IN FECAL OUTPUT, kg. ANALYSIS
OF VARIANCE(RESTRICTED-FED PIGS ONLY).
Source of  d.f. Sums of Squares Mean Square Fcalc
" Yariation- - : o
Group (6) 1 2.9400746 2.9400746
Hogs(H)/G*F 6 . 5.5812417 0.9302069
~Periods (P) 2 "'6.8862806 3.4431403
P*G- -2 31.4756064 15.7378032  23.1
P *.H/G *F 8 - 5.4408613 0.6801077
Total 19 52.3240645
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